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Abstract 

The number of obese youth in Canada has tripled over the past 30 years. Two contributing factors 

to obesity are physical inactivity and poor nutrition. To improve these negative health behaviours, the 

factors that contribute to their development must be understood and intervened upon. Researchers are 

focusing on the built environment as one potential factor. The built environment refers to human made 

physical structures and infrastructure of communities that can influence health behaviours. These include 

the roads, buildings, parks and recreation facilities, and food retailers of which people can use through 

work, play, or eating.  

The purpose of this thesis was to determine how the built environment influences physical 

inactivity and fast food consumption in 11-15-year-old Canadians. Physical inactivity and fast food 

consumption were assessed in a national study called the Canadian Health Behaviour in School Aged 

Children Survey. Over 6000 youth in grades 6 to 10 were examined. Information on several built 

environment features were obtained in the neighbourhoods of these 6000 youth using Geographic 

Information Systems. Measures included walkability indices, parks and other outdoor play spaces, 

recreation facilities, aesthetics, and fast food restaurants. Relationships between behaviours (physical 

inactivity, excessive fast food consumption) and neighbourhood built environments were examined using 

complex statistical tests.  

Results indicated that youth living in highly walkable neighbourhoods, neighbourhoods with few 

or no cul-de-sacs, and neighbourhoods with a modest amount of park space were most likely to be 

physically inactive. Youth living in neighbourhoods with a moderate or high density of fast food 

restaurants were more likely to be excessive fast food consumers than youth living in neighbourhoods 

with no fast food restaurants. Approximately 15-30% of physical inactivity and excessive fast food 

consumption within the population was attributed to features of the neighbourhood built environment.   



iii 

 

This thesis demonstrates that several features of the neighbourhood built environment influence 

obesity-related health behaviours in youth. Results may guide future policy development and intervention 

research targeting the built environment.  
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Chapter 1 

Introduction 

1.1 General Overview 

The percentage of Canadian children and adolescents who are overweight or obese is increasing at an 

alarming rate and has surpassed epidemic proportions, with approximately 1 in 4 being overweight or 

obese.
1
  This is problematic as overweight and obesity contribute to numerous health issues in this age 

group including high blood pressure, the metabolic syndrome,
2
 and psychosocial problems.

3-5
 Moreover, 

obesity and its associated problems track into adulthood where they increase the risk of mortality and 

chronic disease.
6 7

 In fact, longitudinal research demonstrates that 75-90% of obese adolescents remain 

obese into their adult years.
6
  Because of these numerous health problems associated with obesity in 

children and youth, it is important to understand its determinants to deliver appropriate prevention and 

treatment.  

Although obesity may be caused by multiple factors, two known contributors are physical inactivity 

and poor diet.
8
  Despite significant research, individual-targeted behavioural interventions aimed at 

increasing physical activity or improving poor dietary behaviours in youth have been unsuccessful over 

the long term.
9-12

 In recent years, research focus has shifted to the contextual determinants of obesity 

related behaviours, or ‘upstream determinants,’ that can influence obesity indirectly by influencing health 

behaviours.
13-15

 The ‘built environment’ is one such upstream determinant.
16-18

 The built environment 

refers to “our homes, schools, workplaces, parks/recreation areas, business areas and roads. The built 

environment encompasses all buildings, spaces and products that are created or modified by people. It 

impacts indoor and outdoor physical environments as well as social environment and subsequently our 

health and quality of life.”
19
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The two main features of the built environment influencing obesity include the physical activity 

environment (e.g. the way the roads are connected, outdoor play spaces, recreational facilities, etc.) and 

the food retail environment (e.g. fast food restaurants).
20

 Within the past decade, there has been a large 

emphasis in the obesity research community on studying the influence of the built environment on obesity 

and the aforementioned obesity-related behaviours in youth.
21 22

 In general, prior research has 

demonstrated that the effects of the built environment on obesity, physical activity, and dietary behaviours 

are weak to modest in strength (i.e., the relative risks of obesity associated with exposure to individual 

built environment features tend to be < 1.5).  The weak effect sizes suggest to some that targeting the built 

environment may not be an effective strategy to counteract the ongoing obesity problem, as relative risk 

values <1.5 are considered to be small by epidemiological standards.
23

 However, from a population health 

perspective, consideration also needs to be given to the prevalence of the population exposed to the built 

environment features.  In epidemiological terms, this concept is called the population attributable risk 

(PAR%), a calculation of the proportion of a health outcome or behaviour in a population that is directly 

attributable to the risk factor or exposure in question.
24

 If the prevalence of the population exposed to the 

negative built environment feature is high, the PAR% for that built environment feature can be 

meaningful even if its effects on obesity and health behaviours are small.  

Determining the PAR% values for different built environment features can help determine which 

features have the largest public health impact on health behaviours and are therefore the most important to 

intervene upon. Because of the large number of built environment features that are relevant for physical 

inactivity and unhealthy eating, and the costs involved to change these features or develop relevant 

policies, it is impossible to make meaningful change to them all. Therefore, built environment features 

that present with a higher PAR% value would theoretically be the best ones to target. And then, through 

modifications and improvements to the targeted built environment features that are most impactful of 
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obesity-related health behaviours in youth, there is potential to improve health of the broader population 

by creating environments that are increasingly conducive to adopting and maintaining healthy behaviours. 

Despite the importance of knowing the PAR%, no studies have attempted to determine the PAR% for 

physical inactivity or unhealthy eating in young people that can be accounted for by features of the built 

environment.   

1.2 Thesis Focus   

This thesis aimed to determine the relationship between built environment features with physical 

inactivity and excessive fast food consumption in Canadian youth, and to estimate the proportion of these 

two behaviours that could be attributed to these same built environment features. The thesis contains two 

manuscripts; the first is focused on physical inactivity and the second is focused on excessive fast food 

consumption. The two manuscripts are tied together conceptually by their investigation of the built 

environment on obesity-related health behaviours in Canadian youth. 

1.3 Scientific and Public Health Significance 

Physical activity and healthy eating are fundamental for development and healthy living;
25

 the 

adoption of poor health behaviours increases global burden of disease and increases individual risk of 

chronic disease and obesity.
26

 Despite this, the majority of youth in Canada are not meeting the 

recommended guideline of 60 minutes of daily moderate-to-vigorous physical activity.
27

 Additionally, the 

diets of most youth do not meet nutritional requirements, with a large proportion of meals eaten outside of 

the home, including foods that are high in calories, fat, and of poor nutritional quality.
25 28

 Because both 

physical inactivity and unhealthy eating are common in youth, increase throughout adolescence, and track 

into adulthood,
29

 there is a need for increased research to determine the factors that are influencing these 

behaviours in youth.  
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The findings of this thesis research could be relevant to public health officials and urban planners 

as they may provide evidence to inform new land use planning and development, neighbourhood 

redesign, and zoning restrictions that aim to improve physical activity opportunities and decrease 

accessibility to low quality foods. Results from this research may also inform prevention or intervention 

strategies aimed at improving the health behaviours and healthy decision making of Canadian youth. 

Even minor changes to health behaviours at the population level, such as decreasing inactivity or fast food 

consumption, could result in a large improvement in overall population health.  

1.4 Study Purpose and Population 

The overall purpose of this thesis was to determine the independent associations between features 

of the built environment and both physical inactivity and excessive fast food consumption in Canadian 

youth aged 11-15 years, and to estimate the proportion of these health behaviours that is attributable to the 

associated built environment features. The relationships were explored using a large national study, with 

individual-level survey data on health behaviours linked to neighbourhood-level measures of the built 

environments using several geographical information systems (GIS). All individual-level outcome 

measures of physical inactivity and excessive fast food consumption, as well as all potential covariates, 

were obtained from the 2009/10 Canadian Health Behaviour in School-Aged Children Survey (HBSC).  

1.5 Thesis Objectives 

Manuscript 1, objective 1. To determine the independent associations between different neighbourhood 

built environment features (i.e., poor neighbourhood walkability, low density of park or green space, few 

play spaces, low density of recreation facilities, poor aesthetics) and physical inactivity within Canadian 

youth. 

Manuscript 1, objective 2.  To estimate the proportion of physical inactivity within Canadian youth that is 

attributable to the built environment features studied in objective 1.  
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Manuscript 2, objective 1. To determine the association between the density of fast food restaurants 

within the home neighbourhood and excessive fast food consumption within Canadian youth.  

Manuscript 2, objective 2. To estimate the proportion of excessive fast food consumption within 

Canadian youth that is attributable to living in neighbourhoods with a moderate-to-high density of fast 

food restaurants. I was also interested in determining the proportion of fast food consumption within the 

entire population of youth living in Kingston, Ontario that was attributable to their neighbourhood fast 

food restaurant environment.  

1.6 Thesis Organization 

This thesis is manuscript-based and conforms to the regulations as outlined in the Queen’s School 

of Graduate Studies and Research “General Forms of Theses.” Chapter two is a summary of the literature 

examining the relationship between the built environment with physical inactivity, dietary behaviours, 

and obesity within youth.  The two manuscripts that comprise the thesis research and address the 

objectives and limitations from earlier research follow. The first manuscript (chapter 3) addresses the 

proportion of physical inactivity among Canadian youth that is influenced by multiple features of the built 

environment. The second manuscript (chapter 4) addresses the proportion of excessive fast food 

consumption that is attributable to the residential fast food environment. The fifth chapter summarizes the 

findings and provides an overall discussion. Finally, several appendices are included at the end of the 

thesis. These appendices provide more comprehensive details on some of the research background and 

methods than what is provided in the two manuscripts.   
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Chapter 2 

Literature Review 

2.1 Overview 

Research on the built environment’s influence on health behaviours and obesity has grown 

exponentially since the early 2000s, particularly among youth.
1 2

 This chapter explores the literature 

related to the neighbourhood built environment and its effects on obesity, physical inactivity, and eating 

behaviours within youth. This review does not cover built environment features in the school or home, as 

these environments, while important for children and youth, are not the focus of the thesis research. The 

first section of the literature review includes definitions of key terms. This is followed by a description of 

the importance of studying obesity, physical activity, and dietary behaviours in youth. The review then 

outlines the etiological relationships between different neighbourhood built environment features with 

obesity, physical activity and eating behaviours. The review ends by considering the prevalence of youth 

exposed to unhealthy neighbourhood built environments and outlines the utility of using the population 

attributable risk (PAR%) to inform public health policy decisions.  

2.2 Key Definitions 

The built environment, while defined various ways in the literature, refers to the physical 

environment that surrounds homes, schools, and work, comprising the area within which people spend 

their time, and influencing their activity and eating behaviours.
3
 The built environment may therefore be 

related to obesity through its influence on physical activity and eating. Key components of the built 

environment examined in this thesis include aspects of the physical activity environment and the food 

environment.  
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This thesis focuses on built environments within the home neighbourhood. Environments in the 

home neighbourhood are particularly important for youth, as youth have limited mobility and are 

restricted in where their time is spent. Various approaches have been used to define the boundaries of 

one’s home neighbourhood. A straight line distance from the home address can be used (e.g., 1 km 

circular buffer around the home address), but this does not necessarily reflect appropriate travel times.
4
 

Participants can be placed into neighbourhoods with boundaries based upon social, political, and/or 

economic factors (e.g., the way the 43 neighbourhoods are defined in the city of Kingston).  

The physical activity environment consists of the man-made infrastructure (recreation facilities, 

play structures in parks, street design) and natural green space located within an area of interest that can 

influence lifestyle behaviours.
1
 The key components investigated in this thesis include walkability, 

outdoor play areas, recreation facilities, and neighbourhood aesthetics. Walkability includes a number of 

built environment features that influence the ease and safety of pedestrian active transportation
1 5

 and 

active play,
6
 such as intersection density, the average length of blocks, how well roads are connected, land 

use patterns, speed of roads, and pedestrian infrastructure such as sidewalks.
5
 One measure of outdoor 

play spaces, green spaces, refers to public open areas such as woods and grassy areas, forests, ravines, or 

shared garden areas that provide space for free play and activity.  

The food environment consists of, in part, the food retailers that are available within a given area, 

and may include supermarkets, grocery stores, convenience stores, coffee and donut shops, fast food 

restaurants, food trucks, gas stations, canteens, and any other venue that offers food for purchase. These 

food retailers can influence dietary choices by influencing purchase of foods that are of low nutritional 

quality and are high in calories, salt, and fat. This thesis pays particular attention to fast food restaurants, 

which sell foods that are convenient and ready for consumption, either on premises or for take-out, and 

almost always high in fat, sugar, and calories.
7 8
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Geographic information systems (GIS) refers to the computer-based software, hardware, and the 

data systems that collect, manipulate, store, and analyze spatial data and display all types of 

geographically referenced information of the built and social environment.
9 10

  The use of such measures 

allows researchers to objectively observe and quantify the impact of environmental attributes on health 

behaviours.
10

  

Physical activity is defined as bodily movement produced by skeletal muscles that results in energy 

expenditure.
11 12

 This can include both planned and incidental activity (including spontaneous physical 

activity),
13

 or any activity that increases an individual’s heart rate through sports, activities, play, or active 

transportation.  Active transportation refers to the engagement in physical activity specifically for travel, 

and can include walking, bicycling, and skateboarding.
14

  

This thesis focuses on school-aged youth between the ages of 11-16 years. Usually, a child is 

defined as a 5-11 year old and an adolescent as a 12-18 year old. For the majority of this thesis, the terms 

youth and young people will be used interchangeably to refer to the late childhood and early adolescent 

age period.  

2.3 Obesity and Obesity-Related Behaviours in Canadian Youth 

Overweight and obesity is increasing worldwide and is now a global health concern 
15 16

 with 

rates tripling in the pediatric population those from thirty years ago. Recent estimates suggest that over 

15% of Canadian school-aged children and adolescents are overweight and more than 5% are obese.
17

 

Overweight and obesity are associated with multiple chronic diseases, some of which may only appear in 

adulthood, including hypertension, coronary artery disease, diabetes, cancer, 
18-20

 psychosocial 

problems,
21

 as well as obesity later in adulthood.
20 22

  While the etiology of obesity is extremely complex 

and can be attributed to a large number of factors, including genetic, social, and environmental,
23 24

 two 
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modifiable behaviours are notably contributing to the increasing obesity rates. These include the reduction 

in physical activity 
25

 and increased consumption of unhealthy, calorically dense foods.
26

  

Being physically active during youth is associated with many positive health outcomes and not just 

obesity prevention. To obtain associated health benefits, physical activity in young people must be of at 

least moderate intensity,
27

 and should be accumulated for at least 60 minutes every day of the week.
27 28

 A 

dose-response relationship exists between physical activity and health in youth, such that increasing time 

spent being physically active increases the benefits accrued.
27

 Immediate benefits of being physically 

active in youth include lower psychosocial problems (depression, anxiety), reduced stress, higher self-

esteem and interaction with peers, and an enhanced well-being.
27

 Activity in youth also predicts adult 

activity, longer term benefits such as decreased risk of overweight and obesity, and improvements to 

musculoskeletal health, metabolic and cardiovascular health, and several components of mental health.
27 

29
 Despite notable positive health consequences associated with routine physical activity, rates of physical 

inactivity are alarmingly high, such that less than 20% of Canadian youth are engaging in the 

recommended 60 minutes per day of moderate-to-vigorous physical activity.
17

 In addition, physical 

activity tends to decline during adolescence by more than 30%, with higher declines in females than 

males.
30-32

   

Dietary behaviours refer to when, what, where, and why people eat.
12

 Nutritional intake is 

important during childhood and adolescence for healthy growth and development, and healthy eating 

contributes to a decreased risk in heart disease, diabetes, stroke, and other chronic conditions.
33

 Dietary 

behaviours developed during childhood and adolescence may contribute to obesity and increased risk of 

disease in adulthood.
34

 Recent patterns of food consumption demonstrate that youths’ current diets are 

higher in fast food, sugar sweetened beverages, candy and snacks, and lower in fruits and vegetables than 
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were the diets of young people a generation ago.
17 35

 Rates of fast food consumption in Canadian youth 

suggest that approximately 25% are consuming fast food at least once weekly.
12

   

2.4 Overview of Built Environment Influence on Obesity-Related Behaviours 

Because obesity is a significant and complex public health issue, the multiple factors influencing its 

development must be determined. Obesity occurs when there is a long term energy imbalance, such that 

energy expenditure (impacted in part by physical activity) is lower than energy intake (impacted by food 

consumption).
36

 Figure 1 demonstrates the relationship between the built environment and lifestyle 

behaviours that influence the onset of overweight and obesity. This thesis does not focus on the disease 

outcomes, but it is worth noting that the lifestyle behaviours under investigation are correlated with the 

development of these outcomes.  

 

Figure 1. Conceptual model depicting the relationship between the built enviroment, lifestyle behaviours, 

and health 

While some attempts at individual behaviour change have been successful at curtailing obesity 

and obesity-related behaviours, overall rates of inactivity, unhealthy eating, and overweight are still high. 

By focusing solely on individual behaviour change, it is possible that major environmental exposures that 
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influence the development or maintenance of healthy behaviours are dismissed. There is suggestion that 

changes to the contextual environments that surround the individual and influence their behaviours cause 

major changes to population level health.
37

 Because of this, researchers interested in changing physical 

activity and dietary behaviours are increasingly considering the connection between these behaviours with 

social norms, environmental design, and policy regulations.
38

  

Ecological models provide a framework that shapes the overall concept that individual behaviours 

and characteristics interact with and are influenced by the context within which that individual is 

situated.
38-41

 Thus, in order to improve health behaviours, each of the larger contexts must be considered 

(Figure 2).  This idea, particularly that characteristics specific to each individual (genetic, biological, 

psychological) interact differently when exposed to different environments, suggests that individuals have 

different behavioural outcomes upon exposure to their environments.
41

 And for individuals to effectively 

change their behaviours, or make the choice of adopting healthy behaviours, their contextual surroundings 

(i.e. their environments, policies) must offer the opportunity and a convenient way to maintain healthy 

behaviours.
40

 So by considering the contextual influences on the individual (policy, environment, 

intrapersonal, interpersonal), lasting behavioural changes are more likely to be effective than just focusing 

on the individual alone. As such, use of the ecological approach allows for a fit between the individual’s 

needs and the environmental potential so that both can be integrated for intervention.  
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Figure 2. An adaptation of the ecological model for health behaviour 

 

2.5 Neighbourhood Built Environments and Physical Activity in Children and Youth 

  The time children and youth spend outdoors can be a strong determinant of their overall physical 

activity levels.
42-44

 The neighbourhood is therefore one key setting for the physical activity of young 

people. Neighbourhood built environment features thought to influence physical activity include 

walkability, having places to play, having places to engage in organized sport, and the aesthetics of the 

neighbourhood.  These features are discussed in sections 2.5.1 to 2.5.4. Table 1 on page 17 is a summary 

that describes the associations between both objective and perceived measures of the built environment 

with physical activity and weight status among youth. More detailed tables with individual studies can be 

found in Appendix A. 
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2.5.1 Walkability 

Several studies examining features of the built environment that influence physical activity and/or 

active transportation have created a ‘walkability’ scale or construct.
5
 These studies suggested that 

neighbourhoods with higher walkability scores are important for active transportation.
1
 A large focus of 

the research on neighbourhood walkability has been on adult populations, and it has demonstrated that 

walkable features of the built environment facilitate active transportation and overall physical activity 

levels in this age group.
3 45 46

 Neighbourhood environment characteristics that are representative of high 

walkability include street connectivity (how well the streets connect to each other),
6
 walking and cycling 

infrastructure (sidewalks, paths, etc.), land use mix (having a variety of types of buildings in an area), 

neighbourhood aesthetics, high residential density, and safety (crime, traffic, lights, etc.).
45

  Since active 

transportation is positively associated with the total physical activity level of children and youth, 

walkability features of a neighbourhood could potentially influence total physical activity levels among 

these children.
47-49

 However, as seen in Table 1, consistent relationships between increased walkability 

and physical activity among youth have not been found in the literature.
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Table 1. Relationship between the residential built environment, physical activity and weight status in children and youth 

Built Environment Objectively measured environment Perceived environment 

 # of Studies
a 

Strength
b 

Consistency
c 

# of Studies
a 

Strength
b 

Consistency
c 

Walkability       

Physical activity 20 † ? 8 † + 

Weight status 6 † - 2 † - 

Parks and green spaces       

Physical activity 17 † + 12 † + 

Weight status 10 † - 2 † - 

Cul-de-sacs       

Physical activity 1 † + 4 †† + 

Weight status 0 IN IN 0 IN IN 

Recreation facilities       

Physical activity 19 †† ? 28 † + 

Weight status 11 † ? 4 † - 

Aesthetics       

Physical activity 2 † ? 6 † + 

Weight status 2 † ? 2 † - 

IN = insufficient evidence 
a
Number (#) of studies: includes studies published up to May, 2012. 

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). 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 support 

association); + consistent positive association; - consistent negative association (60-100% studies support association). Note: consistency was 

based on statistical significance (p<0.05).
50
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Street connectivity is a measure of the number and directness of route options for travel on 

streets,
6 51 52

 and combines measures of intersection density (number of intersections per area), proportion 

of intersections that are 3-or-4-way, and the average length of blocks. A higher measure of street 

connectivity connotes more direct routes for travel and increased availability of route options.
52 53

  While 

there is consistent evidence that higher street connectivity is positively associated with walking and 

overall physical activity levels in adults,
54

 the evidence investigating this relationship among children and 

youth is mixed.  Previous studies in the pediatric population have shown positive,
53 55

 negative,
6 56 57

 and 

no associations
58

 between street connectivity and physical activity. For example, one study examining 

various measures of street connectivity found consistently inverse relationships between higher 

connectivity and physical activity among Canadian youth. Those living in areas of lower street 

connectivity were more likely to be physically active than those living in better connected areas (i.e. third 

quartile OR 1.31, 95% CI 1.18-1.44; fourth quartile OR 1.26, 95% CI 1.14-1.40).
6
 These inverse 

relationships suggest that cul-de-sacs (dead-end streets), markers of poor connectivity, may be 

encouraging more street-based physical activity among children by offering traffic-free, safe places to 

play. 
6 59-61

 This will be discussed in more detail in section 2.5.2.   

The walkability of a neighbourhood is also influenced by the volume and speed of automobile 

traffic on streets. The perception of more traffic (e.g., high traffic density, busy routes) is negatively 

associated with active transportation
56

 and total physical activity 
6
 in young people. One study reported 

that young people perceiving fewer traffic lights and faster speed limits in their neighbourhoods were half 

as likely to walk or bike to school than young people with more traffic lights and slower speed limits.
62

 

Another study reported that parents with few or no concerns about safe travel to school were 5 times more 

likely to allow their children to walk or cycle to school than parents with significant safety concerns.
63

  

The addition of sidewalks, paths, and trails  enhances neighbourhood walkability and increases 

rates of active transportation.
48 64 65

  Studies have consistently demonstrated that children and youth are 
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more likely to walk places and engage in active transportation to school if a higher proportion of the 

streets in their neighbourhood have well-maintained sidewalks.
64 66 67

 While mostly positive associations 

have been demonstrated between sidewalks and active transportation, two studies have reported that there 

is no association between active commuting and the perception of sidewalks in studies on young 

females.
58 68

 No focus has been directed yet towards establishing direct relationships between sidewalks 

and non-active transportation related physical activity.  

The presence of paths and trails for walking/running and cycling have the potential to facilitate 

active transportation and overall physical activity levels.
48

 Only a few studies have examined the 

relationship between availability of paths and active transportation in children and youth, and for the most 

part, positive relationships were found. In one study, the presence of pathways in the neighbourhood, as 

reported by parents, was associated with a 2.5-fold greater likelihood that children walked or biked to 

school.
63 69

 Similarly, when girls perceived the presence of safe sidewalks or trails in their 

neighbourhoods, their odds of being physically active and walking for exercise significantly increased 

(OR 1.68, 95% CI 1.16-2.44).
42 56 70

   

In addition to pedestrian infrastructure (street connectivity, sidewalks, paths, etc.), the walkability 

of a neighbourhood can be partially dependent on having destinations to walk to.
57

 Land use is a construct 

that refers to the spatial distribution of different types of activities and buildings.
60

 Neighbourhoods with 

“mixed” land use refer to those with a combination of residential, commercial, government, and 

employment buildings. This built environment construct can be an important predictor of walking in both 

adults and children.
5 45 48 71 72

 Particularly, those reporting a greater number of destinations (stores, transit 

stops) indicated participating in more physical activity 
48 57 58

 and active transportation.
53 63

 For example, 

in one study of 1124 adolescents aged 12-18 years from Aveiro District, Portugal, the odds of being 

physically active for girls significantly increased by 59% when they had places to visit within walking 

distance to their homes.
70
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2.5.2 Parks and Outdoor Play Spaces 

Public spaces, including local parks, playgrounds, green spaces, cul-de-sacs on neighbourhood 

roads, and yards at home, are recognized as neighbourhood resources that offer the opportunity for youth 

to participate in active free play and expend energy.
73

  Research pertaining to park space and physical 

activity has mostly shown that a positive association exists between park availability and physical activity 

(see Table 1).
3 58 74 75

 Furthermore, a recent literature review showed that having parks and other play 

areas in one’s neighbourhood contributes to increasing children’s active transportation.
76

 Adolescents 

living within close proximity to a park, typically defined in the literature as within 1 mile of home,
74

 are 

more likely to have high physical activity levels (OR 1.50, 95% CI 1.13-2.00) and participate in active 

sports (OR 1.37, 95% CI 1.02-1.84).
77 78

 This relationship is particularly strong among females, such that 

females living less than 1 mile from a major park are 60% more likely to participate in active sport.
77

 In 

another study, 12-17 year old girls with access to a park were more likely to be physically active than 

those with no access (RR 1.10, 95% CI 1.01-1.17).
79

 Although the majority of research demonstrates a 

positive association between parks and green space, several studies suggest that no associations exist, 

particularly within the adolescent age group.
69 80-82

 Thus, the influence of parks on physical activity may 

not be as clear as indicated in published narrative literature reviews.
76

   

It is important to note that the techniques employed across studies may differ; assessing park 

availability within the neighbourhood environment based on perceptions versus objective measures may 

result in discrepant findings. For example, one study among youth in the Netherlands assessed physical 

activity based on both objective and perceived availability of park space in the neighbourhood.
69

 In that 

study, perceived park space was related to physical activity (OR 1.70, 95% CI 1.20-2.60), while 

objectively measured park space was not.
69

 Measures obtained through perceptions or self-report may be 

embellished by the fact that park users are more aware of the parks in their neighbourhoods.  
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An important aspect of parks that can impact physical activity accumulated in children and youth 

is the amount of park space (e.g., square footage or area) that exists in a neighbourhood. Two studies 

reported that the percentage of land area devoted to parks within neighbourhoods explains 10% of the 

variance in physical activity levels of adolescents,
83

 and that greater space and opportunity for free play 

contributes to a 60% increase in physical activity.
77

 However, it is possible that amenities and features are 

more influential of park use than the parks and park area themselves. One study investigating parks in 

Buffalo, New York, demonstrated that park amenities are appealing for younger children and older 

adults.
83

 It may be that physical activity in children and adolescents is influenced more by having a 

greater number and type of park amenities (e.g., playgrounds, basketball courts, etc.),
84

 as these features 

can provide additional opportunities for individuals of different ages to play and be active.
74 85

  

The percentage of land area devoted to open green space may also contribute to the physical 

activity levels of young people by providing open space for free play. One study found that, compared to 

those with no green space in their neighbourhoods, youth whose neighbourhood land area was comprised 

of 10-20% green space were more likely to be physically active (OR 1.68, 95% CI 1.10-2.39). However, 

with increasing green space, the relationship no longer remained significant,
59 77

 perhaps due to a 

threshold effect that youth only require  minimal green space to participate in unorganized sport and 

active play. Neighbourhood green space has also demonstrated  to decrease the risk of overweight among 

3-18 year olds.
86

 For example, increased vegetation near the home for children and adolescents living in 

high population density townships had a significantly decreased risk (odds 0.899; SE 1.038) of becoming 

overweight, but this was not seen for those from low population density towns.
86

  

Other outdoor areas that can be used for spontaneous play and organized activities include yard 

space at home and areas designed for automobile use, such as parking lots, roads, and cul-de-sacs. The 

research examining these built environment features has been somewhat limited (Table 1).  Yards at home 

offer young people the opportunity to freely engage in play in the home neighbourhood.
87

 As 
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demonstrated in Table 1, cul-de-sacs, inverse to street connectivity, contribute to physical activity in 

young people by providing low-traffic road area for play and sport.
57 62

 These types of activities may 

include street hockey, playing catch, or hop-scotch with road chalk. One study reported that youth living 

in neighbourhoods with an increased density of cul-de-sacs were four times more likely to engage in free 

play and be physically active than those with no cul-de-sacs.
88

  

2.5.3 Recreation Facilities 

There are a number of public and commercial recreation facility types, such as soccer fields, 

baseball diamonds, basketball courts, community centers, arenas, pools, tennis courts, and playgrounds, 

that provide the opportunity for young people to engage in play and sports activities.
55 57

 Because youth 

are subjected to limited mobility compared to the adult population, recreation facilities within the home 

neighbourhood may serve as a locale for active play and organized sports. Several studies have reported a 

positive association between the presence and number of recreation facilities with adolescent physical 

activity levels,
2 49 57 58 75 89 90

 while others have demonstrated no association with physical activity (refer to 

Table 1).
62 82 91

 For example, a study of 811 adolescents from a mid-sized city in Canada found that those 

with two or more recreational facilities in their neighbourhoods were at least 70% more likely to be 

physically active more than three times per week than those with no recreational facilities in their 

neighbourhood. 
69 80

 Furthermore, adolescents with 7 recreation facilities in their neighbourhood were 

more physically active relative to those with no facilities nearby (OR 1.26, 95% CI 1.06-1.50).
92

  

In a study of 11-13 year olds in a mid-sized city in Canada, the perception of having recreation 

facilities available within their neighbourhood increased the odds of being physically active (OR 2.04, 

95% CI 1.06-3.92) more than what was captured with an objective measurement (OR 1.65, 95% CI 1.09-

2.50). However, in another study on a representative sample of Canadian youth, exposure to recreation 

facilities was not associated with increased physical activity levels.
82

 Instead, perceived safety was 
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moderating this relationship, such that youth perceiving that their neighbourhoods were safe were more 

likely to be physically active at such facilities.
93

 

Several studies found no relationship between recreation facilities and physical activity. It may be 

that the facility characteristics are more important and influence activity more than the presence of the 

facilities alone.
74 83

 It is also possible that some types of facilities are not salient to younger populations. 

