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Abstract 

The objectives of this thesis were to study specific Canadian populations in order to examine; (1) 

relationships between the neighbourhood-level social capital and injuries in youth, as well as (2) 

falls in older adults, and; (3) to address methodological issues relevant to the study of such 

relationships.  

The thesis is comprised of four manuscripts. The first addresses methodological issues 

surrounding the validation of neighbourhood-level variables for the study of adolescent health, 

and demonstrates the existence of structural confounding in the study of related etiological 

relationships. Informed by the latter, the second manuscript examines the association between 

neighbourhood-level social capital and injuries in youth, and demonstrates that lower levels of 

social capital are protective factors for girls but not for boys.  

Manuscript 3 uses an international database focused on older adults, and shows that our existing 

measure of social capital is valid at neighbourhood levels, but also that there is a high possibility 

for the existence of structural confounding among Canadian older adults. The fourth manuscript 

then examines the association between neighbourhood-level social capital and the occurrence of 

falls in older adults and determines that differences between neighbourhoods are important 

factors in the occurrence of falls, and that higher levels of social capital are a risk factor for falls.  

Taken together, results from this thesis provide a better understanding of the role of 

neighbourhood-level social capital on the occurrence of injuries in Canadian youth and on the 

occurrence of falls in older adults. Our contributions were important both methodologically and 

etiologically. 
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Chapter 1: 

General Introduction 

1.1 Public health relevance of injuries in children and falls in older adults 

Injuries are important and preventable health events in children. To illustrate, over half of 

school-aged children (grade 6-10) report the occurrence of one or more medically treated injuries 

annually  [1], and at the global level each year almost 9 million children are killed as  a result of 

injury [2] . At the other end of the age spectrum, within populations of older people, injuries are 

also common and debilitating with falls being the most common cause for injuries. Falls affects 

between 30 and 40% of persons aged 65 years and older each year [3-5] and about half of 

reported falls occurs outside the home in locations such as street, parks, or shops [5]. Burdens 

associated with injuries across the lifecourse in terms of treatment costs, disability, and 

rehabilitation are substantial. This is true for both of these vulnerable population groups. 

1.2 Determinants of injuries and falls 

From an epidemiological perspective, determinants of injuries, including those related to falls, 

are best studied using an eco-social approach [6 7], in which the etiology of such outcomes 

involves complex interactions between individual, social (e.g. socio-economic status), and 

physical (e.g., built environmental) factors.
 
Determinants of injuries in adolescents include 

individual factors such as risk-taking behaviours (e.g., alcohol misuse), sex (males are at high 

risk), and poor motor development [8] , as well as contextual factors such as features of the built 

environment [9],  housing conditions  [10], and the qualities of social networks [11]. In older 

adult populations, individual medical conditions such as dementia, vertigo, vision problems, and 

Parkinson’s disease; insufficient physical activity, medications and alcohol use are established 

risk factors [12]. In addition, unsafe physical environments at home (e.g., slippery floor surfaces, 
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inadequate handrails at stairs, and low toilet seats) and in the outdoors (e.g., uneven pathways, 

crowds, and unavailability of places to rest) have been well documented determinants of falls [5]. 

Area level indicators of socio-economic status are additional determinants of falls [13 14]. 

Social capital, generally conceptualized as the presence of strong social bonds with trust, 

informal social networks, and civic participation is a potential contextual determinant of health in 

general populations [15] but there is limited evidence on its impact on the occurrence of injuries 

in children [11] and falls in older adults [16].  Theoretical pathways by which social capital at the 

community level may affect the occurrence of injuries and falls are depicted in Figure 1.1.  

Levels of social capital may affect the occurrence of injuries through their impact on health 

literacy and risky behaviours. Social capital also indirectly influences health programs and 

factors such as built environment and housing through increased political power [16].  

 

    Figure 1.1: Potential pathways between social capital and injuries 

1.3 Methodological issues  

Methodological considerations should be taken into account with the use of eco-social 

frameworks in social epidemiology research when the data are inherently multilevel. Three 

related methodological issues will be addressed in this thesis: 
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1.3.1 Reliability and validity of contextual (neighbourhood) level variables  

Typically, data on various features of a neighbourhood are collected at the individual level by 

self-reported questions and then are aggregated to neighbourhood levels [17]. Reliability and 

validity of measures vary by context [18] and re-validation of the same factors when used in new 

contexts is warranted. In this thesis, all neighbourhood level variables under study were validated 

via exploratory and confirmatory factor analyses [19], as well as by recently developed 

ecometric techniques [17 20].  

1.3.2 Structural confounding  

Structural confounding [21 22], or confounding resulting from social sorting mechanisms, is an 

important methodological issue in the study of the impact of contextual (e.g., neighbourhoods) 

factors on health outcomes in a multilevel setting. When more than one contextual level factor is 

of interest, some strata of contextual variables will contain only subjects who could never be 

exposed to the contextual level of exposure of interest. To illustrate, persons living in a deprived 

neighbourhood most likely will never be exposed to high levels of social capital (a theoretical 

exposure of interest).  This violation of ‘positivity’ [23] is a threat to causal inference in social 

epidemiology research. I addressed this issue by performing tabulation analyses [24]. 

1.3.3 Quantification of variation between contextual levels (neighbourhoods)  

People who live within specific contexts such as neighbourhoods are more likely to be similar in 

terms of their probability of having a health outcome. This is a violation of the ‘independence’ 

assumption for regression analyses. Also, some variations in the occurrence of the outcome of 

interest may be only attributed to ‘between-neighbourhood’ differences, that is, not due to 

residents’ individual differences. Multilevel analyses are efficient statistical techniques that 

account for these issues by simultaneously considering both the effects of individual-level and 
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neighbourhood-level variables [27]. Additionally, these techniques can also quantify between-

neighbourhood variations [25 26]. Very small between-neighbourhood variations suggest that the 

outcome is mainly attributed to individual differences [27] and performing multilevel analyses is 

not well justified.  Before performing multilevel analyses, I therefore quantified the between-

neighbourhood variations by calculating Intra-class Correlation Coefficients (ICC), Median Odds 

Ratios (MOR) and Interval Odds Ratios (IOR). All will be defined in detail within chapter 2. 

1.4 Purpose of this thesis/objectives 

1.4.1. Purpose 

The general purpose of this thesis is to answer this social epidemiology question: does 

neighbourhood level of social capital affect the prevalence of injuries in adolescents and the 

occurrence of falls in older adults?  In order to provide a scientific answer to this question, the 

thesis had the following independent methodological and etiological objectives:  

1.4.2 Methodological objectives  

1.4.2.1 To develop reliable and valid neighbourhood-level measures for social capital, 

socioeconomic status (SES), and physical environments, and test their psychometric properties.   

1.4.2.2 To determine the possible roles of neighbourhood-level SES, specific aspects of physical 

environments (street connectivity and green space), and social capital factors as structural 

confounding variables in studies of the etiology of injuries in adolescents, and then falls in older 

adults.  

1.4.3 Etiological objectives 

1.4.3.1 To quantify variations in the occurrence of injuries in adolescents and falls in older adults 

due to between-neighbourhood differences. 
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1.4.3.2 To examine relationships between neighbourhood-level social capital and the occurrence 

of injuries in adolescent and falls in older adult populations. 

1.5 Rationale  

1.5.1 Rationale for methodological objectives  

Despite recent emerging interest in epidemiology in defining contextual social factors as 

upstream causes for health outcomes, the related methodological issues have not been addressed 

adequately in the literature. These issues include the validity of contextual level factors and the 

possibility of structural confounding. The first and third manuscripts address these 

methodological issues, and are therefore important contributions to the science of social 

epidemiology.   

1.5.2 Rationale for etiological objectives  

With its foci on injuries and falls occurring in neighbourhoods, this thesis provides specific 

information on the etiology of such specific health outcomes. There is long standing recognition 

of the importance of community context to the health status of populations; however, 

investigations of the etiology of injuries and falls have mainly focused on individual level risk 

factors [5 8 12]. The effects of built and social environments on injuries have been studied in a 

few selected studies [9 11 13 14 28], although relationships between social capital and injury 

have neither been conceptualized nor explored thoroughly. This thesis sheds light on the nature 

of relationships between social capital and injuries and interrelations between individual and 

community levels risk factors for injuries, via the performance of multilevel analyses.  

Considering the high mortality and morbidity rates associated with injuries [2 29], findings from 

this thesis have potential implications for public health and will inform preventive strategies. 
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1.6 Thesis organization 

This thesis is written as a manuscript-based thesis and is organized into 7 chapters. 

The second chapter is a literature review of the epidemiological evidence on determinants of 

injuries in child populations and determinants of falls in older adult populations.  It also provides 

an overview of neighbourhood and health studies with associated methodological issues. The 

literatures surrounding the impact of social capital on health outcomes with a focus of risk 

factors for injuries and falls are also presented. The next four chapters include the four 

manuscripts that provide the main content of the thesis. The first manuscript (chapter 3) 

describes the validation of neighbourhood factors and exploration of structural confounding in 

Canadian adolescents, and is published in BMJ Open [30]. The second manuscript (chapter 4) 

examines the relationship between neighbourhood social capital and injuries in Canadian 

adolescent, and is published in Injury Prevention [31]. The next two chapters are the older adult 

manuscripts; the third manuscript (chapter 5) describes the validation of neighbourhood factors 

and exploration of structural confounding in two population samples of Canadian older adults. 

This is published in the journal Social Science & Medicine-Population Health [32]. The final 

manuscript (chapter 6) is an etiological analysis of relationships between neighbourhood-level 

social capital and the occurrence of falls and is under revision at the Journal of Aging and 

Health.  

Following the four manuscripts, a discussion chapter (chapter 7) summarizes the results and  

public policy implications that arose from the findings of the four manuscripts, and discusses the 

contributions of this thesis to the public and the field of social epidemiology, both substantially 

and methodologically.  
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Chapter 2: 

 Literature Review  

2.1 Overview  

This chapter reviews the state of existing literature that explores relationships between 

community-level social capital and injuries in populations of children and then older adults. The 

first section will introduce key methodological concepts and will define technical terms that are 

used throughout this thesis. Next, background theories that may explain relationships between 

social capital and injuries will be explored and a conceptual model will be presented. The 

subsequent sections will provide information about the epidemiology and etiology of injuries in 

child and older adult populations. This will be followed by an overview of the impact of 

neighbourhoods on health with a focus on older adults and corresponding methodological issues. 

The chapter concludes with an extensive review of the literature examining associations between 

social capital and various health outcomes and behaviours, with a focus on research gaps and 

variables that are potential risk factors for injuries and falls.  

2.2 Definitions 

Throughout the thesis, in child populations, injury is operationally defined as those occurred 

during the past 12 months and were serious enough to be treated by a doctor or nurse. Injuries 

that occurred during sport–related activities are excluded because they are felt to have a different 

etiology than other types of injury. In the older adults, falls are defined as any occurrence of fall 

the past 12 months (on the same level, or from one level to another) except those occurred at 

home or during sport activities. 



12 
 

Validity refers to the extent to which a test measures what it purports to measure [1]. In this 

thesis, the focus of validly assessment is on content validity (whether the measure appears to be 

assessing the desired qualities by selecting the best items and by including all domains/aspects) 

and also on construct validity (whether the measures assess the main constructs of interest). 

Statistical methods of factor analysis and ecometric analysis are employed to assess the construct 

validity of scales.  

Exploratory factor analysis is a correlation-based statistical method that identifies the number 

and the nature of underlying factors (constructs) within a multi-item scale. It is more an 

hypothesis-generating technique and is useful when there is no stated a priori hypothesis on the 

correlations between items suggested for a scale and which items are more important in 

constructing a scale [1]. When the final structure of the scale is specified and important items 

within the scale are identified, confirmatory factor analysis shows how closely the observed 

pattern of data fits this hypothetical pattern [2], hence, it has more an hypothesis-testing 

approach. 

 Ecometric analysis is a statistical method for examining the validity of a neighbourhood 

measure containing contextual (e.g. social and physical environmental) factors. The conceptual 

base is on the assessment of agreement between co-residents of a neighbourhood in the rating of 

a neighbourhood feature. If residents within a neighbourhood agree with no more than chance on 

their views about features of their common neighbourhood, either the measure is flawed (is not 

valid) or the a priori concept or boundaries of neighbourhoods have no validity. In this thesis, we 

assessed the ecometric properties of social capital items using three-level models that estimate 

variance components corresponding to each level [3-5]. Level 1 relates to variation between item 

responses for each individual, level 2 relates to persons who reside in neighbourhood clusters, 
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and level 3 represents variation between the neighbourhoods themselves. Using these estimates, 

intra-class (neighbourhood) correlation coefficients (ICC) can be calculated that quantify the 

amount of variability in the social capital items attributable to between-neighbourhood 

differences.  Higher levels of ICC indicate greater agreement in responses to items between 

respondents living in the same neighbourhood (i.e., larger differences between those from 

different neighbourhoods) and are suggestive of better validity. 

Neighbourhoods were defined by the administrative boundaries established by Statistics Canada 

(for children data) and City of Kingston and Ville de Saint-Hyacinthe (for older adult data). 

Multilevel modeling is an advanced statistical technique used when individual-level observations 

are clustered within groups. For example, in the International Mobility in Aging Study (IMIAS) 

seniors are conceptually grouped within neighbourhoods (www.imias.ufrn.br). This clustering 

may hinder an unbiased estimation of the effect: 1) people living in the same neighbourhood 

probably are very similar for a variety of social factors; 2) the occurrence of falls for people 

within a neighbourhood may also be correlated, which violates the assumption of independence 

and can result in incorrect standard errors and inefficient estimates [6]. Multilevel models 

account for this correlation. Furthermore, this statistical approach can simultaneously analyze the 

effect of both individual and community level variables through the use of nested equations [7 

8]. 

2.3 Background theories and conceptual models 

The theoretical mechanisms by which social capital may affect the occurrence of injuries or falls 

can be conceptualized based on the eco-social model [9] which is one of several epidemiological 

conceptual models that have evolved from an ecological model first proposed by Bronfenbrenner 

in the late 1970’s [10]. (Figure 2.1) 

http://www.imias.ufrn.br/
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Figure 2.1. The Eco-social model (Bronfenbrenner 1979) 

According to these models, health outcomes depend on interactive processes between individuals 

and their surrounding environment in which interpersonal relationships are embedded. Utilizing 

the eco-social model allows one to describe and examine interactions between hierarchical levels 

of ecological systems, from societal to community and relationship levels (friends and family 

networks) and finally to individual outcomes. Social capital operates mainly within 

neighbourhoods, schools, and families which are elements of societal and community levels [10]. 

A proposed multilevel framework for conceptualizing the relationship between social capital and 

injuries based on the eco-social model is illustrated in figure 2.2. Social capital may be linked to 

neighborhood-level health outcomes through two distinct pathways: (a) a “direct” path between 

social capital and health, mediated by mutual support between neighbours, collective efficacy, 

increased political power [11] and (b) an “indirect” path between social capital and health, 

mediated by reductions in the level of community violence. 
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Figure 2.2. A conceptual model describing the relationship between contextual-level social capital 

and injuries/falls  

A specific ecological model can explain how neighbourhood factors can influence elder falls.  In 

this model (Figure 2.3) originally proposed by Lawton, physical function and behaviours of an 

older adult are a function of balance between the demands of the environment (called 

“environmental press”) and the person’s ability to deal with that demand (referred to as 

“competence”). Small mismatches between these two factors will result in positive outcomes 

whereas large mismatches will result in negative outcomes and maladaptive behaviours [12 13]. 
 

For example, in a high risk crime environment, people who are psychologically and physically 

strong still go out and do their physical activity (a positive behaviour) whereas for people with 

lower levels of physical strength, the pressure of the environment may hinder positive behaviours 

[14].  
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Figure 2.3. Ecological model of aging (Lawton 1998) 

2.4 Injury and its determinants in child populations  

2.4.1 Burden 

Injury is a common and potentially preventable health outcome in child populations. Worldwide, 

more than 875,000 children die annually as a result of injury and non-fatal injuries affect the 

lives of 10–30 million children and adolescents each year [15]. Unintentional injuries are the 

leading cause of death for Canadian children and youth from 1-19 years of age [16]. In a recent 

school-based survey, over half of school-aged children (grade 6-10) reported one or more 

medically treated injury events during the past year [17]. Similar to older adults’ populations, 

falls are consistently the primary mechanism of injury in youth [18].  

2.4.2 Models for etiological study of youth injuries 

Injury is a complex health outcome and simultaneous consideration of multiple individual, 

family, social, and built environmental risk factors has been suggested for exploring its etiology 
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in vulnerable populations of children and adolescents [19]. Individual level factors such as 

income, housing, social networks and contextual level factors such as neighbourhood built 

environment characteristics have been suggested as independent determinants [20]. In a 

systematic review of cohort studies, impacts of socio-economic and family factors such as living 

with siblings, parental income, and education were not consistent across different settings [18],  

suggesting the complexity of the etiology of injuries and the need for more studies with better 

conceptualization and possibly multilevel and contextual analyses. By using an hierarchical 

conceptual framework for modelling childhood injury risks, the same authors, Mytton and  

Towner [21], showed that environmental factors were more weakly associated with injury than 

family or individual child factors. The contemporary eco-social epidemiological approach [9 10] 

suggests that the etiology of injuries involves interactions between individual, family factors, 

and the contextual natures of the physical and social environments in which children live, play 

and go to school.  

2.4.3 Individual level factors 

A systematic review of 18 cohort studies demonstrated that male sex, psychological problems 

and risk-taking behaviours were all associated with increased injury occurrence across more than 

one cohort and setting [18]; however, the only factor with consistent effects across all ages and 

countries was male sex. Additional individual level factors such as income, housing, and social 

networks have been suggested as independent determinants of injury [20]. Risk factors related to 

the physical development of children have not been consistently identified as being associated 

with injury across different settings. For instance, being taller (OR=1.13:1.02-1.24) and heavier 

(OR=1.15:1.03-1.28) than peers were independent risk factors for fractures in children from New 

Zealand [22], while post-primary school boys from the UK were more likely to sustain road 
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traffic injuries if they were of short stature [23]. Similarly, analyses of data obtained from two 

cohorts of UK [23] and New Zealand [24] youth provide little evidence of independent effects on 

injuries associated with poor coordination or motor development. Studies that analyzed the 

impact of mental health issues on injuries in youth also reported inconsistent results. 

Hyperactivity was an independent risk factor in the UK (OR=1.67: 1.2-2.4) [25], but not in 

Canada [26]. Similarly, behavioural difficulties were reported to be a significant predictor of 

injuries in children in most but not all settings [18].
 
In a study of school-aged boys in the UK, 

Davidson showed that although those with conduct problems did sustain more injuries than 

control subjects, no relationship between hyperactivity and injury was identified (RR=0.89:0.57-

1.38) [27]. 

The association between risk behaviours in general [28 29], or in specific forms of daily smoking 

(OR=1.43: 1.05-1.95) [24], marijuana use (OR=2.03: 1.11-3.71) [30], and alcohol consumption 

(OR=1.74:1.07-2.84) [25 30], with injuries in youth populations has been well documented and 

there is substantial evidence on the cumulative and persistent effects of overt risk behaviours on 

injury [31-34].  Jessor [32] demonstrated that in youth, smoking, drinking, cannabis use, and 

sexual intercourse are all manifestations of an underlying propensity for problem behaviour, and 

collective engagement in these behaviours makes adolescents more vulnerable to injuries. 

Concurrent involvement in such multiple risk behaviours during early adolescence is also a 

predictor of injury at the age of 15 [31] and increases the odds of youth injury [34]. In addition, 

the influential roles of peers on engagement in risk behaviours during adolescence merits 

consideration [35].  
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2.4.4 Family level factors 

Family affluence [36], family structure [37], and having a young mother [38 39] all are 

recognized risk factors for injuries sustained by children; however, evidence surrounding the 

impact of other family factors is inconsistent. In contrast to findings from New Zealand
 
[24]  and 

China [40], in the UK [29] living in a family with many siblings has been associated with 

increased risks for injury (RR=1.72:1.12-2.63). Other family-level factors such as poor family 

functioning, frequent house moves, and poor maternal mental health increased risks for child 

injuries in the UK, but not in New Zealand [18]. 

2.4.5 Contextual level factors 

Despite recognition of social [16] and physical [41] contextual factors as potential determinants 

of health, little such research has been conducted specifically for injury outcomes in child 

populations. Canadian studies suggest that neighbourhood SES [36], living in rural areas [42] 

and in areas with poor street connectivity (OR=1.38: 0.84- 2.26) [43], are each potential 

determinants of youth injuries. Compared to other countries, studies conducted in the UK that 

describes the impact of home and immediate built environmental features on rates of youth 

injury provide more evidence for a positive effect [18]. This suggests the presence of area-

specific effects and the possible role of social factors at wider contextual levels of 

neighbourhoods or cities. However, in three studies in Canada [26], Scotland [44], and the USA  

[45] no independent association was observed between neighbourhood deprivation and rates of 

injury in children.   