As such, it is important to distinguish the use of objective vs. perceived measures of the availability of 

recreation facilities when considering their effects on behaviours. For example, in a sample of ~1300 

adolescent girls from six metropolitan cities in the US, perceiving additional recreation facilities was 

associated with a 3% increase (17 minutes) in physical activity, while objective measures of the 

neighbourhood were not related to physical activity.
91

 This may be representing that the objective 

availability of recreation facilities is not indicative and does not imply their use. For example, in a sample 

of 352 female adolescents in Scotland, having a recreation centre close to home was not sufficient 

influence for their use, rather the quality and aesthetic features of the facility determined whether or not 

they were used. 
94

 

2.5.4 Neighbourhood Aesthetics 

Aesthetic qualities of the neighbourhood environment may also predict physical activity levels by 

influencing the appeal and use of other built environment features (sidewalks, roads, parks, etc.).
65 95 96

 

For example, exposure to a neighbourhood with high levels of physical disorder may inhibit outdoor play 

and physical activity due to safety concerns and criminal activity.
97

 Investigations of the etiological 

relationship between aesthetic features of the environment and physical activity have suggested that 

relevant features may include greenness, presence of and quality of lawns, and measures of physical 

disorder (e.g., graffiti, abandoned buildings, etc.). As indicated in Table 1, neighbourhoods with higher 

levels of physical disorder or those that are less aesthetically pleasing have been shown to discourage 
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active transportation and physical activity among adolescents.
58 63 97

 These relationships tend to be more 

prominent in girls.  

In an investigation of the physical activity levels of ~1400 youth living in urban Chicago, 

physical disorder in the neighbourhood was inversely associated with physical activity (OR 0.90, 95% CI 

0.70-1.10). Although not statistically significant, the relationship was in the expected direction and 

suggested that physical disorder has the potential to dissuade youth from partaking in outdoor physical 

activity.
97

  In a study of 480 adolescent girls in the US, aesthetic features of the neighbourhood 

environment were associated with physical activity, but were not related to active transportation.
68

 

Perhaps adolescents in this study did not have another mode of transportation, and therefore the aesthetics 

of the environment were of no concern to them, whereas with an opportunity to choose where to be 

physically active, neighbourhood aesthetics became increasingly influential.  

Similar to other measures of the built environment, the majority of research on neighbourhood 

aesthetics focuses on perceived qualities of the neighbourhood (aesthetic features: greenness, nice things 

to look at, etc.) rather than objective measures. It may be the negative features of the neighbourhood 

environment that are more noticeable are influential for youth activity.  

2.5.5 Limitations of Built Environment Research 

Some major limitations exist in previous etiological research on the built environment and 

physical activity. First, most existing studies made use of convenience samples residing in relatively 

small geographic regions (e.g. a single urban centre/city). These studies, while providing important 

information on etiological relationships, offer limited generalizability to the youth population as a whole. 

Second, the large majority of built environment studies in youth have been underpowered with small 

sample sizes, which may have resulted in a loss of statistical significance. Studies with larger and more 

representative samples are required to ensure adequate statistical power and provide more generalizable 

results on the relationship between the built environment and health behaviours. 
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The majority of past research made use of subjective and self-reported measures to obtain 

information on environmental exposures. There are often large discrepancies between objective and 

perceived measures of the built environment and the way they impact physical activity.
91

 In fact, youths’ 

perceptions of places to engage in physical activity tend to be more strongly related to physical activity 

than objective measures of the built environment. The perception of one’s neighbourhood may be 

indicative of their habits and lifestyle behaviours, such that those that are typically active in their home 

neighbourhood environment may be more aware of parks, recreation facilities, and aesthetic features than 

those that are not active.  

Most previous research on the built environment focused on single environmental measures and did 

not control for other built environment features (e.g., include other features as covariates in the regression 

models). Therefore, a lack of control for confounding may be an issue, and risk estimates presented in the 

existing literature may have been over or underestimated. And perhaps because of this, previous research 

could not indicate the most important built environment attribute or indicate the relative importance of 

each without considering other effects in unison for comparative purposes. Studying the various built 

environment features within one study would assist in determining which built environment features are 

the mostly strongly related to physical activity.   

Research on the built environment has used numerous distance or buffer sizes to define the home 

neighbourhood. With variability ranging from a direct block that the child lives on
98

 to an 8 km buffer,
92

 

interpretation of results and understanding the influence of the environmental features directly on 

behaviours becomes difficult. Boundaries that are either too small or too large are not reflective of the 

true neighbourhood to which youth are exposed to and in which they spend their time.  It is therefore 

important to study an appropriate and practical buffer size in which youth spend their time and can travel 

with optimal time to reach physical activity destinations.  
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2.6 Neighbourhood Built Environments and Dietary Behaviours in Youth 

Over the past three decades, the consumption of foods outside of the home has increased almost 

threefold,
99

 particularly for calorically dense snack foods and sugar-sweetened beverages.
100

 
86

 The food 

retail environment within the home neighbourhoods of children and adolescents has been implicated as a 

contributing factor to the obesity epidemic.
101-103

  It refers to the type and quantity/density of food retailers 

that are available to a person within a given area (i.e. near their home or school). The food retail 

environment offers accessibility and availability of foods, consisting of the supermarkets, grocery stores, 

coffee and donut shops, fast food restaurants, convenience stores, and other food opportunities. Exposures 

to the food retail environment vary among individuals, as different food retailers exist in different 

neighbourhoods. Some environments are characterized by food retailers that offer high-fat foods, promote 

unhealthy choices, discourage healthy food consumption, and hinder development of good dietary habits 

(e.g., fast food restaurants, convenience stores). The foods sold at such retailers tend to be relatively 

inexpensive and more amenable to youth purchase. Other environments offer a higher proportion of 

healthier alternatives (supermarkets, farmer’s markets).
3
 The different aspects of the food environment 

and how they relate to dietary behaviours, food intake, and obesity within youth are discussed in more 

detail in sections 2.6.1 to 2.6.3. A summary table on the residential food retail environment and dietary 

behaviours/weight (Table 2) can be found on page 29.  

2.6.1 Supermarkets and Grocery Stores 

Supermarkets are large chain food stores that sell a wide variety of healthier food options at lower 

cost relative to what these same items would sell for at other types of retailers.
104

  Grocery stores, on the 

other hand, are smaller non-chain, more specialized stores that tend to offer less healthful options and 

lower quality fruits and vegetables.
105

  Those dependent on local grocery stores as their main food 

supplier may be nutritionally disadvantaged compared to those with greater access to supermarkets.
104

  

One study of youth in Norfolk, England demonstrated that the availability of a supermarkets in the home 
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neighbourhood increased their vegetable consumption by 0.31 portions/week; fruit consumption showed a 

similar but non-significant association.
7
 In another study of grade five children and their parents from 

Nova Scotia, those with better access to supermarkets with modestly priced fresh produce had healthier 

diets and were 25-35% less likely to be overweight or obese. 
106-108

 Therefore, healthier dietary behaviours 

and possibly weights are associated with a closer proximity of supermarkets to adolescents’ homes.
86 109-

111
 However, because supermarkets also offer the opportunity to purchase unhealthy food items, 

associations between supermarkets, eating behaviours and overweight have not always been ideal. This 

has been seen in several studies that demonstrated proximity to supermarkets as inversely related to fruit 

and vegetable consumption and overweight in youth (see Table 2). 
86 112 113

  

2.6.2 Fast Food Restaurants 

Fast food restaurants are those that sell food for quick consumption on premises or prepared for 

take-out.
7
 The food sold in these restaurants tends to be high in fat, sugar, salt and calories.

8
 Fast food 

outlets have a great appeal for adolescents, as they offer good-tasting, low-cost, and quick access to foods, 

as well as a socially acceptable place to convene.
114

 Consumption of these energy dense foods among 

youth aged 12-18 increased by 300% between 1977 and 1996.
115

 This increased consumption of fast 

foods away from the home has been concurrent with the trends in youth overweight and obesity.
116

 

As seen in Table 2, existing studies have reported both positive 
101 117-119

 and negative 
120-123

 

associations between the presence of fast food retailers in neighbourhoods and adolescent weight status. 

For example, one study in Australia  reported that adolescent girls with 1 or 2 fast food restaurants within 

2 km of their home were 81% less likely to be overweight or obese than adolescents with no fast food 

restaurants within 2 km of their home (OR 0.19, 95% CI 0.09-0.41).
113 120

 However, other studies in the 

US and Hong Kong reported that children and youth with a fast food restaurant within 400 metres of their 

home were 10-30% more likely to adopt an unhealthy diet
124 125

 and almost 4 times more likely to be 

overweight or obese compared those that do not live in close proximity to a fast food restaurant.
101 126

 The 
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inconsistency of results may be attributed to environmental differences, other food opportunities, parental 

restrictions, or other features of the environment that were not captured or controlled for in these studies.  

Overall, as demonstrated in Table 2, the relationship between exposure to fast food restaurants 

within the home neighbourhood and eating behaviours has been inconsistent. This may be due to small 

sample sizes, the use of parental reporting,
127

 or the measurement of youth in different countries with 

different eating behaviors.
125

 Only four studies have investigated the direct effect of fast food restaurants 

on fast food consumption.
112 125 127 128

 While one study based out of Hong Kong suggested a 10% increase 

in the risk of being an excessive fast food consumer if exposed to fast food restaurants in the home 

neighbourhood,
125

 it must be noted that eating behaviours of youth in Hong Kong substantially differ 

from those of the Western world and that fast food restaurants are not as popular as other food retailers.
125

 

Another study in Australia reported a 3% decrease in fast food consumption with exposure to residential 

fast food restaurants. However, consumption was based on parental reports of younger children, and 

therefore may have been a misrepresentation of actual consumption behaviours.
127

 The two American-

based studies, which both had small sample sizes from a single city, demonstrated no significant 

association between fast food restaurants and consumption.
112 128
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Table 2. Relationship between the residential food retail environment, dietary behaviours, and weight status 

Food Environment # of Studies
a 

Strength of 

Association
b 

Consistency of Association
c 

Supermarkets    

Unhealthy eating 8 † ? 

Weight status 9 † - 

Convenience stores    

Unhealthy eating 10 † + 

Weight status 10 † + 

Fast food restaurants    

Unhealthy eating 13 † + 

Weight status 19 † ? 

N/A = not applicable 
a
Number (#) of studies: includes studies published up to May, 2012. 

b
Strength of association: † weak associations (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). 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 support 

association); + consistent positive association; - consistent negative association (60-100% studies support association). Note: consistency was 

based on statistical significance (p<0.05).
50
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2.6.3 Convenience Stores 

Convenience stores are smaller food retailers with restricted food choices, usually ready-made or 

available for quick preparation, often of low nutrient quality and dense in calories.
7
 A number of studies 

have reported that greater access to convenience stores is related to unhealthy eating amongst children 

and adolescents (see Table 2). For example, one study reported that young people who lived within 800 m 

of a convenience store were 16% less likely to consume fruits and vegetables compared to those not 

living within 800 m of a convenience store.
127

 In a longitudinal study on the availability of food retailers 

measured near children’s homes, an increased risk of obesity occurred with the presence of convenience 

stores, as youth demonstrated a decreased consumption of healthier food choices.
129 130 
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2.6.4 Limitations of Food Environment Research 

There are several limitations in the studies examining the etiological relation between the food 

environment and eating behaviours within youth, many of which resemble those discussed in section 

2.5.5 on the built environment and physical activity. For example, most studies on the food environment 

in youth have relied on small sample sizes and may have been underpowered to detect small effect sizes. 

The participants from these studies were typically recruited from single cities or small geographic 

regions, which limits the generalizability of the results. The use of various buffer and neighbourhood 

sizes, again, can cause issues in interpreting any observed relationships, as it is unlikely that youth, with 

limited mobility, would travel far distances to fast food restaurants. Because research on the food 

environment has used a variety of different outcome measures (i.e. healthy/unhealthy eating behaviours, 

weight status), interpretation of the effects of the food environment on youth has been difficult. For 

instance, one cannot assume that there is increased fast food consumption when studying the relationship 

between fast food restaurants and fruit/vegetable consumption. And while fast food is associated with 

overweight and obesity,
117

 studying the relationship between fast food restaurants and obesity does not 

necessarily indicate the relationship with eating behaviours. Investigating the effects of the food 

environment directly on obesity assumes that obesity is largely attributed to the food retail environment 

when a large number of other factors may contribute to the increased risk of obesity.  

Lastly, one must be wary of the different ways that authors measure food retail exposure when trying 

to draw comparisons or make conclusions. Some researchers use the number of retailers per land area 

(density),
102 103 131

 while some measure food retailers based on distance from a location (i.e. home or 

school).
7 101 112 113

 In comparing results from the different studies, the use of a density measure provided a 

more consistent representation of the relationship between the food environment and eating habits or 

obesity; therefore more studies should investigate youth exposure to a density of food retailers.  
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2.7 Prevalence of Youth Exposed to Physical Activity-Related Built Environment Features 

In addition to considering the effect that the built environment has on physical activity, it is important 

to consider the prevalence of youth that are exposed to negative features of the built environment. Most 

research on neighbourhood walkability indicates that 50% of children and youth do not have sidewalks in 

their neighbourhood.
67 68 70

 And among youth in Portugal, of the 50% of neighbourhoods that do have 

sidewalks, between 40-60% of them are poorly maintained or obstructed.
70

  In an investigation of 677 

children in Australia, 42% reported that their route to school was filled with busy route barriers.
56

 

Similarly, 30% of children perceive that there is high traffic in their neighbourhood.
132 133

  

The prevalence of youth exposed to parks and recreational facilities within their home neighbourhood 

differs widely across studies. One of the few population-based built environment studies, which was 

conducted in 10,773 children from across the US, found that a large percentage of young people do not 

have access to parks in their home neighbourhood. Specifically, 17% did not have a park within two miles 

of their home and for 32% of the sample, the closest major park was more than five miles from their 

home.
77

  The prevalence of exposure to different recreational facilities (gym, community center, 

swimming pool, basketball court, etc.) within walking distance of the home has varied considerably 

across studies ranging from 23% 
78

 to 87%.
80

  

Of the multiple aesthetic features of the environment that may influence physical activity, the most 

commonly reported was that of having interesting things to look at while walking or being physically 

active in the neighbourhood.
58 68 70 132

  However, over 50-60% of children and youth reported that they did 

not have interesting things to look at in their home neighbourhoods,
132

 while only 38% of a representative 

sample of youth in the US reside in neighbourhoods with no physical disorder (poor condition of 

buildings and streets, garbage, broken glass).
130
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2.8 Prevalence of Exposure to Different Types of Food Retailers 

Studies in several countries indicate that most children and youth do not have a supermarket in their 

home neighbourhood. For example, in a sample of children and adolescents from Melbourne, Australia, 

only 25% lived in proximity to supermarkets.
130

 Similarly, only 26% of neighbourhoods in six major U.S. 

cities contained a supermarket, while a greater proportion of retail space was devoted to convenience 

stores and fast food outlets.
109 128

  Numerous studies have suggested that more than half of the pediatric 

population is exposed to at least one convenience store within their home and/or school neighbourhood.
113 

127-130
  One study of 323 children from East Harlem, New York, reported that more than half of these 

children lived within one block of a convenience store.
129

  Another investigation of 801 children from 2 

major cities in Australia demonstrated that more than 58% of these children had more than one 

convenience store close to home.
113

 

Findings from existing studies suggest that at least 25% of children and youth have at least one fast-

food retailer within their home and/or school neighbourhood environments.
101 110 120-123

 In a sample of 243 

adolescents in Melbourne, Australia, 81% reported having at least one fast-food retailer within 2 km of 

their home.
120

 In another example investigating 178 schools across Canada, 31% of children and youth 

aged 11-15 years reported having fast-food retailers within 1 km of their schools.
122

 And in a large sample 

of 5,236 adolescents in the US, 23% had more than two fast food restaurants within 0.5 miles of their 

homes.
128

 

2.9 Population Attributable Risks of Obesity-Related Behaviours due to Built Environment 

Features 

The PAR% is a reflection of the proportion of the health or behavioural outcome (e.g., physical 

inactivity, poor diet) within the population that is attributable to a risk factor (e.g., unfavourable built 

environment feature). The PAR% can be estimated as follows: PAR% = (P (RR - 1)) / (1 + P(RR - 1)), 

where P is the prevalence of exposure to negative features of the built environment and RR is the relative 
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risk of having an outcome associated with the particular exposure to the risk factor.
134

  Thus, the PAR% is 

dependent on the magnitude of the risk of developing the outcome as well as the prevalence of exposure, 

and will increase with a greater risk and/or greater exposure.   

Comparison of the PAR% for different risk factors is beneficial when developing public health 

priorities and is far more useful than relying on the prevalence or RR alone.  That is, greater efforts 

should be focused on improving the risk factors with the highest PAR% values, as at the population-level, 

they explain the greatest proportion of the health outcome. By making changes to environmental features 

that present with the highest PAR% values, there is potential to improve health of an entire population by 

creating environments that are more conducive to healthy behaviours.    

 As indicated throughout the literature review, studies on health behaviours and the built environment 

have demonstrated small or modest effect sizes. That is, the RRs of engaging in unhealthy behaviours 

(e.g. inactivity, fast food consumption) associated with a given built environment construct are typically 

well under 2.00, and therefore are small or modest in size. However, the prevalence of youth exposed to 

undesirable built environment features appear to be quite high.  Although existing studies have not 

reported PAR% values, based on the risk estimates and the prevalence of exposure provided within the 

results sections of some of these studies, PAR% values can be estimated. Some of these estimated values 

are summarized in Table 3.  

Table 3. PAR% from earlier research 

Built environment feature Population attributable 

risk 

 Physical activity 

Walkability 13-50% 

Parks and outdoor play 

spaces 

8-20% 
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Recreation facilities 10-50% 

Aesthetics 10-40% 

 Unhealthy eating 

Convenience stores 8% 

Supermarkets (having none) 23% 

Fast food restaurants 6-25% 

 

In terms of walkability features, PAR% estimates suggest that 13-50% of physical activity and active 

transportation can be attributed to living in areas of lower connectivity and decreased intersection 

density.
56

 The PAR% values for one study suggested that the perception of roads being safe accounted for 

15% of a walking/cycling to school outcome.
6 56

 The results from another study suggested that 50% of 

active transportation can be explained by the presence of sidewalks and paths.
67

 

The majority of the research on parks, outdoor play areas, and various park amenities suggests that 

these built environment features have a meaningful impact on the physical activity level of the pediatric 

population. In a study on 10,733 youth from the US, 20% of physical activity was attributed to living 

close to a park.
77

 On the other hand, as seen in a small sample of 473 children from Birmingham, UK, 8% 

of physical inactivity was attributed to youth not having parks/sport grounds in their home 

neighbourhoods.
133

  

Since the majority of the research on recreation facilities investigated an outcome of physical activity 

instead of inactivity, PAR% estimates in Table 3 were calculated to present the proportion of physical 

activity that is attributed to the presence of recreation facilities within the neighbourhood. In a study on 

811 youth from a mid-sized city in Canada, close to 50% of their physical activity was attributed to 

having recreation facilities within their neighbourhoods.
80

 Among 1367 females in the US, 10-40% of 
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physical activity in the cohort was attributed to having various recreation facilities in their 

neighbourhoods (golf course, playing field, skating rink, etc.). 
74 91

  

Regarding the food environment, the majority of children and adolescents are exposed to a variety of 

unhealthy food retailers in their home neighbourhoods. Because of this, when paired with low risk 

estimates, the PAR% values are meaningful. For example, in the study of 34,369 students in Hong Kong, 

66% had fast food restaurants close to home. With this high prevalence of exposure, 6% of their excessive 

consumption could be attributed to their fast food restaurants.   

2.10 Limitations and Gaps of Past Research Related to Prevalence and PAR% 

Research has been limited in its availability to provide a true understanding of the prevalence of 

exposure to features of the built environment. Particularly, due to the use of small convenience samples 

from small geographic regions (i.e. single cities), the prevalence of youth across the population that are 

exposed to different built environment features remains largely unknown.   

Another key limitation is that many studies measure the built environment with perceived rather than 

objective measures.  This likely led to inaccurate estimates of the prevalence of youth actually exposed to 

features of the built environment. More objective research is required to obtain a greater understanding of 

the prevalence of youth that are exposed to different features within their home neighbourhood 

environments.  

Previous research did not present PAR% of physical inactivity or excessive fast food consumption 

that are attributable to relevant features of the built environment while considering the other 

neighbourhood features. The PAR% values that I estimated (see Table 3 in Section 2.9) based on the data 

presented in earlier research should be interpreted with great caution. First off, the PAR% is in part a 

reflection of the prevalence of exposure, and as indicated previously, these prevalence rates do not reflect 

those of the greater population. Secondly, there may also be issues with the risk estimates used for the 
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PAR% calculations due to the limitation in the etiological relationships, as previously discussed in 

sections 2.5.1 to 2.5.4 and 2.6.1 to 2.6.3.  

2.11 Summary 

There is considerable research interest in examining the effects of the built environment on 

physical activity and eating behaviours. With so many built environment features acting as potential 

determinants of physical inactivity and unhealthy eating, it is challenging to prioritize strategies for 

intervention. There remain large gaps in our knowledge regarding the relative contributions the features 

of the built environment have on physical activity and eating behaviours as well as the proportion of these 

behaviours that are attributable to the built environment features. Some of these gaps will be addressed by 

the manuscripts in this thesis.  
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Abstract 

Background: Several features of the neighbourhood built environment can influence youths’ physical 

activity levels, although the unique contribution of these features is unclear. We investigated the 

independent effects of several built environment features on physical inactivity in Canadian youth, and 

estimated the proportion of inactivity within the population that was attributable to these built 

environment features.  

Methods: This was a cross-sectional study of 6626 youth aged 11-15 years from 272 different school 

neighborhoods across Canada.  Walkability, outdoor play areas (parks, wooded areas, yards at home, cul-

de-sacs on roads), recreation facilities, and aesthetics were measured objectively within each 

neighborhood (1 km circular buffer from school address) using geographic information systems.  Physical 

inactivity (<5 days/week of 60 minutes of moderate-to-vigorous physical activity) was assessed by 

questionnaire. Multilevel logistic regression analyses, which controlled for several covariates, examined 

relationships between built environment features and physical inactivity. 

Results: The final regression model indicated that, by comparison to youth living in the least walkable 

neighbourhoods, the risks for physical inactivity were 28-44% higher for youth living in neighbourhoods 

in the remaining three walkability quartiles. By comparison to youth living in neighbourhoods with the 

highest density of cul-de-sacs, risks for physical inactivity were 28-32% higher for youth living in 

neighbourhoods in the lowest two quartiles. By comparison to youth living in neighbourhoods with the 

least amount of park space, risks for physical inactivity were 28-37% higher for youth living in the 

neighbourhoods with moderate to high (quartiles 2 and 3) park space. Population attributable risk 

estimates suggested that 23% of physical inactivity within the population was attributable to living in 

walkable neighbourhoods, 16% was attributable to living in neighbourhoods with a low density of cul-de-

sacs, and 15% was attributable to living in neighbourhoods with a moderate to high amount of park space.   
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Conclusions: Neighbourhood walkability, cul-de-sac density, and park space were the most relevant built 

environment features for youths’ activity. The association between some of these features and youths’ 

activity levels were in the opposite direction to what has previously been reported in adults and younger 

children.   

 

Key words: physical inactivity, built environment, youth, geographic information system 
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Introduction 

Over 90% of American and Canadian youth do not meet the public health guideline of 60 minutes 

of daily moderate-to-vigorous physical activity.
1 2

  This is a problem as youths’ physical activity levels 

track over time 
2 3

 and because inactivity is related to obesity, cardiovascular and metabolic disease risk 

factors, bone density, and mental health outcomes.
4
  In order to develop effective public health policies 

and interventions aimed at increasing the physical activity levels of young people, the key determinants of 

this behaviour need to be understood.
5
  While characteristics of young people (e.g., age, gender) and their 

families (e.g., parental role modeling, socioeconomic status) are important determinants,
6 7

 so too are 

aspects of the neighbourhood environments in which they live.
8 9

   

Several features of the neighbourhood built environment are potentially relevant for physical 

activity. Features that facilitate walking and bicycling, such as well-connected street networks,
10

 mixed 

land use,
11 12 

low speed limits on roads,
13

 and the presence of sidewalks along roads
8
 may contribute to 

increased active transportation but may have adverse effects on active play. Active play within young 

people can also be influenced by the availability of outdoor play spaces such as parks and other public 

green spaces and wooded areas,
14-16

 yards at home,
17 18

 and cul-de-sacs on roads.
18 19

 Recreation facilities 

where youth can engage in organized sports may also be important determinants of physical activity 

levels, including community centres,
20-22

 arenas,
22

 pools,
23 24

 and courts/tracks.
23

 Finally, aesthetic features 

may influence whether people want to be outdoors and engage in physical activity in their 

neighbourhood.
25 26

 As existing studies have not simultaneously considered the impact of all of these built 

environment features, it is difficult to determine which features are most strongly related to the physical 

activity levels of young people.  

It is important to determine the relative importance of each built environment feature.  This 

information can help direct priorities as it is unfeasible to simultaneously address and improve all built 

environment features. From a public health perspective, the relative importance of the different built 
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environment features can be determined by comparing their population attributable risks (PAR%).  The 

PAR% is an estimate of the proportion of an outcome within the population, such as physical inactivity, 

that is attributable to a risk factor, such as living in a neighbourhood with a poor built environment 

feature. It is a function of the prevalence of the population exposed to the built environment feature and 

the impact that exposure to that feature has on inactivity.
27

  Existing studies have not estimated the PAR% 

for physical inactivity attributable to different features of the neighbourhood built environment.    

The objectives of this study were: (1) to determine the independent effects of different 

neighbourhood built environment features on physical inactivity within youth, and (2) to estimate the 

proportion of physical inactivity within the youth population that is attributable to these same built 

environment features.  These objectives were addressed using a national study of Canadian youth in 

grades 6-10.  

Methods 

Data Sources 

 The relationship between neighbourhood built environment features and physical inactivity was 

examined within the 2009/10 Canadian Health Behaviour in School-Aged Children Survey (HBSC). The 

HBSC is made up of two components: (1) a general health survey conducted on a representative sample 

of 26,078 Canadian youth in grades 6-10 from 436 schools across the country, and (2) GIS measures of 

the built environment in the neighbourhoods surrounding the participating schools.  

The 2009/10 HBSC is a cross-national survey conducted in affiliation with the World Health 

Organization. This study was limited to the Canadian sample.  The HBSC classroom-based survey 

covered several aspects of health, health behaviours, and physical and social determinants of health.  The 

Canadian sample was designed according to the international HBSC protocol.
28

 The strategy followed a 

systematic multi-stage cluster technique, whereby individual students are nested in school classes that are 

nested within schools and school boards. The 2009/10 Canadian HBSC included 26,078 students with 
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distributions reflecting the distribution of Canadians in grades 6-10 (approximate age range 11-15 years) 

from 436 schools. All provinces and territories in Canada participated with the exception of Prince 

Edward Island and New Brunswick. Students enrolled in private, special needs, or home schools, as well 

as incarcerated youth, were excluded; combined they contribute to <10% of the Canadian youth 

population. Additional information about the Canadian HBSC can be found in Appendix B. Consent was 

obtained and provided by school boards, individual schools, participants, and their parents/guardians. 

Ethics approval was obtained from the General Research Ethics Board of Queen’s University (see 

Appendix C).  

 In this study we used a 1 km radius circular buffer around schools as a proxy for the home 

neighbourhood. We therefore attempted to limit the sample of 26,078 students to those students who lived 

within the 1 km circular buffer of their school. Since many students from the full sample do not live 

within a 1 km distance of their schools, they were excluded from the analyses. Based on the centre of the 

geographic area covered by each student’s postal code (which within Canadian cities are quite small), we 

calculated the straight line distance between their house and school. Those students living more than 1 km 

from their school were excluded. Alternatively, for the 40% of participants who did not indicate their 

postal code on the survey, distance to school was estimated based upon their reported mode and travel 

time to school from two survey questions.  Students with excessive travel time (i.e., > 15 minutes by 

walking or >5 minutes by bicycle or motorized transportation) were assumed to live more than 1 km from 

their school and were therefore excluded. Third, students from schools where not all built environment 

features could be measured were excluded. Lastly, students with missing information on the physical 

activity outcome and/or potential covariates were excluded. The final sample consisted of 6,626 students 

from 272 schools (see flow diagram in Appendix D).  
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Physical Inactivity Outcome  

Information on physical activity behaviours was collected from the average of students’ responses 

to two questions: “Over a typical or usual week, on how many days are you physically active for a total 

of at least 60 minutes per day?” and “Over the past 7 days, on how many days were you physically active 

for a total of at least 60 minutes per day?” (See Appendix E). Reliability estimates demonstrate a good 

level of agreement between the two survey questions (Cronbach’s alpha = 0.79), and the mean of the two 

items performed better in analyses than either item separately.  Validation studies demonstrate a good 

test-retest reliability for these two questions (67 to 85% agreement; intra-class correlation value of 0.71) 

and the questionnaire responses are correlated with objective measures of physical activity obtained by 

accelerometry (r=0.39).
29 30

 Participants were placed into one of two groups based on their average 

response to the two questions: physically inactive (≤4 days per week) vs. physically active (> 4 days per 

week). The cut-point of ≤4 days per week was chosen as it corresponded to the lowest ~25% of the 

sample.    

Neighbourhood Built Environment Features  

The addresses of the 272 schools were mapped in ArcGIS and a 1 km circular radius buffer was 

constructed around every school. After extracting water bodies (lakes, streams, rivers), the average land 

area of the 1 km buffers for these 272 schools was 3.04 km
2
 (SD = 0.21 km

2
; range = 2.03 to 3.14 km

2
) 

(Appendix G). Several built environment features were measured within these 1 km buffers. Features 

were selected based on their established associations with physical inactivity and/or obesity in young 

people and their availability to the research team through national GIS data.
8 31

 As explained in more 

detail below, we grouped together built environment features that measured a similar construct to 

investigate the following environmental influences: walkability, outdoor play areas, recreation facilities, 

and aesthetics. 
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Walkability 

Six walkability items were measured: intersection density,
10

 average block length,
10

 connected 

node ratio,
10

 mixed land use,
11 12

 road speeds,
13

 and sidewalk coverage.
32 33

 Measures were obtained using 

ArcGIS software with CanMap® Streetfiles, CanMap® Route Logistics, and Google Earth Streetview 

imaging. Intersection density is the number of intersections per unit of area,
10

 and was calculated by 

dividing the total number of real nodes by the land area within the neighbourhood buffer. Connected node 

ratio refers to the proportion of intersections within a buffer that are 3 or 4-way intersections,
10

 and was 

determined by dividing true street intersections by the total number of intersections, including cul-de-sacs 

and dead ends. Average block length was calculated by dividing the total length of roads in each buffer by 

the number of true intersections.
10

 Land-use mix refers to the types of buildings that comprise an area,
11

 

and for this study consisted of the percentage of total land area comprised of residential area.
20 26

 Road 

speed was measured as the percentage of the total road distance within the buffer that was comprised of 

low speed roads, defined here as having a speed limit ≤50 km/h. Sidewalk coverage was measured as the 

percentage of the total road distance within the buffer that was comprised of roads with a sidewalk on one 

or both sides.
34

 Further details and walkability data collection procedures can be found in Appendix H.  

We created a summary walkability scale based upon the six items using principal component 

analysis. Results revealed one factor that accounted for 60% of the variance. The four variables that 

loaded onto this factor and their factor loadings were: land-use mix (0.84), road speeds (0.80), 

intersection density (0.75), and sidewalk coverage (0.71). The Anderson-Rubin method was used to 

calculate a summary walkability z-score for the components that were derived from the principal 

components analyses. These summary scores were subsequently divided into quartiles.   

Outdoor play spaces  

Four outdoor play space items were measured: parks and other public green spaces,
15 16 22

 open 

wooded areas, the presence of cul-de-sacs on neighbourhood roads,
17-19 35

 and presence of yards at 
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home.
1835

  Measures were obtained using CanMap® Streetfiles, CanMap ® Route Logistics, CanMap® 

Parks and Recreation, and Google Earth Streetview Imaging in ArcGIS. The proportion of total land area 

devoted to parks and other public green spaces (including national parks, provincial parks, territorial 

parks, and municipal parks/sportsfields) was calculated for each buffer,
22 36

 and the neighbourhoods were 

divided into quartiles. The same was done for wooded areas, however, since 40% of students lived in 

neighbourhoods with no wooded areas, a ‘none’ category was created and tertiles were created for the 

remaining 60% of the neighbourhoods. Cul-de-sac density was measured by subtracting the number of 

true intersections from the total number of intersections in each school buffer and dividing by the land 

area of the buffer.
37

  To measure the presence of yards at home, 15 observations points were plotted in 

each 1 km buffer in an evenly spaced grid (approximately 500 m apart in the X and Y directions from the 

buffer’s centre). Within Google Earth Streetview, a 360 degree panoramic view was taken at each of the 

15 points to measure the proportion of houses and other buildings that had a yard in front using the 

following scale: 0 = ‘none’, 1 = ‘less than 1/4’, 2 = ‘1/4 to ½’, 3 = ‘more than half to ¾’ and 4 = ‘more 

than 3/4 to all’. A summary yard score was created for each buffer by summing the scores from all 15 

points, so that each buffer had a score ranging from 0-60. Principal component analysis investigating the 

outdoor play space measures revealed little agreement between them (Cronbach’s alpha <.10). Each 

measure was therefore examined as an individual exposure variable. Appendix I contains additional 

details and procedures on data collection for outdoor play spaces. 

Recreation Facilities 

The number of recreation facilities was measured within each buffer using ArcGIS software and 

the Enhanced Points of Interest database (DMTI Spatial Inc., 2009). Standard Industrial Classification 

codes were identified and summed within each buffer for the following facilities: dance studios and halls, 

bowling centers, physical fitness facilities, public golf courses, membership sports and recreation clubs, 

and amusement and recreation not elsewhere classified. The total number of recreation facilities within 
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each buffer was summed and divided by the buffer land area to develop a measure of recreation facility 

density (find additional details in Appendix J).  

Aesthetics 

Three aesthetics items were measured: amount of litter, amount of graffiti, and overall visual 

condition of buildings and grounds. Measures were obtained using CanMaps Streetfiles® and Google 

Earth Streetview Imaging. Criteria used to assess the items were based on previous physical disorder 

studies and measurements were obtained using a 360 degree panoramic view and subjective ratings of 15 

points within each buffer.
38

 The measure of litter was based on a scale that ranged from 0 = ‘a 

considerable amount (more than 20 pieces)’ to 4 = ‘none (no litter).’  Amount of graffiti measured was 

based on a scale from 0 = ‘a considerable amount (more than 5 tags)’ to 3 = ‘none (no graffiti).’  The 

condition of buildings and grounds was scored from 0 = ‘poor (major overhaul needed to improve 

appearance of buildings)’ to 3 = ‘excellent (most buildings in immaculate condition).’ Since 15 points 

were investigated within each buffer, summary scores ranged from 0-60 for litter and from 0-45 for 

graffiti and the conditions of buildings and grounds. A more detailed explanation of this procedure can be 

found in Appendix K. 

A principal component factor analysis based on the three measures was used to create a summary 

aesthetic score. There was agreement between the three variables, and together they accounted for 54% of 

the variance (Cronbach’s alpha=0.63). Factor loadings were 0.81 for litter, 0.75 for graffiti, and 0.65 for 

conditions of buildings and grounds. The Anderson-Rubin method was used to calculate a summary 

aesthetics z-score which was subsequently divided into quartiles. 

Covariates 

 Covariates were chosen based on their demonstrated associations with physical activity, their 

inclusion in prior research on the built environment and physical activity in young people, and their 

availability within the HBSC database. 
6 7 39 40

 Variables considered as potential covariates at the 
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individual-level consisted of gender, age, race (Caucasian, other), and family socioeconomic status (SES). 

Family-SES was obtained using a measure of perceived family wealth based on responses to the question: 

“How well off do you think your family is?” Participants were categorized into low (“not very well off” or 

“not at all well off”), low-medium (“average”), medium-high (“quite well off”) and high (“very well 

off”) groups.
41 

These questions can be found in Appendix E.  

Neighbourhood level covariates included neighbourhood-SES, population density, and climate. 

Neighbourhood-level SES and population density were captured from the 2006 Canadian Census data in 

PCensus for Mappoint (Tetrad Computer Applications Inc., Vancouver, BC) software was used in 

combination with ArcGIS software. To determine neighbourhood-level SES, three census measures were 

considered within each buffer: average family income, unemployment rate, and education (% of adults 

with less than high school education).
42

 Details on census data collection are found in Appendix L. 

Principal component analysis indicated good agreement between the three variables (Cronbach’s alpha = 

0.76) with factor loadings of 0.87 (income), 0.75 (unemployment), and 0.84 (education). A summary 

neighbourhood-SES score was created using the Anderson-Rubin method and was divided into quartiles. 

Population density was calculated by dividing the population in each census block by the land area. 

Average temperature (C) and average annual precipitation (cm) for the two month period prior to survey 

administration were obtained from the closest weather station to each neighbourhood buffer using the 

Environment Canada national climate archive.
43

   

Statistical Analyses 

All analyses were performed in SAS version 9.2 (SAS Inc., Carry, NC).  Conventional 

descriptive statistics were used to describe the study sample and neighbourhood-level characteristics. 

Multilevel logistic regression analysis was used to examine the relationship between the neighbourhood 

built environment features and physical inactivity. All categorical variables were entered into the models 

such that the referent group was the most optimal category for physical activity. This allowed us to 
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present all of the associations as risk factors rather than as a combination of risk and protective factors. 

Prior to the model building process, an empty model was run to calculate an intra-class correlation (ICC), 

which indicated the proportion of variance in physical inactivity explained by neighbourhood-level 

differences.
44

 An ICC value of 9% was found, justifying the use of multi-level modeling.  

For the model building process, we initially ran bivariate multilevel logistic regression models for 

each built environment feature and each covariate. This was followed by development of a series of 

multivariate models that were created with a systematic approach. First, all individual-level variables 

were entered into the model (multivariate model 1). Backwards elimination determined the individual-

level variables to retain for subsequent models, based on a significance level of p<0.05. Next, 

neighborhood-level variables were added to the reduced individual-level model to create multivariate 

model 2. Backwards selection methods were then performed for the area-level variables based on a 

significance level of p<0.05 to derive the multivariate model 3, which was the final model.  Variables 

found to be significant at p<0.05 based on the p-trend, the p-value for any individual category, or the 

average p-value for all categories were retained in the model building process.   

All of the multilevel logistic regression models were fit as generalized linear models using the 

SAS GLIMMIX procedure with a binomial distribution and a logit link. This accounted for both the 

clustered and hierarchical nature of the data. To optimize convergence of the multilevel models, a 

Newton-Raphson with ridging technique was applied.
45

  

Since physical inactivity is not a rare outcome, the odds ratios (OR) obtained from the logistic 

regression analyses do not approximate relative risks (RR).
46

 The ORs were therefore transformed to RRs 

using the following formula: RR = OR / [ (1 – P) + (OR x P) ] where P represents the prevalence of 

physical inactivity in each exposure group for the built environment variables.
46

   

PAR% estimates were calculated to determine the proportion of physical inactivity attributable to 

features of the built environment that were retained in the final model. These were based upon the RR 
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values produced in the final model and the prevalence of the sample in the relevant neighbourhood built 

environment exposure groups. The equation is: PAR% = [P(RR – 1)/1 + P (RR – 1)]. For variables with 

more than two exposure categories with a significantly increased RR, individual PAR% calculations for 

the non-referent categories were summed to create an overall PAR% value.  

Results 

 Individual characteristics of the  6,626 participants are presented in Table 4. The mean age was 

13.4 years with an even distribution of males and females. The majority of the sample was Caucasian 

(73%) and 10% were of low SES. Table 5 describes the features of the 272 neighbourhoods.  

Table 4. Individual-level characteristics of study sample (n=6626) 

Variable N (%) 

Gender  

       Male 3296 (49.7) 

       Female 3330 (50.3) 

Age  

      ≤11 years 1134 (17.1) 

      12 years 1524 (23.0) 

      13 years 1428 (21.6) 

      14 years 1199 (18.1) 

      ≥15 years  1341 (20.2) 

Race  

      Caucasian 4857 (73.3) 

      Other 1769 (26.7) 

Family socioeconomic status  

      High 1531 (23.6) 

      Medium-high 2105 (31.8) 

      Low-medium 2304 (34.8) 

      Low 656 (9.9) 
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Days per typical week physically active ≥ 60 min  

       0  194 (2.9) 

       1 353 (5.3) 

       2  619 (9.3) 

       3  964 (14.6) 

       4 1036 (15.6) 

       5  1286 (19.4) 

       6 1022 (15.4) 

       7  1152 (17.4) 

 

Table 5. Neighbourhood-level characteristics (n=272 neighbourhoods) 

Variable Median (interquartile range) 

Walkability measures  

     Intersection density (number per km
2
) 44.9 (30.2-54.1) 

     Average block length (km) 0.24 (0.22-0.27) 

     % of intersections that are 3- or 4-way  84.7 (78.2-90.8) 

     % roads that are low speed (≤50 km/h) 89.4 (71.0-97.1) 

     % roads covered by sidewalks 54.7 (40.9-78.6) 

     Mixed land use (% residential or commercial) 63.2 (45.6-75.0) 

Outdoor play area measures  

     Parks space (% land area) 2.13 (0.06-6.20) 

     Wooded areas (% land area) 1.76 (0.00-10.5) 

     Yards at home (scale of 0-60) 42 (37-44) 

     Density of cul-de-sacs (number per km
2
)  6.4 (3.8-11.8) 

Recreation facilities (number per km
2
) 1.3 (0.71-2.23) 

Aesthetics measures  

     Condition of buildings and grounds (scale of 0-45) 29 (26-31) 

     Graffiti (scale of 0-45) 0 (0-1) 

     Presence of litter (scale of 0-60) 17 (12-21) 

Socioeconomic status measures  
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     Education (% no certificate, diploma or degree) 22.8 (18.0-27.6) 

     Average employment income ($ CAD) 32,454 (28,374-38,185) 

     Unemployment rate (%) 4.5 (3.2-6.6) 

Climate measures  

     Average temperature (°C) -2.3 (-9.4-5.3) 

     Average precipitation (cm per year) 52.8 (19.2-78.4) 

Population density (per km
2
) 12,635 (3,801-64,440) 

 

Table 6 summarizes the bivariate and adjusted (multivariate model 1) associations between the 

individual-level covariates and physical inactivity. All individual-level covariates were independently 

associated with physical inactivity, and were therefore retained for subsequent models. The results 

suggested that females (RR 1.25, 95% CI 1.16-1.33), non-Caucasians (RR 1.30, 95% CI 1.20-1.40), 

individuals in the lowest SES quartile (RR 1.38, 95% CI 1.22-1.54), and the oldest students (RR 1.25, 

95% CI 1.09-1.41) were more likely to be physically inactive. 

Table 6. Bivariate and multivariate (Model 1) relationships between individual-level characteristics and 

physical inactivity in Canadian youth (n=6626). 

 
% Physically 

Inactive 

Bivariate Model  

RR (95% CI) 

Multivariate Model 1* 

RR (95% CI) 

Gender    

     Male 23.5 1.00 1.00 

     Female 30.5 1.26 (1.17-1.34) 1.25 (1.16-1.33) 

     P value <.0001 <.0001 <.0001 

Age    

     ≤11 27.7 1.00 1.00 

     12 24.0 0.91 (0.78-1.04) 0.91 (0.79-1.05) 

     13 25.4 1.07 (0.92-1.21) 1.08 (0.94-1.24) 

     14 26.9 1.01 (0.87-1.18) 1.04 (0.89-1.21) 

     ≥15 31.7 1.24 (1.08-1.40) 1.25 (1.09-1.41) 

    P trend .002 .0007 .0005 
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Race    

     Caucasian 24.5 1.00 1.00 

     Other 33.8 1.29 (1.19-1.39) 1.30 (1.20-1.40) 

     P value <.0001 <.0001 <.0001 

Family SES    

      Highest 23.5 1.00 1.00 

      Medium-high 25.1 1.09 (0.97-1.21) 1.08 (0.96-1.21) 

      Low-medium 29.7 1.27 (1.17-1.39) 1.26 (1.14-1.38) 

      Lowest 32.0 1.39 (1.24-1.55) 1.38 (1.22-1.54) 

      P trend <.0001 <.0001 <.0001 

RR (95% CI) = relative risk (95% confidence interval).  

* RR estimates for each individual-level variable in multivariate model 1 are adjusted for the 

individual-level variables shown in the table. 

 

Table 7 displays the associations between each neighbourhood built environment feature and 

physical inactivity prior to (bivariate) and after (multivariate model 2) adjusting for individual-level 

covariates.  In the adjusted model, the neighbourhood walkability score, density of cul-de-sacs in the 

neighbourhood, and proportion of neighbourhood land area devoted to park space were all associated with 

physical inactivity (P trend < 0.05). These associations remained significant after further adjustment for 

relevant neighbourhood level covariates (temperature and precipitation), as presented in the final 

multivariate model in Table 8. The results of the final model indicated that, by comparison to youth living 

in the least walkable neighbourhoods, the risks for physical inactivity were 28-44% higher for youth 

living in neighbourhoods in the remaining three walkability quartiles. By comparison to youth living in 

neighbourhoods with the highest density of cul-de-sacs, risks for physical inactivity were 28-32% higher 

for youth living in neighbourhoods in the lowest two quartiles. Finally, by comparison to youth living in 

neighbourhoods with the least amount of park space, risks for physical inactivity were 28-37% higher for 

youth living in the neighbourhoods with a moderate to high (group 2 and 3) amount of park space. Figure 

3 illustrates an example of a least ideal neighbourhood (e.g., highly walkable, low density of cul-de-sacs, 
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moderate to high park space) and most ideal neighbourhood (e.g., low walkability, high density of cul-de-

sacs and dead ends, low park space) based on the associations presented in Table 8.  

 

Table 7. Bivariate and multivariate (Model 2) relationships between neighbourhood-level characteristics 

and physical inactivity in Canadian youth (n=6626). 

 % 

Exposed 

% Physically 

Inactive 

Bivariate Model 

RR (95% CI) 

Multivariate Model 2 

RR (95% CI) * 

Walkability Score      

     1 (least walkable) 25.4 23.6 1.00 1.00 

     2 24.4 26.6 1.32 (1.09-1.57) 1.28 (1.06-1.52) 

     3 25.1 29.0 1.27 (1.06-1.48) 1.21 (1.01-1.42) 

     4 (most walkable) 25.1 28.8 1.41 (1.18-1.64) 1.32 (1.10-1.56) 

     P trend  .0002 .001 .011 

Outdoor play areas      

     Yards at home     

         4 (most) 32.2 25.5 1.00 1.00 

         3 18.0 24.1 0.87 (0.69-1.09) 0.86 (0.69-1.09) 

         2 23.9 28.3 1.16 (0.97-1.37) 1.17 (0.98-1.39) 

         1 (least) 26.0 29.6 1.17 (0.97-1.39) 1.13 (0.92-1.36) 

         P trend  .001 .024 .066 

     Density of cul-de-sacs     

         4 (most) 25.2 24.9 1.00 1.00 

         3  23.7 26.6 1.15 (0.93-1.39) 1.17 (0.96-1.40) 

         2  25.1 29.0 1.24 (1.01-1.48) 1.23 (1.01-1.47) 

         1 (least) 26.1 27.4 1.25 (1.01-1.51) 1.27 (1.04-1.52) 

         P trend  .039 .026 .019 

     Park space      

         1 (least) 25.0 21.6 1.00 1.00 

         2 24.9 28.0 1.45 (1.19-1.71) 1.42 (1.17-1.68) 

         3 25.2 29.0 1.50 (1.27-1.75) 1.43 (1.20-1.67) 

         4 (most) 24.9 29.4 1.43 (1.19-1.69) 1.33 (1.09-1.58) 

         P trend  <.0001 .002 .025 

    Wooded areas      

         1 (most) 20.0 25.8 1.00 1.00 

         2 20.0 26.5 1.07 (0.83-1.35) 1.06 (0.83-1.34) 

         3 20.0 29.4 1.19 (0.96-1.45) 1.17 (0.94-1.42) 
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         4 (none) 40.1 26.7 1.18 (0.96-1.43) 1.11 (0.89-1.35) 

         P trend  .929 .094 .365 

Recreation facility density      

     4 (most) 25.0 26.0 1.00 1.00 

     3 26.4 26.4 1.17 (0.96-1.41) 1.17 (0.96-1.41) 

     2  25.6 29.0 1.02 (0.83-1.24) 1.08 (0.88-1.29) 

     1 (least) 23.1 27.4 0.95 (0.75-1.16) 0.99 (0.81-1.21) 

     P trend  .078 .322 .724 

Aesthetics     

     1 (best) 24.8 24.5 1.00 1.00 

     2 24.7 25.7 0.96 (0.78-1.18) 0.96 (0.78-1.18) 

     3 25.0 25.6 0.94 (0.76-1.15) 0.88 (0.70-1.07) 

     4 (worst) 25.6 32.1 1.28 (1.08-1.49) 1.16 (0.97-1.36) 

     P trend  <.0001 .006 .158 

Socioeconomic status     

     1 (highest) 24.7 23.5 1.00 1.00 

     2 25.2 27.7 1.16 (0.95-1.41) 1.10 (0.89-1.34) 

     3 24.8 28.1 1.18 (0.96-1.41) 1.08 (0.88-1.30) 

     4 (lowest) 25.2 28.6 1.15 (0.95-1.39) 1.12 (0.92-1.34) 

     P trend  .0014 .171 .158 

Average temperature     

     4 (highest)        24.2 26.9 1.00 1.00 

     3 27.3 24.3 0.86 (0.69-1.05) 0.82 (0.67-1.00) 

     2 23.8 28.7 1.02 (0.83-1.23) 1.06 (0.88-1.26) 

     1 (lowest) 24.7 28.4 1.09 (0.88-1.32) 1.14 (0.93-1.37) 

     P trend  .060 .164 .081 

Average precipitation     

     1 (least) 22.9 27.7 1.00 1.00 

     2 26.3 23.1 0.96 (0.73-1.25) 0.97 (0.73-1.26) 

     3 23.3 29.9 1.13 (0.91-1.38) 1.13 (0.91-1.38) 

     4 (most) 27.4 27.7 1.09 (0.85-1.36) 1.13 (0.89-1.40) 

     P trend  .150 .213 .118 

Population density     

     1 (lowest) 24.9 23.9 1.00 1.00 

     2 25.1 26.4 1.12 (0.86-1.41) 1.14 (0.89-1.43) 

     3 24.7 28.0 1.18 (0.96-1.42) 1.16 (0.95-1.39) 

     4 (highest) 25.3 29.6 1.26 (1.04-1.50) 1.14 (0.94-1.37) 

     P trend  <.0001 .017 .197 
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RR (95% CI) = relative risk (95% confidence interval).  

* RR estimates for neighbourhood-level variables in multivariate model 2 are adjusted for individual-

level covariates (gender, age, race, family socioeconomic status)  

   

Table 8. Final multivariate model of the relationship between individual- and area-level characteristics 

with physical inactivity in Canadian youth (n=6626). 

Characteristics 
Multivariate Model 3* 

RR (95% CI) 

Individual-level characteristics 

Gender  

     Male 1.00 

     Female 1.17 (1.12-1.23) 

     P value <.0001 

Age  

     ≤11 1.00 

     12 0.90 (0.79-1.05) 

     13 1.09 (0.94-1.26) 

     14 1.06 (0.88-1.25) 

     ≥15 1.32 (1.12-1.54) 

     P trend .0003 

Race  

     Caucasian 1.00 

     Other 1.32 (1.20-1.45) 

     P value <.0001 

Family SES  

     Highest 1.00 

     Medium-high 1.08 (0.96-1.21) 

     Low-medium 1.26 (1.15-1.38) 

     Lowest 1.38 (1.23-1.53) 

     P trend <.0001 

Neighbourhood-level characteristics 
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Walkability score  

     1 (least walkable) 1.00 

     2 1.28 (1.06-1.54) 

     3 1.29 (1.06-1.57) 

     4 (most walkable) 1.44 (1.18-1.74) 

     P trend .002 

Density of cul-de-sacs  

     4 (most) 1.00 

     3  1.08 (0.87-1.33) 

     2  1.28 (1.04-1.55) 

     1 (least) 1.32 (1.07-1.60) 

     P trend .001 

Park space  

     1 (least) 1.00 

     2 1.37 (1.10-1.65) 

     3 1.28 (1.02-1.56) 

     4 (most) 1.14 (0.90-1.42) 

     P trend .378 

Average temperature  

     4 (highest) 1.00 

     3 0.86 (0.72-1.04) 

     2 1.17 (0.96-1.41) 

     1 (lowest) 1.32 (1.08-1.59) 

     P trend .015 

Average precipitation  

     1 (least)  1.00 

     2 1.11 (0.85-1.40) 

     3 1.23 (0.97-1.54) 

     4 (most) 1.32 (1.04-1.63) 

     P trend .009 

RR (95% CI) = relative risk (95% confidence interval). 

*RR estimates for each variable are adjusted for all other variables listed in the table. 
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Panel A Panel B

 

Figure 3. A 1 km circular radius buffer around two of the schools included in this study.  

 

The street network is shown with the grey lines and park space is shown in the shaded areas.  Panel A is 

an example of a least ideal neighbourhood (e.g., highly walkable, low density of cul-de-sacs, moderate 

park space) and Panel B is an example of a most ideal neighbourhood (e.g., low walkability, high density 

of cul-de-sacs and dead ends, low park space) for physical activity in youth.  

 

PAR% estimates for physical inactivity for the neighbourhood built environment features that 

were retained in the final multivariate model are displayed in Table 9. PAR% estimates suggested that 

23.3% of physical inactivity was attributable to living in walkable neighbourhoods, 16.2% was 

attributable to living in neighbourhoods with a low density of cul-de-sacs, and 15.0% was explained by 

living in neighbourhoods with a moderate to high amount of park space.   
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Table 9. Population attributable risk (PAR%) for physical inactivity among Canadian youth for relevant 

built environment features (n=6626). 

Built environment feature % Exposed 
Population 

Attributable Risk% 

Walkability score 
  

     1 (least walkable) 24.7 -- 

     2 25.3 6.6 

     3 24.5 6.6 

     4 (most walkable) 25.5 10.1 

Density of cul-de-sacs   

     4 (most) 25.2 -- 

     3  23.7 1.9 

     2  25.1 6.6 

     1 (least) 26.1 7.7 

Park space   

     1 (least) 25.0 -- 

     2 24.9 8.4 

     3 25.2 6.6 

     4 (most) 24.9 -- 

 

Discussion 

This study examined the associations between several features of the neighbourhood built 

environment and physical inactivity in youth and estimated the proportion of physical inactivity within 

Canadian youth that is attributable to neighbourhood built environment features. Neighbourhood 

walkability, density of cul-de-sacs, and park space were independently related to physical inactivity, 

although these associations were modest in strength. Nonetheless, because the prevalence of youth 

residing in non-ideal neighbourhoods was high, a high proportion of physical inactivity within the 

population was attributable to these three neighbourhood built environment features.  
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A key difference in the current study and previous studies examining the associations between the 

neighbourhood built environment and physical activity within youth is that our study considered multiple 

built environment features and involved a geographically diverse sample from across the country.  