 2.4.6 Conclusion  

The present review revealed a number of gaps in the literature. First, few studies have been 

conducted in middle- and lower-income countries, and studies exploring the specific impact of 
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neighbourhood factors on child injuries are scarce. One reason for this situation might be that 

compared to neighbourhood factors, individual factors are stronger predictors of injuries [18]. 

Publication bias may also play a role here because the studies with a focus on contextual-level 

factors may be less likely to get published because of their negative results. Second, a reported 

history of a previous injury is a major indicator for future injuries with reported relative risk 

between 2.5 to 5.9 in different child populations [38]. No studies have utilized repeated measures 

statistical methods to address this issue. And third, despite adjustment for family and 

socioeconomic status factors in the majority of studies, most studies lack a well-developed 

conceptual and multilevel approach and fail to utilize modern analytical techniques for 

addressing the multilevel nature of the etiology of injury.   

2.5 Falls and their determinants in older adult populations  

2.5.1 Burden 

Falls, commonly defined as “an unintentional or accidental coming to rest on a lower level” [46] 

are common occurrences in older adults and a significant burden to society. Each year, 

approximately 30-40% of community-dwelling individuals over the age of 65 fall at least once 

[47-49]. Annual rates of falls in community-dwellers aged 85 and older are reported to be as high 

as 50% [50] and due to the growing proportion of older people these rates will likely increase in 

the future [51]. 

Most falls are not fatal but up to 20% are likely to require professional medical attention [52] and 

about five to ten percent cause serious injuries such as head trauma, major lacerations, or 

fractures [53]. Falling may also lead to anxiety, depression, social isolation, and disability [54] 

and also impact the quality of life of older people [53]. 
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2.5.2 Models for etiological study of falls 

Determinants of falls are classified into intrinsic and extrinsic factors [49]. Intrinsic factors are 

individual-specific and include factors such as advanced age, medication use, and physical and 

mental chronic conditions. Extrinsic factors traditionally include environmental hazards related 

to living, but can be extended to wider community social and built environment features.  

Falls among seniors result from a complex interaction between individual risk factors and 

contextual (home and community) determinants. From an epidemiological perspective, the 

etiology of falls can be conceptualized based on the eco-social model [9 10],  in which risk 

factors such as gait problems and medication use operate at the individual level, and factors such 

as living environments and education operate at wider contextual levels. Specific eco-social 

models for geriatric populations have been suggested, in which the interactions between extrinsic 

factors as determined by the demand of an environment and the person’s physical ability to deal 

with that demand seem to play an important role in the occurrence of falls [12 13].  

2.5.3 Individual level risk factors 

Lord et al. [49 55] classified individual risk factors for elder falls into four groups: 1) socio-

demographic factors, 2) medical and psychological factors, 3) medication use related factors, and 

4) mobility and sensory impairment factors. Their proposed methodology has been adopted by 

other investigators [55 56]. A well-conducted systematic review and meta-analysis of 74 

prospective studies in people aged 65 or older by Deandrea et al.[55] identified 31 different risk 

factors for falls in this age group. The strongest associations were found for history of falls 

(Pooled OR=2.8 for all fallers; OR=3.5 for recurrent fallers), gait problems (OR= 2.1; 2.2), use 

of walking aids (OR=2.2; 3.1), vertigo (OR=1.8; 2.3), Parkinson’s disease (OR=2.7; 2.8), and 

antiepileptic drug use (OR=1.9; 2.7). For most other factors, the effect estimates were 
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moderately above 1.0, with recurrent fallers at higher risks. Ambrose et al., [47] in a narrative 

review of the literature also identified impaired balance and gait, polypharmacy, and history of 

previous falls as the major risk factors for falls. 

Many individual medical conditions, as well as the presence of multiple comorbid illnesses 

(multi-morbidity) increase the risk of falls [57]. Anemia [58] and diabetes mellitus [59] showed 

possible independent effects on the occurrence of falls. After adjustment for sex, age, body mass 

index, and chronic diseases, anemia was associated with a 1.91-fold increase in risk for recurrent 

falls (95% CI: 1.09–3.36) but poor physical function partially mediated the association between 

anemia and the incidence of recurrent falls [58]. There are almost three times higher odds of falls 

reported for people with diabetes (OR=2.78:1.82-4.24), which may also be attributed to co-

morbidities such as poor balance, history of stroke, and cardiovascular diseases [59]. The 

independent impact of some conditions such as Parkinson’s disease is estimated to be as strong 

as 3-fold relative to non-diseased persons (OR=2.91:1.55-5.46)  [60]. 

 Another major group of medical risk factors for falls are musculoskeletal diseases. These are a 

heterogeneous group of diseases that are common in older adults and constitute health issues 

such as osteoarthritis, osteoporosis, or lower back pain, all associated with increased risk of falls 

in older adults [61]. Being free of mobility disability is associated with fewer risks for falls, as 

shown in studies of American [62] and Korean older adults [63]. Dementia is also a potential 

major risk factor; however, the observed relationship between general cognitive decline and falls 

maybe indirect and mediated by decreased physical functioning [64].  

Conceptually, vision can be a contributing factor for falls in the elderly. Visual impairment is a 

common chronic medical condition in older adults and has been shown to be an independent risk 

factor for falls in two recent reviews [65 66].  In a multicenter prospective cohort study 
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conducted in the US, severe binocular visual field loss remained a significant risk factor for 

frequent falls after adjusting for age, study site, and cognitive function (OR=1.50: 1.11–2.02) 

[67]. Other recognized individual determinants of falls in older adults include use of commonly 

prescribed medications such as  diuretics, α-blockers, β-blockers, calcium channel blockers, 

tricyclic antidepressants, anti-histamines, nitrates, acetylcholinesterase inhibitors, and dopamine 

agonists (due to induced orthostatic hypotension) [68], vertigo [48], chronic pain  [69], and 

previous history of falls [70]. 

The influence of health behaviours on the occurrence of falls remains a subject for discussion. 

Physical activity can be a risk factor because of the associated increased risk of sport-related falls 

[70], but it seems to be protective in long term. In a cohort study of more than 8,000 healthy 

community-dwelling elderly women, after adjustment for a variety of other risk factors including 

urinary incontinence, chronic disease, and vision problems, high levels of physical activity were 

associated with a decreased odds of reporting a fall in both three years post-baseline (OR=0.67: 

0.47-0.95) and in 5 years post-baseline (OR=0.64: 0.43-0.96) [71]. A meta-analysis of 44 clinical 

trials (conducted on older people with greater risk of falls living in the community) showed that 

participating in exercise programs reduces the rate of falling by 17% (pooled RR=0.83, 95% 

CI:=0.75-0.91) [72].  

Surprisingly, in several large cohort studies alcohol consumption showed little effect on the risk 

of falls [49].In fact,  most of these studies have found that those who are current drinkers fall less 

than those who abstain  [70]. Campbell et al. [73] have suggested that this unexpected protective 

effect is likely attributed to lower alcohol consumption in frailer and hence more susceptible 

seniors. The other possible reason for the disparity between the physiological effects of alcohol 

and epidemiological evidence may be an emphasis on cross-sectional or short prospective 
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studies. A longitudinal analysis of 5,841 older adults enrolled in a population-based, prospective 

cohort study in four U.S. communities showed a modest 25% increased odds of falls (OR= 1.25; 

95% CI:1.03–1.52) [74]. Longer-term prospective studies, in which current alcohol use predicts 

future falls, may provide more valid results. 

2.5.4 Home level risk factors 

Hazardous and unsafe home environments have been shown to be strong determinants of falls 

[48]. The roles of physical environmental factors at home such as slippery floor surfaces, 

inadequate handrails at stairs, and low toilet seats and in the outdoors, such as uneven pathways, 

crowds, and lack of places to rest have been well documented [49]. Positive results have not been 

reported in all studies; in a study of more than 1,000 community dwelling older adults living in 

New Haven, CT after adjustment for age, gender, and housing type, a protective association was 

observed between environmental hazards and non-syncopal falls (HR= 0.57: 0.32-1.00) [75] .  

2.5.5 Community level risk factors 

Conclusions from the few existing studies of the impact of neighbourhood built and social 

factors on risks for injury are inconsistent. Factors examined include uneven sidewalks [76 77], 

social deprivation [78 79], the proportion of welfare recipients [80], and level of area wealth 

[81]. 

2.5.6 Conclusion 

The etiology of falls in older adults seems to be similar to unintentional injuries in young people, 

with more confirmed impact of individual physical health factors compared to social and 

contextual factors. As an example, the pooled OR from a methodologically sound meta-analysis 

for the effect of living alone (versus not alone) was 1.33 (1.21-1.45) whereas for Parkinson’s 

disease the effect estimate was 2.71(1.08-6.84) [55]. A comprehensive systematic review [56] 
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suggested similar findings; the mean OR for the impact of muscle weakness was 4.4 whereas for 

environmental hazards this was equal to 2.0. Overall, the literature surrounding determinants of 

falls in older adults is more dominated by clinical research and is based on conceptualizing falls 

as patient events which require preventive strategies at an individual level. There is a need for 

studies that focus on interactions between individual functional abilities, and environmental 

factors. These studies too should be based on current eco-social epidemiological models. 

2.6 Neighbourhoods and health 

2.6.1 Overview 

In its origins, social epidemiology was essentially ecological, relating place and its 

characteristics to health outcomes. There has been an interdisciplinary resurgence of interest in 

studying the impact of neighbourhoods on health in epidemiology, geography, psychology and 

sociology.  There is growing evidence that the neighbourhood people live in may influence their 

health above and beyond their individual characteristics [82]. At the ecological level, several 

multilevel studies have shown that neighbourhood deprivation and poverty are independent risk 

factors for mortality [83]. The impacts of various features of neighbourhoods on different health 

indicators such as smoking  [84] and obesity in youth  [85], and physical activity [86], depression 

[87], general mental health  [86], obesity [88], and heart diseases [89] in adult populations are 

also well documented.  

2.6.2 Neighbourhoods and the health of older adults  

There are a large number of studies of neighbourhood effects on the health and wellbeing of 

older adults, although findings are inconsistent. Generally, it appears that the influence of 

neighbourhood disadvantage on all-cause mortality diminishes late in life [90 91]. One possible 

explanation is ‘survival bias’; those who survive into the senior age are likely to be more healthy 
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individuals [14]. There are reports of associations between neighbourhood disadvantages and 

specific outcomes of hip fracture [80], osteoporosis [79], coronary heart diseases [92], 

depression and anxiety [93 94], quality of life [95], and physical functioning  [96] beyond the 

impact of individual characteristics. Favourable features of neigbourhoods may also positively 

influence the health of older adults. Neighbourhood vitality was associated with active healthy 

aging as shown with higher rates of physical activity among older adults living in more 

favourable neighbourhoods of Barcelona, Spain  [97] as well as the observed significant 

association between higher levels of neigbourhood cohesion and mental well-being [98].  

Various aspects of neigobourhoods can have differential impacts on health outcomes. For 

example, Freedman et al. [99] found evidence that economic conditions and built environment, 

but not social conditions are related to older adults’ disabilities. In contrast, in a study of North 

American older adults, physical features of neighbourhoods such as walkability, the presence of 

amenities and accessibility were not significantly associated with meeting physical activity 

requirements but social environments (having friends to participate within a recreational 

program) had a positive influence on activity levels [100].  

2.6.3 Methodological issues in neighbourhood and health studies 

Methodologically, there are several issues that are salient to the study of the influence of 

neighbourhood factors on health outcomes. The first issue is that the reliability and validity of 

measures of neighbourhood contexts have seldom been investigated.  The newly developed 

statistical method of ecometric analysis addresses this issue [3-5]. Second, the neighbourhood 

data are inherently multilevel and conventional regression analyses will result in biased results 

due to violation of the independence assumption. Recent developments in available analytic 

procedures and associated software have made the use of proper multilevel analyses in these 
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situations quite feasible (see 2.2; definitions). Two other methodological issues, ‘structural 

confounding’ and ‘the quantification of the independent impacts of neighbourhoods’; cannot be 

directly addressed by statistical analyses and need clear conceptualization and therefore warrant 

more elaboration.  

2.6.3.1 Structural confounding  

One major issue in studying the impact of social factors on health outcomes in a multilevel 

setting is confounding resulting from social sorting mechanisms. This is called structural 

confounding [101]. When studying social factors, some strata of social variables will contain 

only subjects who could never be exposed to aggregate levels of the exposure of interest. For 

example, all those living in a deprived neighbourhood most probably will never be exposed to 

high levels of social capital (a theoretical exposure of interest). This is referred to as ‘off-

support’ [102] or ‘non-positivity’ [6 103]. Violation of ‘positivity’ and analyses of ‘off-support’ 

data in the presence of structural confounding rely on model extrapolation which does not permit 

examination of the unique contribution of social factors, and thus limiting meaningful causal 

inference [104 105]. Therefore, in any neighbourhood and health study, particularly with 

multilevel data where the exposure of interest is a social factor at the neighbourhood level with 

possible links to the structure of the area, a test for possible structural confounding should be 

performed  [106-108].
 
There is no standard method for evaluating the presence of structural 

confounding but since in the presence of structural confounding, disadvantaged people are sorted 

into communities with multiple disadvantages, there would be no or low numbers of people in 

neighbourhoods with only one disadvantage (e.g. with poor street connectivity but high 

neighbourhood affluence). Tabulation analysis [106-108] is the method employed most 

commonly.  
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2.6.3.2 Quantification of independent impacts of neighbourhoods 

Multilevel analyses are efficient statistical techniques that account for nested and correlated data 

structures and are pertinent to neighbourhood studies[8]. An important step before performing a 

multilevel analysis is to quantify the amounts of variation in the outcome that occurs only due to 

between-cluster (neighborhood) differences [109 110]. If these between-neighborhood variations 

are small, the outcome occurs mainly due to differences within neighborhoods, i.e., as a result of 

different individual characteristics [8], a situation in which performing multilevel analyses is not 

justified. One traditional indicator of between-neighborhood variation is the intra-class 

correlation coefficient (ICC); defined as the ratio of the between-neighborhood variance to the 

total variance. A large ICC means that neighborhoods are important in the occurrence of the 

outcome and they should be taken into account in etiological data analyses. The ICC provides 

meaningful estimates for continuous outcomes but for discrete (binary, polynomial, rate) 

outcomes, its interpretation is not straightforward. There is no clear distinction between the 

individual level variance and the cluster level variance for discrete outcomes and thus the ICC 

may not convey useful information.  For such outcomes, two other measures are available with 

more interpretable information by integration of both fixed and random effects in multilevel 

regressions [109 110]. The Median Odds Ratio (MOR) quantifies between-cluster variation in 

the occurrence of the outcome by comparing two persons with the same covariates from two 

randomly chosen different clusters (neighborhoods). For each pair comparison there would be an 

OR (for the outcome of interest) and MOR is the median of the distribution of ORs comparing 

all possible pairs of persons with similar individual characteristics but living in different 

neighbourhoods [110]. The MOR is a function of the random effect estimate (cluster variance: 

σ
2
) and easy to calculate by this formula: 
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where Φ
-1

 (0.75) is the 75th percentile of cumulative distribution function of the normal 

distribution with mean 0 and variance 1 and is always equal or larger than 1 with higher levels 

indicative of high level of variation between clusters.  

The Interval Odds Ratio (IOR) is a measure for quantification the effect of cluster level variables 

relative to the importance of between-cluster variation. For example, an 80% IOR contains the 

middle 80% of all possible odds ratios comparing any set of two similar persons from two 

randomly chosen clusters with different values in the cluster-level variable. The IOR is a 

function of both the random effect estimate and the beta coefficient of the cluster-level variable 

(it is not the confidence interval for the OR). The lower and upper bounds of the 80% interval 

can be calculated by these formulae: 

 

 

where Φ
–1

(0.10) and Φ
–1

(0.90) are the 10th and 90th percentiles of the normal distribution with 

mean 0 and variance 1 and thus equal to ‘-1.2816’ and ‘1.2816’ respectively. A narrow IOR 

means between-cluster variations are small (analogues to a small MOR) and containing a value 

of one indicates a large between-cluster variability relative to the effect of the cluster-level 

variable; in other words, area (neighbourhood) would be relevant for understanding variations in 

the occurrence of the individual outcome [109 110].   
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2.7 Social capital and health outcomes 

2.7.1 Definitions and overview 

Social capital is a complex social construct and there is controversy over its definition and nature 

[111]. Generally, social capital can be conceptualized as the presence of strong social bonds and 

it is agreed that trust, informal social networks, and civic participation are its main aspects [11]. 

The concept of social capital should be distinguished from the concept of human capital (formal 

education and experiences of the individual) [112], and of social support (social embeddedness 

in the closest social network of the individual) [113].  Social capital is mostly conceptualized as 

a contextual phenomenon that describes characteristics of relations between individuals rather 

than a characteristic of individuals [114]. A comprehensive definition has been offered by 

Kawachi et al. [115] about two decades ago and defines social capital as “those features of social 

structures, such as levels of interpersonal trust and norms of reciprocity and mutual aid, which 

act as resources for individuals and facilitate collective action.”  This widely used definition 

conceptualizes social capital from a social cohesion perspective and defines social capital as a 

property of communities. Social capital can also be conceptualized from a network-based 

approach, as the resources embedded within an individual social network [116]. According to 

this approach, community-level social capital is the meshing of individual networks to create a 

whole social network, which encompasses the complete set of relationships among all 

participants in the network [117]. It is through this whole network that opportunities for trust and 

reciprocity develop, such that resources can flow to the entire collective and to individuals in the 

network, and facilitate coordination and cooperation for mutual benefit. The debate concerning 

the essence of social capital remains unresolved and the definition of social capital may vary 

based on the research question, population, and discipline. Hence, different measures may apply 
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in different situations [118]. A good measure will recognize the multidimensional nature of 

social capital, conceptually is related to health outcomes, and its focus is on used resources, not 

all potentially available resources. In this thesis a cohesion-based definition of social capital is 

adopted and social capital is measured through the assessment of the level of trust and the quality 

of interpersonal relationships within communities. The questionnaires items measuring social 

capital are focused on the social resources that participants make use of, such as asking for help, 

not only the potential available resources.  

2.7.2 Social capital and physical health  

Social capital is a potential important determinant of health [11]. As described in Section 2.3, the 

mechanisms by which social capital - as a contextual factor operating between levels of culture 

and political climates and the individual level- may affect various health outcomes can be 

conceptualized based on eco-social models [9 10]. Social capital may also have possible 

mediating effects between “upstream” social factors and individual health outcomes. To 

illustrate, social capital is a mediator in the relationship between income inequality and health 

[115]. As another theoretical example, social capital can also off-set associations between low 

SES and poor nutrition, through availability of food provided by institutions in high social 

capital regions.  

Cross-national studies of countries generally show no consistent associations between health 

indicators of life expectancy and mortality rates and aspects of social capital such as social 

mistrust, organizational membership, and volunteering [119 120]. However, most existing 

studies have used traditional regression and cross-sectional and ecological data which are prone 

to major sources of bias including violation of the independence assumption, reverse causation, 

and the ecological fallacy. Kim et al. [121] in a study of 64 nations employed instrumental 
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variable analysis to reduce such biases and confirmed that higher country-level trust has 

beneficial effects on self-rated health particularly in women. Larger estimates from instrumental 

variable analyses suggested that findings from conventional regression analyses underestimate 

true associations. 

Within countries, in the United States there have been reports of statistically significant 

associations between community-level social capital (as measured by social trust and 

membership in voluntary and associational organizations) and age-standardized all-cause, 

cancer, and cardiovascular mortality rates  [115 122 123]. Similar findings have been reported 

for Australia [124], Russia [125], and Hungary [126]. However, in studies conducted within 

smaller regions of health districts of the Canadian province of Saskatchewan [127] and local 

areas of the Australian state of Tasmania, no statistically significant associations were observed 

[128]. Small area social capital was significantly related to mortality rates in 396 electoral wards 

in England [129] and in 342 neighbourhoods in Chicago [130], but not in 1,683 Census area 

units in New Zealand [131]. These observed inconsistencies suggest that the relationships 

between social capital and mortality are complex and cannot be explained only by the geographic 

size of the unit of analysis. Use of various measures to describe social capital may partially 

explain the conflicting results. As an example, a study of Medicare beneficiaries older than 75 

years from Chicago showed that higher participation in local organizations and voluntary 

associations (a common measure of social capital) enhanced older peoples’ survival after the 

onset of serious diseases while living in communities characterized by high levels of social 

integration (another widely used measure) has detrimental effects [132].  