Previous studies did not simultaneously examine all relevant built environment features and typically 

studied small samples from small geographic regions (e.g., a single city).  

The relationship between walkability and total physical inactivity observed in this study and some 

other studies of youth
47-49

 is opposite to what has been shown in adults.
50 51

 Adults from neighbourhoods 

with greater walkability have higher total physical activity levels than adults from neighbourhoods with a 

lower walkability,
51

 while youth from neighbourhoods with greater walkability have lower total physical 

activity levels than youth from neighbourhoods with a lower walkability.
47-49

  The opposite patterns 

observed for adults and youth is likely explained by the different forms of activity that they tend to 

engage in.  While active transportation is the most common method in which adults engage in physical 

activity,
52

 it only accounts for a small proportion of youths’ total physical activity.
53 54

  A much greater 

proportion of youths’ total physical activity is made up of active play and organized sport.
55

 As such, the 

negative relationship between neighbourhood walkability and total physical activity in youth reported 

here and in other studies may reflect that features of highly walkable neighbourhoods inhibit active play 

and/or sport.  There may be greater traffic and safety concerns in highly walkable urban neighbourhoods 

where the streets and houses are tightly packed together (left panel of Figure 3) which may act as a barrier 

for youth to go outside and engage in sport and play as they might do in less busy and populated areas.
13

   

Although neighbourhood parks and public green spaces provide a freely accessible space for 

youth to be active, such space was not independently associated with physical inactivity in the present 

study. Thus, while park space appears to influence the physical activity and body weight of younger 

children (e.g., <12 years old),
15 36

  the results from this and other studies
20 56 57

 suggest that this is not the 

case in older children and adolescents. Indeed, park users are primarily younger children and older 
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adults,
36 58

 and the amenities in most neighbourhood parks (e.g., monkey bars, slides, swings , etc.) are 

better suited to younger children than to adolescents.
57

 Adolescents may travel outside of their home 

neighbourhood to use parks with courts and fields, as these amenities are more suitable for the types of 

activities that they engage in.
59

  

Many youth engage in physical activity in public spaces designed for motorized vehicles such as 

streets and parking lots.
35

 Our findings suggest that the risk of physical inactivity is increased by 30% for 

youth residing in a neighbourhood with a low density of cul-de-sacs. Similar associations have been 

found in the US and Australia.
20 54

 Cul-de-sacs may encourage physical activity by providing an open area 

for youth to participate in unorganized sport and play (e.g., street hockey, catch, skateboarding) in close 

proximity to their home.  

Consistent with our findings, a recent literature review concluded that the number/density of 

neighbourhood recreational facilities, as measured objectively using GIS, is not associated with physical 

activity in youth.
9
 Aspects such as fees, quality, and accessibility of these facilities may be more relevant 

for adolescent use than presence alone.
21

 Furthermore, recreational facilities may be more important at the 

community level than at the neighbourhood level. That is, youth are often driven outside of their 

neighbourhood to participate in organized team and club sports occurring at facilities in other areas of 

their extended community.
60

 

Previous studies examining the relationship between neighbourhood aesthetics and physical 

activity in youth have reported positive,
25 26 61

 negative,
62

 and null
63 64

 associations.  Thus, as suggested by 

our findings, there does not appear to be a clear and consistent effect of aesthetics on physical activity 

within youth.  Youth living in aesthetically unpleasant neighbourhoods become immune to its aesthetic 

features, and such features of the environment may not be responsible for deterring physical activity.
8
  

The PAR% values for physical inactivity for the three neighbourhood built environment features 

independently associated with physical inactivity were 23% for moderate or high walkability, 16% for 
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low cul-de-sac density, and 15% for a moderate amount of park space.  This suggests that the 

neighbourhood built environment has a meaningful impact on youths’ physical inactivity at the 

population level.   This also suggests that these three built environment features would be key targets if 

the only goal was to improve youths’ physical activity levels.  However, as discussed above, these built 

environment features appear to impact physical activity differently in adults, youth, and children.  Thus, it 

will be challenging to optimize the built environment for the entire population. For example, optimizing 

street connectivity and walkability to increase physical activity within adults may have an adverse impact 

on youths’ total physical activity levels.  An alternative that may suit all ages would be to design 

neighbourhoods with poorly connected street networks and lots of cul-de-sacs, but with well-connected 

walking and cycling pathways integrated into the design to facilitate active transportation.
65

 Future built 

environment research that simultaneously studies adults, youth, and children is needed. 

There are several limitations of this study. The use of a questionnaire to assess physical activity 

may have led to misclassification of this behaviour as youth tend to misreport activity levels.
66 67

 It is 

likely that this measurement error was non-differential and would have led to underestimated RR and 

PAR% estimates. Secondly, GIS databases are not always up-to-date, which would have further 

contributed to non-differential misclassification.  Third, this was a cross-sectional study, and therefore we 

cannot be certain that the observed relations were causal in nature. While it is important to note that 

parents influence youth behaviours and the neighborhoods within which youth reside, given that youth 

have limited autonomy in themselves determining where they live, this study was likely not as susceptible 

to reverse causality. Finally, the 2010 Canadian HBSC survey was primarily completed in the colder 

months of the year when physical activity levels are at their lowest, and this may have impacted the 

associations that were observed.
68
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Conclusion 

The neighbourhood built environment features most strongly associated with physical inactivity 

in this national study of Canadian youth were high walkability, a low density of cul-de-sacs, and a 

moderate amount of park space. Some of these associations were in the opposite direction to what has 

previously been reported in adults and younger children.  While the relative risk for physical inactivity 

associated with exposure to any given built environment feature was low, the prevalence of youth 

exposed to non-ideal environments was high. Thus, at the population-level, a large proportion of 

inactivity was explained by the neighbourhood built environment.  
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Abstract 

Background: The fast food retail environment is believed to play a role in the obesity epidemic. 

However, little is known about the population-level impact that neighborhood fast food restaurants have 

on eating behaviors within youth.  

Objective: The objective was to estimate the proportion of excessive fast food consumption within youth 

that is attributable to living in neighborhoods with a moderate or high density of fast food restaurants. 

Design: This was a national cross-sectional study of 6099 Canadian youth aged 11-15 years living in 255 

school neighborhoods. The density of chain fast food restaurants within each neighborhood (1 km circular 

buffer around the school) was determined using geographic information systems. Excessive fast food 

consumption (≥2 times/week) was assessed by questionnaire. Multilevel logistic regression analyses were 

used to examine associations and accounted for several covariates. Population attributable risks of 

excessive consumption due to neighborhood exposure were determined based on the prevalence of 

exposure and risk estimates from the regression analyses.  

Results: Eight percent of the sample was excessive consumers of fast food. Compared to youth living in 

neighborhoods with no chain fast food restaurants, those living in neighborhoods with a moderate (odds 

ratio: 1.68, 95% confidence interval: 1.11-2.54) or high (1.70, 1.12-2.56) density of chain fast food 

restaurants were more likely to be excessive fast food consumers. Approximately 31% of excessive 

consumption was attributable to living in these fast food restaurant dense neighborhoods.  

Conclusions: Neighborhood fast food environments have a meaningful influence on youths’ eating 

behaviors at the population level.   
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Introduction 

Over the past few decades the eating behaviors of the pediatric population have deteriorated such 

that the typical young person now eats fast food twice a week.
1-3

 This is worrisome as fast food tends to 

be high in fat, salt, sugar, and calories and because eating behaviors developed early in life can shape 

adult eating behaviors.
4-9

 Thus, excessive consumption of fast food during adolescence contributes to 

obesity and has been linked to cardiovascular disease and type 2 diabetes risk.
10-12

  

The development of public health policies and interventions aimed at reducing fast food 

consumption requires an understanding of the factors that influence this behavior. An obvious target is 

fast food restaurants, the number of which has doubled since the 1980s.
13 14

  Although the overall number 

of fast food restaurants is high compared to historical norms, this is not the case in all environments, as 

the density of fast food restaurants varies considerably from one neighborhood to the next.
15 16

  Several 

recent studies have considered whether youths' eating behaviors are associated with the density of fast 

food restaurants in their neighborhood.
17-23

 While some studies have not supported such associations,
20-22

 

others have indicated that youth living in a neighborhood with a high density of fast food restaurants are 

10% more likely to be high consumers of fast food 
17

 and sugar-sweetened beverages,
23 24

 and 15-40% 

less likely to be high consumers of fruits and vegetables.
18 19

   

While statistically significant, the 10-40% increased risks referred to above are reasonably small 

in magnitude. This does not, however, imply that the neighborhood fast food environment is of little 

consequence. From a population health perspective, it is also necessary to consider the prevalence of the 

population who reside in a neighborhood with a high density of fast food restaurants. Together, the risk 

and prevalence estimates determine the population attributable risk (PAR%); an estimate of the 

proportion of an outcome, such as excessive fast food consumption, that is attributable to a risk factor, 

such as living in a neighborhood with a high density of fast food restaurants. To our knowledge, no 

existing studies have determined what proportion of excessive fast food consumption is attributable to 
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exposure to fast food restaurants in the home neighborhood. Because over one-third of young people have 

at least one fast food restaurant in their neighborhood,
17-24

 the PAR% could be meaningful.   

The objective of this study was to estimate the proportion of excessive fast food consumption 

within Canadian youth that is attributable to living in neighborhoods with a high density of fast food 

restaurants. These estimates were generated within a national study of 6099 youth and across the entire 

population of 10-14 year olds from a mid-sized Canadian city. Findings from this study have the potential 

to inform public policies directed at improving the eating behaviors and health of young people. 

Subjects and Methods 

Study Overview 

Our study was divided into two parts. Part 1 was a national study that established the relationship 

between the density of fast food restaurants in the home neighborhood and excessive fast food 

consumption. These relationships were based on a national health survey of 11-15 year old Canadian 

youth that was linked to geographic information systems (GIS) measures of fast food restaurants in the 

youths’ neighborhoods. The PAR% estimates for excessive fast food consumption attributable to fast 

food restaurants in home neighborhoods were estimated within this national study. Part 2 involved 

determining the proportion of youth in an entire city exposed to fast food restaurants in their home 

neighborhoods. This was determined for the city of Kingston, Ontario, Canada based on census 

population counts for each neighborhood and GIS measures of fast food restaurants obtained for these 

same neighborhoods. The PAR% of excessive fast food consumption attributable to neighborhood fast 

food restaurants relied on the prevalence and risk estimates generated for the national study in Part 1.     

Part 1: National Study 

Study Population 
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 The relationship between neighborhood fast food restaurants and fast food consumption was 

examined within the 2009/10 Canadian Health Behaviour in School-Aged Children Survey (HBSC). The 

HBSC is made up of two components: 1) a general health survey conducted on a representative sample of 

26,078 Canadian youth in grades 6-10 from 436 schools across the country, and 2) geographic 

information systems (GIS) measures of built environment features in the neighborhoods surrounding the 

participating schools.  

The 2009/10 HBSC is a cross-national survey conducted in affiliation with the World Health 

Organization. Although over 40 countries participate in the HBSC, the present study was limited to the 

Canadian sample. The HBSC classroom-based survey covered several aspects of health, health behaviors, 

and determinants of health. The Canadian sample was designed according to the international HBSC 

protocol. The strategy followed a systematic multi-stage cluster technique, whereby individual students 

are nested in school classes that are nested within schools and school boards.
25

 The 2009/10 Canadian 

HBSC included 26,078 students with distributions reflecting the distribution of Canadians in grades 6-10 

(approximate age range 11-15 years) from 436 schools. All provinces and territories in Canada 

participated with the exception of Prince Edward Island and New Brunswick. Students enrolled in private, 

special needs, or home schools, as well as incarcerated youth were excluded; combined they make up 

<10% of the Canadian youth population. Additional details about the Canadian HBSC can be found in 

Appendix B. Consent was obtained and provided by school boards, individual schools, participants, and 

their parents/guardians. Ethics approval was obtained from the General Research Ethics Board of Queen’s 

University (see Appendix C).  

 In this study, we used a 1 km radius circular buffer around schools as a proxy for the home 

neighborhood. We therefore attempted to limit the full sample of 26,078 students to those students who 

lived within the 1 km circular buffer of their school. As we wanted to approximate the risk estimates from 

the HBSC to the city of Kingston, we also limited the sample to those living in urban settings.  As many 
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of the original 26,078 students do not live within a 1 km distance of their school and/or an urban setting, 

they were excluded from the analyses, as explained below.   

 First, we excluded students who did not attend a school that was within an urban core, defined as 

a population of at least 10,000.
26

 Second, based on the centre of the geographic area covered by each 

student’s postal code (which within Canadian cities are quite small), we calculated the straight line 

distance between their house and school. Those students living more than 1 km from their school were 

excluded.  Alternatively, for the 43% of participants living in an urban area who did not indicate their 

postal code on the survey, distance to school was estimated based upon their reported mode and travel 

time to school.  Those students with excessive travel time (i.e., >15 minutes by walking or >5 minutes by 

bicycle or any form of motorized transportation) were assumed to live more than 1 km from their school 

and were excluded. Third, students missing information on the fast food consumption variable and/or the 

potential covariates were excluded. The final sample consisted of 6099 students from 255 schools. A 

visual representation of the sample selection can be found in Appendix M.  

Outcome: excessive fast food consumption 

Excessive fast food consumption was determined based on students’ responses to the question 

“How often do you eat in a fast food restaurant? (McDonalds, Taco Bell, Subway, etc.)” (See Appendix 

E). Ordinal responses to this question were used to create a dichotomous outcome of non-excessive vs. 

excessive consumption based on a cut-point of 2 or more times per week. This cut-point was used as 

previous studies within pediatric populations have demonstrated an association between consuming fast 

food ≥2 times per week with obesity and other negative health outcomes.
6 8

 The test-retest reliability score 

for the fast food questionnaire item is between 0.59 and 0.77, and the kappa coefficient between mother 

and youth responses is 0.61.
25

  

Exposure: neighborhood fast food restaurant density 
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 The addresses of the 255 schools were mapped in ArcGIS and a 1 km circular radius buffer was 

constructed around every school. After extracting water bodies, the average land area of the 1 km circular 

buffers for these 255 schools was 3.05 km
2
 (SD = 0.20 km

2
; range = 1.84 to 3.14 km

2
) (Appendix G). To 

determine the density of fast food restaurants within each buffer, we first obtained the addresses of the 

fast food restaurants within each buffer using an online Yellow Pages directory (www.yellowpages.ca). 

The Yellow Pages database was chosen because it provided more accurate information on food retailer 

locations than a commercial database.
16

  There was no single search term that could be used to capture 

fast food restaurants within the Yellow Pages directory because many of them were listed under the full 

service restaurant category. Therefore, for each of the 255 school addresses, we performed individual 

searches on the names of those restaurants that comprised the top 75% of the top 200 chain food retailers 

for Canada in 2009.
27

 These restaurants consisted of: McDonalds, Subway, KFC, A&W, Wendy’s, Dairy 

Queen, Pizza Pizza, St. Hubert, Burger King, Pizza Hut, Harvey’s, and Quiznos (Appendix N).  

The street addresses of the fast food restaurants were extracted from the Yellow Pages and their 

locations were geocoded using ArcGIS software. Any fast food restaurant with a street address with a 

match score of less than 80% during the geocoding process was further analyzed in Google Earth (© 2011 

Google) using the Street View tool to confirm their exact locations. The street addresses of the unmatched 

fast food restaurants were searched within Google Earth; their latitude and longitude coordinates were 

obtained, and these coordinates were manually entered and mapped in ArcGIS.  

After the fast food restaurants were geocoded, the number within each of the 255 buffers was 

determined. The density of fast food restaurants was then calculated by dividing the number of fast food 

restaurants by the land area. Four exposure categories were created based upon the fast food restaurant 

density values.  The ‘none’ exposure category represented the 85 (34%) neighborhoods with no fast food 

restaurants (0 restaurants per km
2
).  The remaining 170 (66%) neighborhoods were divided into tertiles to 

create ‘low density’ (0.01-0.37 restaurants per km
2
), ‘moderate density’ (0.38-0.86 restaurants per km

2
), 
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and ‘high density’ (≥0.87 restaurants per km
2
) categories. Additional information about food retailer 

collection can be found in Appendix O.   

Covariates 

 Potential covariates consisted of gender, age, race (Caucasian, other), socioeconomic status (SES) 

at the individual-level, and SES at the neighborhood-level.  These covariates were chosen based on their 

demonstrated associations with fast food consumption,
5 9 11 17 28

 their inclusion in prior research on the 

food environment in youth,
5 17-21

 and their availability within the HBSC database. Individual-level SES 

was determined using a measure of perceived family wealth and was based on ordinal responses to the 

question “How well off do you think your family is?” Participants were categorized into low, low-medium, 

medium-high and high groups. These survey items can be found in Appendix E. To obtain information on 

neighborhood-level SES, the 2006 Canadian Census data in PCensus for Mappoint (Tetrad Computer 

Applications Inc., Vancouver, BC) software was used in combination with ArcGIS software. Three 

census measures were considered within the 1 km radius buffer surrounding schools: 1) average family 

income, 2) unemployment rate, and 3) education (percentage of adult residents with less than high school 

education). Principal component analysis was used to create a continuous summary score for 

neighborhood-SES based on these three measures (Appendix L).  

 Population attributable risks (PAR%) estimates for excessive fast food consumption were 

generated based on the risk estimates of excessive fast food consumption and the prevalence of youth that 

fall into the different neighborhood fast food restaurant density categories.  

Part 2: City of Kingston Study 

The prevalence of 10-14 year olds exposed to the different neighborhood fast food restaurant 

density exposure groups created within the HBSC was measured within the city of Kingston, Ontario, 

Canada. Kingston is made up of 43 neighborhoods that each have similar social, political and physical 

attributes. The neighborhood boundaries map onto census dissemination areas. Of the 43 neighborhoods, 
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seven were not included in analyses because they are made up entirely of industrial, prison, or rural land. 

This left 36 neighborhoods. After extracting water bodies, the average land area of these 36 

neighborhoods was 3.04 km
2
 (SD = 3.35 km

2
; range = 0.61 km

2 
to 18.25 km

2
). Based on the 2006 Census, 

the total population of Kingston was 114,124 and 89% (n= 101,125) lived within the 36 neighborhoods 

that were studied. For further details about Kingston neighbourhoods, see Appendix P.  

The food retailers within each Kingston neighborhood were measured using identical data sources 

and protocols to that explained above for Part 1 (National Study). The neighborhood fast food restaurant 

density exposure groups (none, low, moderate, and high) were also based on the cut-points established in 

Part 1. The number of 10-14 year olds in each neighborhood was based on the 2006 Census, which 

reports population counts within 5 year age brackets but not for individual ages, and was measured using 

the PCensus for Mappoint software. The PAR% values were generated based on the risk estimates from 

Part 1 and the prevalence of exposure within Kingston.  

Statistical Analyses 

 Analyses were performed in SAS version 9.2 (SAS Inc., Carry, NC).  For Part 1 (National Study), 

conventional descriptive statistics were used to describe the study variables. Multilevel logistic regression 

analysis was used to examine the relationship between neighborhood fast food restaurant exposure groups 

and excessive fast food consumption. Initially, bivariate associations with the study outcome (excessive 

fast food consumption) were determined for the primary exposure (fast food restaurant density) and each 

covariate. This was followed by development of a series of multivariate models that were created with a 

systematic approach. First, all individual-level variables considered in bivariate models were entered into 

the model (Multivariate model 1). Backwards elimination determined the individual-level covariates to 

retain for this model, based on a minimum 10% change in estimate for the primary exposure. The area-

level socioeconomic status variable was then added to the model, retaining all covariates found to be 

significant at the individual-level (multivariate model 2).   
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 All of the multilevel logistic regression models were fit as generalized linear models using the 

SAS GLIMMIX procedure, with a binomial distribution and a logit link. This accounted for both the 

clustered and hierarchical nature of the data. To optimize convergence of the multilevel models, a 

Newton-Raphson with ridging technique was applied.  

When the prevalence of an outcome is low (<10%), as in the case of excessive fast food 

consumption in this study, odds ratios (OR) obtained from multivariate models approximate relative 

risks.
29

 The PAR% for excessive fast food consumption was calculated based on the OR produced in the 

final multivariate model and the prevalence (P) estimates for the low, moderate, and high neighborhood 

fast food restaurant density groups using the following equation: PAR% = [P(OR – 1)/1 + P (OR – 1)].
29

 

Results 

Part 1: National Study 

Descriptive characteristics of the 6099 participants and their 255 neighborhoods are presented in 

Table 10. The mean age of participants was 13.0 years with an even distribution of males (50.4%) and 

females. The majority of the sample was Caucasian (70.7%), 9.8% were of low SES, and 7.5% were 

excessive fast food consumers (≥ 2 times/week). Approximately 68.0% had at least one fast food 

restaurants within their neighborhood.  

Table 10. Individual- and neighbourhood-level characteristics of urban youth from the Canadian HBSC 

(n=6099). 

Characteristic N (%)  

Gender   

         Male 3027 (50.4)  

         Female 3027 (49.6)  

Age   

       ≤11 1035 (17.0)  

        12 1468 (24.1)  

        13 1339 (22.0)  

        14 1068 (17.5)  



 

96 

       ≥15 1189 (19.5)  

Race   

        Caucasian 4308 (70.6)  

        Other 1791 (29.4)  

Individual-level SES   

        Low  596 (9.8)  

        Low-medium 2093 (34.3)  

        Medium-high 1978 (32.4)  

        High 1432 (23.5)  

Frequency of fast food consumption   

        Never 172 (2.8)  

        Rarely (<1 time/month) 1654 (27.1)  

        Once per month 988 (16.2)  

        2-3 times/month 1839 (30.2)  

        once/week 988 (16.2)  

        2-4 days/week 396 (6.5)  

       ≥5 days/week 62 (1.0)  

Neighborhood Socioeconomic status   

     Low 578 (9.5)  

     Low-medium 1446 (23.7)  

     Medium-high 2144 (35.2)  

     High 1931 (31.7)  

Neighborhood fast food restaurant density     

     None 1948 (32.1)  

     Low density (0.01-0.37 per km
2
) 944  (15.5)  

     Moderate density (0.38 to 0.86 per km
2
) 1833 (30.0)  

     High density (≥ 0.87 per km
2
) 1374 (22.5)  

 
Table 11 describes the bivariate and multivariate relationships between neighborhood fast food 

restaurant density and covariates with excessive fast food consumption. Bivariate analyses demonstrated 

that neighborhood fast food restaurant density and the covariates were all significantly related to 

excessive fast food consumption.  The relationship between neighborhood fast food restaurant density 

was attenuated, but remained significant, after controlling for relevant individual-level covariates 

(multivariate model 1) and both individual- and area-level covariates (multivariate model 2). The final 

multivariate model indicated that, relative to neighborhoods with no fast food restaurants, the odds of 

excessive fast food consumption was 1.40 (95% CI: 0.87-2.26) for participants in neighborhoods with a 
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low fast food restaurant density, 1.68 (95% CI: 1.11-2.54) for participants in neighborhoods with a 

moderate fast food restaurant density, and 1.70 (95% CI: 1.12-2.56) for participants in neighborhoods 

with a high fast food restaurant density.  

 

Table 11. Multivariate relations between exposure to fast food restaurants and excessive fast food 

consumption (n=6099) 
 % Excessive 

consumption 

Bivariate Model 

OR (95% CI) 

Multivariate 

Model 1* 

OR (95% CI) 

Multivariate 

Model 2† 

OR (95% CI) 

Fast food retailers per km
2     

      None (referent) 5.5 1.00 1.00 1.00 

      Low-density 6.9 1.50 (0.92-2.46) 1.47 (0.93-2.34) 1.40 (0.87-2.26) 

      Moderate-density 9.4 1.87(1.22-2.86) 1.74 (1.17-2.59) 1.68 (1.11-2.54) 

      High-density 8.2 2.30(1.52-3.49) 1.88 (1.27-2.79) 1.70 (1.12-2.56) 

   P trend <0.0001 <0.0001 0.002 0.003 

Individual-level covariates     

Gender     

      Female 6.4 1.00   

      Male 8.6 1.52 (1.24-1.86)   

      P value .0012 <0.0001   

Race     

      Caucasian 6.5 1.00 1.00 1.00 

      Other 9.9 1.58 (1.24-2.00) 1.53 (1.20-1.94) 1.52 (1.19-1.93) 

      P value <0.0001 0.0002 0.0009 0.001 

Age     

      ≤11 4.3 1.00 1.00 1.00 

      12 5.2 1.15 (0.78-1.70) 1.09 (0.74-1.63) 1.09 (0.73-1.62) 

      13 7.1 1.62 (1.10-2.40) 1.54 (1.04-2.28) 1.51 (1.02-2.25) 

      14 9.8 2.32 (1.55-3.46) 2.23 (1.49-3.34) 2.17 (1.45-3.26) 

      ≥15 11.5 2.79 (1.87-4.18) 2.71 (1.82-4.04) 2.62 (1.75-3.92) 

     Ptrend <0.0001 <0.0001 <0.0001 <0.0001 

Individual-level SES     

      Lowest 10.7 1.00   

      Low-medium 7.8 0.71 (0.52-0.97)   

      Medium-high 6.6 0.54 (0.39-0.74)   

      Highest 6.9 0.63 (0.45-0.88)   

      Ptrend .005 0.005   

Area-level covariates     

Area socioeconomic status     

     Low 8.7 1.00  1.00 

     Low-medium 8.1 1.55 (0.88-2.74)  1.42 (0.82-2.43) 
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     Medium-high 8.8 1.46 (0.83-2.55)  1.32 (0.77-2.26) 

     High 5.3 0.83 (0.47-1.49)  1.01 (0.58-1.76) 

     P trend .001 0.09  0.39 

OR (95% CI) = Odds ratio (95% confidence interval).  

* Model 1 adjusted for relevant individual-level covariates.  

† Model 2 adjusted for relevant individual-level and area-level covariates.  

 

PAR% estimates based on the final multivariate model and the prevalence of HBSC participants 

residing in the different neighborhoods suggested that 30.5% of the excessive fast food consumption 

outcome was attributable to youth living in neighborhoods with a moderate or high density of fast food 

restaurants (16.9% for moderate density, 13.6% for high density). These estimates are presented in 

Appendix Q.  

Part 2: City of Kingston Study 

The 2006 Census indicated that there were 5447 youth aged 10-14 years old living in the 36 

neighborhoods across Kingston. Approximately 39.8% lived in a neighborhood with a moderate or high 

density of fast food restaurants.  Based on these prevalence estimates and the risk estimates generated in 

Part 1 (national study), the PAR% estimates suggested that 24.0% of excessive fast food consumption 

within 10-14 year olds residing in Kingston would be attributable to youth living in a neighborhood with 

a moderate or high density of fast food restaurants (10.7% for moderate density, 13.3% for high density). 

This information is provided in Table 12 below.  

 

Table 12. Exposure to neighbourhood fast food restaurants for 10-14 year olds within the city of 

Kingston 

Neighborhood fast-food restaurant 

density 

# Kingston 

Neighborhoods 

Prevalence of 

Kingston youth 

OR excessive fast 

food consumption 
PAR% 

None 18 56.8% 1.00 -- 

Low-density (0.01-0.37 per km
2
) 3 3.7% 1.40 1.5% 

Moderate-density (0.38-0.86 per km
2
) 5 17.7% 1.68 10.7% 
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High-density (≥ 0.87 per km
2
) 10 21.9% 1.70 13.3% 

PAR% = Population attributable risk 

Discussion 

This study estimated the proportion of excessive fast food consumption in youth that was 

attributable to residing in a neighborhood with a moderate or high density of fast food restaurants. While 

the relationship between neighborhood fast food restaurant density and excessive fast food consumption 

was modest, the prevalence of youth residing in such neighborhoods was high. Thus, the PAR% estimates 

were substantial (~31%) and suggest that the fast food environment has a meaningful influence on 

youths’ eating behaviors at the population level.  

Although several studies have examined the relation between the neighborhood fast food 

environment with obesity measures
10 21 30-32

 and non-fast food dietary choices,
18 19 23 24

 only two studies 

have examined the direct relationship between the neighborhood fast food environment and fast food 

consumption within pediatric populations.
17 20

 The first of those studies was conducted in 10-12 year old 

Australians and it reported that there was only a 3% difference in fast food consumption based on 

exposure to a neighborhood fast food restaurant.
20

 The second study was conducted in 7-13 year olds 

from Hong Kong and it reported that the odds for being a moderate or high fast food consumer were 10% 

higher in those exposed to one or more fast food restaurant within a 5-15 minute walk from their homes.
17

 

Our study of 11-15 year old Canadians found stronger associations between exposure to neighborhood 

fast food restaurants and fast food consumption, with a ~70% increased risk in youth residing in 

neighborhoods with a moderate or high density of chain fast food restaurants compared to youth living in 

neighborhoods with no chain fast food restaurants. 

We can only speculate as to what factors account for the stronger association between fast food 

restaurants and fast food consumption in our study in comparison to what has been observed in 

Australia
20

 and Hong Kong.
17

  One explanation may be that our participants were older and at an age with 
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sufficient autonomy and purchasing power.  The differences across studies may also reflect measurement 

issues. For example, the use of parental reported fast food intake in the Australian study may have 

resulted in a greater misreporting of the participants’ fast food consumption as parents may be unaware of 

their child’s eating habits outside the home.
20

 Another explanation may be that the fast food environment 

influences eating behaviors differently in different countries.  For example, since fast food restaurants are 

not very popular in Hong Kong,
17

 they may have a smaller effect on eating behaviors than within North 

America. 

Previous studies suggest that 15-80% of children and youth have at least one fast food restaurant 

within their home neighborhood or within close proximity to their home.
17-24

 Similarly, in our study, 68% 

of Canadian youth living in urban areas and within 1 km of their school were exposed to at least one fast 

food restaurant within their home neighborhood, and 40% of youth within Kingston reside in 

neighborhoods with at least one fast food restaurant.  Although there appears to be large geographic 

variability, it is clear that a large proportion of the pediatric population is exposed to fast food restaurants 

within their home neighborhood. It is important to put the density of fast food restaurants in context. 

Individuals that lived in a neighborhood considered to have a moderate to high density of fast food 

restaurants were exposed to a minimum of two fast food restaurants in their 1 km radius neighbourhood 

buffer. Several neighbourhoods that were considered high density had greater than ten fast food 

restaurants. 

To our knowledge, previous studies addressing this topic have not provided PAR% estimates. Our 

study is therefore novel. Within Kingston and Canada, the PAR% values for excessive fast food 

consumption for youth living in neighborhoods with a moderate or high density of fast food restaurants 

were 24% and 31%, respectively. These values indicate the potential effect that changing the food 

environment may have on youths’ fast food consumption. It may be possible to change the environment 

in a way that would make it more challenging for young people to obtain fast food.  Developing 
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municipal policies that restrict or eliminate the establishment of new fast food restaurants within 

residential neighborhoods may, over time, decrease the proportion of youth who are exposed to a 

moderate or high density of fast food restaurants.  Although some cities (i.e. South Los Angeles)
33

 have 

implemented such policies, the effect that these policies have had on fast food consumption has not been 

tested.  However, other studies have examined the impact of policies aimed at increasing the availability 

of healthier foods, and the findings of these studies have been positive.
34-36

 For example, the introduction 

of a new supermarket in a deprived neighborhood in Leeds, UK had a positive influence on the fruit and 

vegetable consumption of the adults residing in that neighborhood, particularly residents with the poorest 

diets, whose fresh fruit and vegetable intake doubled.
35

  

 It is important to acknowledge the limitations of this study. The use of an internet GIS database 

to collect only the top 75% of chain fast food restaurants increased the potential for both underestimation 

and misclassification of fast food retailers, thereby leading to underestimated OR and PAR% estimates.  

Also, the use of a questionnaire to obtain information on fast food consumption may have led to an 

underreporting of fast food consumption as youth underreport poor dietary choices.
37 38

 It is likely that this 

measurement bias was non differential and led to underestimated OR and PAR% estimates. Finally, 

because this was a cross-sectional study, we cannot be certain that the observed relations were causal in 

nature. Although it is recognized that parents can influence health behaviours and are largely responsible 

for shaping youth’s home neighbourhoods, since youth themselves have limited autonomy in determining 

their home environment, this study was likely not as susceptible to reverse causality.   

The results of this study provide insight on the relevance of the neighborhood fast food 

environment for young people. A large proportion of youth living in an urban setting reside in 

neighborhoods with a moderate or high density of fast food restaurants and this contributes to excessive 

fast food consumption. Further research should address whether making environmental changes to the fast 

food retail environment influences the eating behaviors of young people.   



 

102 

Acknowledgements 

We would like to acknowledge Andrei Rosu and Dr. Laura Seliske for their assistance in developing the 

GIS protocols and to Hoda Gharib and Dr. Mariane Héroux for their assistance in collecting the fast food 

restaurant data. 

Authors’ contributions to the paper are as follows: IJ and RL designed research and contributed to the 

conception of the study; RL assisted in data collection; RL implemented the study design, performed data 

analysis, and drafted an initial version of the manuscript; IJ supervised all work, co-wrote, edited, and 

critically assessed manuscript for intellectual content; RL and IJ had primary responsibility for the final 

content. Both authors read and approve the final manuscript. The authors have no conflicts of interest to 

disclose. 

  



 

103 

References 

1. Bauer K, Larson N, Nelson M, Story M, Neumark-Sztainer D. Fast food intake among adolescents: 

Secular and longitudinal trends from 1999 to 2004. Prev Med 2009;48:284-87. 

2. Paeratakul S, Ferdinand D, Champagne C, Ryan D, Bray G. Fast-food consumption among US adults 

and children: Dietary and nutrient intake profile. Research 2003;103(10):1332-38. 

3. Janssen I, Héroux M, Carson V. The health of Canada's young people [electronic resource]: a mental 

health focus. In: Freeman J, Pickett W, King M, editors. Ottawa, ON: Public Health Agency of 

Canada, 2012. 

4. Gordon-Larsen P, Adair L, Nelson M, Popkin B. Five-year obesity incidence in the transition period 

between adolescence and adulthood: the National Longitudinal Study of Adolescent Health. Am J 

Clin Nutr 2004;80(3):569-75. 

5. Schmidt M, Affenito S, Striegel-Moore R, Khoury P, Barton B, Crawford P, Kronsberg S, Schreiber G, 

Obarzanek E, Daniels S. Fast-food intake and diet quality in black and white girls. Arch Pediatr 

Adolesc Med 2005;159(626-631). 

6. Boutelle K, Fulkerson J, Neumark-Sztainer D, Story M, French S. Fast food for family meals: 

relationships with parent and adolescent food intake, home food availability and weight status. 

Public Health Nutr 2007;10:16-23. 

7. Larson N, Neumark-Sztainer D, Story M, Wall M, Harnack L, Eisenberg M. Fast food intake: 

longitudinal trends during the transition to young adulthood and correlates of intake. J Adolescent 

Health 2008;43:79-86. 

8. French S, Story M, Neumark-Sztainer D, Fulkerson J, Hannan P. Fast food restaurant use among 

adolescents: Associations with nutrient intake, food choices and behavioral and psychosocial 

variables. Int J Obes 2001;25:1823-33. 



 

104 

9. Niemeier H, Raynor H, Lloyd-Richardson E, Rogers M, Wing R. Fast food consumption and breakfast 

skipping: predictors of weight gain from adolescence to adulthood in a nationally representative 

sample. J Adolescent Health 2006;39:842-49. 

10. Thompson O, Ballew C, Resnicow K, Must A, Bandini L, Cyr H, Dietz WH. Food purchased away 

from home as a predictor of change in BMI z-score among girls. Int J Obesity 2004;28:282-89. 

11. Bowman SA, Gortmaker SL, Ebbeling CB, Pereira MA, Ludwig DS. Effects of fast-food 

consumption on energy intake and diet quality among children in a national household survey. 

Pediatrics 2004;113((1 Pt 1)):112-18. 

12. Pereira M, Kartashov A, Ebbeling C, Horn LV, Slattery M, Jacobs DR, Ludwig DS. Fast-food habits, 

weight gain, and insulin resisitance (the CARDIA study): 15-year prospective analysis. Lancet 

2005;365:36-42. 

13. Nielsen S, Siega-Riz A, Popkin B. Trends in energy intake in U.S. between 1977 and 1996: similar 

shifts seen across age groups. Obes Res 2002;10:370-78. 

14. Powell L, Chaloupka F, Bao Y. The availability of fast-food and full-service restaurants in the United 

States: associations with neighborhood characteristics. Am J Prev Med 2007;33(4S):S240-S45. 

15. Moore L, Diez-Roux A. Associations of neighborhood characteristics with the location and type of 

food stores. Am J Public Health 2006;96(2):325-31. 

16. Seliske L, Pickett W, Boyce W, Janssen I. Density and type of food retailers surrounding Canadian 

schools: variations around socioeconomic status. Health & Place 2009;15(3):903-07. 

17. Ho S, Wong B, Lo W, Mak K, Thomas G, Lam T. Neighbourhood food environment and dietary 

intakes in adolescents: sex and perceived family affluence as moderators. Int J Pediatr Obes 

2010;5(5):420-27. 

18. Jago R, Baranowski T, Baranowski J, Cullen K, Thompson D. Distance to food stores and adolescent 

male fruit and vegetable consumption: mediation effects. Int J Behav Nutr Phys Act 2007;4(35). 



 

105 

19. Timperio A, Ball K, Roberts R, Campbell K, Andrianopoulos N, Crawford D. Children's fruit and 

vegetable intake: associations with the neighbourhood food environment. Prev Med 2008;46:331-

35. 

20. Timperio A, Ball K, Roberts R, Andrianopoulos N, Crawford D. Children's takeaway and fast-food 

intakes: associations with the neighbourhood food environment. Public Health Nutr 

2009;12(10):1960-64. 

21. Jeffery R, Baxter J, McGuire M, Linde J. Are fast food restaurants an environmental risk factor for 

obesity? Int J Behav Nutr Phys Act 2006;3(2). 

22. Pearce J, Hiscock R, Blakely T, Witten K. A national study of the association between neighbourhood 

access to fast-food outlets and the diet and weight of local residents. Health & Place 

2009;15:193-97. 

23. Laska M, Hearst M, Forsyth A, Pasch K, Lytle L. Neighbourhood food environments: are they 

associated with adolescent dietary intake, food purchases and weight status? Public Health Nutr 

2010;13(11):1757-63. 

24. Hearst M, Pasch K, Laska M. Urban v. suburban perceptions of the neighbourhood food environment 

as correlates of adolescent food purchasing. Public Health Nutr 2011;15:299-306. 

25. Currie C, Griebler R, Inchley J, Theunissen A, Molcho M, Samdal O, Dur W. Health behaviour in 

school-aged chidlren (HBSC) study protocol: Background, methodology, and mandatory items 

for the 2009-10 survey. Edinburgh: CAHRU & Vienna: LBIHPR, 2010. 

26. Canada S. 2006 Census Dictionary. Statistics Canada, 2006. 

27. Technomic: Top 200 Canadian Chain Restaurant Report. Technomic. Chicago, Illinois 2010. 

28. Seliske L, Pickett W, Boyce W, Janssen I. Association between the food retail environment 

surrounding schools and overweight in Canadian youth. Public Health Nutr 2009;12(9):1384-91. 



 

106 

29. Katz M. Multivariable analysis: a primer for readers of medical research. Academia and Clinic 

2003;138(8):644-50. 

30. Crawford D, Timperio A, Salmon J, Baur L, Giles-Corti B, Roberts R, Jackson ML, Andrianopoulos 

N, Ball K. Neighbourhood fast food outlets and obesity in children and adults: the CLAN study. 

Int J Pediat Obes 2008;3:249-56. 

31. Fraser L, Edwards K. The association between the geography of fast food outlets and childhood 

obesity rates in Leeds, UK. Health & Place 2010;16(6):1124-28. 

32. Oreskovic N, Winickoff J, Kuhlthau K, Romm D, Perrin J. Obesity and the built environment among 

Massachusetts children. Clin Pediatr 2009;48(9):904-12. 

33. Sturm R, Cohen D. Zoning for health? The year-old ban on new fast-food restaurants in South LA. 

Health Affair 2009;28(6):W1088-97. 

34. Frieden T, Dietz W, Collins J. Reducing childhood obesity through policy change: Acting now to 

prevent obesity. Health Affair 2010;29(3):357-63. 

35. Wrigley N, Warm D, Margetts B. Deprivation, diet, and food-retail access: findings from the Leeds 

'food deserts' study. Environ Plan A 2003;35:155-81. 

36. Story M, Kaphingst K, O'Brien R, Glanz K. Creating healthy food and eating environments: policy 

and environmental approaches. Annu Rev. Public Health 2008;29:253-72. 

37. Rennie K, Jebb S, Wright A, Coward W. Secular trends in under-reporting in young people. Brit J 

Nutr 2005;93:241-47. 

38. McGloin A, Livingstone M, Greene L, Webb S, Gibson J, Jebb S, Cole TJ, Coward WA, Wright A, 

Prentice AM. Energy and fat intake in obese and lean children at varying risk of obesity. Int J 

Obes 2002;26(2):200-07. 

  



 

107 

Chapter 5 

General Discussion 

5.1 Summary of Key Findings 

The primary purpose of this thesis was to describe the proportion of physical inactivity and 

excessive fast food consumption among Canadian youth that was attributable to features of the 

neighbourhood built environment. Relationships between the built environment and health behaviours 

were established and the prevalence of youth exposed to different built environment features was 

measured. Findings from the two manuscripts provide insight about the importance of particular built 

environment features on shaping health behaviours, and suggest that a considerable proportion of health 

behaviours within the youth population are attributable to the neighbourhood built environment.  

 A key finding of the first manuscript is that youth living in neighbourhoods with higher 

walkability, a lower density of cul-de-sacs, and a moderate amount of park space were more likely to be 

physically inactive. Population attributable risk estimates suggested that the amount of physical inactivity 

attributed to living in such neighbourhoods was in the order of 15-25%. The second manuscript revealed 

that a high proportion of youth live in neighbourhoods with a moderate or high density of fast food 

restaurants (53% of the study sample), and that these youth were about 70% more likely to be excessive 

fast food consumers. Population attributable risk estimates from this study suggested that > 30% of 

excessive fast food consumption in the youth population was attributed to youth living in neighbourhoods 

with a moderate to high density of fast food restaurants. Further investigation of the youth in Kingston, 

Ontario suggests that 24% of excessive fast food consumption by youth in this city is attributable to 

neighbourhood fast food restaurants.  
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5.2 Overall Strengths of the Thesis 

 There are several notable strengths to this thesis. The first manuscript incorporated several 

features of the physical activity built environment within the same analysis. As earlier studies did not look 

at all features simultaneously, the associations observed in these studies may have been impacted by 

confounding. The second manuscript investigated a relationship not yet examined among Canadian youth 

– that of the residential fast food environment and fast food consumption. Both manuscripts calculated 

population attributable risk estimates for the obesity-related behaviours, which is novel in this field of 

study.  

The generalizability of the thesis results, attributable to the large and diverse sample size of youth 

that were studied, is a recognizable strength. The large sample size allowed me to detect reasonably small 

effect sizes, while the large geographical variability makes these findings generalizable to the youth 

population in Canada. It is important to note, however, that while the sample used for this thesis was 

national in scope, due to the strict inclusion criteria and areas with limited Google imaging, the final 

sample was not representative of all Canadian youth, rather of youth that lived within 1 km of their 

schools. 

Other strengths include the use of contemporary statistical modeling techniques and data 

collection procedures. The use of multi-level modeling allowed the simultaneous consideration of 

individual and area-level covariates to determine the effects of the built environment on behaviour. Data 

collected on the built environment employed a variety of innovative methods, software, and databases.    

5.3 Overall Limitations of the Thesis 

It is important to address several limitations of this thesis research. The two manuscripts that 

make up this thesis were cross-sectional. Thus, because exposure and outcome variables were measured at 

the same time, it is difficult to establish causal relationships. While it is important to consider that parents 

may influence where youth live, and that certain individual characteristics within neighbourhoods may 
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influence land use mix patterns or the development of fast food restaurants, the focus of this thesis is on 

youth and the way the neighbourhood environment influences their behaviours. Therefore, since youth 

themselves do not have autonomy to determine where they live or to where they move, this limitation is 

not as relevant.  

The outcome measures and individual-level covariates for the two manuscripts were based on 

self-reported survey data. Evidence suggests that physical activity is over-reported and poor eating 

behaviours are underreported due to a desirability to present socially accepted behaviours.
1
 If 

misreporting of these behaviours was non-differential, as I suspect it to be among youth, the relationships 

observed would have been underestimates, suggesting that the built environment may exert a greater 

impact on health behaviours than what was found in my research.     

The manuscripts in this thesis may have also been subject to exposure measurement error. In 

manuscript 2, by including only the top chain food retailers, I excluded non-chain fast food restaurants. 

Limiting data collection to the top 75% of fast food chain retailers also could not account for regional 

variations. This may have eliminated a large proportion of restaurants from more remote regions that were 

oversampled in the HBSC and would have resulted in an underestimation of the relationship between fast 

food restaurant exposure and consumption.  

All measures of the built environment in this thesis were based on the quantity or density of 

features, with no information on quality or accessibility. Knowing just the presence of physical activity 

resources cannot indicate if amenities were present that are suitable for youth activity, or if youth have 

access to such resources. Similarly, information was only available about the density of fast food 

restaurants, and not the foods that were available for purchase at these establishments. It was therefore not 

possible to determine if youth were physically active or consuming foods at the built environment 

features that were collected for this study.  
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Some potentially relevant confounding variables were unaccounted for in the regression analyses 

for both manuscripts. For example, parental concerns about safety may reduce the time that youth 

participate in play in open public spaces or at recreation facilities.
2-4

 Peer and social influences may also 

partially predict youths’ health behaviours. For example, it is possible that environments that are rich in 

park area or those with a large number of physical activity sources may not be sufficient to influence 

youth activity and that social influences are more important in shaping physical activity behaviours. And 

similar to eating, young people that eat in fast food restaurants with friends may believe that their friends 

are not concerned about healthy eating and may be influenced to consume more.   

Most of the variables used in the analyses were categorical. While there is potential for 

information to be lost when categorizing continuous variables, in order to report relative risks or to 

calculate a population attributable risk, variables are required to be categorical. And from a public health 

perspective, categorization allows for the ease of interpretation and is similar to the use of relevant 

clinical cut points to determine at risk individuals.
6
  

The use of a 1 km circular buffer to define the home neighbourhood was not ideal. First, relying 

on Euclidean (straight line or circular) distance buffers does not account for the design of street networks, 

availability of sidewalks, or other barriers affecting accessibility (freeways, railways, water). It also 

suffers from the assumption that all students captured within the buffer are exposed to features of the built 

environment measured within that buffer.  It is possible that youth living on the borders of their school 

neighbourhood buffer are exposed to different neighbourhood environments. Alternatively, researchers 

could make use of either a road network buffer that would accurately reflect travel time and accessibility 

to physical activity and food destinations, or measure the built environment directly surrounding each 

student’s homes. Third, the 1 km buffer may introduce exposure misclassification since the 

neighbourhoods in which individuals live do not necessarily reflect or adequately capture where they are 

physically active or consume their foods. Several studies have demonstrated that most individuals spend a 
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substantial amount of time more than 1 km away from their homes,
5
 and would travel more than 4 km to 

reach a park of choice.
7
 This suggests that built environment features may be more relevant at the 

community than at the neighbourhood level.  

5.4 Future Research Directions 

Limited research has investigated the neighbourhood built environment and youths’ physical 

activity in Canada, and none has investigated the food environment surrounding youths’ homes and their 

fast food consumption behaviours. Future research is required to build upon the findings of this thesis. 

For the etiological studies on the built environment, more precise neighbourhood built environment 

measures, obtained directly surrounding the child’s home rather than using the school as a proxy, may be 

worthwhile. While this would be a timely procedure, it would provide a more accurate depiction of the 

areas in which youth spend the majority of their time.  

Despite the growing research on the built environment, there is still a lack of consistency in how 

built environment features are measured (observed or perceived), interpreted, and how they affect 

behaviours. Several studies have demonstrated low levels of agreement between objective and perceived 

measures of the neighbourhood built environment.
8 9 

 Including both objective and perceived measures in 

the same study may clarify relationships observed between features of the built environment and 

behaviours. If discrepancies exist between objective measures and what youth perceive, public health 

officials and urban planners can work collaboratively to bridge the gap between the existence and 

perceived availability of built environment features so to increase the actual use of the available physical 

infrastructure. 

Future observational research on the neighbourhood built environment would benefit from 

incorporating more complex qualitative measures of play opportunities, such as the Environmental 

assessment for public recreation spaces (EAPRS) instrument developed by Saelens et al.
10

 or the System 

for observing play and recreation in communities (SOPARC) developed by McKenzie et al.
11

 By 
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measuring qualitative park features and the contexts in which physical activity occurs, researchers could 

potentially delineate which features of neighbourhood parks contribute towards adolescent physical 

activity to help inform public health interventions to improve park features.  

Although research on the built environment and physical activity is increasing, limited research 

has assessed whether changes to behaviours occur in response to changes in the built environment. The 

rationale to develop such intervention research can be informed by observational research such as the 

study findings from this thesis. However, because the relationship between several built environment 

features and physical activity in youth have an opposite effect to that observed among adults, urban 

planners and policy makers face challenges to changing the built environment in a way that would 

positively impact the health of the whole population. Therefore, a goal of future research should be to 

determine the mechanism that is guiding these relationships to get a better understanding of the 

conflicting effects of some built environment features on youth and adult behaviours. Because nutrition 

education programs have been logistically challenging and have had limited success in reducing fast food 

consumption, shifting attention to the physical infrastructure and food opportunities may be a more 

effective strategy. For instance, future research should examine the effects of zoning restrictions 

implemented to limit the establishment of new fast food restaurants, or the effects of changing food 

licensing to limit the availability of unhealthy foods (perhaps by limiting the number of restaurants per 

capita) and offer healthier options instead.
12

   

5.5 Public Health Implications 

Promoting physical activity and healthy eating during childhood and adolescence is a public 

health priority. Although the relationships observed in this thesis between features of the built 

environment and health behaviours are modest, potential implications are important given the high 

prevalence of exposure and PAR% values. With so many built environment features influencing 
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behaviours, the addition of PAR% values can assist in substantiating which features are necessary to 

target for intervention and future policy change.  

The results from the first manuscript revealed that physical inactivity could be partially attributed 

to neighbourhood walkability (23%), density of cul-de-sacs (16%), and the proportion of land covered by 

park space (15%). Based on these findings, a potential strategy to reduce rates of physical inactivity 

within the youth population would be through development and implementation of new neighbourhood 

design policies that, for example, would decrease walkability and increase the density of cul-de-sacs. 

However, a review of the literature suggests that such changes may have a negative impact on adult 

physical activity levels.  Emphasis should be placed on creating neighbourhoods that are more conducive 

to physical activity for all ages, including changes to the street networks, neighbourhood cul-de-sacs, and 

types of park amenities. It would not make sense conceptually to remove available parks from 

neighbourhoods, as they influence play among younger children and physical activity in adults. Instead, 

results could inform future public health initiatives to get youth ‘out and about’ and to make use of the 

resources available to them, either through increased physical activity programming or incorporating 

more play structures suitable for youth physical activity.  

Given an established association between fast food consumption and overweight,
13

 making 

changes to the food environment to improve eating behaviours may be easier to justify than individual-

targeted behavioural interventions. As such, public health efforts should be focused on increasing the 

availability of healthy food options while imposing limitations on unhealthy options. For example, the 

implementation of zoning laws can promote healthier eating by regulating the development of fast food 

restaurants nears schools and residential neighbourhoods. While it may not be possible to eliminate 

existing fast food restaurants, restrictions could prevent the establishment of new fast food restaurants.  



 

114 

5.6 Summary of MSc Research Experiences 

 After completion of my MSc coursework and focused readings on the built environment, I was 

equipped with the skills necessary to design a research project, manage large datasets, and obtain built 

environment measures. With a newly acquired ability to critically analyze literature, I summarized the 

relevant research on the built environment and its relationship with physical activity, eating, and 

overweight/obesity. I identified several gaps and key issues in built environment literature, and some of 

these became the focus of my thesis research. I was responsible for conceptualizing the study design and 

ensuring that I was prepared with the foundational knowledge to carry out such studies. Using the 

resources available to me within the lab, I received adequate training so that I could participate in data 

collection for the built environment exposure variables. I helped create detailed GIS protocols for 

obtaining the relevant built environment measures for my thesis research and the larger program of 

research within the Physical Activity Epidemiology Laboratory. I managed large datasets from which I 

derived the outcome variables that were later merged with the built environment databases. I then 

performed contemporary and complicated statistical analyses. And with Dr. Janssen’s help, I prepared the 

results of my thesis research in written format for this thesis and for submission to peer reviewed journal, 

as well as for presentation at an international conference.  

5.7 Conclusions 

Several features of the neighbourhood physical activity and food environments are not conducive 

to adopting healthy behaviours. By understanding the context in which poor health behaviours occur, and 

the relative impact that individual features of the built environment have on shaping these behaviours, 

there is a foundation upon which to base new environmental policy and neighbourhood design to most 

effectively improve the health behaviours of Canadian youth.  
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Table 13. Walkability features and physical activity and active transportation in children and youth 

Author 

(year) 

Population studied Exposure group Association % Exposed PAR

% 

 N Gender Age Geography Buffer type/size     

Alton et al. 

(2007) 

473 M/F 9-11 6 schools in 

Birmingham, 

UK 

Within home 

neighbourhood 

Traffic anxiety  OR of walking    

None 1.00 (referent) 66%  

High anxiety 1.55 (1.03-2.33) 34% 15.8% 

Home neighbourhood road safety OR of walking   

Low anxiety 1.00 (referent) 56.4%  

High anxiety 1.88 (1.27-2.80) 43.6% 27.7% 

Carver et 

al (2008) 

346 M/F 13-15 Melbourne, 

Australia 

800 m radius 

around home 

Number of intersections OR ≥ 7 walking/cycling trips per week 

(girls) 

  

Lowest tertile 1.00 (referent) 

Middle tertile 1.82 (0.80-4.13) 

Highest tertile 2.14 (0.78-5.86) 

Local road length OR ≥ 7 walking/cycling trips per week 

(boys) 

Lowest tertile 1.00 

Middle tertile 3.02 (1.01-9.06) 

Highest tertile 1.79 (0.66-4.88) 

Number of traffic/ pedestrian lights 

(girls) 

OR ≥ 7 walking/cycling trips per week    

Lowest tertile 1.00   

Middle tertile 3.22 (1.52-6.87)   

Highest tertile 4.98 (2.28-10.88)   

Number of speed humps (girls) OR ≥ 7 walking/cycling trips per week    

Lowest tertile 1.00   

Middle tertile 1.23 (0.61-2.47)   

Highest tertile 2.96 (1.34-6.51)   

De Farias 

Junior et al 

(2011)  

2874 M/F 14-19 Brazil Within a 10 

minute walk 

from home 

Bicycle lanes/paths (girls) OR physical activity ≥ 300 min/week   

No 1.00 (referent)   

Yes 1.25 (1.00-1.57) 42.4% 9.6% 

Evenson 

et. al. 

(2006) 

610 Female

s 

10-15 6 major US 

cities 

‘near home’ There are trails in the neighbourhood OR physical activity   

Disagree a little/a lot 1.00 (referent) 38.8%  

Agree a little/a lot 1.68 (1.16-2.44) 47.4% 24.4% 
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Neither agree or disagree 1.15 (0.68-1.96) 13.8% 2.0% 

Perceived neighbourhood trails OR active travel   

Disagree a little/a lot 1.00 (referent) 38.8%  

Agree a little/a lot 1.59 (1.05-2.40) 47.4% 21.9% 

Neither agree or disagree 0.75 (0.39-1.42) 13.8% 3.3% 

Frank et al. 