Single indicators of social capital including social trust, associational membership, and 

volunteerism were not correlated with gender-specific age-standardized mortality rates in 16 
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countries [120], whereas significant associations were reported between composite scores of 

social capital and case rates of Gonorrhea, syphilis, AIDS [133] and tuberculosis [134].  

The impact of social capital on the health of individuals has been well documented [11] in 

studies from various regions and geographical levels. Self-rated health (SRH), as a valid, 

reliable, and easy to measure indicator of individual health [135] with a proven ability to predict 

risks for mortality [136 137] and physical health [137] especially in older adults [138], has been 

used in a number of such studies. Helliwel & Putnam [139] used a multi-level analysis to 

demonstrate that residents of countries with higher levels of social trust and associational 

membership rated their level of self-perceived health more positively. At the level of American 

States, high social trust and high group membership were each associated with a smaller 

likelihood of reporting poor SRH [140-142]. No relationships between associational membership 

as a measure for community social capital and SRH were observed in smaller geographical 

regions of US communities [139 143], UK postal sectors [144], and Chinese villages [145]. The 

relationship also varies across gender groups with more beneficial impacts for women [146 147]. 

When social capital was measured at the neighbourhood level, results become inconsistent. After 

adjustment for various individual and neighbourhood level covariates, higher social cohesion 

between adults living in the same neighbourhood was a predictor for better SRH in 275 

neighbourhoods of Chicago [148] and in 37 neighbourhoods of London, England [149]. And in 

older adult living in northern regions of Sweden and Finland, a positive association was found 

between municipal-level trust and good SRH [150]. However, in two comparable multi-level 

studies conducted with adolescent populations in 343 neighbourhoods of Chicago [151] and in 

36 neighbourhoods in Maastricht, Netherlands no such an association was observed [152].  
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When perception of social trust was measured at the individual level and aggregated to the area 

level to construct a contextual measure for social capital, the results were mixed. After 

adjustment for individual-level covariates, in local communities within Tasmania, Australia 

[147], UK postal code sectors [111], and Texan neighbourhoods [153], higher social trust was 

significantly associated with better reporting of SRH; however, the same was not observed in 

other US communities [142 143], in Adelaide, Australia [154], and in China [145]. 

Findings from multilevel studies have identified protective effects of social capital on other 

chronic health conditions. Sundquist et al. [155] conducted a multilevel study in 9,667 small 

areas of Sweden and showed that high electoral participation decreased the odds of first 

hospitalization from coronary heart diseases in both men and women (OR=0.84: 0.81-0.87; 

OR=0.78: 0.72-0.82 respectively). In another well conducted multilevel analysis [143], 

marginally significant associations were observed between higher state level social capital and 

reduced odds of obesity (OR=0.93: 0.85-1.00), but very weak evidence existed when social 

capital was measured at the county level (OR=0.98:0.93-1.03). Similar results were reported 

from an ecological study  [156] where, after adjustment for state poverty levels, significant 

inverse associations existed between state-level index of social capital and obesity and diabetes 

prevalence rates (p <0.05). It also appears that the health effects of social capital are differential 

according to sex and other baseline characteristics. To illustrate, for 4,280 older adults 

participating in the English Longitudinal Study of Aging, participation in social activities was 

associated with maintaining recommended weight circumference only in those men whose 

weight circumference was in the recommended range at baseline. No associations were observed 

in women or in men with initially large waist sizes [157]. 
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To summarize, evidence surrounding relationships between community level social capital and 

physical health outcomes is inconsistent and varies according to the population under study, 

study design, and the social capital measure, warranting the need for more standardized 

methodology.  

2.7.3 Social capital and mental health  

One issue in studying relationships between social capital and mental health is that both concepts 

remain difficult to define and to measure precisely [158]. Similar to physical health, the 

relationship between social capital and mental health is complex and can be modified (or 

mediated) by other social factors. For example, Stevenson [159] showed that supportive 

neighbourhoods (i.e., higher community social capital) can make up for lack of family support in 

African American youth and improve emotional adjustment and general mental health. Effects 

were more prominent in girls compared to boys suggesting a possible effect modification role of 

gender or sex in the relationship. 

Research in Russia [160] and USA [161] shows that higher level of social trust and participation 

in community activities such as church attendance is associated with better emotional well-being 

and less mental distress in adult populations. Similar benefits in reducing depression from 

stronger social cohesion have been reported from Cali, Colombia [162] and London, UK 

(OR=2.74: 1.57-4.77) [149]. However, the relationship is not straightforward; in a representative 

sample of Canadian youth, engagement in an organized church or religious group was associated 

with worse emotional health [163]. 

The mental health benefits of social capital within vulnerable populations of young mothers and 

mothers of young children living in deprived areas have also been the focus of research. In a 

longitudinal study of 1,116 women living in England and Wales, mothers younger than 20 years 
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old compared to older mothers experienced higher rates of mother-child relationships problems 

and more ‘inattention-hyperactivity’ in their children. However, stronger neighbourhood social 

cohesion improved the situation [164]. A nested case-control study of 846 mothers of young 

children also indicated that a lack of strong neighbourhood social capital was associated with 

greater depressive symptoms (OR=2.19:1.60–3.01) [165].  

A survey of community residents aged 65 years and older in the city of Yabu, Hyogo Prefecture, 

Japan showed that neighborhood-level bonding social capital was inversely associated with 

depressive mood in both genders, whereas neighbourhood-level bridging social capital was a 

protective factor but only among women [166]. It appears that social capital can have 

longstanding impacts on mental health, even after resources mobilized by high levels of social 

capital are no longer directly available. To illustrate, in interviews that were conducted with 

Katrina hurricane shelter residents in New Orleans after the hurricane, depression was less 

common in participants with relatively high levels of pre-hurricane positive social interactions 

[167]. Overall, although using acceptable analytic strategies, the reviewed studies did not 

consider the complexity of the relationship between social capital and mental health. Other 

methodological limitations included ignoring the possibility of modification effects of other 

social factors, inadequate confounding control, weak sampling strategies prone to response bias, 

and insufficient quantification of the independent impact of neighbourhoods.  There is a need for 

better conceptualization of the relationship and also for utilizing more robust methodology.  

2.7.4 Social capital and health-related behaviours 

The most compelling evidence on the potential impact of social capital on risk factors for injuries 

surrounds health risk behaviours. These associations have been well documented [168] and their 

specific impacts can be seen in numerous studies via the enforcement of social norms and 
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solidarity among groups, mobilization of shared resources, investment in programs and services, 

and also through a direct psychosocial stress mechanism [114]. Risky behaviours usually start 

during the adolescent years and youth are particularly vulnerable to the harming effects of their 

social surroundings. The social context in schools and peer relationships have been shown to be 

important for adopting (or avoiding) risky behaviours in general [169], and the risk of initiating 

drug abuse [170] in particular. Studies conducted with US college students suggest that 

volunteerism can be protective against alcohol abuse (OR=0.55:0.34-0.91) [171], and binge 

drinking (OR=0.38: 0.20-0.69) [172]. However, among Swedish adolescents aged 12-18, trust 

was not correlated with binge drinking but was inversely correlated in a statistically significant 

manner with tobacco smoking and illicit drug use [173]. Another study in Australia also 

specifically investigated the vulnerable population of adolescents and showed that building 

social capital among friends reduces risk-taking behaviours [174].  

Among adult populations, statistically significant associations between social capital-measured 

by the level of trust-and high alcohol consumption (OR=1.3:1.1-1.4) [175],
 
and consumption of 

illegal homemade alcohol (OR=1.2:1.01-1.4) [176], have been observed in Sweden. In contrast, 

an American study found no significant individual-level association between levels of trust in 

one’s community and binge drinking (OR=0.96:0.86-1.06) [177]. Again in Sweden, daily 

smoking was positively related to low social participation (OR=1.38:1.12-1.70)  [178], but in a 

contextual analysis of data from 39,369 adults in the US, after controlling for policy related 

factors such as tobacco price, non-smoking regulations and demographic factors including 

marital status, sex, age, and ethnicity, community social capital measured by affiliation with 

religious groups was inversely and strongly related to the number of cigarettes that smokers 

consumed, but it was not, in contrast, attributable to the overall prevalence of smoking [179].
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Physical activity is a complex health-related behaviour which can be influenced by individual, 

social, and built environmental factors [180]. Direct evidence for the impact of social capital on 

physical activity is very limited.  Two studies in Sweden showed that social capital measured by 

social participation is associated with higher levels of leisure-time physical activity [181 182]. 

Three multilevel studies conducted in the USA also reported positive relationships that were 

maintained after adjustment for relevant individual-level factors. In neighbourhoods of Portland, 

social cohesion was associated with higher levels of physical activity among older adults [183] 

and trust in one’s community and social participation were related to physical activity at the state 

level [184] and within the state of Kansas [177]. In contrast, in  a multilevel study of  the adult 

population residing in the city of Malmo, southern Sweden, after adjustment for individual-level 

factors, no remaining variance in the level of physical activity could be explained by 

neighbourhood-level social capital  [185].  Nevertheless, individual-level social participation 

remained a significant predictor of physical activity.  

The process of summarizing relationships between social capital and sexual behaviours is not 

straightforward. Evidence from cross-sectional studies suggests that social capital is positively 

associated with protective sexual behaviours [186], and inversely associated with gonorrhoea, 

syphilis, Chlamydia and AIDS rates [133]. There is some evidence from a qualitative study on 

heterosexual Asian Indian immigrant men residing in New York that more social integration 

within adolescent and young adult peer groups with negative norms and values may increase the 

risk of acquiring a sexually transmitted infection [187]. 

Associations between social capital and risk behaviours may vary across some social groups 

indicating possible effect modification. There is evidence for this with respect to gender. 

Relationships between social capital and cannabis use was clearly present for male Swedish 
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young adults (OR=1.8:1.4-2.3) but not among females (OR=1.3; 0.9-1.7) [188]. These findings 

should be interpreted with caution since a power issue is likely considering the positively skewed 

confidence interval. Mechanisms by which social capital affects health behaviours are not, 

however, well understood [11 114].  

2.7.5 Social capital and injury  

While there is substantial evidence of an inverse relationship between socioeconomic status 

(SES) and risks for injury [189], the relationship between social capital and injury is less clear 

[190]. Evidence surrounding the impact of social capital on injuries is scarce and the few existing 

studies all lack a well-developed conceptual framework and have weak epidemiological designs. 

One study including 30 European countries provides ecological evidence that low social capital 

is related to self-inflicted injuries in general populations [191]. A systematic review of literature 

from Latin American countries suggested that social capital can play a protective role in certain 

health outcomes including injuries [192]. Another study in Australia specifically investigated the 

vulnerable population of adolescents and showed that building social capital among friends will 

reduce risk-taking behaviours [174].  

In the Canadian context, social capital has been shown to modify effects of socio-economic 

status on rates of injuries among Canadian youth in grades 6 to 10 [36]. In areas of low social 

capital, being of high socio-economic status decreases the risks of injury (regression 

coefficient=-0.38, p<0.05), whereas in high social capital areas having a better SES is 

detrimental to the occurrence of injuries (regression coefficient=0.15, p<0.01). The unexpected 

increased risk for injury in higher social capital areas among affluent youth may be likely due to 

participation in sports [36]. In a systematic review conducted by Kristman & Vafaei [193] no 

consistent conclusion was drawn from the literature on the relationships between workplace 
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social capital and work-related injuries. The same authors [194] in a cross-sectional analysis 

showed that among Canadian workers, both male and female, those reporting high social capital 

were less likely to report a work-related repetitive strain injury (female OR = 0.45: 0.32, 0.63; 

male OR = 0.64: 0.43, 0.96). Individual workers’ levels of social capital were not associated with 

the occurrence of injury at work. In a study of shelter residences of Katrina survivors in New 

Orleans, baseline levels of community-social capital showed no statistically significant 

association with the occurrence of injuries in the period after the hurricane [167].  

Social factors of ethnicity, gender, and living alone are recognized as potential risk factors for 

fall injuries in the elderly populations [49]. But to the best of my knowledge, the specific effect 

of neighbourhood-level social capital on the occurrence of falls in older adults has not been 

studied in a Canadian or international context.  

2.8 Summary  

In summary, evidence from studies on relationships between social capital and health outcomes 

mainly suggests a positive relationship. The scant evidence describing the impact of social 

capital on injuries also generally is indicative of a protective effect. However, most reviewed 

studies did not consider the complexity of the relationship between social capital and health 

outcomes, findings are inconsistent and vary by geography, age group, and study design. Other 

methodological limitations included: lack of conceptualization of the relationship based on social 

epidemiological theories and thus ignoring the possibility of structural confounding, poor control 

for confounding and not considering effect modification by other social factors, and insufficient 

quantification of associations.  There is a need for better conceptualization and theory, and the 

use of more robust epidemiological designs and methodologies in studying these relationships. 
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Chapter 3 

Neighbourhood environment factors and the occurrence of injuries in 

Canadian adolescents: a validation study and exploration of structural 

confounding 
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ABSTRACT  

Objectives: Social sorting mechanisms or analogous selection processes may impose 

confounding effects in the study of etiological relationships.  Such processes are referred to as 

structural confounding. If present, certain strata of social factors hypothetically could never be 

exposed to specific risk factors. This prohibits exchangeability across groups that is needed for 

meaningful causal inference.  The objectives of this study were to: (a) develop and test the 

reliability and construct validity of composite scales for the measurement of social capital (SC), 

socioeconomic status (SES), and physical environment (BE); and (b) to explore the possible 

roles of community level SC, SES, and BE factors in studies of the etiology of youth injury.  

Setting/participants: A nationally representative sample of over 26,000 Canadian students aged 

11-15 years. 

Measures/analysis: Scales describing these key factors were developed and validated via 

exploratory and confirmatory factor analyses. We then used tabular analyses to explore structural 

confounding in our population.   

Results: The proposed scales all demonstrated good psychometric properties. Despite variations 

in the number of adolescents across social and environmental strata, no evidence for the presence 

of structural confounding was detected in our data.  

Conclusions: Relationships between social capital and the occurrence of injuries in Canadian 

youth aged 11-16 potentially can be studied without consideration of structural confounding 

biases.  Canada is a suitable place to disentangle the effects of different neighbourhood social 

and environmental exposures on occurrence of injuries and other outcomes in adolescent 

populations. Exchangeability is possible across exposure strata and therefore a meaningful 
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multilevel regression analysis is feasible. However, more studies are needed to test the 

consistency of our findings in other populations and for different outcomes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Strengths and limitations of this study 

 A national representative sample was utilized in this study. 

 All contextual measures were re-validated to ensure their appropriateness.  

 The study is one of the few studies that explores the social epidemiology concept of 

structural confounding.  

 Size of the communities and their rural/urban status were not considered in this study. 



66 
 

INTRODUCTION  

A potential bias in studying the impact of social factors on health outcomes in a multilevel 

setting is confounding resulting from social sorting mechanisms. This has been referred to as 

structural confounding.
1
 When studying social factors at the community level, some strata of 

social variables may only contain subjects who could never be exposed to aggregate level 

exposures of interest. For example, in a classic US study Messer
2
 studied the effects of racial 

segregation on preterm birth and showed that few white women live in neighbourhoods with 

high levels of deprivation. In other words, some subgroups (white women) only experienced one 

level of exposure (low deprivation), and this referred to as ‘off-support’
3
 or ‘non-positivity’.

4 5
 

Analyses of ‘off-support’ data in the presence of structural confounding rely on model 

extrapolation which do not allow examining the unique contribution of social factors, and thus 

limit meaningful causal inference.
6 7

 

There is no standard method for evaluating the presence of structural confounding. Tabulation 

analysis
2
 is the method employed most commonly. In the presence of structural confounding, 

disadvantaged people are sorted into communities with multiple disadvantages such as high 

neighbourhood density and poor street connectivity.
8
 As illustrated by studying the effects of 

neighbourhood deprivation on preterm birth in US populations,
2
 when communities were 

stratified based on social factors indicating deprivation, percentages of populations by race, and 

levels of education, there were small numbers of deprived communities with high rates of 

university education or with low percentages of specific races. The presence of structural 

confounding can therefore be explored by stratifying communities according to the levels of 

social factors of interest and then examining the number of participants in combinations of the 
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strata. In the case of existence of structural confounding, low numbers in some combinations of 

social strata is not a function of sample size, it is due to the ‘structure’ of the society.  

Community social capital is typically measured by levels of social cohesion and the quality of 

interpersonal relationships and has been shown to vary across other socio-demographic factors 

such as social class and education levels.
9 10

 Within child populations, independent associations 

have been reported between living in neighbourhoods with high levels of social capital and self-

reports of improved general well-being,
11

 emotional adjustment,
12

 and mental health.
13

 Evidence 

surrounding the impact of social capital on the occurrence of injuries in child populations is 

scarce.  The few existing studies
14-16

 provide weak evidence on the preventive impact of social 

capital on the occurrence of youth injuries. However, these studies all lack a well-developed and 

evidence-based conceptual framework and suffer from unrefined statistical analyses. None have 

explored the possibility of structural confounding effects of other community level factors.  

Socio-economic status (SES)
 15

 and street connectivity, 
17

 are each potential determinants of 

youth injury. Injury is a common and potentially preventable health outcome in child 

populations. Worldwide, more than 875,000 children die annually as a result of injury and non-

fatal injuries are experienced by 10–30 million children and adolescents each year.
18

 

Unintentional injuries are the leading cause of death for Canadian children and adolescent from 

1-19 years of age.
19 

In order to estimate the unique contribution of community social capital on 

youth injuries, the effects of such community factors should be controlled for in multivariate 

analyses, and their influence as structural confounders requires consideration.  

The aims of this study were to: (a) describe selected individual and community level 

characteristics of Canadian school-aged adolescents; (b) test the reliability and construct validity 

of composite scales for the measurement of social capital, SES, and the physical environment; 
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and (c) determine the possible roles of community level SES, social capital factors, street 

connectivity and green space as structural confounding variables in such studies of the etiology 

of youth injury. 
 

METHODS  

Data Sources  

Cycle 6 (2009-10) of the Canadian HBSC is a cross-sectional survey of health behaviours and 

outcomes in a nationally representative sample of over 26,000 Canadian students aged 11-15 

years. These students came from 436 schools in 11/13 provinces and territories in Canada.
20

 The 

HBSC employs a multi-stage cluster sampling strategy in which the sampling units are classes 

nested within schools, which in turn are nested in their school boards, then provinces/territories. 

Institutionalized youth, youth in private schools, as well as those on the streets are excluded. 

Data collection involved administration of a written, in-class questionnaire that took 45-60 

minutes to complete, administered from October 2009 until May 2010. The survey involves 

measurement of a variety of health topics including those pertinent to this study such as socio-

demographic factors, self-reported occurrence of injury, and indicators for interpersonal 

relationships.
20

 2006 Canadian census data on indicators of SES such as family income, rates of 

employment, and education were obtained from Statistics Canada.
21

 Physical environment data 

were directly obtained via GIS technology.  

Units of Analysis 

In this study, schools and their surrounding neighbourhoods were used as the aggregate units of 

analysis because we were interested in assessing the effects of physical environment and area 

SES surrounding schools on the occurrence of injuries, as opposed to residential neighbourhood 
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settings. Prior research also has considered the buffer around school reliable for constructs such 

as street types and connectivity, food environments, green space, and socio-economic 

environments. 
17 22 23 24

 It has also been shown that in Canada, many of the characteristics of 

schools are important contextual factors associated with youth health behaviours and outcomes.
25

  

Measures 

Individual-level Characteristics 

Injuries were estimated based on students’ answers to a self-reported question: ‘During the past 

12 months, how many times were you injured and had to be treated by a doctor or nurse?’ An 

ecological measure of injuries for each school was calculated by dividing the number of injured 

children over the total number of participants from the school. We excluded injuries that 

occurred during sport-related activities such as ‘playing or training for sport/recreational activity’ 

and ‘skating’. The measure for injury included those occurred in the neighbourhood environment 

(see Appendix C; page 62)  

Demographic variables of age, sex, and individual SES were measured by direct questions. In 

concordance to similar studies,
26

 family influence as a proxy for individual level SES was 

measured based on the self-rated question about material wealth: How well off do you think your 

family is?  