(2007) 

3161 M/F 5-20  Atlanta, 

Georgia 

1 km around the 

home 

Street connectivity OR of walking at least once over 2 days   

Lowest tertile 1.00 (referent) 

Middle tertile 1.30 (1.00-1.70) 

Third tertile 1.70 (1.30-2.20) 

Street connectivity OR walking ≥ 0.5 miles per day 

Lowest tertile 1.00 (referent) 

Middle tertile 1.30 (0.90-2.10) 

Third tertile 1.80 (1.20-2.70) 

Type of land uses OR of walking at least once over 2 days 

No mixed land-use 1.00 (referent) 

Commercial land use 1.80 (1.40-2.30) 

Recreation and open space land use 2.10 (1.70-2.60) 

Type of land use OR of walking ≥ 0.5 miles per day   

Mixed land use 1.90 (1.30-2.90)  5.1% 

Commercial land use 1.80 (1.20-2.70)  4.6% 

Recreation and open space land use 2.10 (1.50-2.90)  6.2% 

Acreage OR of walking ≥1 time over 2 days   

No space  1.00 (referent) 

1-5 acres rec/open space 2.20 (1.30-3.70) 

>6 rec/open space 1.00 (0.50-2.10) 

Number of recreation facility/spaces  OR of walking ≥1 time over 2 days 

No space (referent) 1.00 (referent) 

1 rec/open space 2.10 (1.20-3.60) 

2-3 spaces 3.20 (1.80-5.70) 

>4 spaces 2.30 (1.20-4.30) 

Fulton et. 

al. (2005) 

1395 M/F Grade 

4-12 

Representative 

US sample 

Neighbouthood Presence of sidewalks OR active transportation to school   

No 1.00 (referent) 51.8%  

Yes 3.40 (2.30-5.10) 48.2% 53.6% 

Larsen et. 

al. (2009)  

614 M/F 11-13 Mid-size 

Canadian city 

Living within 1 

mile of school  

Land use mix in school neighbourhood OR active travel to school   

Lower quartile 1.00 (referent) 

Second quartile 1.50 (0.90-2.60) 
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Third quartile 3.20 (1.60-6.20) 

Upper quartile 3.50 (1.60-7.50) 

Land use mix in school neighbourhood OR active travel from school    

Lower quartile 1.00 (referent) 

Second quartile 1.40 (0.90-2.20) 

Third quartile 2.30 (1.40-3.80) 

Upper quartile 2.90 (1.60-5.20) 

Mecredy et 

al. (2011) 

8535 M/F Grades 

6-10 

 

Canadian 

schools 

5 km Street connectivity scale:  OR of being physically active   

1 (highest connectivity) 1.00  (referent) 26.9%  

2 1.22 (1.10-1.35) 21.7% 4.6% 

3 1.25 (1.13-1.37) 27.9% 6.5% 

4 (lowest connectivity) 1.21 (1.09-1.34) 23.6% 4.7% 

Santos et 

al. (2009) 

1124 M/F 12-18  

  

Portuguese 

sample 

 

  

Neighbourhood 

environment 

Sidewalks well 

maintained/unobstructed 

OR of being active   

No (males) 1.00 (referent) 46%  

Yes (males) 0.94 (0.63-1.39) 54%  

No  (females) 1.00 (referent) 57%  

Yes (females) 1.17 (0.82-1.66) 43% 6.8% 

Places to bike well maintained/not 

obstructed 

OR of being active   

No (males) 1.00 (referent) 61.1%  

Yes (males) 1.03 (0.68-1.56) 38.9% 1.2% 

No  (females) 1.00 (referent) 72.3%  

Yes (females) 1.42 (0.96-2.09) 27.7% 10.5% 

Places to visit within walking distance 

of the home 

OR of being active (boys)   

No  1.00 (referent) 33.2%  

Yes 1.06 (0.67-1.66) 76.8% 4.4% 

Places to visit within walking distance 

of the home 

OR of being active (girls)   

No  1.00 (referent) 31.6%  

Yes 1.59 (1.02-2.45) 78.4% 31.6% 

Slater et al. 

(2010)  

36,929 M/F 13-16  US Within the 

school 

catchment area 

Traffic danger on neighbourhood 

streets 

OR of physical activity participation    

None 1.00 (referent) 

Any traffic danger 0.47 (0.21-1.03) 

http://qspace.library.queensu.ca.proxy.queensu.ca/browse?type=author&value=Mecredy%2C+Graham+C
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Timperio 

et al. 

(2006)  

677 

 

M/F 10-12  Large city in 

Australia 

800 m Proximity to school OR of walking/cycling to school   

School route > 800 m 1.00 (referent)   

School route < 800 m 10.2 (5.9-17.6) 23.6% 68.5% 

Busy road barriers along route Odds of active transportation   

None 1.00 (referent)   

Yes 0.30 (0.10-0.90) 42.4%  

Direct route to school/high connectivity Odds of active transportation   

No 1.00 (referent)   

Yes 0.70 (0.50-0.98) 68.4%  

Neighbourhood roads Odds of walking/cycling to school    

Safe for travel 1.00 (referent) 43%  

Not safe for travel 0.70 (0.50-0.90) 57%  

Utter 

(2006)  

9699  M/F 13-17  New Zealand Within walking 

distance of 

home 

Living within walking distance to a 

bicycle track 

OR of regular physical activity    

No 1.00   

Yes  1.44 (1.30-1.60) 23.6 9.4% 

Voorhees 

et. al. 

(2010)  

890 girls 11-12 6 major US 

cities 

Live <1.5 miles 

from their 

school address 

Perceived neighbourhood 

biking/walking trails  

OR weekday active transportation   

No 1.00 (referent) 52.5%  

Yes 1.84 (1.09-3.10) 47.5% 28.5% 

 

Table 14. Parks and physical activity in children and youth 

Author 

(year) 

Population studied Exposure Groups Association % exposed 

 

PAR% 

 N Gende

r 

Age 

(Y) 

Geography Buffer 

type/size 

    

Alton et al 

(2007)  

473  M/F 9-11 Representative 

sample from 

Birmingham, 

UK 

Within home 

neighbourho

od 

Perceived neighbourhood parks or 

sports grounds  

OR of walking   

Yes 1.00 (referent) 73.4%  

None 0.66 (0.42-1.02) 26.6%  

Boone-

Heinonen 

et. al. 

(2010) 

10,773 M/F 11-21  Diverse sample 

of US 

adolescents 

3 km % greenspace coverage OR weekly physical activity  Males  

≤10 1.00 (referent) 10.9%  

10.1-20 1.68 (1.10-2.39) 27.5% 15.8% 

19.9-32 1.37 (0.50-2.07) 30.8% 10.2% 

≥ 32 1.47 (0.94-2.30) 30.9% 12.7% 



 

122 

% greenspace coverage  OR weekly physical activity  Females  

≤10 1.00 (referent) 11.5%  

10.1-20 1.49 (1.05-2.10) 27.9% 12.0% 

19.9-32 1.33 (0.96-1.85) 29.8% 9.0% 

≥ 32 1.13 (0.75-1.68) 30.8% 3.8% 

Boone-

Heinonen 

et. al. 

(2010)  

10,773 M/F 11-21   Representative 

sample of US 

adolescents 

 

Distance 

from home 
Distance to neighbourhood park (miles) OR of using active transport to reach 

parks  

Females 

 

PAR% 

>2 1.00 (referent) 17.1%  

0.5-2 1.71 (1.29-2.27) 34.9% 19.9% 

0.25-0.5 1.66 (1.29-2.12) 24.2% 13.8% 

≤ 0.25 1.59 (1.01-2.49) 23.8% 12.3% 

Distance to neighbourhood park (mile) OR active sport  Males 

 

 

>2 1.00 (referent) 17.1%  

0.5-2 1.19 (0.94-1.50) 36.6%  

0.25-0.5 1.28 (0.94-1.76) 23.9%  

≤ 0.25 1.37 (1.02-1.84) 22.4% 7.7% 

Distance to neighbourhood park (mile) OR active sport  Females  

>2 1.00 (referent) 17.7%  

0.5-2 1.25 (0.97-1.91) 34.9%  

0.25-0.5 1.25 (0.94-1.73) 24.2%  

≤ 0.25 1.31 (1.00-1.72) 23.8% 6.8% 

Distance to major park (mile) OR active sport  Males   

>5 1.00 (referent) 31.9%  

3.1-5 1.02 (0.79-1.32) 20.5% 0.4% 

1.1-3 1.07 (0.82-1.38) 37.1% 2.5% 

≤ 1 1.36 (1.00-1.84) 10.5% 3.6% 

Distance to major park (mile) OR active sport  Females  

>5 1.00 (referent) 32.1%  

3.1-5 1.46 (1.10-1.96) 21.6% 9.0% 

1.1-3 1.38 (1.13-1.69) 36.7% 12.2% 

≤ 1 1.62 (1.22-2.16) 9.7% 5.7% 

Potwarka 

et. al. 

(2008)  

52 M/F 10-17 Mid-sized city 

in Ontario, 

Canada 

1 km from 

home 
Park related variables OR of being health weight   

Number of parks within 1km 0.39 (0.15-0.16) 

Increased park area within 1km 1.06 (0.98-1.15) 

Distance to closest park 0.68 (0.34-1.35) 

Parks with playgrounds 4.92 (1.36-9.71) 

Utter 

(2006) 

9699  M/F 13-17  New Zealand Walking 

distance of 
Living within walking distance to a 

park 

OR physical activity    
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home No  1.00 (referent) 34%  

Yes 1.17 (1.10-1.30) 66% 10% 

Veugelers 

et al 

(2008) 

5471 M/F 10-11  Medium sized 

city in Canada 

Home 

neighbourho

ods 

Access to playgrounds and parks OR of playing sports with a coach   

Lowest tertile 1.00 (referent) 

Middle tertile 1.39 (1.18-1.63) 

Highest tertile 1.64 (1.38-1.95) 

Access to playgrounds and parks OR of becoming obese 

Lowest tertile 1.00 (referent) 

Middle tertile 1.04 (0.76-1.44) 

Highest tertile 1.64 (0.71-1.99) 

  

Table 15. Recreation facilities and physical activity among children and youth 

Author 

(year) 

Population studied Exposure group Association % exposed PAR 

% 
 N Gender Age 

(Y) 

Geography Buffer size     

De Farias 

Junior et al 

(2011) 

2874 M/F 16-19  Northern Brazil  Within a 10 

minute walk 

from home 

Access to facilities OR of being physically active    

Less access (Males) 1.00 (referent) 28.2%  

Greater access (Males) 1.96 (1.40-2.78) 71.8% 40.8% 

Less access (Females) 1.00 (referent) 58%  

Greater access (Females) 1.33 (1.10-1.74) 42% 12.2% 

Evenson et. 

al. (2006) 

610 F 10-15 6 major US 

cities 

‘near home’ Number of facilities near home OR of being physically active   

<7 1.00 (referent) 30.4%  

≥7-0 1.56 (0.98-2.49) 31.9% 15.2% 

≥10 2.26 (1.44-3.57) 37.7% 32.2% 

Grow et al 

(2008) 

124  

 

 

M/F 11-18; 

mean 

14.4 

3 large 

metropolitan 

U.S. cities 

Within 10 

minute walk 

Presence of recreation facilities in the 

neighbourhood 

OR of active transportation   

No facility 1.00 (referent)   

Indoor rec facility 1.80 (0.90-3.50) 53.8% 30.1% 

Other play field/court 1.50 (0.80-2.70) 55.6% 21.7% 

Swimming pool 1.90 (1.00-3.50) 58.5% 34.5% 

Basketball court 2.10 (1.00-4.60) 43.4% 32.3% 

Walk/run track 3.30 (1.60-7.10) 56.8% 56.6% 

School recreation facilities 2.30 (1.10-4.90) 44.4% 36.5% 

Small public park 6.90 (1.90-24.70) 50.0% 74.7% 

Large public park 2.90 (1.10-7.20) 48.1% 47.8% 

Public playground 5.10 (1.40-18.20) 37.3% 60.5% 

Beach/lake/river/creek 1.70 (0.70-3.90) 48.5% 25.3% 
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Bike/hiking/walk trail 4.70 (1.90-11.50) 49.1% 64.5% 

Public open space 9.80 (2.90-33.40) 50.0% 81.5% 

Mota et al 

(2005) 

1123 M/F  Avera

ge age 

14.6 

Portuguese 

sample 

Within 

walking 

distance from 

home 

Presence of public recreation facilities 

in neighbourhood 

OR of being physically active   

None 1.00 (referent)   

Several 1.30 (1.00-1.70) 
49.3% active 12.8% 

41.6% inactive 11% 

Nelson and 

Woods 

(2009)  

4587 M/F 15-17  Irish sample 5-10 minute 

walk from 

home 

Availability of recreation facilities  OR of becoming overweight or obese   

None 1.00  

At least one 

Overweight: 

 0.98 (0.97-0.99) 

33.5% 

Obese: 

 0.96 (0.94-0.98) 

33.5% 

Nichol et al. 

(2010) 

9114 M/F Grades 

6-10 

Representative 

sample of 

Canadian youth 

5 km circular 

buffer around 

school  

Availability of recreation facilities RR physical activity    

1 (fewest) 1.00  19.7%  

2 1.02 (0.89-1.14) 16.5%  

3 0.97 (0.85-1.10) 21.3%  

4 0.98 (0.85-1.12) 19.0%  

5 (most) 1.01 (0.87-1.15) 20.1%  

Prins et al. 

(2009) 

654  M/F 14.1 

+/- 1.2 

Rotterdam, 

Netherlands 

‘in the 

neighborhood’ 

(perceived) 

 

Sports facilities OR engaging in sports at least 3 times/wk   

Not available 1.00   

Some 1.73 (1.16-2.56) 73.4% 34.9% 

Santos et al 

(2009) 

1124 M/F 12-18  Portuguese 

sample  

Walking 

distance from 

home 

The presence of several free/low cost 

recreation facilities 

(none=referent) 

OR of being physically active   

Boys 

0.93 (0.63-1.36) 

 

48.5% 

 

Girls 

1.71 (1.21-2.41) 

 

42.1% 

 

23% 

Scott et al 

(2007) 

1367  female 6
th
 

grade 

6 metropolitan 

US cities 

‘Easy to get 

to?’ 

(perceived) 

 

1 mile from 

home 

(objective) 

 

  

Perceived presence of: OR of being physically active    

No facilities 1.00 (referent)   

Basketball court 1.30 (1.01-1.68) 62% 15.7% 

Golf course 1.95 (1.25-3.05) 42% 28.5% 

Playing field 1.46 (1.11-1.92) 72% 24.9% 

Running track 2.10 (1.37-3.21) 58% 38.9% 

Skating rink (ice or inline) 1.87 (1.09-3.20) 72% 38.5% 

Swimming pool 2.05 (1.33-3.15) 70% 42.4% 

Tennis court 2.07 (1.60-2.69) 58% 38.3% 

Tucker et al 

(2009)  

811 M/F 

 

11-13  Mid-sized city 

in Canada  

1.6 km buffer  

Availability of recreation facilities 

(objective) 

OR of being physically active  

  

1.65 (1.09-2.50) 

 

 

86.7% 

 

 

36% 
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Perception of recreation facilities 

(subjective) 

OR of being physically active  

 

2.04 (1.06-3.92) 

 

 

86.7% 

 

 

47.4% 

Utter (2006) 9699  M/F 13-17  New Zealand Walking 

distance to 

home 

Skateboard park OR of being physically active   

No  1.00 (referent) 71.7%  

Yes 1.11 (0.90-1.30) 28.3% 3% 

sports field    

No  1.00 (referent) 44.6%  

Yes 1.59 (1.20-1.50) 55.4% 24.6% 

place to swim    

No  1.00 (referent) 52.9%  

Yes 1.38 (1.20-1.50) 47.1% 15.2% 

Gym     

No 1.00 (referent) 77.3%  

Yes 1.44 (1.3-1.6) 22.7% 9.1% 

Veugelers et 

al (2008) 

5471 M/F  10-11  Medium sized 

city in Canada 

Catchment 

area of the 

school 

Access to recreational facilities  OR of playing sports with a coach   

Lowest tertile 1.00 (referent)   

Middle tertile 1.36 (1.13-1.63)   

Highest tertile 1.76 (1.47-2.12)   

Wenthe et al. 

(2009) 

205 M/F 12.5-

14.3 

Iowa 0.5 miles from 

home 
Access to physical activity facility 

(perceived) 

Association with physical activity   

No NA 43.5% 

Yes Decreased for females 56.5% 

 

Table 16. Neighbourhood aesthetics/physical disorder and physical activity in children and youth 

Author 

(year) 

Population studied Exposure group Association % exposed PAR

% 

 N Gender Age Geography Buffer 

type/size 

    

De Farias 

Junior et al 

(2011)  

2874 M/F 14-19 Brazil  See many interesting things while 

walking/riding bicycle 

OR of being physically active   

No (males) 1.00 (referent) 63.8%  

Yes (males) 1.19 (0.95-1.51) 67.8% 11.4% 

No (females) 1.00 (referent) 33.9%  

Yes (females) 1.40 (1.15-1.70) 41.8% 14.3% 

Evenson et. 610 F 10-15 6 major US Within There are things to look at in the OR of being physically active    
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al. (2006)  cities walking 

distance to 

home 

neighbourhood 

Disagree a little/a lot 1.00 (referent) 27.9%  

Neither agree or disagree 1.31 (0.81-2.14) 22.9% 6.6% 

Agree a little/a lot 2.36 (1.56-3.59) 49.2% 40.1% 

There is usually not garbage in the 

neighbourhood 

OR of being physically active    

Disagree a little/a lot 1.00 (referent) 31.7%  

Neither agree or disagree 1.18 (0.70-1.98) 16.5% 2.9% 

Agree a little/a lot 1.78 (1.20-2.65) 51.9% 28.8% 

Gordon-

Larsen 

(2000)  

17,766 M/F 11-21  Representative 

sample of US 

adolescents 

 Perceived levels of crime  OR of being physically active   

Low 1.00 (referent)  

Higher 0.77 (0.66-0.91)  

Leslie et. al 

(2010)  

2961 M/F 10-14 3 states in 

Australia 

 Community disorder OR of active travel from school (females)   

Low  1.00 (referent)   

Medium 1.46 (1.12-1.90)   

High 1.53 (1.13-2.05)   

Mota (2005)  1123 M/F Grade 7-

12 

Portuguese 

sample 

Within 

walking 

distance 

from home 

Interesting things to look at in the 

neighbourhood 

OR of walking    

No 1.00 (referent)   

Yes 1.30 (1.00-1.71) 39.8% inactive 10.7% 

Nichol et al 

(2010)  

9114 M/F Grades 

6-10 

Canadian 

sample 

Within 5 

km of 

schools  

Level of perceived safety OR of being physically active  Males  

1 (least safe) 1.00 (referent) 29.6%  

2 1.06 (0.92-1.20) 34.1% 2.0% 

3 1.06 (0.93-1.20) 36.4% 2.1% 

4 1.20 (1.06-1.34) 39.1% 15.7% 

5 (most safe) 1.31 (1.17-1.45) 45.0% 12.2% 

Level of perceived safety OR of being physically active Females  

1 (least safe) 1.00 (referent) 29.6%  

2 1.14 (0.98-1.32) 34.1% 4.5% 

3 1.23 (1.06-1.41) 36.4% 7.7% 

4 1.19 (1.02-1.37) 39.1% 6.9% 

5 (most safe) 1.45 (1.26-1.65) 45.0% 16.8% 

Popkin et al 

(2005)  

17,766 M/F 11-21 Nationally 

representative 

sample in the 

US 

 Levels of serious crime in the 

neighbourhood 

OR moderate to vigorous physical 

activity 

  

Low levels 1.00 (referent) 

High levels 0.77 (0.66-0.91) 
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Santos et al 

(2009)  

1124 M/F 12-18  

 

Portuguese 

sample 

Walking 

distance 

from home 

Interesting things to look at in the 

neighbourhood 

OR of being physically active   

No (boys) 1.00 (referent) 49.5%  

Yes (boys) 1.19 (0.81-1.74) 50.5% 8.8% 

No (girls) 1.00 (referent) 59.6%  

Yes (girls) 1.46 (1.03-2.07) 40.4% 15.7% 

Slater (2010)  36,929  M/F 13-16  Representative 

cross-sectional 

sample 

Within 

school 

catchment 

area 

Perceived physical disorder in the 

neighbourhood 

OR of daily physical activity   

No 1.00 (referent) 

Yes 0.96 (0.92-0.99) 

Utter (2006)  9699  M/F 13-17  New Zealand Walking 

distance to 

home 

Perceived safety around the home OR physically active   

No  1.00 15.3%  

Yes 1.46 (1.3-1.6) 84.7% 28% 

Table 17. Fast food environment and eating behaviours among youth 

Author (year) Population Group/ Measure % Exposed Association PAR% 
 N Gender Age (Y) Geography Buffer type/ size     

An & Sturm 

(2012) 

8226 

5236 

M/F 5-11 

12-17 

California 0.5 miles from 

home 
Fast food restaurant  Odds of fast food consumption  

0 56.11% NA 

1 11.96% NA 

2 9.49% NA 

>3 22.44% NA 

Casey et al. 

(2012) 

3327 M/F 12 +/- 0.6 Bas-Rhin (France)  Spatial accessibility to fast-

food outlets 

 Odds of being overweight for 

children of blue-collar workers 

 

  Referent = low non-blue collar 

workers 

 

Low 50.1% 1.35 (1.00-1.81) 15% 

Medium  1.03 (0.67-1.58)  

High  1.11 (0.72-1.71)  

Crawford et al. 

(2008) 

137 

243 

M/F 8-9 

13-15 

Major city in 

Australia 

2 km Availability of fast food 

restaurants  

 Odds of being overweight or obese  

None (referent) 19% 1.00 

At least one (males) 

At least one (females) 

81% 0.63 (0.19-2.10) *protective 

0.19 (0.09-0.41) 

Density of fast food outlets 
(mean=3.9) 

 Odds of being overweight or obese  

None (referent)  1.00 
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Higher (males)  0.91 (0.78-1.06) 

Higher (females) 0.86 (0.74-0.99) 

Davis and 

Carpenter (2009) 

500,000 M/F 12-17 US 0.5 miles from 

school 
Fast food outlets  Odds of:  

None (referent)  1.00  

Any 55% Overweight 1.08 (1.03-1.13) 4.2% 

Obese 1.11 (1.04-1.18) 5.7% 

French fry consumption  

1.02 (1.00-1.04) 

2% 

Fraser (2010) 33,594 M/F 3-14 Leeds, UK Super-output 

areas (similar to 

dissemination 

blocks) 

Number of fast food outlets 

 

  OR overweight or obese  

None 1.00 

Some 1.01 (1.002-1.02) 

Galvez et al. 

(2009) 

323 M/F 6-8 East Harlem, New 

York 

Census block Number of fast food 

restaurants 

 OR higher BMI  

0 59% 1.00  

1+ 41% 1.11 (0.71-1.73) 4.3% 

Ho et al. (2010) 34,369 M/F 7-13 Hong Kong 5-minute walking 

distance from 

home 

Presence of fast food 

restaurants 

 Odds of moderate/high 

consumption of fast food 

 

None 34.5% 1.00  

Any 65.5% 1.10 (1.04-1.16) 6% 

Laska et al. 

(2010) 

349 M/F 15.4 +/- 

1.7 

Minneapolis/St. 

Paul, Minnesota 

Various Density: presence of fast 

food restaurant within: 

 Association with:  

800 m 21% No association 

1600 m 51% Sugar sweetened beverage intake, 

BMI and % body fat 

3000 m 80% No association 

Nelson et al. 

(2009) 

4587 M/F 15-17 Ireland  Presence of fast food 

restaurants in the home 

neighbourhood 

 Odds of increasing adiposity  

Overweight 0.71 (0.50-1.00) 

Obesity 0.47 (0.21-1.05) 

O’Hearst et al. 

(2011) 

634 M/F 12-16 Minnesota Time to walk to 

(range 1-31+) 

Minutes:    

1-5 14.0% 

6-10 18.5% 

11-20 27.8% 

21-30 19.7% 

31+ 20.0% 

Oreskovic et al. 

(2009) 

21008 M/F 2-18 Massachusetts 400 m from 

home 

Presence of fast food 

restaurants  

 Odds of increased adiposity  

None  1.00 

At least one  Overweight 1.05 (0.98-1.12) 

Obesity 1.06 (0.98-1.14) 
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Seliske et al. 

(2008) 

7821 

from 178 

schools 

M/F 11-16 Representative 

sample from 

Canada 

1 km radius 

buffer around 

schools 

Presence of fast food 

restaurants 

 Odds of overweight  

None 69.6% 1.00 

At least one 31.4% 0.83 (0.70-0.98) 

Skidmore et al. 

(2009) 

1721 9-10 M/F Norfolk, England 800 m 

neighbourhood 

buffer 

Number of fast food 

restaurants 

 Weak associations with food intake 

and density of food restaurants.  

 

None 62.2% 

1-2 14.6% 

>2 23.2% 

Timperio et al. 

(2008) 

340 

461 

M/F 5-6 

10-12 

Major urban city 

in Australia 

800 m from 

home 
Availability of fast food 

restaurants 

 Odds of consuming at least 2 

times/day (parental reported): 

 

None  1.00 

At least one 14.7% Fruits - 0.82 (0.67-0.99) 

Vegetables 0.99 (0.82-1.20) 

Timperio et al. 

(2009) 

353 

463 

M/F 5-6 

10-12 

Two cities in 

Australia 

800 m from 

home 
Density of fast food 

restaurants 

 Odds of consuming fast food (older 

children, parental reported) 

 

None 33% 1.00 

At least one 67% 0.70 (0.50-0.90) 
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Appendix B 

HBSC Survey Methodology 

 

 

The two manuscripts of this thesis used data collected from the 2009/10 Canadian Health Behaviour in 

School-Aged Children (HBSC) Survey. This is a cross-sectional survey that collects information on 

health behaviours, determinants of health, and personal and family characteristics of students in grades 6-

10 (approximately aged 11-16 years). The survey is conducted in affiliation with the World Health 

Organization, and currently collects information in 43 countries worldwide every four years. The first 

survey was conducted in 1983/84 in only five countries (Austria, Denmark, England, Finland, and 

Norway), and with each additional cycle, the number of participating countries has increased. Canada has 

participated in the HBSC since 1989/90. 

Sampling 

As per the international protocol,
1
 the sampling strategy to obtain participants in Canada followed a single 

stage cluster approach, with an oversampling of youth from provinces and the northern territories. Two 

provinces did not participate in 2009/10 (Prince Edward Island and New Brunswick). The total sample 

included 26,078 students from 436 schools in Canada, with an overall response rate of approximately 

75%. Sample weights were determined to account for oversampling of some provinces and territories.  

The age group chosen for investigation in the HBSC included those that were 11, 13, and 15 years. Some 

countries, such as Canada, also sample the middle age groups (12 and 14 years). These years were chosen 

as the most formative years of adolescence, representing (1) the onset of adolescence, (2) physical and 

emotional challenges that are often faced throughout and mid-adolescence, and (3) mid-years when 

important life decisions are made.
2 
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The primary sampling unit for the HBSC is the classroom, each with the same probability of being 

selected for inclusion in the survey. Selection of classrooms was done systematically from an ordered list 

based on school jurisdiction, province, region, language, public/Catholic designation, and community size 

and location. Any youth enrolled in private schools, special needs schools, incarcerated youth, or those 

that were home schooled, were excluded. This represented less than 10% of Canadian youth in this age 

range, and therefore would not have a great impact on the study findings. Consent and permission to 

participate were obtained from school boards, the schools, from parents/guardians (directly or implicitly 

by the school board policy), and the individual students. Participation was completely voluntary. Ethics 

approval to conduct the survey was obtained from the Queen’s University General Research Ethics Board 

and Health Canada’s research ethics board (see Appendix C).
3
 

Survey administration 

This is a classroom-based survey, administered by teachers during the school day and conducted in a 

classroom setting by students. The survey took students approximately 45 minutes to complete. Students 

sealed their completed surveys in an envelope unsigned in order to ensure anonymity.  

HBSC survey 

Core questions within the HBSC are asked in all participating countries (Mandatory Items), optional 

themed modules are completed in some countries (Optional Package Items), and most countries include 

some country specific questions. Core questions collect information on demographics (age, grade, sex) 

and health and risk behaviours (diet, physical activity, drugs, nicotine and alcohol use), health outcomes 

(physical and emotional health) as well as social support (family, peer, teacher support) and life 

circumstances.
2
 For the 2009/10 survey, administration occurred between October 2009 and May 2010.   

Administrator survey 

The Canadian HBSC also collected information through an 8-page survey completed by school principal 

or designate. Information was collected on school and student characteristics, built environment features, 
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and policies or programs that influence the health of students. Such policies and programs may influence 

healthy living by offering more physical education class time or time allotted for free play, enhancing the 

built environment for play and active transportation (bicycle racks, physical activity facilities). 

Information was also collected on the food environment, including programs and policies to promote 

healthy eating, cafeteria programs, subsidized access to food, and tuck shops/vending machines, etc. 

Additional information was collected pertaining to school climate, crime and safety issues surrounding 

the school neighbourhood, absenteeism from school, disciplinary practices, and conflicts among students. 

The administrator survey was not used in this thesis research as only objective measures of the built 

environment in the neighbourhoods were used.  

Other Data 

For the 2009/10 cycle of the HBSC, the Canada research team had grants from the Canadian Institute of 

Health Research and the Heart and Stroke Foundation of Canada to describe the neighbourhoods 

surrounding participating schools. The schools were identified and located on maps using their address 

and postal code information, and characteristics of the environment surrounding the schools were 

abstracted according to different buffer sizes using a variety of geographic information systems. 
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Appendix C 

Ethics Approval for the 2009/10 Canadian HBSC 
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Appendix D 

Manuscript 1 Sample Flow Diagram 
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Inclusion flow diagram for manuscript 1 

 

  

26,078 students 

436 schools 

Students with missing information 

on physical inactivity outcome 

Students living >1km from school 

based on postal code information 

Students with no postal code 

information, those with excessive 

travel time or no report of travel 

mode or time to school 

17,161 students 

6 schools 

Students with missing information 

on 1 or more covariate of interest 

637 students 

6626 students 

272 schools 

= 8917 students 

430 schools 

248 students 

= 8032 students 

430 schools 

= 8669 students 

430 schools 

Schools missing information on 

any of the built environment 

features and/or neighbourhood –

level covariates 

= 6626 students 

272 schools 

1406 students 

158 schools 
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Appendix E 

Relevant questionnaire items from the 2009/10 Canadian HBSC 
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Question for outcome variable in manuscript 1 (averaged): 
Physical activity is any activity that increases your heart rate and makes you get out of breath some of the 

time.  Physical activity can be done in sports, school activities, playing with friends, or walking to school.  

Some examples of physical activity are running, brisk walking, inline skating, biking, dancing, skateboarding, 

swimming, soccer, basketball, and football. 

For these next two questions, add up all the time you spend in physical activity each day. 

 

Question for outcome variable in manuscript 1: 

Over the past 7 days, on how many days were you physically active for a total of at least 60 minutes 

per day?  

1 0 days 2 1 day 3 2 days 4 3 days 5 4 days 6 5 days 7 6 days 8 7 days 

 

Over a typical or usual week, on how many days are you physically active for a total of at least 60 

minutes per day? 

1 0 days 2 1 day 3 2 days 4 3 days 5 4 days 6 5 days 7 6 days 8 7 days 
 

Question for outcome variable in manuscript 2: 

How often do you eat in a fast food restaurant? (McDonalds, Taco Bell, Subway, etc.) 
1 Never  5 Once  a week 
2 Rarely (less than once a month)  6 2-4 days a week 
3 Once a month 7 5 or more days a week 
4 2-3 times a month   

 

Questions asked for covariate information: 

Are you male or female? 

1 Male 

2 Female 
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What month were you born?   

1 2 3 4 5 6 7 8 9 10 11 12 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

 

What year were you born?      

1 2 3 4 5 6 7 8   

1991 1992 1993 1994 1995 1996 1997 1998   

 

How do you describe yourself?  (You may choose one answer, or more than one) 

    
01 

White 
09 

Métis 

02 
Chinese 

10 
Inuit 

03 South Asian (e.g. East Indian, 

Pakistani, Sri Lankan, etc.) 

11 
Dene 

04 
Black 

12 
First Nations 

05 
Filipino 

13 
Japanese 

06 
Latin American 

14 
Korean 

07 Southeast Asian (e.g., Cambodian, 

Indonesian, Vietnamese, etc.) 

15 West Asian (e.g., Afghan, Iranian, etc.) 

08 Arab 16 
Other (please specify) 

              _______________ 

 
  

How well off do you think your family is?  

1 Very well off 
2 Quite well off  

3 Average  
4 Not very well off 

5 Not at all well off  
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Appendix F 

Geographic Information Systems (GIS) Overview 

Geocoding = address matching  

- Layers: how they are mapped on ArcGIS (points – cities, lines – rivers, streets, series of point, polygons 

– series of points). Features include  house, grass, road. Behind any features there is a table and 

geographic reference that allows it to be mapped on XY coordinates 

1. Start searching by address; if no match by address is found, follow up with a search by postal code.  

2. Add matches. Using the file that will link to the street network, type in street name. It should match and 

link within ArcMap.  

3. When in ArcMap, start with the street network as a layer. We have access to all streets in Canada. 

Attributes will be provided for the streets, including names, prefixes, suffixes, minimum and maximum 

number on both sides of the streets. This information is used to search and match to those in Google earth.  

Tools  geocoding  Geocode addresses. Choose file (and navigate through to find the file).  

- This will open the address matcher. Choose excel table that we want to find and work with. By bringing 

the excel file into ArcMap, it can be used to match the addresses. Choose to match by street name, and if 

necessary, by postal code.  

4. See results (match by percentage). 80% is an acceptable match. These numbers will be provided in the 

attribute table.  

5. Open Google earth (get further focus using street-view) to check for those that are matched at below 

80%. Convert to “KML” (geometric coordinates that transfer to be used with Google earth coordinates). 

Google Earth allows viewing of different layers. Search using postal code (when searching by address 

doesn’t work) in ArcMap; if this doesn’t work, go back to searching by address.  

6. When the appropriate location is identified, use a ‘pin’ tool and place it at the closest point on the 

building. Take the coordinates (latitude/longitude) and copy/paste into ArcMap, click on the hand and add 

the point. Edit the attribute table (edit tool  start editing). The pin will provide with latitude and 

longitude to use in GIS. 

Edit  go to XY  Geocode layer  (click pencil tool)  click on the point, go to the attribute table 

and fix up the new version. Delete the old version and add that it was 100% matched.  

However, if there was already a match (just less than 80%), when updating to the new location (that is 

fixed), dragging the point (using the select tool) to the new location, will change the qualities in the 

attribute table. Once placed, change to 100% match.  

* If you come across the term ‘tied’ – it means that it is matched but it has the same geographic area as 

another. 

* If unmatched (can’t find for any reason), then use the FIND tool (binoculars); right click – zoom  

- Right click – zoom to layer (to see results).  
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Appendix G 

Neighbourhood Buffer 

 

1. To create the buffers surrounding the 436 schools, a GIS software program (ArcGIS: ESRI, version 

9.3) was used. A 1 km circular radius buffer was used for this study. The land area for a 1km buffer is 

~3.14 km
2
 (if no water bodies are present). All built environment (physical and food environment 

measures) were obtained within this 1 km circular radius buffer surrounding the schools. 

It is important to remember that water bodies may be accounting for some of the land area. Area of the 

water bodies therefore had to be calculated for each buffer to obtain the appropriate buffer size 

information.  

Water bodies (to be subtracted from the total land area to determine buffer size) 

General Overview:  

1. Merge water bodies   

2. Remove irrelevant water boundaries data from the merged water bodies attribute table 

3. Overlay merged water bodies layer with the 1km HBSC School buffers layer 

4. Represent all water body polygons as one polygon per school buffer (use the dissolve tool) 

5. Setup UTM Grid and select water bodies for each UTM Zone (from Zone 7N to Zone 23N) – Setup 

UTM Grid 

6. Provide projections and calculate the area of the selected water bodies located in a specific UTM Zone 

 

Step 1: Merging water layers in ArcMap (Merge) 

In ArcMap, select the merge tool (in the ArcToolbox) and navigate to the DMTI Route Logistics folder.  

From each province subfolder add the Hydrography Regions (hyr.shp) shapefiles. Also add the Canadian 

water bodies (CanWat.shp) shapefile.  

 

Step 2: Remove irrelevant water data 

The merged water layer also includes some additional information that isn’t necessary for the area 

calculation (i.e. flood plains). Therefore, using a simple query, remove this information from the database. 

In the Selection menu choose Select by Attributes. Using a simple query, select all water features that 

need to be removed from the database. Query example:  ["FEATURE" = 'Waterbody: Irrigation canal' OR 

"FEATURE" = 'Waterbody: Flooded area' OR "FEATURE" = 'Waterbody: Irrigation canal']. Turn on the 

editor toolbar and delete these selected water body features. 

 

Step 3: Overlaying the 1km buffers with the merged water boundaries (Intersect)  

With the intersect tool (found in the ArcToolbox) overlay the 1km HBSC2010 school buffer layer with 

the water boundaries layer created in step 2. The 1km HBSC2010 school buffer can be found in the 

HBSC Database folder. 

 

Step 4: Convert the water boundary polygons into one water boundary polygon (dissolve). 
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Next we need to merge all the water polygons into one water polygon per school buffer. This can be done 

using the Dissolve tool located in the ArcToolbox. In the Dissolve window, select the overlaid layer (step 

3) and ID2 as the dissolve field.  

 

Step 5: Setup UTM grid (Projection grid) 

In the data frame properties select the Grids tab. Then select New Grids and again select the Graticule 

option. The next window will ask you to create parallels and meridians based on degree intervals. For the 

parallels text box, provide a value of 10 and for the meridians text box provide a value of 6. Click ‘next’ 

until finish.  

 

In the layout view, use the grid to select water bodies by UTM Zones starting with Zone 7 (first on the 

west) to zone 23 (first from the east). 

 

Step 6:  Setup projections (Projections) 

Projections are required for making spatial calculation such as an area or length of a feature. In this case, 

we have to setup appropriate projections based on the UTM Zone identified on the grid. For UTM Zone 7, 

we would need to provide a projection of NAD 83 Zone 7N. To do this, go into the data frame properties 

select Predefined -> Projected Coordinate Systems -> UTM -> North America -> NAD 83 (NSR2007) 

Zone 7N. Make sure the water bodies are selected in this zone before going to the next step. 

 

Step 7: Using projections to calculate the areas of water boundaries (Area Calculation) 

In this step we will calculate the area of the water bodies that were selected for zone 7 (in step 5). Open 

up the attribute table of the dissolved layer (step 4) and create a new field with a “double” data type. 

Name this field “Area.” Right click on the “Area” field and select Calculate Geometry. In the Calculate 

Geometry window, select the Coordinate System of the Data Frame option. Select a unit of measure (ie: 

square meters). Click OK. This procedure will calculate the area of the selected water body polygons. 

Repeat step 5 to step 7 for the rest of the water bodies that require area calculations.  
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Appendix H 

GIS: Walkability Measures 

Walkability Measures 

Neighbourhood walkability is a complicated construct that includes various measures of the 

neighbourhood built environment. This section will provide a detailed protocol for measuring all potential 

built environment features that may impact walkability, and give an explanation of the walkability 

measure used in this study.  

1. Street Measures 

1. In ArcMap, launch a new map for each school with a ‘new, empty map.’ 

2. Select the ‘Add data’ icon, and successively add the following layers: 

a. Provincial borders (CanMap RouteLogistics/CanMapRouteLog/ 

Arcview/V2009.4/Ontario & Quebec/ArcView/ArcView/Nad83/CanMapRL/ON/ 

Canada/CANprv.lyr)* 

b. National water (ON/Canada/CANwat.lyr)* 

c. Schools (ON/POI/ONedu.lyr)* 

d. Road networks (ON/Streets/ONrte.lyr)* 

*Pathways vary within different provinces, but folders are sorted intuitively and are relatively easy to navigate.  

3. From the menu, select ‘open attribute table.’ Use the attribute table to locate and highlight the school of 

interest (based on school FID number). Right click and ‘zoom to’ the layer (school). Enter the school PID 

and ID numbers into columns ‘A’ and ‘B’ of the Excel document used to collect street-level information.  

4. Select the red toolbox icon in the menu across the top of the screen and navigate through:  

‘ArcToolbox’  ‘Analysis Tools’  ‘Proximity’  ‘Buffer’ to open the buffer menu to create a buffer 

around the school of interest. This will create an output file name automatically. This process will be done 

repeatedly for each school, so change the name to include the schoolID so to easily locate it for later 

reference. For distance, type in ‘1’ and select ‘kilometers’ from the drop down menu. Hit OK, and a 

buffer will be generated as a new layer. 

5. This buffer will be clipped to include relevant information and exclude data outside of the selected 

buffer region. Navigate again to the ArcToolbox  ‘Analysis’  ‘Extract’  Select ‘Clip.’ 

a. For input features, select ‘Education.’ For Clip features, select ONedu_Buffer4086 (or whatever 

the name of your buffer file is). For output, modify the name to include these particulars (i.e. the ID 
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number of the school and the layer being clipped) to make it easier to locate the file later if 

necessary  

b. Repeat the above procedure, but replace the input feature with ‘Roads.’ 

c. Repeat the above procedure, but replace the input feature with ‘Water.’ 

6. With the relevant features and layers in place, the original layers can be removed. Right click and select 

‘remove’ for original layers that extend outside of the buffer. 

7. To account for the natural curvature of the earth and to change the oblong shape of the buffer to 

become circular, the projection must be adjusted (for each buffer). Follow this pathway: Layers  

Properties  Coordinate system  Predefined  Projected Coordinate systems  UTM  NAD 1983 

Under NAD 1983, there are a number of projections to choose from. To determine which one is 

appropriate, the website <http://www.dmap.co.uk/utmworld.htm> provides a map of the world divided 

into the regions. Find the region where the school is located, and select the projection with the 

corresponding number from the NAD 1983 file. Then hit ‘Apply’ and ‘OK’ and the buffer should now 

appear circular. 

8. To look for street connectivity, nodes need to be added to the projection.  Launch ArcCatalog. Enable 

the ‘Network Analyst Tool;’ navigate to ‘tools’ then ‘Extentsions’ making sure the Network Analyst box 

is checked. The same needs to be performed in ArcMap.  

9. In ArcMap, right click the buffer roads layer (clipped) and select ‘layer properties,’ navigating to the 

‘source’ tab. This gives the exact location of the file – use that to locate the layer in ArcCatalog, right 

click and select ‘New Network Dataset.’ Follow these steps: 

a. Choose an appropriate name for your new layer of street nodes and hit ‘Next’ 

b. Where the ‘connectivity’ button is, choose next (the default selection is what we need; no need to 

make any adjustments). 

c. When it asks about modifying the connectivity based on the elevation data, select ‘No.’ 

d. When it asks about modeling turns, select ‘No.’ 

e. For the chart setup, hit ‘Next.’ You will get a warning, saying you need to choose at least one 

cost attribute and the program will ask if you want to set one up based on shape length. Choose 

‘Yes.’ 

f. Network analyst will then ask you if you want to establish driving directions. Choose ‘No’ and hit 

‘Next.’ 

g. The final screen will provide a summary of your network. Select ‘Finish.’ 

h. When the network is created, ArcCatalog will ask you if you want to build the network now. 

Select Yes. A new shapefile will be created with your street network nodes. Note the location. 

i. Back in ArcMap, select the Add Data button, and navigate to the location of the new shapefile, 

click it to add it to the map. 

10. Data cleaning is now required. Most importantly, it is important to get rid of any false nodes (which 

includes nodes located on straight strips of road or nodes located in the center of a loop or cul-de-sac) (do 

step 12 immediately after whenever these occur), and nodes where roads intersect the perimeter of the 

http://www.dmap.co.uk/utmworld.htm
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buffer). To do this, click ‘Selection’ on the menu at the top of the screen, and the selectable layers to 

roads and nodes respectively. 

11. From the editor toolbar, select ‘start editing.’ Several options will be provided; select the data source 

that will allow to edit the layers with the information on the roads and nodes. Ignore any notification you 

might receive regarding map projections and ‘start editing.’ Use the cursor to select false nodes, and hit 

the delete button to remove them. 

12. Segments of road where there is a false node placed somewhere along their length are counted as two 

separate segments by the system and need to be merged for the purposes of our analysis. In this case, 

select the two road segments to be merged, and then go to the editor toolbar and select ‘merge.’ 

13. The nodes and the street network will now have to be connected into a single layer.  

a. Begin by right clicking the nodes layer, and select ‘joins and relates,’ then ‘join.’  

b. Next, choose ‘join data from another layer based on location’ option 

c. select the roads layer to join the nodes to. 

d. Specify a file name and location to save the resulting layer (probably a good idea to put it where 

you have saved the other layers) 

e. The layers will then be joined as a new layer, added to the map. 

14. Next, begin collecting information for the Excel file ‘Data-StreetMeasures.’ 

a. Match a road on the map to the road listed in the schools address using the Identify tool. Scroll 

down and check the value under ‘CARTO,’ and enter that in column C (‘Type1’). Scroll down 

further and check the value under ‘SPD_KM,’ and enter that in column O (‘Speed1’). These values 

correspond to the type of road and posted speed limit for the main road on which the school is 

located. 

b. Repeat step ‘a’ for the road that intersects the main road at a location close to the school, if such 

a road exists. Enter the CARTO value in column D and SPD_KM value in column P for this road. 

If there is no second road leave these columns empty in the Excel document. 

c. Next, we will be calculating road length measures.  

i. Right click the road layer, open the attribute table, go to options and hit Add Field. 

*You will have to go to the editor toolbar and ensure ‘stop editing’ has been selected for this 

to be possible. 

*You may sometimes receive the following error message: “Cannot add field to the selected 

table/feature class because it is in use by another application/user.” This message seems to occur 

because the pathway to the layer file has become too long. You can resolve the issue by right-clicking 

the layer, scrolling to data, and hitting ‘Export data.’ Send it to a new location, closer to the desktop, 

shortening the pathway. When prompted, add the exported layer to the map, and perform the length 

analysis on that file rather than the original. This should resolve the issue. 
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ii. Name the new field ‘Length,’ and set the type to ‘Double.’ For precision, set it to 10 

(=total number of digits), and scale, set it to 4 (=number of decimal places).  

iii. Navigate to the Editor toolbar and select ‘start editing.’ (make the necessary selection 

when the prompt comes up that will allow you to edit the roads layer). Open the attribute 

table, and select the length column by left-clicking the title cell. Then right click the same 

column and select ‘Calculate geometry.’ 

iv. Set units to metres, and ensure that it is set to ‘Use coordinate system of the data frame.’ 

v. The length of each individual segment of road has been calculated, but we want only sums 

or particular types. So, within the attribute table go to options and press ‘select all.’ Then, go 

to one of the greyed-out cells at the left end of one of the rows, right click and hit ‘copy 

selected.’ 

vi. Paste the table into a blank excel sheet. Delete all the columns EXCEPT for CARTO, 

SPD_KM, and length. First, ‘sort ascending’ along CARTO, and add up the total lengths of 

road classified as 1, 2, 3, 4, 5 and 6 respectively. Doing so provides the relevant values for 

columns E, F, G, H, I, and J respectively. These together total the value for K, which will be 

done automatically by a formula in the Excel spreadsheet as the other values are entered. 

vii. ‘Sort ascending’ along SPD_KM and add up the total lengths of road with speeds falling 

into each of these four respective categories: <35, 36-60, 61-85, >85. Doing so provides the 

relevant values for columns Q, R, S and T. 

d. Next, we will be calculating road connectivity measures 

i. Open up the attribute table for the node joined nodes and roads layer. The ‘count’ field 

represents the number of streets intersecting each node in the layer and will be used to sort 

streets as follows: 

Count = 1  Dangle node 

Count = 2  Cul-de-sacs and corners 

* note: counts 1 and 2 will be used for the outdoor play area measure of cul-de-sac density 

Count = 3, 4 or more  real intersections 

Right click the ‘Count’ column, and hit sort ascending. Highlight all cells with values of at 

least 3. The number of highlighted cells (noted at the bottom of the window) gives the value 

for Column N in the Excel spreadsheet. The total number of cells is also provided at the 

bottom of the window, and that is the value for Column M. 
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e. Last, we calculate total land area (use the measure from before). If there is no body of water, then 

the area of the 1 km buffer is simply 3.14 km
2
. If there is a body of water (or bodies of water), then 

right click the water layer, open the attribute table, and add a field for ‘area.’ Use the field 

calculator to determine the respective sizes of the bodies of water, and then subtract them from 3.14 

to yield the final value for Column L in the Excel document. 

Intersection density = #intersections/total land area 

Average block length = sum of all lengths/# of intersections 

Connected node ratio = # intersections classified with 3 or 4 count/total number of intersections  

% Low speed roads = total length of roads with speed below 50 km/hour/total length of all roads 

 

Land use mix 

Step 1: Merging land-uses in ArcMap (Merge) 

In ArcMap, select the merge tool (in the ArcToolbox) and navigate to the DMTI Route Logistics folder.  

From each province subfolder add the land use regions (lur.shp) shapefiles.  

 

Step 2: Select and Export a land-use of interest from the merged land-use layer 

From the merged land-use layer select a land-use of interest for the area calculation. This can be done by 

using a simple query "CATEGORY" = 'Commercial'.  

 

Step 3: Overlaying the 1km buffers layer with the selected land-use layer (Intersect)  

Using the intersect tool (found in the ArcToolbox) overlay the 1km HBSC2010 school buffer layer with 

the commercial land-use layer. The 1km HBSC2010 school buffer can be found in the HBSC Database 

folder. 

 

Step 4: Convert the commercial land-use polygons into one boundary polygon (dissolve). 

Next we need to merge all the commercial polygons into one polygon per school buffer. This can be done 

using the Dissolve tool located in the ArcToolbox. In the Dissolve window select the overlaid layer (step 

3) and ID2 as the dissolve field.  

 

Step 5: Setup UTM grid (Projection grid) 

In the data frame properties select the Grids tab. Then select New Grids and again select the Graticule 

option. The next window will ask you to create parallels and meridians based on degree intervals. For the 

parallels text box provide a value of 10 and for the meridians text box provide a value of 6. Click next 

until finish.  

 

In the layout view, use the grid to select commercial land-uses by UTM Zones starting with Zone 7 (first 

on the west) to zone 23 (first from the east). 

 

Step 6:  Setup projections (Projections) 

Projections are required for making spatial calculation such as an area or length of a feature. In this case 

we have to setup appropriate projections based on the UTM Zone identified on the grid. For UTM Zone 7, 

we would need to provide a projection of NAD 83 Zone 7N. To do this go into the data frame properties 
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select Predefined -> Projected Coordinate Systems -> UTM -> North America -> NAD 83 (NSR2007) 

Zone 7N. Make sure the water bodies are selected in this zone before going to the next step. 

 

Step 7: Using projections to calculate the area of commercial land-uses (Area Calculation) 

In this step we will calculate the area of commercial land-uses that were selected for zone 7 (in step 5). 

Open up the attribute table of the dissolved layer (step 4) and create a new field with a “double” data type. 

Name this field “Area”.  Right click on the “Area” field and select Calculate Geometry.  In the Calculate 

Geometry window select the Coordinate System of the Data Frame option. Select a unit of measure (ie: 

square meters). Click OK. This procedure will calculate the area of the selected commercial land-uses. 

Repeat step 5 to step 7 for the rest of the commercial land-uses that require area calculations. Repeat step 

2 to step 7 for calculating the area of other types of land-uses.  

- Enter the area values for each of the land use types into an excel spreadsheet by ID2 

 

Sidewalks 

Overview: 

1. In ArcGIS: Extract streets within 1km buffer of School. Save extracted streets as a Google 

Earth file. 

2. Open extracted streets in Google Earth. Detect and delete any street segments with no 

sidewalks. 

3. Import the modified streets in ArcGIS. Calculate the total length of streets in meters or 

kilometres. 

 

Step 1: ArgGIS: Extract Streets within 1km around HBSC School 

1) Open up ArcMap and add the Canadian provincial, water and street network layers from the DMTI 

Spatial Data folder.  

2) Add a HBSC school point shapefile located in the HBSC2010 database folder. In this case we will use 

edu225. 

3) Double click on the layer symbols. This allows you to change the colour, symbol type and width of 

layers. 

 
 
 

  Figure 1. Added layers in ArcMap 

     
 
4) Select the ArcToolbox, navigate to Analysis Tools -> Proximity-> Buffer. Follow the instructions in 

figure 2 below. 

- Insert the edu225 point shapefile. Specify the distance of buffer at 1km and save to a folder. Select Ok. 
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Figure 2: Generate a buffer at a specified distance around a point layer. 

    
 
     
  Figure 3: The buffer output  

       
 
5) Next, extract the street network by overlaying the street network layer with the buffer layer. 

    Select the ArcToolbox, navigate to Analysis Tools -> Overlay-> Intersect 

 

Figure 4: Overlay procedure using the street network and the 1km buffer generated in step 3. 
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Figure 5: Street network extracted using the intersect tool in step 5 

 
 
6) Next, save the extracted street network and the buffer layer as a KML file (KML files can be imported 

into Google Earth).  

a) Double click on the street network symbol and select a bright red or green colour with a width value 

of 3. 

b) Double click on the buffer layer symbol and select a bright colour that is different than the street 

network. 

    c) Open the ArcToolbox and select Conversation Tools -> To KML -> Layer to KML 

    d) Follow the instructions in the following figure 
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 Figure 6: Converting the street network to a KML file for displaying in Google Earth. 

  
 
 
Step 2: Detecting sidewalks in Google Earth 

 

1) Navigate to the folder where the KML files were saved and double click on both files. This will 

automatically display the street network and buffer layers at the exact school location in Google Earth 

(based on their coordinates). 

 

Figure 7: Street and buffer layers opened in Google Earth. 

 
 
 
2. Select the street view layer located on the Google Earth table of contents. This will display the Google 

Streets photos. The Google streets photos provides a panoramic view of the street.  

 
Figure 8: Google streets layer. 
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3. In the table of contents, double click on the plus sign beside the street network layer. This will open up 

a series of street segments that are located within the 1km buffer. Double click on the first segment. This 

will automatically take you to the location of the selected street. Check for streets that contain sidewalks. 

Detection can be conducted by zooming, panning or by using the street view option (double clicking on 

the photos).  

 
Figure 9: Sidewalk detection procedure. 

 
 
    4. Go through all the street segments and delete any that do not contain any sidewalks. See figure 10. 

 

Figure 10: Remaining streets after the sidewalk detection was completed.   

You may also double click on the 

street layer to take you directly to the 

street segment in the table of contents. 

Delete street segments that do not 

contain any sidewalks. Right click and 

select delete. 
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5. Save the modified street network as a Google Earth file. To do this simply right click on the street 

network layer and select Save Place As. 

 
 
Step 3: Calculating the total length of sidewalks  

 

1. On the standard toolbar in ArcMap, navigate to the ET Geowizards Tool and select the ‘Import from 

Google Earth’ option. In the first text box select the Google earth street network that was saved in step 

two.  For the second box specify the output folder. 

 

Figure 11:  Importing a Google Earth file into ArcGIS. 

 
2. Next we need to provide the data frame with the proper projection to accurately calculate the length of 

the imported streets. To do this, follow the instructions below: 

 



 

155 

 Right click on the data frame name (Layers) and select properties. Select Predefined -> Projected 

Coordinate System 

-> UTM -> NAD 83 ->UTM NAD83 Zone 17N. Select OK.  

 

Figure 12:  Changing projection of the data frame. 

 
 
Figure 13: Selecting the type of coordinate system & the projection zone  

             
 
3. In the table of contents, right click on the imported street layer and select attribute table. 

    In the attribute table click the option menu and choose add field. Follow the instructions in figure 15. 

 
Figure 15: Creating an additional field in the attribute table of the imported street network. 
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Figure 16: Add field window. 

   
 

4. Next, calculate the length of each street segment. Follow the instructions in figures 16 and 17. 

 

Figure 16: Calculating the length of each street segment. 
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Figure 17: Second step to calculating the length of streets. 

 
  
5. To calculate the total length of the imported streets right click on the Area field and select Statistics. 

 

Figure 18: Procedure for calculating the total length of sidewalks. 

 
 
Figure 19: Total length of sidewalks 

 
 
 

 

 

This is the total length 

of sidewalks in meters. 



 

158 

Appendix I 

GIS: Outdoor Play Spaces 

Outdoor play areas 

Cul-de-sacs: using the information collected in the street connectivity files, sum roads scored as counts 1 

(Dangle node) or 2 (cul-de-sac and corners) and divide by the total buffer area (subtracting water).  

- Some cul-de-sacs were hard to distinguish from roads with dangle-node or dead ends, and are therefore 

counted as the same for the purpose of this study.  

 

 
 

Parks and wooded areas 

Calculating green space areas within 1km buffer of HBSC Schools in ArcMap - ArcGIS 10  

Step 1: Merge the parks and recreational regions and the vegetation regions shapefiles in ArcMap  

In ArcMap, select the merge tool (in the ArcToolbox) and navigate to the DMTI Route Logistics folder.  

From each province subfolder add the parks and recreational regions (prr.shp) and the vegetation regions 

(ver.shp) shapefiles.  