Community-level Characteristics 

Social Capital 

Children were asked to rate their feelings about five statements using response options from 

“strongly agree” to “strongly disagree”.  Statements were about ‘trust’ toward people around 
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them, the possibility of asking for help or a favour from neighbours as a measure of 

‘cooperation’, and three statements about ‘cohesion’. Cohesion was defined as the level of 

interpersonal relationship and availability of safe places for social interactions and spending free 

time. Averages of individual scores were aggregated to the group (school) level as per existing 

precedents.
27-28

   

Socioeconomic Status (SES) 

We wanted to estimate the area-level SES around each school objectively and based on previous 

Canadian studies,
 29

 education, employment, and average income are valid indicators for 

community SES. We used a 1 km buffer surrounding schools based upon existing precedents.
23 30 

31
 Previous research using the HBSC data has found this to be an appropriate buffer by which 

making meaningful inference about social constructs such as neighbourhood SES is possible. 
23

 

Using census-based measures, education was defined according to the proportion of people 

(15+years) with at least a high school diploma and the employment ratio was defined as the 

proportion of people older than 25 who were employed. We also obtained the average family 

income for each buffer.  

Physical Environment  

Physical environment indicators of street connectivity and green space were measured directly 

by employing GIS techniques for the same 1 km circular buffer, again as per existing 

precedents.
31

 A one km circular buffer provides similar results (not identical) in measuring 

physical environment factors when compared to road-network buffers
22

 and 5km circular 

buffers
17 

and therefore is an adequate buffer for our purpose. Green space was defined as the 

proportion of land areas of parks, fields, and wooded area relative to the total land area. 

Intersection density (number of intersections within the circular buffer divided by total area), 
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average block length (sum length of roads within the buffer divided by number of real nodes), 

and connected node ratio (number of real nodes divided by all types of nodes such as 

intersections, dead-ends and cul-de-sacs) were used as indicators of street connectivity, as per 

existing precedents. 
17

 Green space and street connectivity were viewed as separate physical 

environment constructs.  

Analyses 

Descriptive 

Key variables of interest were described at individual and community levels.  Distributions of 

variables across different social capital groups were estimated and compared using analysis of 

variance and Chi-square tests.  

Testing the Reliability and Construct Validity of Composite Scales  

Exploratory and confirmatory factor analyses were performed to assess the psychometric 

properties of composite scales describing community social capital, SES, and street connectivity. 

The robustness of the exploratory factor analysis was assessed by estimating diagnostic measure 

of sampling adequacy (the Kaiser-Meyer-Olkin measure) and by Bartlett’s test of sphericity. 

Cronbach’s alpha levels for internal consistency were calculated as indicator of reliability.
32

 In 

order to provide a more rigorous assessment of the factorial structure and the construct validity 

of the derived scales, they were subjected to confirmatory factor analyses (CFA). Model fit was 

tested using the comparative fit index (CFI) and the Tucker-Lewis index (TLI) 
33 34 

where 

findings of 0.95 or more were considered to indicate adequate fit.
35

 The root mean square error 

of approximation (RMSEA) and standardized root mean square residual (SRMR) were used to 

estimate how well the model will reproduce the population covariance, with values less than 0.08 

indicating a good fit.
34=

The cross-validate our results, we used a split-sample approach. The total 
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sample randomly split into two equal sub-samples. In one sample, we conducted an exploratory 

factor analysis and in the second sample we conducted a confirmartory factor analysis to 

examine the goodness of fit of the social capital model.  Results of these additional analyses are 

presented in Appendix G. 

The composite scale for social capital was defined as the sum scores of each item with the 

corresponding weights guided by loadings obtained from the factor analyses. To construct a 

composite scale for community SES, each of 419 schools was first ranked based on each of the 

three SES indicators. The schools were divided into tertiles and then were scored from one to 

three according to their tertiles. An additive composite scale for the SES was constructed 

including the scores of three indicators with the same weights.  Similar methods were employed 

for constructing a composite scale for street connectivity.  Since there are no meaningful cut-off 

points for our constructed composite scales of social capital, SES, and street connectivity, we 

categorized them using quantiles for analytic purposes as per existing precedents.
17 29

 The ranges 

of composite scales were narrow (3 to 9 for SES and street connectivity; 5-25 for social capital) 

therefore we chose tertiles versus quartile or quintile
29

 for categorization.  

Structural Confounding  

Stratified tabulations
2
 were the main analytic tool for exploring structural confounding. Total 

number of students and number of occurrence of injuries in each combination of strata of 

community SES, physical environment, and social capital were estimated. According to the 

theories of structural confounding, 
1-5 

non-existence or low numbers of students in extreme cells 

is suggestive of strong social stratification and possible structural confounding.  We defined 

extreme cells as combinations of “good” SES and “good” social capital  (highest tertile) but 

“poor” physical environment (lowest tertile), or combination of “low” SES and “low” social 
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capital but “good” physical environment. There is no established low number to represent the 

existence of structural confounding. A standard low number might vary based on the context of 

the study and sample size. For example, Messer et al. 
2 

in their study of neighbourhoods of two 

counties in North Carolina with a sample size of 31,715 considered fewer than 30 in each cell as 

evidence for structural confounding. We did not set any number representing ‘low number’ a 

priori.  

The Jonckheere–Terpstra test
36 37 

was used to establish if there were gradients in number of 

students by ordered groups of social factors. This is a sensitive nonparametric trend test for 

ordered differences among ordered groups, in which the null hypothesis suggests that the 

distribution of the response variable does not differ across groups. All analyses were conducted 

using SAS v9.3 (SAS Institute Inc., Cary, North Carolina) and Mplus v5.21.
38

 

RESULTS  

Sample description 

Table 1 provides the distribution of individual and community level characteristics of the study 

population. From the total sample size of 26,078 students, 2,546 individuals did not answer the 

social capital questions.  Mean age (SD) of the participants was 14.2 (1.5) yeras, 48% were 

males, and 14.6% reported a non-sport related injury in the last 12 months. As expected, injury 

rates in males were higher compared to females (15.4 vs. 12.9. p<0.0001). Basic socio-

demographic characteristics and frequencies of injuries were not significantly different between 

those who responded to the social capital questions and those who did not (Appendix Table 1).  

Census data for SES indicators at the 1 km buffer were available for 419 of the schools. The 

average family income for the entire sample was $76,015 (SD= $23,769), with suggestion of a 

normal distribution except for a number of outliers in high income brackets. Mean proportions of 
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people with more than high school education and with employment were 0.62 and 0.72 

respectively (Table 3.1).  Street connectivity indicators were available for most buffers, although 

green space data for 115 schools (27%) were unavailable due to lack of imaging. This occurred 

particularly in very remote areas of Canada such as in Nunavut and Northwest Territories where 

the main land area contains little vegetation and was mainly open space covered with clay, 

permafrost, rock, gravel and water, and remote rural areas where there is mainly agricultural 

land.  

Normal distributions observed for the SES and street connectivity indicators satisfied the main 

assumptions for factor analysis.  

Testing the Reliability and the Construct Validity of Composite Scales  

Exploratory factor analysis of social capital items indicated high and similar loadings for all 

included items, and a relatively high internal consistency (Cronbach’s Alpha=0.76) (Figure 3.1).  

 

Figure 3.1 Summary of confirmatory factor analysis findings for the social capital measure 
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The statistical significance of Bartlett’s test suggested that one factor was sufficient to explain 

the correlations. The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was higher 

than 0.60 (0.79) which is tolerable and suggested that the dataset was appropriate for a factor 

analysis.
39

 The confirmatory factor analysis indicated a good fit model, with a CFI of 0.968, a 

TLI of 0.974, a RMESA of 0.084 (95% confidence interval: 0.080-0.089), and a SRMR of 

0.026.
33 34

 Because of relatively similar loadings, all items were given the same weight in 

constructing the composite scale. Results of split sample exporatoty and confimatory factir 

analyses were also similar (Appendix G). 

The developed composite scales for SES and street connectivity were also reliable and valid.  

Both scales showed good internal consistency (Cronbach’s Alpha of 0.74 and 0.70 respectively), 

acceptable KMO, and a significant Bartlett’s test, which supported the appropriateness of the 

data and adequacy of the one factor solution (Figure 3.2).  

 

Figure 3.2: Summary of confirmatory factor analysis findings for SES and street connectivity 

measures 



76 
 

Confirmatory factor analyses basically Indicated a perfect fit (CFI=1, TLI=1, RMSEA=0.0, 

SRMR=0.0) for both indices.  

Variations across Levels of Community Social Capital 

Students living in schools with lower social capital were significantly older, more often female, 

and less likely to live in families with average levels of affluence (Table 3.1). Furthermore, 

schools with lower social capital were located in communities with significantly lower levels of 

education. Compared to areas with low social capital, average family income in high social 

capital areas was higher by 6.3% (p=0.21) and the composite index of community SES was 

significantly lower in schools with low social capital compare to those with medium social 

capital (5.7 vs. 6.4; p =0.04). 

The differences between social capital levels for the proportion of area with green space was less 

than 1% (p=0.99) and for street connectivity was 7.9% (p=0.07). 

Structural Confounding  

Tabulation analyses (Tables 3.2 & 3.3) showed that there were no strong social sorting 

mechanisms at work for community levels of social capital, SES, and built environment factors 

(either measured as street connectivity or as green space). We therefore observed no structural 

confounding effects.  Student populations and injured cases were observed in all combinations 

of strata of our three community measures and none of so called extreme cells (defined above in 

methods) were empty or with sparse numbers of observations. This is indicative of potential 

absence of structural confounding and segregation in our population of Canadian youth. All cells 

contained the outcome and future multivariate regression analyses should be based on actual 

observed data not ‘off-support’ and ‘smoothed over’ cells.
1
 We also performed the same 

tabulation analysis stratified by sex. The occurrence of injuries was more frequent among boys 
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but applying the same method showed no evidence of structural confounding among boys and 

among girls (data not shown). 

The Jonckheere-Terpstra tests showed that significantly more students went to schools 

surrounded by poor street connectivity and poor green space. This was observed in all levels of 

community social capital, however was more pronounced in high social capital communities 

(Tables 3.2 & 3.3).  

DISCUSSION  

In this study of structural confounding in adolescent Canadian populations, we chose to study 

three social and environmental factors of social capital, SES, and physical environment which 

have been shown to be potential risk factors for injuries in adolescents.
15 17

 All items used to 

develop composite scales for social capital, SES, and street connectivity had been employed in 

similar studies previously 
8 15 17 31 

but since validity is about the attributes of the people who are 

assessed not the inherent characteristics of the scale
32

 we re-validated all scales for our 

population. We employed three items of education, employment, and income which were 

previously identified as the material deprivation indicators among Canadian population
29

 as 

measures for community SES. Satisfactory results of exploratory and confirmatory factor 

analyses showed that these measures are reliable and valid indicators for community SES in the 

study population. Age of 15 might not be the best cut-off point for measuring levels of education 

since people usually graduate from high school at the age of 18 or 19, however we were 

constrained to the use of aggregated census data provided by Statistics Canada. Nevertheless, our 

objective was to compare SES across schools and since the education measure was used 

uniformly across all schools, the ‘not optimal’ age cut-off is not likely to produce any bias in our 

results. The street connectivity composite scale based on intersection density, average block 
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length, and connected node ratio in a 1 km radius around each school has been used in similar 

studies
8 17

 but was never validated. We therefore re-examined this scale in our analysis and it 

indicated a perfect fit.  

We constructed the social capital composite scale based on the scale development methodology 

suggested by Streiner.
32

 First, in order to have appropriate content validity,
28

 three main domains 

of social capital (cohesion, cooperation, and trust) were measured by 5 questions in the HBSC 

survey.  Then, by exploratory factor analysis we evaluated the factor structure of these domains 

and demonstrated that all domains loaded onto a single underlying factor. A Cronbach’s alpha of 

0.76 for the 5-item scale shows proper internal consistency (larger than 0.70)
32

 and also being 

smaller than 0.90 was indicative of no item redundancy.
40

 High loadings of all of these five items 

showed that the items tap into the hypothetical construct of social capital
 32

 and thus our scale has 

good construct validity which was further confirmed by acceptable model fit indices calculated 

by the confirmatory factor analysis.  

In tabulation analyses, we found no evidence for the presence of structural confounding in the 

study population. All cells in our tabulation analyses contained data. This is a true indication of 

the absence of structural confounding and not an artifact attributable to our large sample size. A 

study performed by Messer
2
 showed that in the socially stratified context of neighbourhoods of 

North Carolina, even with a large sample size of 31,715 there will be no people in extreme cells.  

She showed that literally no white women lived in the most deprived areas and no black women 

lived in privileged neighbourhoods. Our results showed that in Canada, there are fewer multiple 

social disadvantages and there are economically poor communities with good physical 

environment or with high social capital. Statistically significant findings from the Jonckheere-

Terpstra tests suggest that there is a trend in the number of students according to levels of SES 
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and physical environment factors. In all subgroups of social capital, it is more likely for students 

to go to school located in poor SES and unfavourable physical environment communities, in 

other words, low SES and poor physical environment communities are significantly more 

populous.  

Our findings contrasted with those from similar studies which mostly have been performed in the 

USA.
2 8

 This absence of structural confounding in Canadian youth populations has several 

potential explanations. Structural confounding from community social factors occurs more often 

in countries with higher levels of social stratification such as in the USA.
1
 Compared to the USA, 

factors creating social segregation such as income inequality are weaker in Canada.
41 42

 We also 

did not stratify schools based on rural-urban status. Rural communities can enjoy high levels of 

social capital but at the same time suffer from poor physical environments and low levels of 

SES. It is plausible that some of schools with high social capital and low physical environment 

reside in rural areas.  Another reason for our null results may be due to our choice of 

aggregation. Schools may represent insufficiently refined geographical units to observe any 

meaningful variation across SES strata.  

Limitations of this study warrant comment.  Perfect fit of factor analysis models for SES and 

street connectivity can be of concern. It is possible that in confirmatory factor analysis models 

with small number of items lack of sufficient variation results in a saturated model with perfect 

fit;
33

 one interpretation is that the model is not reliable. We also made more parsimonious models 

(with only two items) and they also showed perfect fits. Our inability to fully consider the size of 

populations of communities is another limitation. Inequalities are at their highest in large cities; 

separate analysis for large metropolitan areas might show different results and possible structural 

confounding within big cities. Our sample excluded certain groups of youth, mainly 
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institutionalized individuals, those who live on the street, and private schools. We were 

interested in studying community-related factors and the exclusion of the first two groups who 

do not live in communities is not a problem for our study. However, exclusion of private school 

students is a potential threat to external generalizability of our results, but since only 5% of 

students in Canada go to private schools, and less than 2% are in other types of situations 

(http://www.statcan.gc.ca/pub/81-595-m/2013099/tbl/tbl1.1-eng.htm), this limitation is unlikely 

to produce considerable bias. Another threat to representativeness of our results is the high 

percentage (27% of schools) of missing data for green space. These missing data were not 

random and were in remote and rural areas where due to the characteristics of the environment 

(being mostly agricultural or non-vegetation) ‘green space’ is undefinable. Our results may not 

be generalizable to these areas. 

In conclusion, in this study of school age Canadian students we addressed two major 

methodological issues of social epidemiological research: the construct validity of composite 

community level measures and the possibility of structural confounding.  We showed that our 

composite measures for social capital, SES, and physical environment are valid and also there is 

no evidence of structural confounding in our data.  The etiological analysis, i.e., explaining 

factors contributing to variations in injury rates, was not a purpose of this study. Due to non-

existence of structural confounding  in this population, the independent effect of each of 

community factors on occurrence of injuries, to be explored in subsequent multi-level 

multivariate analyses, can be estimated free of this major limitation of social epidemiological 

studies. However, more studies are needed to explore the existence of structural confounding in 

other populations and with different outcomes.   

http://www.statcan.gc.ca/pub/81-595-m/2013099/tbl/tbl1.1-eng.htm
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Tables 

 Table 3.1. Distribution of individual and community level characteristics in the total study 

population and by community social capital (SC) status, 2010 HBSC data 

 Total  High SC 
(n=143) 

Medium SC 

(n=140) 
Low SC 

(n=136) 
P value

* 

Individual level characteristics  
n of student  23,532 7,799 8,389 7,344  

Age (mean, SD) 14.2 (1.5) 13.9 (1.5) 14.2 (1.5) 14.3 (1.5) <0.0001 

% male 48.17 49.3 47.6 47.7 0.06 

Number of injured (%) 3,449 (14.7) 1,142 (14.6) 1,221 (14.6) 1,086(14.8) 0.92 

Family affluence (%) 

          Well off 

          Average 

         Not well off 

         Missing  

 

12,598 (53.6) 

7,978 (33.9) 

2,223 (9.4) 

733 (3.1) 

 

3,891(49.9) 

2,871(36.8) 

827(10.6) 

210 (2.7) 

 

4,544(54.2) 

2,828(33.7) 

778(9.3) 

239 (2.8) 

 

4,163(56.7) 

2,279(31) 

613(8.4) 

284 (3.9) 

<0.0001 

Community level characteristics
† 

Socioeconomic Status Indicators 

Average income $ (mean, SD) 76,015 

(23,768) 

78,115 

(29,820) 

76,553 

(18,625) 

73,215 

(21,063) 

0.21 

Employed (mean proportion, SD) 0.62(0.11) 0.61 (0.11) 0.63 (0.11) 0.63 (0.11) 0.19 

High school diploma and higher 

(mean proportion, SD) 

0.72(0.13) 0.73 (0.13) 0.73 (0.12) 0.69 (0.14) 0.02 

SES Composite Index 6(2.1) 6.2 (2.1) 6.4 (2.1) 5.7 (1.9) 0.04
‡ 

physical Environment Characteristics   

Intersection density (mean, SD) 40.6(29.2) 40.6 (37.9) 38.4 (19.8) 42.9 (26.5) 0.43 

Average block length (mean, SD) 283(230) 308 (329) 278 (187) 262 (113) 0.23 

Connected nodes ratio (mean, 

SD)  

0.83 (0.10) 0.82 (0.10) 0.82 (0.11) 0.85 (0.09) 0.05 

Street connectivity composite 

index (mean, SD) 

6.0(2.0) 5.9 (1.9) 5.8 (2.0) 6.3 (2.0) 0.07 

Green space  (mean, SD) 0.14 (0.14) 0.138 (0.14) 0.14 (0.14) 0.139 (0.13) 0.99 

Population Health Status  

Average rates of injuries  0.14(0.06) 0.14 (0.07) 0.14 (0.06) 0.13 (0.06) 0.39 

*Comparing Social capital groups by ANOVA and Χ
2
 test when appropriate 

†At 1 km buffer of schools 

‡Low SC group significantly different from medium SC group (Boneferroni multiple comparison 

test) 
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Table 3.2. Numbers of students and rates of injuries in each combination of social capital, SES, and street connectivity, 2010 HBSC data  

 High Social Capital Medium Social Capital Low Social Capital 

 Street Connectivity  Street Connectivity  Street Connectivity  

SES Good  
Students 

Number  of 

Injuries 

Average 
Students 

Number  of 

Injuries 

Poor 
Students 

Number  of 

Injuries 

Good  
Students 

Number  of 

Injuries 

Average 
Students 

Number  of 

Injuries 

Poor 
Students 

Number  of 

Injuries 

Good  
Students 

Number  of 

Injuries 

Average 
Students 

Number  of 

Injuries 

Poor 
Students 

Number  of 

Injuries 

High 487
†  

87
†
 

575 

79 
1,082

‡
 

176 

407
†
 

69
*
 

845 

135 

846 

121 

509
*
 

89 

477 

65 
816

‡
 

116 

Medium 219 

38 

782 

112  

2,317 

347  

1,211 

176 

1,248 

198 

1,207 

192 

840 

143 

794 

128 

931 

138  

Low 795
‡
 

132  

571 

101 

810 

129  

970 

164 

572 

89 

911 

135  
498

‡
 

85  

1,227 

236  

1,069 

136  

*p of the Jonckheere-Terpstra Test <0.05; †p of the Jonckheere-Terpstra Test <0.0001; ‡Extreme cells (high SES and social capital but poor street connectivity 

or low SES and social capital but good street connectivity)  
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Table 3.3. Numbers of students and injuries in each combination of social capital, SES, and green space, 2010 HBSC data 

 High Social Capital Medium Social Capital Low Social Capital 

 Green Space Green Space Green Space 

SES Good  
Students 

Number  of 

Injuries 

Average 
Students 

Number  of 

Injuries 

Poor 
Students 

Number  of 

Injuries 

Good  
Students 

Number  of 

Injuries 

Average 
Students 

Number  of 

Injuries 

Poor 
Students 

Number  of 

Injuries 

Good  
Students 

Number  of 

Injuries 

Average 
Students 

Number  of 

Injuries 

Poor 
Students 

Number  of 

Injuries 

High 459
†
 

67
†
 

755 

115 
232

‡
 

38 

697
†
 

118
†
 

533 

78 

349 

49 
604

†
 

85  

330 

43 
348

‡
 

62 

Medium 850 

118 

1,201 

157  

1,002 

176  

1,031 

129 

1,369 

234 

899 

146 

842 

127  

269 

45 

826 

129  

Low 358
‡
 

45  

215 

43 

1,334 

232  

538 

86 

609 

87 

1,132 

182 
531

‡
 

101 

1,141 

189 

704 

102 

*p of the Jonckheere-Terpstra Test <0.05; †p of the Jonckheere-Terpstra Test <0.0001; ‡Extreme cells (high SES and social capital but poor green space or 

low SES and social capital but good green space) 
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Appendix Table 3.1.Comparison of baseline characteriscs between respondents and non-

respondents, 2010 HBSC data 

 

 

 Answered Social Capital 

questions  

Did not answer Social 

Capital questions 

n of student  23,532 2,546 

Age (mean, SD) 14.2 (1.5) 14.1 (1.58) 

% male 48.17 61.21 

Number of injured (%) 3,425 (14.6) 274 (14.1) 

Family affluence  

          Well off 

          Average 

         Not well off 

 

13,466 (55) 

8,581 (35.1) 

2,414 (9.9) 

 

845 (52.5) 

580 (36) 

186 (11.5) 

No significant differences between respondents and non-respondents after performing t-test or Chi-square 

tests 
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Chapter 4 

Relationships between community social capital and injury in Canadian adolescents: a 

multilevel analysis 
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ABSTRACT  

Background Characteristics of social environments are potential risk factors for adolescent 

injury. Impacts of social capital on the occurrence of such injuries rarely have been explored. 

Methods General health questionnaires were completed by 8,910 youth aged 14 years and older 

as part of the 2010 Canadian Health Behaviour in School-Aged Children study. These were 

supplemented with community level data from the 2006 Canada Census of Population. 

Multilevel logistic regression models with random intercepts were fit to examine associations of 

interest. The reliability and construct validity of variables used in this analysis had been 

established in past studies, or in new analyses that employed factor analysis. 

Results Between school differences explained 2% of the variance in the occurrence of injuries. 

After adjustment for all confounders, community social capital did not have any impact on the 

occurrence of injuries in boys: Odds Ratio (OR): 1.01, 95% Confidence Interval (CI): 0.80 to 

1.29. However, living in areas with low social capital was associated with lower occurrence of 

injuries in girls (OR 0.78, 95% CI 0.63 to 0.96). Other factors that were significantly related to 

injuries in both genders were younger age, engagement in more risky behaviours, and negative 

behavioural influences from peers. 

Conclusion After simultaneously taking into account the influence of community and individual 

level factors, community levels of social capital remained a relatively strong predictor of injury 

among girls but not boys. Such gender effects provide important clues about the social etiology 

of youth injury. 

 

 



93 
 

INTRODUCTION  

Injuries are common and potentially preventable health events that lead to substantial public 

health burdens in child populations. Over one-half of Canadian school-aged children report the 

occurrence of one or more medically treated injuries annually
1
 and at the global level more than 

8,755,000 children are killed per year as a result of injury.
2
 

Injury is a complex health outcome and simultaneous consideration of multiple individual, 

social, and physical contextual factors has been suggested for exploring its etiology.
3
 At an 

individual level, male sex and diagnosed psychological problems are well documented risk 

factors.
4
 Additionally, there is substantial evidence on the cumulative and persistent effects of 

overt risk behaviours on injury.
5-8

 Jessor
6
 demonstrated that in youth, smoking, drinking, 

cannabis use, and sexual intercourse are all manifestations of an underlying propensity for 

problem behaviour, and individual and collective engagement in these behaviours makes 

adolescents more vulnerable to injuries. Concurrent involvement in such multiple risk behaviours 

during early adolescence is also a predictor of injury at the age of 15
5
 and increases the odds of 

youth injury.
8
 In addition, the influential roles of peers on engagement in risk behaviours during 

adolescence
9
 merits consideration.  

Social
10

 and physical
11

 contextual factors are also important in the etiology of youth injuries. 

One such potential determinant is social capital, typically measured by levels of social cohesion 

and the strength of interpersonal relationships. A main pathway that links social capital and 

injuries, conceptually, is health risk behaviours.
12

 Community (school or neighbourhood) 

resources affiliated with higher levels of social capital include improved levels of health literacy, 

safer norms and attitudes, and increased political support for social and public health reforms, all 
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of which may play a preventive role in injury-related health behaviours.
12

 However, existing 

studies
13-15

 provide weak evidence on this potential preventive impact.  

There are methodological considerations surrounding the etiological modeling of adolescent 

injury and its determinants. Multilevel analyses are efficient regression techniques that account 

for nested and correlated data structures and permits simultaneous analysis of the effects of both 

individual and community level variables.
16

 An important step when performing such analyses is 

the quantification of between-cluster variation.
17

 If these variations are small, the outcome occurs 

mainly due to differences within clusters, i.e., as a result of individual differences,
16

 a situation in 

which performing multilevel analyses is seldom justified. One traditional indicator of between-

cluster variation is the intra-class correlation coefficient (ICC); defined as the ratio of the 

between-cluster variance to the total variance. A large ICC means that effects at the level of the 

cluster are important in the occurrence of the outcome and they should be taken into account in 

etiological analyses. Two other measures are available with more interpretable information for 

discrete outcomes.
17

 The Median Odds Ratio (MOR) quantifies between-cluster variation by 

comparing persons from two different clusters with larger levels indicative of high levels of 

variation between clusters.  The Interval Odds Ratio (IOR) incorporates both the random effect 

and the effect of the cluster-level variable. A narrow IOR means between-cluster variations are 

small and containing a value of one indicates the between cluster variability is large relative to 

the effect of the cluster-level variable.
17

 However, such methods have rarely been used in social 

epidemiological studies in our field.  

We had an opportunity to conduct a study of social capital and adolescent injury with 

consideration of the above methodological issues, using a large Canadian survey of school-aged 

children. The core objective of this study was to examine relations between the perception of 
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social capital at the residential neighbourhood and the occurrence of injuries. We limited our 

analysis to non-sport injury outcomes, as sport injuries are thought to have a unique etiology that 

is partially independent from such contextual social effects.
18

 Secondary objectives were (1) to 

explore distributions of all available potential risk factors for youth injury; (2) to develop and test 

the psychometric properties of composite scales for the measurement of ‘risk behaviours’ and 

‘peer influence’; and, (3) to quantify the variations in the occurrence of injuries due to between-

school differences by calculating ICC, MOR, and IOR.  

METHODS 

Data sources/study population 

We obtained data from Cycle 6 (2009-10) of the Canadian Health Behaviour in School-Aged 

Children (HBSC) Study. 1 This is a cross-sectional study of health behaviours and outcomes in a 

nationally representative sample of 26,078 Canadian students mainly aged 11-15 years, from 436 

schools.
1
 Data were collected between October 2009 and May 2010 via administration of a 

written, in-class questionnaire. The HBSC survey has been designed based on the population 

health framework
19

 which focuses on individual and contextual determinants of health, and their 

interactive effects on the health of children. We restricted our analysis to students in the older 

age range (those aged 14+ years; grades 9 and older) because we were interested in examining 

the impact of social environments, and specific questionnaire modules about such relationships 

were only asked of these older students. From the original sample of 26,078, 12,189 met our age-

related inclusion criterion, and then 3,279 were excluded because they either did not answer the 

injury question or were injured due to sport-related activities. This left a final unweighted sample 

size of 8,910. 
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Measures 

The main exposure 

Social capital is a complex social construct and there is controversy over its definition. 

Following existing precedents
14 20 21

 levels of trust, social cohesion, and cooperation were used as 

indicators of individual perception of social capital in neighbourhoods. Children were asked to 

provide a rating for five statements using Likert-like responses, with five options ranging from 

‘1-strongly agree’ to ‘5-strongly disagree’.  Statements focused on if they can ‘trust’ people 

around them, the possibility of asking for help from neighbours as a measure of ‘cooperation’, 

and three statements about ‘social cohesion’. Cohesion was defined as the quality of 

interpersonal relationships, and availability of safe places for social interactions and spending 

free time (Appendix Table 1). Analyzing psychometric properties of these 5 items via 

exploratory and confirmatory factor analyses showed that all loaded highly onto a single factor 

with relatively high internal consistency (Cronbach’s alpha=0.76) and good model fit.
21 22

 We 

constructed a summary measure for social capital defined as the sum of scores of each item. This 

composite scale was the measure of ‘individual’ social capital. We followed the standard 

methodology of aggregating survey responses to the group level for constructing neighbourhood 

levels of social capital.
12 23

 Averages of individual scores were aggregated using ‘schools’. We 

chose schools versus neighbourhoods for our aggregate analysis because HBSC data were 

collected from a representative sample of all non-private Canadian schools, and any variation in 

SES between these schools is a true reflection of the differences in the whole Canadian youth 

population. Furthermore, the large number of schools (n=436) permitted quantification of 

between-school variations in multilevel regression models. There is direct evidence that areas 
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around schools are a place for social interaction between students with potential impacts on their 

health.
11 14

  

Schools then were divided into low, medium, and high tertiles based upon the distribution of 

these scores. 

The outcome  

The occurrence of injuries was indicated by the self-reported question in the HBSC: ‘During the 

past 12 months, how many times were you injured and had to be treated by a doctor or nurse?’ 

We excluded sport injuries and the measure included injuries due to any reason except ‘playing’ 

or ‘training’ for sports. This self-report measure for child injuries has been validated by showing 

excellent agreement with hospital records at three months and adequate agreement at twelve 

months
23

 and been used extensively in past publications.
7
  

Covariates 

Individual/Family Variables  

Age in years, gender (boy or girl), and self-rated health (4 categories, ‘excellent’ through ‘poor’ 

as an indicator for general physical health  status),
24

 were selected as covariates. We also 

included other established determinants of youth injuries such as risk taking behaviours, family, 

and social network factors in our analysis (see below).  

Risk taking behaviours 

We performed exploratory factor analyses to examine if there is a latent factor of risk 

behaviours
6
 in adolescence which manifests itself through one or more of the following: 

cannabis use, smoking, alcohol misuse, and sexual activity. Since the response options for these 

risk questions were compiled in Likert scales, in the pattern matrix, polychoric/tetrachoric 



98 
 

correlation coefficients were used as suggested by Wuensch.
25 

Factor analysis resulted in a one 

factor solution with high and similar loadings, indicating that each of these four behaviours 

contribute equally to the latent factor that we called ‘risk behaviour’ (Appendix Table 4.2). We 

subsequently created an additive score consisting of summed counts of these risk behaviors.  

Family related variables 

We included three documented risk factors related to family: ‘perceived family affluence’, 

‘number of siblings’
26

 and ‘family structure’
27

 in the analysis. Family affluence as a proxy for the 

individual-level socio-economic status was measured by a self-rated question: ‘How well off do 

you think your family is?’  Students were divided into three groups of ‘well off’, ‘average’, and 

‘worse off’, consistent with prior research.
28

 ‘Number of siblings’ was categorized into none, 1-2, 

and more than 2 and ‘family structure’ was initially categorized as intact (living with both 

parents) and non-intact (any other family structure). Due to the relatively high number of youth 

living with adults other than their parents or in foster care, a ‘living with others/foster care’ 

category was also created.  

Social network variables  

Numbers of “close friends” reported by youth were categorized into three groups (0-1, 2, >2). A 

series of questions also asked about peer influence; i.e., the behaviours of the group of friends 

with whom students spend most of their leisure time. The students ranked statements such as 

‘most of my friends in my group smoke cigarettes, get drunk, care for environment,….’  into 

‘never or rarely’, ‘sometimes’, and ‘often’ categories. Factor analyses performed with 

polychoric/tetrachoric correlation coefficients
25

 produced a two-factor solution in which negative 

and risky behaviours loaded onto one factor, whereas positive behaviors loaded onto a second 
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factor. Two composite scores were constructed by combining scores from each item with equal 

weights (Appendix Table 3). 

Community-level covariates  

At the community level, we assessed two risk factors for injury, neighbourhood socio-economic 

status
14

 and street connectivity
11

 based upon geographical information estimates for a 1 km 

buffer surrounding each schools. Prior research has demonstrated that this buffer around schools 

is reliable for social and environmental constructs such as street types and connectivity,
29

 food 

environments,
30

 green space,
31

 and socio-economic environments.
32

 The psychometric 

properties, full definitions, and detailed measurement of community-level variables have been 

described in a companion paper.
22

 Briefly, utilizing 2006 Canada Census of population,
10

 the 

neighbourhood socio-economic status  consisted of an additive composite scale that included 

average family income, the proportion of people (15+years) with at least a high school diploma, 

and the proportion of people older than 25 who were employed. The additive composite scale of 

Street Connectivity included intersection density, average blocks length, and connected node 

ratio; directly measured via Geographic Information System technology (ArcGIS 9.3 software; 

ESRI, Redlands, CA). 

Statistical analysis 

Descriptive 

Weighted distributions of all variables across different social capital groups were estimated and 

compared using analysis of variance and χ
2 

tests. Crude relationships between the outcome and 

all other variables were examined by estimation of prevalence rate ratios for injury occurrence by 

constructing bivariate regression models with binomial distributions.  
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Etiological analyses 

Multilevel multivariate statistical analyses were performed in three steps using models estimated 

via the GLIMMIX procedure in SAS (Version 9.2, Carry, NC) with a logit link. Due to 

convergence challenges we were not able to directly estimate relative risks and therefore 

adjusted our models to estimate odds ratios.  

First, we fit an “empty” (random intercept only) model in which the occurrence of injuries was 

modeled purely as a function of students’ school identifiers. The second model included only 

community level variables estimated as fixed effects. We then followed parsimonious modelling 

strategies using methodologies outlined by Rothman (2012)
33

 and Kleinbaum (2010).
34

 We 

started by adding all individual level variables with potential confounding effects (according to 

bivariate analyses) to the community level model to construct a fully adjusted model.
33 34

 We 

used a change in estimate strategy to identify true confounders,
33

 excluding variables whose 

removal from the fully adjusted model resulted in less than 10% change in the odds ratio 

describing relations between social capital and injury. Then, to account for each variable’s 

potential impacts on the random effects of schools, we also included variables which produced 

more than a 10% change in the measure of variance at the school level. This process resulted in 

several different models from which to choose. To determine the best fit model, two standard 

measures of goodness-of-fit - the Akaike Information Criterion and Bayesian Information 

Criterion statistics - were calculated.
35

 The final model was chosen after consideration of all 

criteria. We concluded our analyses by examining possible cross-level interactions between 

socio-economic status,
14

 gender, and social capital (see Appendix H for details of model building 

strategies). Variations in the occurrence of injuries due to between-school differences were 

quantified by calculating ICC, MOR, and an 80% IOR
17

 which contains the middle 80%  of all 
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the possible odds ratios comparing any set of two persons from two different clusters with 

different cluster level variables. 

RESULTS  

The mean age of participants was 14.8 (SD: 0.81) years, and almost two-third (70%) reported 

residing in neighbourhoods with at least medium levels of social capital. Seventy two percent of 

respondents lived in intact families and 55% rated their level of family affluence as high (Table 

4.1). Thirty nine percent of boys and 32% of girls reported the occurrence of one or more 

injuries. Poor street connectivity, male sex, engaging in more risky behaviours, low family socio-

economic status, not living with two parents, and reporting poor self-rated health were identified 

statistically as risk factors for injuries in bivariate analyses (Table 4.2).     

The three standard measures used to estimate between-school variation in injuries suggested that 

the random effect of the aggregate level should be taken into account in these analyses. In the 

community level variables only model (Table 3), the estimated ICC of 2% and MOR of 1.25 

each showed an acceptable size to justify the use of multilevel analysis.
36

 The relatively narrow 

80% IOR of 0.65 to 1.48 suggests that variations in the occurrence of injuries are being weakly 

affected by differences between schools. Also, because the IOR contains 1.0, these differences are 

large and important relative to the effect of the community social capital.   

 ‘Individual social capital’, ‘number of risk behaviours’, and ‘negative peer influence’ were each 

identified as true confounders in the relationship between community social capital and injuries. 

We also added ‘street connectivity’, ‘family influence’ and ‘number of siblings’ into the final 

model because they influenced random effects of schools by more than 10%.
16

 The final adjusted 

multilevel model (Table 4.3) suggested that students exposed to low community levels of social 

capital had a 16% reduction in relative odds of reporting an injury (OR 0.84, CI 0.72 to 0.98) 
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compared to those living in high social capital areas. Other significant predictors of injury were: 

younger age, male sex, engagement in risk behaviours, and negative peer influences. Holding all 

other variables constant, the relative odds of reporting an injury in boys was 37% higher, and 

engaging in one more risk behaviour was associated with a 35% increase in the relative odds of 

injury. Each year of age decreased the odds of injuries by 14% and when analyzed as a 

continuous variable with a possible range of 4 to 12, each unit increase in the score of negative 

peer influence increased the odds of injuries by 4% (OR 1.04, CI 1.02 to 1.08). 

The statistical significance of tests for interaction between community social capital and gender 

(p=0.043) suggested that construction of gender-stratified models was warranted. We included 

the same variables from the final adjusted model for the overall sample in the gender-stratified 

models which showed differential impact of social capital across gender groups. The odds of 

injuries reported for boys were not significantly affected by community social capital (OR 1.01, 

CI 0.80 to 1.29), but for girls the effect was present and statistically significant. Female students 

who perceived their neighbourhood with low levels of social capital reported 23% lower odds of 

injury in the year preceding the survey (OR 0.72, CI 0.62 to 0.94). Age and negative peer 

influence had similar effects on the occurrence of injuries in both genders. However, compared 

to girls, risk behaviours appeared to be more detrimental for boys. Reported engagement in each 

of a number of additional risk behaviours of cannabis use, smoking, drinking, and sexual activity 

increased the odd of injuries in boys by 43% (OR 1.43,CI 1.35 to 1.52), whereas the increase in 

relative odds for girls was only 27% (OR 1.27, CI 1.19 to 1.34). Family wealth was identified as 

a risk factor for injuries in girls but not in boys; however, the interaction product term was not 

statistically significant (p=0.24).     
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DISCUSSION   

Our study of social determinants of adolescent injury in young Canadians had a number of 

important findings. First, we confirmed the potential importance of contextual environments as 

risk factors in this study population.  An ICC of 2% in the empty model suggests that 2% of total 

variance in the occurrence of injury is due to differences between schools. Second, in the final 

gender-stratified models, this measure was 1.7% for girls and 0.5% for boys, suggesting that 

context is a more important contributing factor for injury among girls vs. boys. These results 

were supported by a larger MOR in girls (1.26 vs. 1.14). Third, and contrary to existing studies
13-

15
, we did not observe a direct preventive effect for social capital on the occurrence of youth 

injury. This may be attributed to the fact that existing studies all lacked a well-developed 

conceptual framework and did not account for simultaneous impacts of individual and 

community level variables. Also, in contrast to other studies
26 27

 none of the family level factors 

were identified as direct risk factors for injuries in our study. Fourth, we found that relationships 

between community social capital and the occurrence of injuries were significantly modified by 

gender, with lower levels of social capital showed a protective effect in girls only. The seemingly 

counterintuitive finding has several potential explanations. In general, community factors affect 

men and women differently
37

 as has been documented for body mass index,
38

 cardiovascular risk 

factors
39

 and life expectancy.
40

 More specifically, it has been well documented that the health 

effects of collective social capital might be gendered in favour of women.
41-43

 It is also plausible 

that for the outcome of adolescent injury, community factors affect boys and girl differently due 

to higher perception of community-based risks among girls vs. boys. In areas with low social 

capital, due to lower levels of safety (real or perceived), girls may prefer to stay at home and 
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therefore limit the risk for injuries, whereas for boys, injury remains a function of individual 

factors including increased exposures to risk. 

With respect to our methodological intentions, results of exploratory factor analyses showed that 

the items in the HBSC questionnaire contribute to valid tools used to measure the latent factors 

of ‘risk behaviour’ and ‘peer influence’. Consistent with the Problem Behavior Theory
6
 and 

similar studies
4 26

 these factors were significant predictors of injuries in both boys and girls.  

We feel that our study was strong because of our thorough use of advanced social 

epidemiological methodologies in order to increase internal validity. We performed multilevel 

analyses after ensuring structural confounding
44

 (confounding resulting from social sorting 

mechanisms) does not exist in the data;
22

 we followed the most recent analytic methodologies to 

quantify between-schools variations
17

 to justify use of multilevel analyses; we identified true 

confounders using standard epidemiological approaches;
33

 and we validated our ‘risk behaviour’ 

and ‘peer influence’ scales by performing factor analyses. Our study findings are also 

generalizable to a national population of young people aged 14-15 years. 