 

Step 2: Select and Export a land-use of interest from the merged land-use layer 

From the merged land-use layer select the data that will represent the green spaces such as the parks / 

sportsfields, other parks and the wooded vegetation. This can be done by using a simple query 

"FEATURE" = 'Park/Sports Field: Generic/unknown' OR "FEATURE" = 'Other Parks' OR "FEATURE" 

= 'Vegetation: Wooded area' 

 

Step 3: Overlaying the 1km buffers layer with the selected green space layer (Intersect)  

Cul-de-sacs 
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Using the intersect tool (found in the ArcToolbox) overlay the 1km HBSC2010 school buffer layer with 

the green space layer created in step 2. The 1km HBSC2010 school buffer can be found in the HBSC 

Database folder. 

 

Step 4: Convert the green space polygons into one boundary polygon (dissolve). 

Next we need to merge all the green space polygons into one polygon per school buffer. This can be done 

using the Dissolve tool located in the ArcToolbox. In the Dissolve window select the overlaid layer (step 

3) and ID2 as the dissolve field. (this is because we are interested in the total area per buffer, not of the 

individual green spaces) 

 

Step 5: Setup UTM grid (Projection grid) 

In the data frame properties select the Grids tab. Then select New Grids and again select the Graticule 

option. The next window will ask you to create parallels and meridians based on degree intervals. For the 

parallels text box provide a value of 10 and for the meridians text box provide a value of 6. Click next 

until finish.  

 

In the layout view, use the grid to select green spaces by UTM Zones starting with Zone 7 (first on the 

west) to zone 23 (first from the east). 

 

Step 6:  Setup projections (Projections) 

Projections are required for making spatial calculations such as an area or length of a feature. In this case, 

we have to setup appropriate projections based on the UTM Zone identified on the grid for the region of 

interest. For UTM Zone 7, we would need to provide a projection of NAD 83 Zone 7N. To do this go into 

the data frame properties select Predefined -> Projected Coordinate Systems -> UTM -> North America -

> NAD 83 (NSR2007) Zone 7N. Make sure the water bodies are selected in this zone before going to the 

next step. 

 

Step 7: Using projections to calculate the area of green spaces (Area Calculation) 

In this step we will calculate the area of green spaces that were selected for zone 7 (in step 5). Open up 

the attribute table of the dissolved layer (step 4) and create a new field with a “double” data type. Name 

this field “Area.” Right click on the “Area” field and select Calculate Geometry. In the Calculate 

Geometry window, select the Coordinate System of the Data Frame option. Select a unit of measure (i.e.: 

square meters). Click OK. This procedure will calculate the area of the selected green spaces. Repeat 

steps 5 to 7 for the rest of the green spaces that require area calculations.  
 

Yards at home (explained in Appendix K) 
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Appendix J 

GIS: Recreation Facilities 

 

Recreation facility count 

Description: This protocol is a guide for calculating or aggregating the number of recreational facilities 

within a 1 km buffer around HBSC Schools at the national level. 

Overview: 

1. Import relevant layers in ArcMap provided by DMTI (Canadian Businesses Database, 1km School 

Buffers etc.) 

2. Extract recreational facilities from the business database  

3. Overlay the recreational facilities point features with the 1km HBSC School buffers 

4. Aggregate the number of recreational facilities per school buffer (using an aggreation tool) 

 

1. Display startup data in ArcMap 

Open up ArcMap and add the Canadian Businesses database shapefile along with the provincial and water 

boundaries from the Queen’s GIS data folder. From the HBSC database folder add the 1km HBSC 

schools buffers. 

 
Figure 1: startup layers in ArcMap. Dark points are all the businesses across Canada. 

 
 
2. Select recreational facilities: 

Open up the attribute table of the Canadian business layer (right click on the layer and select open 

attribute table). Notice all the attributes associated with each business type. Also notice the six different 

types of codes known as Standard Industrial Classification  “SIC” codes depicting the function of the 

business. At this point, we are interested in selecting the SIC code that represents recreational facilities 
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which is 79990000.  It is possible to further specify by type by limiting to an even greater degree (SIC_1, 

SIC_2, SIC_3, etc.).  

 

1. Click on “table options” and choose “select by attributes”  

2. In the methods window select “SIC_1” 

3. Click on the “Get Unique Value” button. 

4. In the unique value window select the code 79990000 

5. Type in the selection query. 

6. Select apply. This will select and highlight all the recreational facilities in business database. 

(we only maintained those that were – dance studios and halls, bowling centers, physical fitness facilities, 

public golf courses, membership sports and recreation clubs, and amusement and recreation not elsewhere 

classified).  

 
Figure 2: Selection of the recretional facilities. 

 
 

Next, extract and save the selected recreational facilities. Close the attribute table, right click on the All 

Canada Businesses layer and select “export data.” Save the output to your work folder. Name the file 

rec_1km. 

 

Figure 3: New temporary layer containing the selected recreational facilities from the business database. 

 
 
3. Overlay Procedure: Overlay the extracted recreational facilities with the 1km school buffers. 
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Next, overlay the 1km HBSC School buffers with the recreational facilities. On the standard menu bar, 

select “Geoprocessing” and then “Intersect.” Follow the instructions shown in figure 4:  

 

1. On the standard menu select Geoprocessing then select the Intersect  

2. In the Input Features dropdown box select the HBSC School buffers along with the selected 

recreational facilities. 

3. Save the output to your work folder. Name the output as rec_1km_buffer_overlay. 

4. Click OK.  

 

Note: When a particular recreational facility is overlaid with a school buffer, it adopts the attributes of the 

school buffer that is overlaid with such as the school coordinates, school name and most importantly the 

school ID.  

 
Figure 4: Overlay procedure using the extracted recreational facilities and then 1km buffers 

 
 
 

4. Aggregation: Determining the number of recreational facilities within each school. 

 

The logic behind the aggregation is to count the number of recreational facilities for each school buffer. 

From the standard menu select Geoprocessing  Dissolve.  Follow the instructions below:  

 

1. In the Dissolve window make sure that the rec_1km_buffer_overlay layer is selected from the Input 

Features dropdown box. 

 

2. The dissolve window allows one to keep a field constant while also aggregating the number of 

incidences or cases for that particular field. In this case we want to select ID2. We will use the school ID 

as a constant while calculating the number of recreational facilities for this ID.  

 

3. In the Statistics Field dropdown box select NAME. This is the name of recreational facility. In the 

Statistics Dropdown box select COUNT because we want the counts of recreational facilities for each 

school ID (ID2) using NAME as the count field.  

 

4. Save the output to a work folder and Select OK to proceed. 
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Figure 5: Aggregation procedure for determining the number of recreational facilities per school buffer. 

 
 
Our output consists of two main fields including the school ID and the number of recreational facilities 

for that ID.  

 

Figure six shows the attribute table of the aggregation output containing the school IDs and the number of 

recreational facilities for those IDs at a 1km buffer. 

 

Figure 6: Number of recreational facilities aggregated for each school buffer.  
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Appendix K 

GIS: Neighbourhood Aesthetics 

Neighbourhood Aesthetics (and yards at home) Data Collection 

Overview:  

1. Plot sample points in ArcGIS  

2. Export sample points to Google Earth. 

3. Analyze neighbourhood in the sample point location.   

 

Getting Started: (a brief reminder) 

1. In ArcMap open the Neighbourhood Aesthetics Project (located in the HBSC2010 Database Folder).   

 

2. Once the project opens you will notice some data layers in the table of contents. These layers are 

represented as spatial features in the Data View window. Each spatial feature contains an attribute table 

where spatial data is stored. The grid that is visible in the data view window is a drawing with no spatial 

component, thus it has no associated layer and no attribute table.  

 

    Table of Contents    Data View  

 

 
 
 
Changing Data Frame Projection: 

 

2. Procedure for changing projection in the data frame properties  
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 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 that span across Canada. Kingston 

(as an example) is located in the 18
th
 projection zone. Therefore, we will provide the data frame with a 

UTM NAD 83 Zone 18 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  Predifined  Projected Coordinate System  

UTM  NAD 83  NAD 83 ZON 18N.   

 
 Data Collection:  

3. Click the Editor dropdown arrow and select Start Editing. From the list, select Sample View Points. 
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4. Make sure that in the Target Dropdown Box you see the name “Sample View Points”

                            
5. To start collecting sample points for the Target Layer – select the Pencil Tool.
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6. Place a sample point on a street that is closest to each grid point. Repeat this procedure for all of the 

grid points. 

 
 
 
7. Use the arrow tool to select and delete the grid drawing. This will display all of the sample points.  

 
 
8.  Each sample point is stored in the attribute table of the Point View Layer.  

Double click the layer 

symbol to change its 

colour, size and style.  

These do not require 

sample points as 

there are no nearby 

roads. 

To restore the grid 

hold down the Ctrl Z 

keys. 
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Generate x y coordinates: 

Next, we need to generate x y coordinates for each sample point. Coordinates can be used as a reference 

to retrace the location of the sample points. 

 

a) Right click the x_coord column and select Calculate Geometry.  

b) In the Property dropdown box select  x coordinates of point.  Select OK. 

c) Repeat the same process for the y_coord 

 

9. How to generate x y coordinates for each sample point. 

               
 
 
10. Overlay operation using the Point View and 1km buffer layers. 
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Name the output layer: Sample_Points_Intersect 

 

Provide each sample points with the appropriate school ID. We can do an overlay operation using the 

school buffers and the sample points that we have collected. The school buffers contain the school ID. 

Therefore, by overlaying the sample points layer along with the school buffers layer, a new layer will be 

created that contains the sample points with their associated school IDs. 

 

11. New added column in the attribute table of the intersect output layer 

 
 
Open the attribute field of the sample_points_intersect layer. Add four fields where the neighbourhood 

scores will be added. Select Options  New Field. Name each field as shown above. For each field, 
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provide a long integer data type. Add another field titled IDA, which will be used in Google Earth to 

identify each sample point. Right click the IDA field and choose field Calculator. Follow the instructions 

in the figure below: 

 

Converting x y coordinates to KML (Google Earth file) 

 
12. Select the ArcToolbox. Choose Conversion Tools -> To KML -> Layer to KML 

 
 
13. Converting ArcMap layers to Google Earth layers. 

1. Choose ArcToolbox 

2. Conversion Tools 

3. To KML 
 4. Layer to KML 
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The buffers with the grid points are now input into Google Earth to assess neighbourhood 

aesthetics/physical disorder. 

 

Google Earth Street 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 1km grid. 

 

4) Place “person” icon on the closet street to the marker to activate Google street view. 

 

5) For all 15 locations, through a 360 degree rotation, you will be assessing: 

 

1) Overall condition of residential/non-residential buildings and grounds 

2) Amount of graffiti 

3) Amount of Litter 

4) Proportion with front yard (for the yards at home measure) 

*Note, this last measure (front yard) will be used for the outdoor play spaces 

measure (proportion of houses with yards) 

Residential areas, non-residential areas (commercial, industrial), or mixed areas are rated with the 

same scales. 

 

1) Overall condition of most residential/non-residential buildings and grounds 

Do a 360 degree rotation looking for condition of buildings/grounds. Based on the scale below give the 

location a score and record it in the excel sheet for the corresponding school and location 1 under the 

buildings & grounds column (see example below). 
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For this item, it is imperative that assessments are made based on an ideal instead of conditions being 

viewed relatively. For example a rater should not say to him/herself. “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 raters. 

Buildings: If possible look at condition of: roof (shingles), building (brick, siding, stucco, paint), 

windows/shutters, and stairs/porch 

Grounds: 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, 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; 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. 

2) Amount of Graffiti 

Do a 360 degree rotation looking at Graffiti. Based on the scale below give the location a score and 

record it in the excel sheet for the corresponding school and location 1 under the graffiti column (see 

examples below). 

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) 

3) Amount of litter 

Do a 360 degree rotation looking for Garbage/Litter/Trash. Based on the scale below give the location a 

score and record it in the excel sheet for the corresponding school and location 1 under the garbage 

column (see examples below). 

1 - None – no litter 

2 – Very Little – the odd piece (1-2 pieces) 

3 - A little – slightly noticeable (3-10 pieces) 
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4 - A moderate amount – a significant amount (11-20 pieces) 

5- A considerable amount – in great abundance (More than 20 pieces) 

 

Outdoor play spaces: This measure combined parks, green and other wooded areas, yards at home, and 

density of cul-de-sacs. The proportion of houses with a front yard was measured using the same protocol 

as neighbourhood aesthetics, using the following scale:  

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 1 under the yard column 

1 - More than 3/4 to all – If 10 buildings, 8 to 10 have front yards. 

2 - More than half to 3/4 – If 10 buildings, more then 6 to 7 yards. 

3 - 1/4 to 1/2 – If 10 buildings, 3 to 5 have front yards. 

4 - Less than 1/4 - If 10 buildings, 1 to 2 have front yards. 

5 - None – No buildings have front yards. 
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Appendix L 

GIS: Census 

Census Data surrounding the HBSC Schools at 1km buffer (to measure population density and 

socioeconomic status) 

This protocol uses the following programs: ArcGIS 9.3, Microsoft Excel and PCensus for MapPoint 

Step 1: ArcMap 

a) Open ArcMap and select the add button.  

b) Navigate to the HBSC2010 Database Management folder and select the file HBSC2010 Schools 

Shapefile  

c) Right click on the HBSC2010 School shapefile name and select attribute table and a table of records 

will open.  

d) Select all of the records in the table and right click one of the grey boxes on the left side of the table 

and select ‘copy selected.’ 

 

 
 

Step 2: Microsoft Excel 

a) Open up Microsoft Excel and paste the attribute table copied from ArcMap.  

b) In the ID2, column provide a letter for each ID so that PCensus can properly read the schools IDs.  
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Step 3: PCensus MapPoint: 

a) Open PCensus MapPoint and select New Project 

b) Select the radio button: Batch Sites – create circles/drive times from your database of site locations. 

Click next. 

      
 

c) Click browse and select the excel file (containing the school IDs) created in step 2.  

      
 

d) Select the radio button: Use geographic coordinates from field table 
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e) In the 2 drop down boxes, make sure that the X_Coord is indicated in the longitude field and the 

Y_Coord is indicated in the latitude field.  

    
 

f) Name the field from the site table. Choose ID2 

    
 

 

 

g) Set the type of Trade Areas to create around sites. Select Circles.  
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h) Select values for the circle radii. Select ‘manually enter a set of values for all circles’      

     
 

g) Choose the distance units and size of the radii to be placed around the schools. For the purpose of this 

study, we used a 1 km buffer. Set distance units to kilometers and for the radius of the inner and outer 

circles, enter a value of 1.00.  
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h) Leave all values checked and click begin. This maps all of the school locations based on the    

     x_coord and y_coord values provided in step E.  

 
i) The next window shows you the number of schools mapped. You should have 436 locations mapped. 

Click Next. 

     

j) In the ‘database’ window, select Canada 2006 Census for the Demographic Database as shown in the 

diagram below. Proceed to the next window. 
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k) For the Edit File window select cancel.   

    

 

l) In the Lifestyle Target List and SiteScore, uncheck the box as it is not necessary to create this list:  

    
 

m) For the window Thematic Map (optional) click next (don’t need a thematic map) 

     
 

n) In the Export Pointfile window, click next. 
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o) In the Search Study Area window, select Dissemination Block in the Target Type drop down box. 

Click Search Now 

 

 

p) The final window will output a table with all of the census measures at a 1 km radius circular buffer 

surrounding the 436 HBSC schools. Save all the census variables. On the standard toolbar select the 

Export Function.  
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To save all of the census categories into an excel spreadsheet, select the All Categories radio button and 

the Excel Spreadsheet radio button. Click Browse to save the output spreadsheet to a desired location.   

 

The output file will be saved as an htm file that will automatically open in Microsoft Office. Make sure to 

save this file as a Microsoft 2007 file or higher.   

 

These values can now be manipulated and used as necessary.   
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Appendix M 

Manuscript 2 Sample Flow Diagram 
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Inclusion flow chart for manuscript 2 

 

 

  

26,078 students 

436 schools 

Non-urban students (those from 

cities/towns <10,000 people) 

Students with missing information 

on fast food outcome 

Students living >1km from school 

based on postal code information 

Students with no postal code 

information, those with excessive 

travel time or no report of travel 

mode or time 

= 17,033 students  

260 schools 

10,458 students 

3 schools 

Students from schools with 

missing information on fast food 

restaurant exposure measures 

Students with missing information 

on 1 or more covariate of interest 

444 students 

6,099 students 

255 schools 

9045 students 

176 schools 

= 6575 students 

257 schools 

32 students 

= 6099 students 

255 schools 

= 6543 students 

257 schools 

2 schools 
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Appendix N 

Technomics Canada 2009 

 

Chain Food Retailer selection  

Retailer Sales ($,000) 

McDonalds 2,750,000 

Subway 1,109,000 

KFC 705,000 

A&W 645,000 

Wendy’s 559,000 

Dairy Queen 385,000 

Pizza Pizza 373,200 

St. Hubert 342,000 

Burger King 332,000 

Pizza Hut 265,000 

Harvey’s 221,904 

Quizno’s Sub 175,500 

 

No single search term exists in the online Yellow Pages to find fast food restaurants. Therefore, individual 

searches of the names of the most commonly visited and most purchased fast food restaurants were 

performed. To determine these restaurants, food industry reports (generated by Technomic, Inc.) provided 

a list of the top 200 chain restaurants by sales in 2009. We calculated which fast food restaurants 

comprised the top 75% of total sales. This resulted in 12 fast food restaurants, listed above by name and 

total sales for 2009. Each of the above 12 fast food restaurants was searched for individually in the 

Yellow pages to create the fast food retailer database.  
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Appendix O 

GIS: Fast Food Restaurants 

Fast food retailers 

Overview: The addresses of the fast food restaurants within the 1 km buffer were obtained using an online 

database (www.yellowpages.ca). Spreadsheets in Microsoft Excel were created that contained the food 

retailer name, street address, city, province, and postal code.  

Step 1: Navigate to www.yellowpages.ca .  Click on the ‘By proximity’ when searching for the fast food 

restailers.  

 

Step 2: In the relevant boxes, enter the school address information and the name of the fast food retailer 

and click ‘Find.’ 

 

http://www.yellowpages.ca/
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* For some schools located in small towns, the street address for the school may provide no results. If this 

happens, search by town name, postal code, or rural road information. When there are no results, (i.e. no 

restaurants within proximity), an ad page will turn up in the results. If you want to be sure, scan the area 

with Google Imaging, or search the restaurant website.  

When results do appear, the yellow pages provides information on the proximity of the various food 

retailers to the school address searched. The interest for this study was fast food retailers within a 1 km 

circular buffer. All restaurants indicated within 1.5 km around Canadian schools were extracted for the 

database.  

 

Step 3: The results for McDonalds within proximity to 28 Division Street demonstrate that only one 

restaurant was within the 1 km circular radius buffer (within 1.5 km of the school address). 

 

Step 4: Export results to Microsoft Excel 

Copy the URL from the results page. In a new Microsoft Excel document (must be 2007 or higher), click 

the ‘Data’ tab, choose ‘From Web’ and paste the URL into web address line and click ‘Import.’ 
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Step 5: cleaning the database.  

By importing the yellow pages website, you will notice that extra unnecessary information will be 

included. Delete all of this extra information that is imported before the first retailer. Note that each 

retailer is also imported with slogans and extra information that can also be deleted; keep just the first five 

lines of text that begins with the name of the retailer. Each retailer should then have five lines of text 

(name and distance, telephone number, address, category, telephone number), all within 1.5 km.  

Step 6: Save the spreadsheet according to the schoolID (ID2).  

Step 7: Import and clean the database in SAS.  

PROC IMPORT OUT= WORK.test 
DATAFILE= "C:\Users\Rachel.epi\Desktop\Canada\FF Stores 
\1 FF Ecole Corinthia Park.xlsx" 
DBMS=EXCEL REPLACE; 
RANGE="Sheet1$"; 
GETNAMES=NO; 
MIXED=NO; 
SCANTEXT=YES; 
USEDATE=YES; 
SCANTIME=YES; 
RUN; 
 
Tell SAS to number the lines from 0-4. 
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*creating a variable x1 numbering the lines from 0-4; 
data new; 
set test; 
x1 = mod(_n_, 5); 
run; 

We are only interested in lines one and three (retailer name and address), so the other lines can be deleted using SAS. 

*deleting the lines numbered 0, 2 and 4, and keeping lines 1 and 3 
(=name/distance & address); 
data new2; 
set new; 
if x1 = 0 then delete; 
if x1 = 2 then delete; 
if x1 = 4 then delete; 
run; 

SAS code has also been created to remove the commas that the Yellow Pages website places between the relevant information 

(i.e. street name, city, province, postal code). Each of these pieces of information are required for separate variables, so run this:  

data nameadd3; 
set nameadd2; 
delim=','; 
street_name = scan(address,1,delim); 
city = scan(address,2,delim); 
prov = scan(address,3,delim); 
post_code=scan(address,4,delim); 
run; 

This SAS file can be exported back into Excel to the same file that it was imported from.  

PROC EXPORT DATA= WORK.NAMEADDFINAL 
OUTFILE= "C:\Users\Rachel.epi\Desktop\Canada\FF Stores 
\SAS EXPORT 1 FF Ecole Corinthia Park.xlsx" 
DBMS=EXCEL LABEL REPLACE; 
165 
SHEET="1kmFF"; 
RUN; 

In the new excel file, rename F1 ‘name.’ Check for duplicate entries of fast food retailers and delete any 

duplicates. Check for duplicates based on the same address, postal code, and retailer name. If any of the 

information was missing (at times, the online Yellow pages do not provide postal code information), use 

the food retailer’s website, otherwise an online search was conducted through www.Canadapost.ca. If 

retailers are within mall/shopping plazas, check the street address of the plaza and enter it into the 

spreadsheet. This must be done for all 436 schools.  

  

http://www.canadapost.ca/
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Appendix P 

Description of the Kingston Neighbourhoods 

 

 

 

 

 

 

 

 

 

The prevalence of youth exposed to the fast food environment was measured within the city of 

Kingston for Manuscript 2. As illustrated in Figure 4, there are 43 neighbourhoods in Kingston.  These 

neighbourhoods were created based on similarities in social, political, and physical attributes, with 

boundaries that map onto the census dissemination areas created by Statistics Canada.  Of the 43 

neighbourhoods, some were not included in this research because they are entirely made up of 

industrial/agricultural land (Alcan, Kingston Mills, Joyceville/Brewer’s Mills) or prison land (Kingston 

Penitentiary, Collins Bay Penitentiary). Rural neighbourhoods were also excluded (e.g., those located 

Figure 4. Kingston Neighbourhood Profiles Map 
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north of highway 401 and/or east of highway 15, such as Sharpton/Glenvale, Elginsburg/Silver Corners, 

Glenburnie, etc.) based on low population and the absence of Google Earth/Streetview data in these areas.  

To determine the number of youth in each of Kingston’s neighbourhoods, we used the 2006 

Canadian Census collected using the PCensus for MapPoint (Tetrad Computer Applications Inc., 

Vancouver, BC). Kingston neighbourhoods are complicated, as they are each composed of several 

Statistics Canada dissemination areas; as such, the population counts for each neighbourhood were 

determined by summing the counts for the dissemination areas within that neighbourhood. We only 

calculated this for the number of youth that were 10-14 years of age (population counts for the census are 

provided in 5 year age-groups), as this age category resembled the HBSC national sample.   

All built environment features measured in the national school buffers were also measured in 

each of Kingston’s neighbourhoods (only using fast food restaurants for this thesis). Because the size 

(land area) of the neighbourhoods for the national-level study (3.14 km
2
 for a 1 km radius circular buffer) 

are not the same as the size as Kingston’s neighbourhoods (mean of 3.31 km
2
 with a range of 0.61-18.2 

km
2 
), the built environment and fast food measures were calculated relative to their land area (i.e. density 

of fast food restaurants per km
2
). The cut-points that were created during the statistical analyses to define 

the exposure group quartiles for the national-level study (i.e. low, moderate, high density of fast food 

restaurants) were then used to create exposure groups for Kingston neighbourhoods (see Table 18).  

Table 18. Kingston neighbourhood population and fast food retailers 

Neighbourhood name Population of 10-14 

year olds 

Fast food Retailers 

 

 

N 

% of total 

population N 

Density of retailers 

(per  square 

kilometer) 

Exposure group 

(quartiles) 

Alwington 78 1.43 0 0 0 

Auden Park 283 5.20 2 1.05 3 

Balsam Grove/Grenville 70 1.29 0 0 0 
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Bayridge East 265 4.87 0 0 0 

Bayridge West 205 3.76 0 0 0 

Calvin Park 155 2.85 0 0 0 

Cataraqui North 56 1.03 2 0.87 3 

Cataraqui River East 16 0.29 1 0.05 1 

Cataraqui Westbrook 13 0.24 3 0.31 1 

CFB Kingston 127 2.33 1 0.86 2 

Fairway Hills 47 0.86 0 0 0 

Gardiners 88 1.62 3 1.21 3 

Greenwood 159 2.92 0 0 0 

Henderson 251 4.61 0 0 0 

Hillendale 86 1.58 2 2.38 3 

Inner Harbour 228 4.19 6 1.87 3 

Kingscourt 233 4.28 0 0 0 

Lemoine Point 102 1.87 0 0 0 

Markers Acres 175 3.21 1 0.28 1 

Meadowbrook 124 2.28 1 0.42 2 

Mile Square 145 2.66 0 0 0 

Novelis 5 0.09 6 1.03 3 

Polson Park 163 2.99 0 0 0 

Portsmouth 123 2.26 1 0.52 2 

Queens 0 0.00 1 1.15 3 

Ravensview 35 0.64 0 0 0 

Reddendale 95 1.74 0 0 0 

Rideau Heights 403 7.40 2 0.41 2 

Strathcona Park 190 3.49 1 0.60 2 

Sunnyside 269 4.94 0 0 0 

Sutton Mills 325 5.97 3 2.04 3 

Sydenham 29 0.53 1 0.87 3 

Waterloo Village 255 4.68 0 0 0 

Westwoods 533 9.79 0 0 0 

Williamsville 96 1.76 4 6.59 3 

Woodbine 50 0.92 0 0 0 
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Appendix Q 

National-level PAR% of excessive fast food consumption 

 

This table was excluded from manuscript 2 for submission, but is included in the thesis for added 

clarification. 

 

Table 19. PAR% of excessive fast food consumption for the National Study 

Food retailer density Prevalence OR excessive fast 

food consumption 

Population 

Attributable Risk 

None 32.1% 1.00  

Low density (0.01-0.37 per km
2
) 15.5% 1.40 5.8% 

Moderate density (0.38 to 0.86 per km
2
) 30.0% 1.68 16.9% 

High density (>0.87 per km
2
) 22.5% 1.70 13.6% 
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Appendix R 

Sample SAS ‘Proc Glimmix’ Multi-level Regression Output 
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This is an example from Manuscript 2 looking at the risk (odds) of excessive fast food consumption 

(response variable consumption=1) by exposure to fast food restaurant densities (using none as the 

referent), controlling for all individual-level covariates (multivariate model 2). For this model, the referent 

groups were: girls, age 11 or younger, highest SES category, and Caucasian race.  
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Significant 
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Appendix S 

Sample SAS ‘Proc Freq’ Frequency Procedure 
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The frequency procedure: This example is checking the frequency of respondents that were considered 

inactive (outcome=1) when exposed to various levels of yards (yardq=yard quartiles) and found that the 

groups were statistically significant from each other (Cochran-Armitage Trend Test) 

 

 

 
  

Frequency of inactivity 

decreased when yard 

quartile increased 
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Appendix T 

Sample SAS ‘Proc Corr’ Correlation Procedure 
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This example was checking if if the six walkability measures were correlated 

 

IntDense = intersection density 

Reverselength = average block length 

Perc_res_comm = land use mix 

ConNode_ = connected node ratio (% 3 or 4-way streets) 

Side_streets_ratio_M = the ratio of streets:sidewalks (% roads covered by sidewalks) in meters 

Speed = road speed (% roads below 50 km/hour) 
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Appendix U 

Sample SAS ‘Proc Factor’ Principal Component/Factor Analysis Procedure
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Proc factor: this is an example of a factor/principal component analysis to calculate neighbourhood-level 

socioeconomic status using three variables.  

 

EI_avg=average employment income 

Perc_educated=percent with high school diploma or higher 

Perc_employed=100-unempoyment rate.  
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- note the 'elbow' or 'dip' between 1 and 2. This demonstrates a clear discrepancy between the variance 

accounted for by the first factor and the variance accounted for by the second factor. Only the first factor 

should be retained 
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