We also recognize that our study has some methodological limitations. Based on existing 

literature, there is no established cut-off point for what is a meaningful “between-cluster” 

indication of variation explained. Recent studies have performed multilevel analyses even with 

an ICC as low as 1.6%,
45

 we performed our analysis after obtaining a relatively small ICC of 2%. 

In addition, despite its non-significance, we kept social capital in the final model because our 

main objective was to describe its impact on injuries via building an association model
33

 as 

opposed to identifying risk factors by a predictive model. Other limitations relate to data 

constraints. We recognize that cross-sectional data preclude establishment of the temporal 
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aspects of causality. Because items describing peer influence were only available for students 

older than 14, our analysis necessarily had to exclude younger adolescents (ages 11-13). 

In summary, this study sheds some light on the complex etiology of youth injury by 

demonstrating simultaneous significant effects of both contextual and individual factors.  The 

observed differential influence of social context on injuries between boys and girls shows the 

importance of a gender-based approach in research and program implementation and warrants 

targeted prevention policies. Girls’ experiences with social capital are quite different from those 

of boys and this distinction should be considered in devising injury prevention health policies.  

Considering the specific impact of community factors on injury occurrence in girls, such policies 

should focus on the particular needs of girls.  

To determine the universality of our findings, future research should repeat the same analysis in 

other settings, cultures, and age groups.  These studies may include longitudinal data to confirm 

our cross-sectional findings.  

 

 

 

 

 

 

 

 

 

 

 

What is already known on this subject 

 Injuries in children are substantial public health burdens. 

 Social and environmental factors are potential determinants of youth injuries. 

 Levels of social capital may play a preventive role in the occurrence of injuries via a 

health behaviour pathway.  

What this paper adds 

 Contextual environments are risk factors for youth injuries. 

 Levels of social capital have no independent impact on the occurrence of injuries in 

boys. 

 After adjustment for confounding effects of a variety of community and individual level 

factors, higher levels of social capital were a predictor of injuries in girls.  
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Table 4.1. Characteristics of students participating in the 2010 HBSC by levels of community 

social capital 

 Totaln 

(%) 

High SC 

n (%) 

Medium SC 

n (%) 

Low SC 

n (%) 

P Value* 

Community Level Variables 

SES       
 High  1,875 (22) 419 (20) 901 (27) 555 (16) <0.0001 

Medium 4,275 (48) 976 (47) 1,534 (46) 1,765 (51)  
Low  2,691 (30) 681 (33) 880 (27) 1,129 (33)  

Street connectivity     
 High  4,268 (48) 895 (43) 1,282 (39) 2,091 (60) <0.0001 

Medium 2,587 (29) 667 (32) 1,001 (30) 919 (26)  
Low  2,023 (23) 518 (25) 1,031 (31) 474 (14)  

Individual Level Variables 

Gender       
Male  4,089 (46) 889 (43) 1,657 (49) 1,543 (45) <0.0001 

Female 4,845 (54) 1,192 (57) 1,711 (51) 1,941 (55)  

Age       

Mean (SD) 14.8 (0.81) 14.7 (0.77) 14.8 (0.79) 14.9(0.84) <0.0001 

Individual level of social capital                                                                              
 High  2,995 (34) 944 (45) 1,202 (36) 849 (24.5) <0.0001 

Medium 2,770 (31) 628 (30) 1,082 (32) 1,060 (30.5)  

Low  3,169 (35) 508 (25) 1,085 (32) 1,575 (44)  

Number of risky behaviours  
0  3,238 (37) 908 (44) 1,096 (33) 1,234 (36) <0.0001 

1  2,580 (29) 583 (28) 1,004 (30) 994 (29)  
2 1,105 (12.5) 217 (10.5) 460 (13) 428 (12)  
3 1,168 (13) 235 (11.5) 470 (14) 463 (13)  
4 769 (8.5) 130 (6) 318 (10) 327 (10)  

Perceived family  affluence  
Well off 4,736 (55) 1,129 (55) 1,832 (56) 1,775 (52) <0.0001 

Average  3,193 (36) 775 (38) 1,158 (35) 1,260 (37)  
Worse off 823 (9) 132 (7) 310 (9) 380 (11)  

Number of siblings 
0 1,430 (16) 316 (15) 512 (15) 602 (17.5) <0.0001 

1-2 5,830 (66) 1,365 (67) 2,264 (68) 2,201 (64)  
=>3 1,562 (18) 369 (18) 557 (17) 634 (18.5)  

Family structure   
Living with two parents 6,427 (72) 1,596 (77) 2,444 (73) 2,387 (69) <0.0001 

Living with one parent 1,682 (19) 308 (15) 627 (19) 747 (22)  
Somebody else/foster care 756 (9) 156 (8) 276 (8) 324 (9)  

Number of friends       
0-2 199 (2) 28 (1) 88 (3) 83 (2.5) 0.002 

3-4 586 (6.5) 119 (6) 247 (7) 220 (6.5)  

=>5 8,148 (91) 1,933 (93) 3,044 (90) 3,181 (91)  

Negative peer-influence                                                                                             
Mean (SD) 7.5 (3.0) 7.1 (2.8) 7.4 (2.9) 7.7 (3.1) <0.0001 

Positive peer-influence 
Mean (SD) 14.6 (3.2) 14.8 (2.9) 14.5 (3.1) 14.6 (7.8) 0.03 

Self-rated health 
Good-Excellent 6,782 (77) 1,652 (80) 2,589 (78) 2,541 (74) <0.0001 

Fair-poor 2,055 (23) 401 (20) 751 (22) 902 (26)  

*from Chi square and ANOVA statistics where appropriate 
Frequencies are weighted and rounded to the nearest integer 

Numbers inside parentheses represent column percentages  
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Table 4.2. Bivariate relationships between all variables and the occurrence of injury, 2010 HBSC  

 Injured  

N=3,101 (34.80) 

Not-injured  

N=5,809(65.20) 

Prevalence rate ratio 

(95% CI) 

Community Level Variables 

Social capital     
High  565 (35) 1,214 (65) Ref. 

Medium 1,105 (35) 2,050 (65) 0.99 (0.92-1.08) 

Low  1,340 (35) 2,455 (65) 0.98 (0.91-1.06) 

SES     
High  843 (35.2) 1,552 (64.8) Ref.  

Medium 1,343 (34.5) 2,550 (65.5) 0.98 (0.91-1.05) 

Low  849 (34.6)  1,620 (64.8) 0.98 (0.91-1.08) 

Street connectivity     
High  1,335 (33.2) 2,679 (66.8) Ref.  

Medium 951 (35.4) 1,738 (64.6) 1.06 (0.99-1.14) 

Low  794 (36.8)  1,366 (63.2) 1.11 (1.03-1.19) 

Individual Level Variables 

Gender    
Female 1,485 (32) 3,237 (68) Ref.  

Male  1,615 (39) 2,570 (61) 1.23 (1.16-1.30) 

Age     
Mean (SD) 14.76 (0.83) 14.78 (0.81) t test P=0.33 

Individual level of social capital  
High  986 (33.9) 1,926 (66.1) Ref.  

Medium 892 (32) 1,893 (68) 0.95 (0.88-1.02) 

Low  1,223 (38.1) 1,990 (61.9) 1.12 (1.05-1.20) 

Number of risky behaviours 
0  819 (26.1) 2,319 (73.9) Ref.  

1  825 (33.2) 1,659 (66.8) 1.27 (1.17-1.38) 

2 440 (39.4) 678 (60.6) 1.51 (1.37-1.66) 

3 534 (43.7) 687 (56.3) 1.68 (1.54-1.83) 

4 436 (50.8) 422 (49.2) 1.94 (1.78-2.12) 

Perceived family  affluence    
Well off 1,465 (32.1) 3,103 (67.9) Ref.  

Average  1,197 (36.3) 2,102 (63.7) 1.13 (1.06-1.20) 

Worse off 355 (42.1) 489 (57.9) 1.31 (1.20-1.43) 

Number of siblings    
0 553 (36.2) 975 (63.8) Ref.  

1-2 1,880 (43.2) 3,619 (65.8) 0.95 (0.87-1.04) 

=>3 604 (34.4) 1,152 (65.6) 0.95 (0.88-1.02) 

Family structure     
Living with two parents 2,107 (33.5) 4,186 (66.5) Ref.  

Living with one parent 656 (37.4) 1,100 (62.6) 1.12 (1.04-1.20) 

Somebody else/foster care 302 (38.5) 482 (61.5) 1.15 (1.05-1.27) 

Number of friends     
=>5 2,849 (34.9) 5,312 (65.1) Ref.  

3-4 152 (28.6) 380 (71.4) 0.82 (0.71-0.94) 

0-2 100 (46.1) 117 (53.9) 1.32 (1.14-1.53) 

Negative peer-influence 
Mean (SD) 8.06 (2.97) 7.25 (3.00) t test P<0.0001 

Positive peer-influence    
Mean (SD) 14.36 (3.29) 14.75 (3.15) t test p<0.0001 

Self-rated health    
Good-Excellent 2.279 (33.9) 4,434 (66.1) Ref.  

Fair-poor 786 (37.3) 1,319 (62.7) 1.10 (1.03-1.17) 

Numbers inside parentheses represent row percentages.  

Prevalence rate ratios were directly estimated from binomial distributions for injury occurrence. 
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Table 4.3. Results of multilevel models describing ORs for the occurrence of injuries, 2010 

HBSC data   

Empty model  Community 

level model  

Final adjusted model Gender Stratified models* 

Boys   Girls 

Community level variables 

Social capital (main exposure)  
Low 

Medium 

High 

  0.98 (0.86-1.23) 

0.99 (0.86-1.14) 

Reference  

0.84 (0.72-0.98) 

0.88 (0.75-1.03) 

Reference  

0.93 (0.74-1.18) 

1.01 (0.80-1.29) 

Reference  

0.77 (0.62-0.94) 

0.78 (0.63-0.96) 

Reference  

Street connectivity 
Low 

Medium 

High 

 1.19 (1.04-1.35) 

1.21 (0.99-1.26) 

Reference 

1.10 (0.96-1.27) 

1.04 (0.91-1.18) 

Reference 

1.13 (0.91-1.40) 

0.99 (0.81-1.21) 

Reference 

1.03 (0.85-1.25) 

1.06(0.89-1.27) 

Reference  

SES 
Low 

Medium 

High 

 1.01 (0.88-1.16) 

0.99 (0.88-1.14) 

Reference 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Individual level variables 

Age (years) 

   0.86 (0.80-0.92) 0.85 (0.78-0.94) 0.86 (0.78-0.94) 

Gender 
Male 

Female 

  1.37 (1.23-1.54) 

Reference  

- 

- 

- 

- 

Individual social capital 
Low 

Medium 

High 

  1.04 (0.92-1.19) 

0.88 (0.78-1.01) 

Reference  

0.94 (0.78-1.13) 

0.82 (0.68-0.98) 

Reference 

1.16 (0.97-1.39) 

0.96 (0.80-1.47) 

Reference 

Number of risk behaviours 

 1.35 (1.29-1.41)** 1.43 (1.35-1.52) 1.27 (1.19-1.34) 

Perceived family affluence 
Low 

Medium 

High 

  1.23(1.003-1.47)*** 

1.13 (1.01-1.26) 

Reference 

1.18 (0.91-1.53) 

1.00 (0.85-1.18) 

Reference 

1.28 (1.01-1.63) 

1.26 (1.09-1.47) 

Reference 

Number of siblings 
More than one 

One 

None 

  0.88 (0.74-1.04) 

1.02 (0.89-1.17) 

Reference 

0.86 (0.68-1.10) 

1.05 (0.86-1.28) 

Reference 

0.89 (0.71-1.40) 

0.99 (0.82-1.20) 

Reference 

Negative peer influence 

 1.04 (1.02-1.06) 1.03 (1.01-1.05) 1.05 (1.02-1.08) 

Random Effects 

ICC 

 2% 2% 1.2%  0.5% 1.7%  

MOR 

 1.21 1.25 1.20 1.14 1.26 

80% IOR (lower-upper) 

                                    - 0.65-1.48 0.59-1.33 0.66-1.17 0.60-1.45 
 

*p.value for the interaction term between gender and community social capital=0.043 

**p.value for the interaction term between risk behaviours and community social capital=0.58 
***p.value for the interaction term between family affluence and community social capital=0.24 
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Appendix Table 4.1. Questionnaire items used for the measurement of social capital, 2010 

HBSC data   

Please say how you feel about these statements about the area where you live.  

Response options: 

Strongly disagree 

Disagree 

Neither agree nor disagree,  

Agree  

Strongly agree 

Item  Measure for  

People say ‘hello’ and often stop to talk to each other in the street Social Cohesion  

It is safe for younger children to play outside during the day Social Cohesion  

There are good places to spend your free time (e.g., recreation centres, parks, 

shopping centres) 

Social Cohesion  

You can trust people around here Trust  

I could ask for help or a favour from neighbours Cooperation  
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Appendix Table 4.2. Results of exploratory factor analysis: Factor pattern matrix of risk 

taking behaviour items, 2010 HBSC data   

Item  Loading 

Using cannabis 0.91 

Smoking tobacco 0.88 

Bing drinking  0.77 

Ever have had sex 0.74 

Variance explained 

67.8% 

Cronbach’s Alpha 

0.78 

Eigenvalue 

1.43 
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Appendix Table 4.3. Results of exploratory factor analysis: Factor pattern matrix of peer 

influence items, 2010 HBSC data   

 

Loadings to the negative peer influence factor Loadings to the positive peer influence factor 

Item  Loading Item     Loading 

Most of the friends in my group…. Most of the friends in my group…. 

….have used drugs to get stoned 0.81 …. care for environment  0.55 

….. smoke cigarettes 0.77 …. help others in need 0.53 

….. get drunk 0.74 …. do well at school  0.51 

…. have sexual relationships 0.64 ….participate in organized sports activities with other 0.49 

  …. participate in cultural activities other than sports 0.45 

  …. get along with their parents 0.43 

Cronbach’s Alpha 

0.56 0.52 

Eigenvalue 

2.82 1.18 

Variance explained by two factors 

36.3 % 

Note:  

1) The item ‘Most of the friends in my group carry weapon’ was excluded from further analysis because it did not 

load to any factor 

2) Loadings were not identical but similar enough to justify the use of similar weights 
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Chapter 5 

Neighbourhood Social and Built Environment Factors and Falls 

in Community-dwelling Canadian Older Adults:  a Validation Study and 

Exploration of Structural Confounding
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ABSTRACT 

Older persons are vulnerable to the ill effects of their social and built environment due to age-

related limitations in mobility and bio-psychological vulnerability. Falls are common in older 

adults and result from complex interactions between individual, social, and contextual 

determinants. We addressed two methodological issues of neighbourhood-health and social 

epidemiological studies in this analysis: 1) construct validity of measures of neighbourhood 

contexts, and 2) structural confounding resulting from social sorting mechanisms. Baseline data 

from International Mobility in Aging Study were used. Samples included community-dwelling 

Canadians older than 65 living in Kingston (Ontario) and St-Hyacinthe (Quebec). We performed 

factor analysis and ecometric analysis to assess the validity of measures of neighbourhood social 

capital, socioeconomic status, and the built environment and stratified tabular analyses to explore 

structural confounding. The scales all demonstrated good psychometric and ecometric properties. 

There was evidence for the existence of structural confounding in this sample of Canadian older 

adults as some combinations of strata for the three neighbourhood measures had no population. 

This limits causal inference in studying relationships between neighbourhood factors and falls, 

and should be taken into account in future aetiological research related to aging.  
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1. Introduction 

Social and environmental features of neighbourhoods may affect the health of residents beyond 

the contributions of individual-level risk factors (Macintyre & Ellaway, 2003). Older persons are 

often more vulnerable to the ill effects of their neighbourhoods due to their longer durations of 

exposure to potential environmental hazards, as well as age-related limitations in life space 

(Simon, Walsh, Regnier, & Krauss, 1992), and bio-psychological vulnerability (Glass & Balfour, 

2003). In younger age groups, individuals are typically exposed to a diversity of contexts such as 

school, work, recreation/entertainment venues, and community.  In contrast, older adults often 

experience the vast majority of environmental exposures from their residential neighbourhoods 

(Satariano, 2006; Scheidt & Windley, 2003). A recent systematic review of 33 related aging 

studies concluded that neighborhood environmental factors were not strongly influential on older 

adults’ health and functioning (Yen, Michael, & Perdue, 2009); however, few studies included in 

the review directly measured neighborhood features or contexts. Most included studies were 

cross-sectional with the inherent limitation of reverse causation. They also failed to 

simultaneously consider both physical and social aspects of neighbourhood safety; factors that 

may discourage older persons from leaving their homes which would have a direct impact upon 

physical activity and associated falls. 

 Social capital is an important feature of neighbourhood environments. Social capital typically is 

measured through assessment of levels of social cohesion and the quality of interpersonal 

relationships, and such factors have been shown to be determinants of health (Cagney & Wen, 

2008; Kawachi & Berkman, 2014). Compared to persons from younger age groups, older people 

rely more on the capacity of social connections and community resources to remain productive 

and independent, and to maintain their health (Cannuscio, Block, & Kawachi, 2003). The 
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positive health impacts of social capital among older people may be over and beyond individual 

factors, although direct evidence for such relationships is limited. Higher levels of social capital 

have been associated with better general health (Pollack & von dem Knesebeck, 2004), increased 

quality of life (Nilsson, Rana, & Kabir, 2006),  and lower nutritional risks (Moore, Shiell, 

Haines, Riley, & Collier, 2005); however, findings are somewhat inconsistent (Cagney & Wen, 

2008) with occasional intriguing and unexpected results. To illustrate, in a Chicago-based study 

of older adults who were hospitalized for serious diseases, high levels of social integration was 

unexpectedly a risk factor for diminished survival (Wen, Cagney, & Christakis, 2005). 

Existing social theories explore the potential impacts of social capital on the health of older 

adults.  Common models include social disorganization theory (Browning, 2002) and collective 

efficacy models (Sampson, Raudenbush, & Earls, 1997). Although well developed and explored, 

these two models sometimes overlook the direct influence of physical environments on health, as 

well as the interaction of physical and social factors as etiological constructs. A modification of 

the specific ecological model proposed by Lawton (Lawton, 1980; Lawton, 1998) identifies the 

mechanisms by which ‘neighbourhood’ impacts the health status of older adults through 

incorporation of both social and environmental factors. Originally, Lawton suggested that 

physical function and behaviours of an older adult are a function of balance between the demand 

of the environment (referred to as “environmental press”) and the person’s ability to deal with 

that demand (called “competence”). Small mismatches between these two factors will result in 

positive outcomes whereas large mismatches will result in negative outcomes and maladaptive 

behaviours (Lawton, 1998).
 
For example, in a high risk crime environment, people who are 

psychologically and physically strong still go out and do their physical activity (a positive 
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behaviour) whereas for people with lower levels of physical strength, the pressure of the 

environment may hinder positive behaviours (Glass & Balfour, 2003). 

 

Figure 5.1. Lawton’s ecological model of aging (adapted for the outcome of falls) 

We adapted Lawton’s model to explain the potential combined impact of social and physical 

factors as ‘environmental press’ for our outcome of interest, the occurrence of falls (Figure 1).  

Features of social and built environments of a neighbourhood can act as the ‘press’ for the 

occurrence of falls, and interact with individual factors to produce different numbers of  falls. 

When individual factors overcome environmental pressures, there will be a low potential for 

falls. For example, a healthy individual can maintain a good level of balance on a slippery 

sidewalk and will not fall. When the force of the environment is high, even in the presence of 

good physical health falls remain a possibility (top right side of the figure). In contrast, frail older 

adults still are prone to falling even in a favourable environment.  

Every year, an estimated 30 to 40% of individuals in North America over the age of 65 fall at 

least once (Ambrose, Paul, & Hausdorff, 2013). The estimated annual prevalence of falls in 
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community-dwelling Canadian seniors is between 20% and 30%, with a higher prevalence 

among seniors over 80 years (Canadian Community Health Survey - Healthy Aging, 2010). 

About half of all falls occur outside the home in locations such as streets, parks, or shops (Lord, 

Sherrington, Menz, & Close, 2007). Falls among seniors result from a complex interaction 

between individual risk factors and contextual determinants. The role of individual and home 

level factors on the occurrence of falls is well-documented (Deandrea et al., 2010; Lord, 

Sherrington, Menz, & Close, 2007); however, conclusions from the few existing studies of the 

impact of neighbourhood built and social factors such as uneven sidewalks (Gallagher & Scott, 

1997; Tinetti, Doucette, & Claus, 1995), social deprivation (Court-Brown, Aitken, Ralston, & 

McQueen, 2011; Syddall,  Evandrou, Dennison, Cooper, & Sayer, 2012), the proportion of 

welfare recipients (Icks et al., 2009), and level of area wealth (West et al., 2004) are inconsistent. 

Methodologically, there exist two issues that are salient to the study of neighbourhood factors on 

fall-related health outcomes. The first issue is that the reliability and validity of measures of 

neighbourhood contexts that conceptually might be related to the occurrence of falls have seldom 

been investigated.  The second is the issue of structural confounding, that is, the confounding 

resulting from social sorting mechanisms (Oakes, 2006).  When studying social factors at the 

neighbourhood level, some strata of social variables may only contain subjects who could never 

be exposed to the aggregate level exposures of interest. For example, in a classic US example, 

Messer (Messer, Oakes, & Mason, 2010) studied the effects of racial segregation on preterm 

birth and showed that few white women live in neighbourhoods with high levels of deprivation. 

In other words, some subgroups (white women) only experienced one level of exposure (low 

deprivation), and this was referred to as ‘off-support’ (Ahern, Hubbard, & Galea, 2009) or 

‘deterministic non-positivity’ (Diez Roux, 2004; Oakes, 2004). When this happens, because of 



125 
 

social sorting mechanisms additional data collection will be of little assistance. Analyses of ‘off-

support’ data in the presence of structural confounding rely on model extrapolations which do 

not permit examination of the unique contribution of social factors, and thus limit meaningful 

causal inference in etiological analyses (Cole & Hernan, 2008). Despite growing awareness of 

this methodological issue, it has been quantified only in a few studies (Messer, Oakes & Mason, 

2010; Vafaei, Pickett, & Alvarado, 2014) and to our knowledge no such study has been 

conducted in social epidemiological studies of neighbourhood determinants of health in older 

adult populations.  The objectives of our current study were therefore:  1) to develop a reliable 

and valid composite scale for measurement of neighbourhood-level social capital as perceived by 

older adults and to evaluate its psychometric and ecometric properties; 2) to determine the 

possible roles of neighbourhood-level socioeconomic status, social capital, and built environment 

factors as structural confounding variables in such studies of the etiology of the occurrence of 

falls among older people. 

2. Methods  

2.1. Sampling strategies/Data sources 

The target population for this study was older adult Canadians living in the community. We 

obtained data from the baseline questionnaire of the IMIAS (International Mobility in Aging 

Study) project. IMIAS is a longitudinal study of 1,995 non-institutionalized men and women 

aged between 65 and 74 years from four countries: Canada, Brazil, Colombia, and Albania. 

Baseline data were collected in 2012 with a first follow-up in 2014 and a final wave of data 

collection in 2016. Two Canadian cities (Kingston, Ontario; Saint-Hyacinthe, Quebec) were the 

Canadian research sites of IMIAS. The two chosen Canadian cities were different in terms of 

SES and built environmental contextual factors and thus provided sufficient variations for 
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analysis of such factors and exploration of their relationships with the occurrence of falls. In 

concordance with the ethics requirements of Queen’s University and the University of Montreal, 

we recruited the potential participants indirectly by sending invitation letters to them via their 

family physicians. Those interested in participation contacted the field coordinator to set up an 

in-home interview time. Approximately 30% of those invited to participate contacted the field 

coordinator and, of those, 95% agreed to participate in the study and were enrolled. The final 

sample consisted of 799 participants (398 in Kingston; 401 in Saint-Hyacinthe) (Zunzunegui et 

al., 2015).  

2.2. Definition of neighbourhoods 

In this study, neighbourhoods were used as the aggregate units of analysis.  Neighbourhoods 

were defined by the administrative boundaries established by the City of Kingston 

(https://www.cityofkingston.ca/ ) and Ville de Saint-Hyacinthe Hyacinthe (http://www.ville.st-

hyacinthe.qc.ca/). There are 45 neighbourhoods in Kingston and 9 neighbourhoods in Saint-

Hyacinthe. Participants were assigned to neighbourhoods according to their residential postal 

codes using geocoding and geographic information system (GIS) technology. 

2.3. Measures 

2.3.1. Individual-level variables 

Personal interviews, anthromorphic measurement, and physical functioning assessments were 

conducted by trained interviewers in participants’ homes. Basic demographic variables of sex, 

age (in years), years of education, and sufficiency of income were measured by direct questions.  

Perceived income adequacy has been shown to be a valid indicator of financial capacity in older 

age, and can provide meaningful information about financial status (Litwin & Sapir, 2009; 

Zunzunegui et al., 2015). Past occurrence of falls was assessed based on answers to a self-

https://www.cityofkingston.ca/
http://www.ville.st-hyacinthe.qc.ca/
http://www.ville.st-hyacinthe.qc.ca/
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reported question: Have you fallen during the past 12 months (yes or no)?  Subsequent questions 

probed the locations of falls as well as the activities that led to their occurrence. Because this 

study was focused primarily on the specific effects of neighbourhood factors on the occurrence 

of falls in the neighbourhoods, those who fell at home (n=93) or during sport activities (n=23) 

were excluded. For each neighbourhood, an ecological measure of the prevalence of falls was 

calculated by dividing the number of those who fell over the total number of participants from 

the neighbourhood (excluding those who fell at home or during sport). 

 Neighbourhood-level variables: 

2.3.1.1. Social capital 

We followed a social cohesion-based perspective in measurement of social capital ((Berkman, 

Kawachi, & Glymour, 2014), page 29) which is the most widely adopted approach used in 

applied public health studies. As per precedents (Elgar, Trites, & Boyce, 2010; Harpham, Grant, 

& Rodriguez, 2004; Subramanian, Lochner & Kawachi, 2003; Takagi, Ikeda, & Kawachi, 2012 

Vafaei, Pickett, & Alvarado, 2015), participants were asked about the potential availability of 

resources in their neighbourhood. They provided a rating for four statements using Likert-like 

responses, with three options: ‘1-often’; 2-sometimes; and 3- never’.  There was also a ‘do not 

know’ option that was treated as ‘missing’ in data analyses. Statements focused on: (1) whether 

participants could ask their neighbours for a favour; (2) do neighbours watch out for each other; 

(3) do participants talk outside with others in the yard or on the street; and (4) if participants felt 

safe walking around their neighbourhood (Appendix Ttable 1). 

2.3.1.2. Socioeconomic status (SES) 

Based on previous Canadian studies (Pampalon & Raymond, 2000; Vafaei, Pickett, & Alvarado, 

2014),
 
education, employment, and average income are valid indicators of neighbourhood SES. 
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Using census-based measures, education at the neighbourhood level was defined according to the 

proportion of people (15+years) with at least a high school diploma. The employment ratio was 

defined as the proportion of people older than 25 who were employed. We also obtained the 

average house income for each neighbourhood.  

2.3.1.3. Physical environments  

Available measures included the amount of green space in each neighbourhood, and items 

indicating levels of street connectivity. Green space was defined as the proportion of land areas 

that included parks, fields, and wooden areas relative to the total land area. This was measured 

directly via GIS for each neighbourhood (Huynh, Craig, Janssen, & Pickett, 2013). We also used 

GIS to measure three indicators of street connectivity (Mecredy, Janssen, & Pickett, 2012; 

Vafaei, Pickett, & Alvarado, 2014): 1) intersection density (number of intersections in each 

neighbourhood divided by total area); 2) average block length (sum length of roads within the 

neighbourhood divided by number of real nodes); and 3) connected node ratio (number of real 

nodes divided by all types of nodes such as intersections, dead-ends and cul-de-sacs). 

2.4. Analysis 

2.4.1. Descriptive 

Distributions of basic individual demographic and neighbourhood characteristics across the two 

study sites were estimated and compared using t-test and Х
2
 statistics.  

2.4.2. Evaluation of psychometric and ecometric properties of scales 

Exploratory factor analyses were performed to assess the psychometric properties of composite 

scales describing neighbourhood social capital, SES, and physical environments and hence their 

factorial validity. The robustness of the exploratory factor analysis was assessed by estimating a 

diagnostic measure of sampling adequacy (the Kaiser-Meyer-Olkin measure) and by Bartlett’s 
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test of sphericity. Cronbach’s alpha levels for internal consistency were calculated as an indicator 

of reliability (Streiner, Norman, & Cairney, 2014).
 
Since the response options for social capital 

questions were compiled in Likert-like formats, in the patten matrix polychoric correlation 

coefficients  (instead of Pearson) were used as suggested by Wuench (Wuensch, 2012). Data for 

at least one item of social capital were missing for 121 (15.2%) of particpants. We therefore 

employed a multiple imputation approach using SAS MI and MIANALYZE procedures (SAS 

Guide, 2014). Frequency distributions of answers to the four social capital items are presented in 

Appendix Table 1.  

In contrast to the standard and objective measures of SES and physical environment available to 

us, items measuring social capital were self-reported and subjective. Thus, we further evaluated 

the ecometric properties of social capital items using three-level models (Mujahid, Diez Roux, 

Morenoff, & Raghunathan, 2007; Raudenbush, 2003; Raudenbush & Sampson, 1999). Level 1 

relates to item responses within individuals, Level 2 relates to persons resident in 

neighbourhoods, and level 3 represents the neighbourhoods themselves. This model estimates 

variance components corresponding to each level: within-individuals, within-neighbourhoods, 

and between-neighbourhoods. Using these estimates, we calculated intra-class (neighbourhood) 

correlation coefficients (ICC) that quantified the amount of variability in the social capital items 

attributable to between-neighbourhood differences.  Higher levels of ICC indicate greater 

agreement in responses to items between respondents living in the same neighbourhood; i.e., 

larger differences between those from different neighbourhoods.  

2.4.3. Structural confounding  

Stratified tabulations
 
(Messer, Oakes, & Mason, 20102010; Vafaei, Pickett & Alvarado, 2014) 

were the main analytic tool for exploring structural confounding. Total numbers of participants 
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and numbers of falls occurring in neighbourhoods in each combined strata of community SES, 

physical environment, and social capital were estimated. According to theories of structural 

confounding (Ahern, Hubbard, & Galea, 2009; Diez Roux, 2004; Glass & Balfour, 2003; 

Messer, Oakes, & Mason, 2010; Oakes , 2006; Oakes, 2004),
 
non-existence or low numbers of 

individuals in extreme cells is suggestive of strong social stratification and possible structural 

confounding.  We defined extreme cells as combinations of “low” social capital (lowest tertile) 

but “good” physical environment and SES (highest tertile), or a combination of “poor” SES and 

“poor” physical environment but “good” social capital. There is no established low number to 

represent the existence of structural confounding. A standard ‘low number’ varies based on the 

context of the study and sample size. For example, Messer et al. (2010) in their 

study of neighbourhoods of two counties in North Carolina with a sample size of 31,715 

considered fewer than 30 in each cell as evidence for structural confounding. However, as per 

established precedents (Vafaei, Pickett ,& Alvarado, 2014) we did not set any number to 

represent a ‘low number’ a priori.  

 All analyses were conducted using SAS v9.3 (SAS Institute Inc., Cary, North Carolina) and 

STATA version 13.1 (StataCorp, College Station, Texas). 

3. Results  

3.1. Description of the sample 

Out of the original sample size of 799 individuals, the frequency of falls in all locations were 248 

(31%). Consistent with literature (Lord, Sherrington, Menz, & Close, 2007), about half of the 

falls (n=132; 53%) occurred outside the home and during non-sport activities. There was no 

difference in age and sex distributions across the two cities; however, compared to Saint-

Hyacinthe, older adults living in Kingston were significantly better educated (76% with higher 
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education vs. 39%) and more frequently reported having sufficient income (Table 1). At the 

neighbourhood level, despite equal proportions of employment, average income levels in 

Kingston neighbourhoods were much higher than Saint-Hyacinthe ($74,000 vs. $43,000). Older 

adults living in Kingston reported significantly higher levels of social capital. The most notable 

difference in physical environmental characteristics was for green space: the proportion of green 

space was three times higher in Kingston vs. Saint-Hyacinthe neighbourhoods.  

3.2. Findings from the factor analysis 

Initial factorial validity tests via exploratory factor analysis indicated high and similar loadings 

for all included items of SES, built environment, and social capital (Table 2). The only exception 

was for the social capital item asking about neighbourhood ‘safety’, which showed a low loading 

of 0.11 and hence was excluded from further analysis. These scales were also reliable as shown 

by high internal consistency (Cronbach’s alpha for all >0.75). 

3.3. Ecometric properties of the social capital scale 

The calculated ICC for the neighbourhood social capital items was 0.09 (95% CI: 3.7-20.9%). It 

suggests that 9% of the variability in the observed differences in answers to social capital items 

was solely due to between-neighbourhood differences.  

3.4. Construction of composite scales of neighbourhood-level variables
 

Excluding the safety item because of its low loading, the composite scale for social capital was 

defined as the sum of scores of the remaining three high-loading items, combined with equal 

weights (Table 2). These items represented the neighbourhoods ‘cohesion’, consistent with our 

theoretical framework (Berkman, Kawachi, & Glymour, 2014). Averages of individual scores 

were aggregated and neighbourhoods then were divided into low, medium, and high tertiles 

based upon the distribution of these scores (Table 3). 
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To construct a composite scale for community SES, each of the 54 neighbourhoods was first 

ranked based on each of the three SES indicators. Then, the neighbourhoods were divided into 

tertiles and were scored from one to three according to their tertiles of each indicator of SES 

(low=1, medium=2, high=3). An additive composite scale for the SES was constructed including 

the scores of three indicators with a possible range from 3 to 9.  Similar methods were employed 

for constructing a composite scale for the physical environment measure.  Since there are no 

meaningful cut-off points for our constructed composite scales of social capital, SES, and 

physical environment, we categorized them into tertiles for analytic purposes. 

3.5. Structural confounding assessment 

We constructed a 3 by 3 table according to the tertiles of the three neighbourhood factors 

distributions (Table 4). Results suggest a possibility of social sorting mechanism for 

neighbourhood levels of social capital, SES, and physical environment in this sample of 

Canadian older adults. There were no population and fall cases in some combination of strata of 

our three neighbourhood measures and a number of so-called extreme cells (defined above in 

methods) were empty or with sparse numbers of observations.  

4. Discussion  

The first objective of this study was to validate the three neighbourhood level variables of SES, 

built environment, and social capital. We defined social capital according to the social cohesion 

perspective (Kawachi & Berkman 2014) and constructed a composite scale based on the scale 

development methodology suggested by Streiner (2014). First, in order to have appropriate 

content validity (Harpham, 2008), the main aspects of social cohesion were measured by three 

direct questions. Our initial validation involved exploratory factor analysis and demonstrated that 

all items loaded onto a single underlying factor with relatively high loadings, which 
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demonstrated a good factorial validity. The calculated Cronbach’s alpha of 0.76 for the three-

item scale demonstrated strong internal consistency (larger than 0.70) (Streiner, Norman, & 

Cairney, 2014) and being smaller than 0.90, was also indicative of no item redundancy (Boyle, 

1991). 

We took one further step for the validation of the social capital measure by assessing its 

ecometric properties (Raudenbush, 2003) to show how much variation in the responses to social 

capital items are attributable to between-neighbourhood differences. The main purpose was to 

assess how appropriate this composite scale is as a neighbourhood-level measure and for 

measurement of neighbourhood attributes.  The calculated ICC of 9% was relatively low and 

suggests that most of these variations are due to within-neighbourhood (individual) differences; 

however, there is no established standard to guide what constitutes a high ICC for ecometric 

analyses and few studies were available for comparison. A study conducted in a sample from 

southern Brazil (Hofelmann, Diez-Roux, Antunes, & Peres, 2013) reported ICC measures 

ranging in value from 0.27 to 0.82 for various neighbourhood measurement scales such as 

perception of physical and social disorder. One explanation for our low ICC might be that we 

only had three items whereas in that study each scale included 8 items. Another existing study 

reported results that were also variable. Using data on neighbourhood conditions collected from a 

telephone survey of 5,988 residents at three US study sites, Mujahid et al. (2007) employed a 

similar method for assessing the ecometric properties of seven different neighbourhood condition 

scales. They reported ICC measures in a range from 0.05 for the 5 items measuring ‘activities 

with neighbours’ to 0.51 for the 6 for measurement items of ‘aesthetic quality’.   

In concordance with other Canadian studies (Pampalon & Raymond, 2000; Vafaei, Pickett, & 

Alvarado, 2014), the two other neighborhood-level variables of SES and physical environment 
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also showed high internal consistency, as demonstrated by Cronbach’s alpha measures of 0.77 

and 0.80, as well as good psychometric properties. Conceptually, green space is not necessarily 

related to the other three street connectivity indicators, and one can argue against including all in 

a single scale; however, the relative high loading (0.56) of ‘green space’ onto a common factor 

supports our decision on constructing a single scale for physical environment measures. To 

provide sufficient variations in the neighbourhood-level SES and physical environmental factors 

that was needed for valid data analyses, we made use of data obtained from two Canadian cities 

that showed different ranges of such factors. 

To address the second objective we chose to study potential structural confounding effects of 

three neighbourhood-level social and environmental factors of social capital, SES and physical 

environment which have been shown to be potential risk factors for the occurrence of falls in 

older adults (Cole & Hernan, 2008; Gallagher & Scott, 1997; Syddall,  Evandrou, Dennison, 

Cooper, Sayer, 2012; Tinetti, Doucette, & Claus,1995; West et al., 2004). Cross-tabular analyses 

suggested the presence of structural confounding, and it appears that there is a social sorting 

mechanism in effect among this sample of community-dwelling Canadian older adults. 

Neighbourhoods with low levels of social capital also showed low levels of SES, suggestive of a 

clustering of multiple social disadvantages where economically poor communities also suffer 

from low levels of social capital. Polarization and social division in large cities has been 

documented in various reports (Hulchanski, 2009; Simard, 2011) and we also showed the 

possibility of this issue in medium-sized Canadian cities.  

Our measures of the physical environment also showed a possible structural confounding effect 

but in a smaller magnitude compared to SES; there were few neighbourhoods with poor physical 

environments that simultaneously had higher levels of SES and social capital.  
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Due to the existence of structural confounding, some empty cells were observed in our stratified 

table. Since these empty cells represent a deterministic non-positivity they cannot be filled by 

more data collection, as opposed to random non-positivity (Westreich & Cole, 2010). Our 

findings are consistent with those of a study conducted by Messer (2010) in the socially stratified 

context of neighbourhoods of North Carolina. She showed that literally no white women lived in 

the most deprived areas and no black women lived in privileged neighbourhoods; however, this 

contrasts with our previous study of Canadian adolescents. Including the same three community 

level variables of SES, physical environment, and social capital and utilizing a similar method, 

there was no sign of structural confounding in a nationally representative sample of over 26,000 

Canadian students aged 11-15 years (Vafaei, Pickett, & Alvarado, 2014). The discrepancy 

between these child findings and the current study of older adults may relate to the fact that older 

adult communities are more directly influenced by social factors, therefore living in poor 

neighbourhoods also negatively impacts levels of social interactions. Using neighbourhoods 

defined by administrative boundaries versus the school as used in the adolescents study is 

another potential reason, since compared to an educational context, place of residence may 

impose a more direct social stratification. Finally, existence of structural confounding precludes 

causal inference in regression analyses due to scant data and should be taken into account in 

etiological aging research.  

Strengths of our study included the fact that we followed the well documented ecological model 

of Lawton to conceptualize the issue of interest and chose the three specific neighbourhood-level 

variables based on this model. We also employed the most advanced analytic strategy of 

ecometric analysis for validation of the social capital items. Our study also fills a gap in the 

social epidemiology literature; quantitative exploration of structural confounding has been rarely 
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performed and to our best knowledge never in older adults.  Use of a study population that 

exclusively focused on older adults was therefore another strength of this study.  

Our study also has some limitations. Our participants were not a representative sample of the 

Canadian population of older adults and the results are therefore not generalizable to that 

population. The Kingston sample was dominated by highly educated individuals who might 

interpret social capital questions differently, therefore bias attributable to this selection issue is 

likely. The direction of this bias remains to be explored in future studies. It is also worth noting 

that in choosing aggregate level data, we were limited to the predefined administrative 

boundaries provided by Statistics Canada for the SES variables, and municipal boundaries 

provided by City of Kingston and Ville de Saint-Hyacinthe for other variables. Despite 

significant differences in individual and neighbourhood levels of SES across the two study sites 

(Table 1), indicators of physical and mental health, mobility, grip strength as well as BMI, 

smoking status, and levels of most laboratory indicators showed similar distributions in Kingston 

and Saint-Hyacinthe (Appendix Table 2). This suggests that the two sample populations were 

sufficiently homogeneous to be appropriately combinable. 

Same-source (Diez-Roux, 2007) or mono-method bias is also a potential threat to the validity of 

this study. This bias happens when self-reported data are used for both the outcome and the 

neighborhood characteristics, and generates a spurious association because of the correlation 

between measurement errors in both exposure and outcome or because the outcome affects the 

perception of the neighborhood attribute. This is not a major methodological concern in our 

circumstances. We aggregated our measure to neighbourhoods and there are some studies that 

conclude that aggregation of self-perceived measures to narrow area units reduces the possibility 

of this type of bias (de Jong,et al., 2011). Also, this bias is more applicable to outcomes 
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measured purely by individuals’ subjective perception such as depression and level of physical 

activity. In older adults, a fall is an occurrence that is unlikely to be forgotten or over-reported 

because of other factors. 

Finally, there is a possibility that, for various reasons, older adults move to low social capital or 

low SES environments and the observed sorting is a function of older adults’ change of 

residence, and not a characteristic of residential areas per se. However, 80% of the participants 

reported that they had lived in their current residence for more than five years, and only seven 

percent had moved to their present neighbourhood in the prior year.   

Conclusion  

In conclusion, in this study of Canadian older adults we addressed two major methodological 

issues of social epidemiological and neighbourhood research: the construct validity of composite 

neighbourhood level measures and the possibility of structural confounding. We showed that our 

composite measures for social capital, SES and physical environment are valid and also there is 

an evidence of existence of structural confounding in our data. In etiological analysis that rely on 

such data from older adults, there is a need to take into account such limitations when making 

causal inferences. Further research is needed to explore the possibility of structural confounding 

in different settings and age groups, and with a variety of health outcomes. 
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Table 5.1: Distribution of individual and neighbourhood level variables in the samples of 

older adults living in Kingston (ON) Saint-Hyacinthe (QC)  

 Total (n=799) 

n (%) 

Kingston(n=398)n 

(%) 

Saint-Hyacinthe  

(n=401) 

n (%) 

P. value  

Individual-level variables 

Age  (mean, SD) 68.8 (2.7) 69.1 (2.7) 68.6 (2.7) 0.011 

Gender      

Male 375 (46.9) 184 (46.2)  191 (47.6) 0.69 

Female 424 (53.1) 214 (53.8)  210 (52.4)  

Education      

>12 years 461 (57.7) 304 (76.4) 157 (39.2) <0.0001 

12 years 123 (15.4) 48 (12.1) 75 (18.7)  

Less than 12 years 215 (26.9) 46 (11.5) 169 (42.1)  

Sufficiency of Income     

Sufficient 421 (52.7) 243 (61.0) 178 (44.4) <0.0001 

To some extent  327 (40.9) 134 (33.7) 193 (48.1)  

Not sufficient   51 (6.4)  21 (5.3)  30 (7.5)  

Location of Fall
* 

    

No Fall 549 (69.1) 240 (60.8) 309 (77.3) <0.0001 

Neighbourhood 132 (16.7) 87 (22.1) 45 (11.3)  

Home  93 (11.7) 51 (13.2) 39 (10.2)  

Sport  23 (2.9) 16 (4.1) 7 (1.8)  

Neighbourhood level Characteristics 

Number of neighbourhoods  54 45 9 - 

Neighbourhood social capital 

(mean, SD) 

2.11 (0.34) 2.25 (0.24) 1.65 (0.11) <0.0001 

Socioeconomic status Characteristics   

Average income $ (mean, SD) 68,044 (29,144) 74,112 (27,890) 43,098 (20,176) 0.003 

Employed (mean proportion, SD) 0.95 (0.03) 0.95 (0.03) 0.95 (0.04) 0.22 

High school diploma and higher 

(mean proportion, SD) 

0.92 (0.09) 0.95 (0.04) 0.77 (0.11) 0.001 

SES Composite Index 5.93 (2.17) 6.38 (2.11) 3.87 (0.83) <0.0001 

physical Environment Characteristics   

Intersection density (mean, SD) 127,488 (377,811) 147,607 (419,301) 44,777 (46,807) 0.15 

Average block length (mean, SD) 360 (297) 388 (325) 246 (58) 0.017 

Connected nodes ratio (mean, 

SD)  

0.81 (0.9) 0.79 (0.09) 0.87 (0.03) <0.0001 

Green space  (mean, SD) 0.14 (0.12) 0.16 (0.012) 0.05 (0.02) <0.0001 

Built Environment composite 

index (mean, SD) 

8.02 (0.94) 7.92 (0.95) 8.5 (0.76) 0.11 

 

*Fall data for 5 participants were missing (4 in Kingston; 1 in Saint-Hyacinthe) 
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Table 5.2: Exploratory factor analysis results, samples of older adults living in Kingston (ON) Saint-Hyacinthe (QC)  

 

 

 

 

 

 

 

 

 

 

 

 

*not including the safety item 

 

 

  

 

 

 

 

Social Capital  SES  Physical 

Environment  

 

Item  Loading Item     

Loading 

Item     Loading 

How often in your neighbourhood, neighbours Average Household Income 0.71 Intersection Density  0.89 

…watch out for each other, such as calling for help if 

they see a problem? 

0.78 Employment rate 0.76 Average Block 0.96 

…take care of each other, such as doing yard work or 

watching children?  

0.76 Percentage with higher 

education 
0.73 Connected Node 

Ratio 

-0.68 

…. talk outside in the yard or on the street? 0.62   Green Space 

percentage  

0.56 

Do you feel it is unsafe to walk around your 

neighbourhood? 

-0.11     

Cronbach’s Alpha 

0.76* 0.77 0.80 

Eigenvalue 

1.59 1.44 2.49 

P. value for Barlett’s test of Spericity  

<0.0001 <0.0001 <0.0001 
Overall KMO measure of sampling adequacy 

0.68 0.70 0.51 
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Table 5.3: Tertiles of distributions of neighbourhood level variables, samples of older adults living in Kingston (ON) Saint-

Hyacinthe (QC) 

 

 Range of Tertile 1  

(low) 

Range of Tertile 2  

(medium) 

Range of Tertile 3 

 (high) 

Neighbourhood Social Capital 

 (possible range of 1 to 3)  

1.55-1.94 2-2.27 2.29-2.73 

Socioeconomic status Characteristics   

Average neighbourhood income $  28,344-53,807 53,951-74,983 75,073-130,227 

Percentage employed (mean proportion, SD) 84-93.9 94.2-96.7 96.8-100 

Percentage with high school diploma and higher  59-92 93-96.9 97-100 

Physical Environment Characteristics   

Mean of neighbourhood Intersection density  6,278-24,836 25,727-53,966 63,272-2,532,220 

Mean of neighbourhood Average block length  310.2-2,091 267.6-309.2 141.8-260.2 

Mean of neighbourhood Connected nodes ratio  0.565-0.788 0.794-0.855 0.857-1 

Percentage of neighbourhood Green space  area 1.1-7.5 7.8-14.7 15.8-51.1 
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Table 5.4: Number of participants and injuries in each combination of social capital, SES, and physical environment, samples 

of older adults living in Kingston (ON) Saint-Hyacinthe (QC) 

 

 

 

 

 

 

 High Social Capital Medium Social Capital Low Social Capital 

 Physical environment Physical environment Physical environment 

SES Good  

Sample size 

Number of 

falls 

Average 

Sample size 

Number of 

falls 

Bad  

Sample size 

Number of 

falls 

Good  

Sample size 

Number of 

falls 

Average 

Sample size 

Number of 

falls 

Bad  

Sample size 

Number of 

falls 

Good  

Sample size 

Number of 

falls 

Average 

Sample size 

Number of 

falls 

Bad  

Sample size 

Number of falls 

High  0 (0) 39 (11) 26 (5) 13 (1) 14 (2) 13 (3) 0 (0) 0 (0) 0 (0) 

Medium 54 (14) 43 (13) 17 (5) 34 (8) 31 (5) 57 (10) 0 (0) 126 (10) 0 (0) 

Low 26 (3) 45 (12) 0 (0) 52 (5) 0 (0) 13 (2) 11 (2) 172 (21) 0 (0) 
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Appendix Table 5.1: Distributions of answers to social capital items, samples of older 

adults living in Kingston (ON) Saint-Hyacinthe (QC) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Often  Sometimes Never Do not 

Know 

No 

answer  

Total 

missing  

Percentage 

missing  

How often in your neighbourhood, neighbours  

…watch out for each other, such as 

calling for help if they see a problem? 

317 306 110 66 0 66 8.3% 

…take care of each other, such as 

doing yard work or watching children?  

259 258 191 90 1 91 11.4% 

…. talk outside in the yard or on the 

street? 

388 297 102 12 0 12 1.5% 

Do you feel it is unsafe to walk around 

your neighbourhood? 

22 65 700 12 0 12 1.5   % 
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Appendix Table 5.2: Comparison of the health status of older adults across the two study 

sites 

 Kingston  

(n=398) 

n (%) 

Saint-Hyacinthe  

(n=401) 

n (%) 

P. value
* 

Health status indicator 

Number of chronic diseases 

0-1  170 (43)  191 (48) 0.18 

=>2 226 (57)  210 (52)  

Depression 

Yes 41 (10) 44 (11) 0.77 

No 355 (90) 356 (89)  

Difficulty climbing stairs of walking 400m 

Yes 77 (19) 88 (22) 0.38 

No  318 (81) 312 (78)  

BMI 

Underweight (<18.5) 4 (1) 7 (2) 0.55 

Normal (18.5-24.9) 121 (30.5) 109 (27)  

Overweight (25-29.9) 157 (39.5) 156 (39)  

Obese (>=30) 116 (29)  129 (32)  

Smoking  

Regular  19 (5) 26 (6.5) 0.11 

Occasional 5 (1) 8 (2)   

Ex-smokers 197 (50) 222 (55.5)  

Never smoked  175 (44) 145 (36)  

Grip strength   

Mean (SD) 31.6 (11.9) 32.9 (11.2) 0.10 

Laboratory indicators  

Total cholesterol levels 

Normal (<200 mg/dl) 190 (58) 201 (58) 0.95 

Borderline (200-239  mg/dl) 91 (28) 99 (29)  

High (>=200 mg/dl) 44 (14) 44 (13)  

Triglyceride levels 

Optimal (<150 mg/dl) 262 (81) 249 (72.5) 0.01 

Borderline (150-199  mg/dl) 32 (10) 56 (16.5)  

High (200-499 mg/dl) 28 (8) 39 (11)  

Very high (>=500 mg/dl) 3 (1) 0 (0)  

C-reactive protein   

Low (<1) 110 (34) 93 (31) 0.13 

Intermediate (1-<=3) 122 (38) 125 (41)  

High (3-10) 64 (19) 71 (23)  

Very high (>10) 29 (9) 15 (5)  

Percentage HbA1c 

Mean (SD) 5.5 (0.73) 5.9 (0.68) 0.25 

*From Chi square and t-test statistics where appropriate  
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Chapter 6 

Relationships between neighbourhood social capital and the occurrence of 

falls in Canadian older adults: a multilevel analysis
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ABSTRACT  

Background Characteristics of social environments are potential risk factors for falls 

experienced by older adults. Neighbourhood-level social capital is a potential risk factor for such 

falls, contextually.  

Methods As part of the International Mobility in Aging Study, general health questionnaires 

were completed by community-dwelling Canadians older than 65 living in Kingston (Ontario) 

and St-Hyacinthe (Quebec). This was supplemented by objective measurements of physical 

functioning, and neighbourhood-level data from the 2006 Canada Census of Population. 

Multilevel logistic regression models with random intercepts were fit to examine potential 

associations of interest. Median Odds Ratio and 80% Interval Odds Ratio were calculated to 

quantify variations across neighbourhoods 

Results In the initial random effect empty model, between-neighbourhood differences explained 

7% of the variance in the occurrence of falls but this decreased to 2% after adjustment for 

neighbourhood-level variables. In the fully adjusted models, higher levels of social capital 

increased the odds of falls by approximately 2-fold (OR 2.10, 95% CI 1.19-3.71). Other factors 

that were significantly related to falls were income (OR 1.92, 95% CI 1.01-3.63), grip strength 

(OR 0.97, 95% CI 0.94-0.99), and fear of falling (OR 0.30, 95% CI 0.14-0.66). 

Conclusion After simultaneously taking into account the influence of neighbourhood and 

individual level factors, higher levels of social capital remained strongly protective of lower 

levels of neighbourhood falls. Most neighbourhood variation in the occurrence of neighbourhood 

falls can be explained by measured neighbourhood-level factors. 
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Introduction  

Falls are experienced commonly by community-dwelling older adults and represent a significant 

public health burden. Approximately 30-40%  of individuals over the age of 65 fall every year 

(Kannus, Sievanen et al. 2005; Lord, Sherrington et al. 2007; Ambrose, Paul et al. 2013) and this 

prevalence level reaches as high as 50% in those aged 85 and older (Akyol 2007).  Most falls do 

not cause death, but 5-10% result in serious injuries such as head trauma, major lacerations, or 

fractures (Rubenstein and Josephson 2002). Long-term effects include depression, social 

isolation, and disability (Tricco, Cogo et al. 2013), and these can impact strongly the quality of 

life of older people (Rubenstein and Josephson 2002).  

About half of falls to older people occur outside the home in locations such as streets, parks, or 

shops (Lord, Sherrington et al. 2007). Most result from a complex interaction between individual 

risk factors and contextual (home and neighbourhood) determinants. From an epidemiological 

perspective, the etiology of falls can be therefore conceptualized based on the eco-social model 

(Bronfenbrenner 1979; Krieger 2001), in which risk factors such as gait and balance problems 

operate at the individual level, and factors such as living environments and education operate at 

wider contextual levels.  

With respect to individual risk factors, existing reviews and meta-analyses ((NICE 2004; 

Deandrea, Lucenteforte et al. 2010) found strong associations for history of falls, gait and 

balance problems, vertigo, Parkinson’s disease, muscle weakness, and medication use. 

Musculoskeletal disorders such as osteoarthritis and osteoporosis (Lee, Kong et al. 2012), 

mobility disability (Shin, Kang et al. 2009; Yamashita, Noe et al. 2012), dementia (van Schoor, 

Smit et al. 2002), chronic pain (Stubbs 2014), and visual field loss (Coleman, Cummings et al. 

2007) were other identified risk factors.  
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With respect to contextual risk factors, unsafe home environments such as slippery floor 

surfaces, inadequate handrails at stairs, and low toilet seats have been shown to be strong 

determinants of falls (Kannus, Sievanen et al. 2005; Lord, Sherrington et al. 2007). In homes, 

falls occur mostly among frail seniors, whereas falls in neighbourhoods occur in people healthy 

enough to be able to be mobile and active. Theoretically, social and built environmental features 

of neighbourhoods are potential risk factors for the occurrence of falls among older people 

(Lawton 1998; Glass & Balfour 2003); however, conclusions from the few existing studies of the 

impact of neighbourhood-level factors such as uneven sidewalks (Tinetti, Doucette et al. 1995; 

Gallagher and Scott 1997), social deprivation (Court-Brown, Aitken et al. 2011; Syddall, 

Evandrou et al. 2012), the proportion of welfare recipients (Icks, Haastert et al. 2009), and level 

of area wealth (West, Hippisley-Cox et al. 2004) on the occurrence of falls are inconsistent.  

Social capital, generally conceptualized as the presence of strong social bonds with trust, 

informal social networks, and civic participation as its main aspects is a potential additional risk 

factor for the occurrence of falls (Kawachi, Subramanian et al. 2008). The specific impact of 

social capital on the occurrence of injuries has been studied in international studies (Huisman 

and Oldehinkel 2009; Buckley and Sheehan 2008; Kripper and Sapag 2009) as well as Canadian 

workers (Vafaei 2013) and adolescents (Elgar 2010; Vafaei 2015) with conflicting results. But to 

the best of our knowledge, the specific effect of neighbourhood-level social capital on the 

occurrence of falls in older adults has not been studied in a Canadian or international context. 

The mechanism by which social capital might affect the occurrence of falls also remains unclear. 

On one hand, higher levels of social capital encourage outdoor social interactions and make older 

adults more exposed to the potential adverse impacts of unfavourable neighbourhoods’ 
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environments. On the other hand, older adults with higher social capital are mentally and 

physically healthier and maybe less prone to falling.  

There are methodological considerations for examination of the effect of neighbourhood-level 

factors on the occurrence of falls. Multilevel analyses are efficient statistical techniques that 

account for nested data structures and permits simultaneous analysis of the effect of both 

individual-level and neighbourhood-level variables (Twisk, Snidjer 1999). These techniques 

have been recently adapted for discrete outcomes (Wang, 2012). An important step before 

performing such analyses is the quantification of between-cluster (neighbourhood) variations 

(Merlo, 2006; Larsen 2005). If these variations are small, the outcome occurs mainly due to 

individual differences of people living within neighbourhoods (Snidjer, 1999), a situation in 

which performing multilevel analyses is not justified. The traditional indicator of between-cluster 

variations is intra-class correlation coefficient (ICC); defined as the ratio of the between-cluster 

variance to the total variance. A large ICC suggests that clusters are important in the occurrence 

of the outcome and they should be taken into account in etiological analyses. Two other 

measures are available with more interpretable information for discrete outcomes (Merlo 2006; 

Larsen 2005). The Median Odds Ratio (MOR) quantifies between-cluster variations by 

comparing any randomly chosen two persons from two different clusters, with larger levels 

indicative of high levels of variations between clusters. The Interval Odds Ratio (IOR) 

incorporates both the random effect and fixed effect of the cluster-level variable, therefore it also 

a function of the strength of association between the cluster-level variable and the health 

outcome. A narrow IOR means that the fixed effect of the cluster-level variable is important in 

explaining variability in the occurrence of the outcome (Larsen 2005).   
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The main objective of this study was to examine relationships between neighbourhood-level 

social capital and the occurrence of falls in Canadian older adults. To focus on the specific 

impact of neighbourhood-level factors, we excluded those falls that occurred at homes or during 

sport activities. Secondary objectives were (1) to identify additional risk factors for falls and to 

describe their distributions in the study sample; (2) to quantify variations in the occurrence of 

falls due to between-neighbourhood differences by calculating ICC, MOR, and IOR; and (3) to 

test for the possible cross-level interaction effects of socioeconomic status and gender on the 

relationships between neighbourhood social capital and falls.  

Methods 

Data sources 

We obtained data from the baseline questionnaire of the IMIAS (International Mobility in Aging 

Study) project. IMIAS is a longitudinal study of 1,995 community-dwelling men and women 

aged between 65 and 74 years from four countries: Canada, Brazil, Colombia, and Albania. 

Baseline data were collected in 2012 with two follow-ups in 2014 and 2016. Two Canadian cities 

(Kingston, Ontario; Saint-Hyacinthe, Quebec) were the Canadian research sites of IMIAS. 

Following the ethics requirements of Queen’s University and the University of Montreal, we 

recruited the potential participants indirectly by sending invitation letters to them via their family 

doctors. Approximately 30% of those invited to participate contacted the field coordinator and 

set up an in-home interview time, and of those 95% were enrolled. The final sample consisted of 

799 participants (398 in Kingston; 401 in Saint-Hyacinthe) (Zunzunegui, Alvarado et al. 2015).  
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Definition of neighbourhoods  

In this study the aggregate units of analysis, neighbourhoods, were defined by the administrative 

boundaries established by the City of Kingston and Ville de Saint-Hyacinthe. There are 45 

neighbourhoods in Kingston and 9 neighbourhoods in Saint-Hyacinthe (Kingston);  (Saint-

Hyacinthe ; Karlamangla, Singer et al. 2004). Participants were assigned to neighbourhoods 

according to their residential postal codes using geocoding and geographic information system 

(GIS) technologies. 

Measures 

The main exposure 

As per precedents (Subramanian, Lochner et al. 2003; Harpham, Grant et al. 2004; Elgar, Trites 

et al. 2010; Takagi, Ikeda et al. 2012; Vafaei, Pickett et al. 2015), we followed a social cohesion-

based perspective in the measurement of social capital. This widely adopted approach defines 

social capital as the quality of interpersonal relationships and levels of trust within members of a 

community (Berkman, Kawachi et al. 2014), page 29). Participants were asked about the 

potential availability of social resources in their residential neighbourhoods and provided a rating 

for three statements using Likert-like responses, with four options: ‘1-often’; 2-sometimes’; ‘3- 

never’; and ‘I do not know’ option, treated as ‘missing’ in data analyses. Statements focused on: 

(1) whether participants could ask their neighbours for a favour; (2) do neighbours watch out for 

each other; and (3) do participants talk outside with others in the yard or on the street. The 

psychometric properties of these three items were good with high loadings on a single factor and 

an acceptable internal consistency (Cronbach’s α =0.76) (Vafaei 2016). We constructed a 

summary measure for social capital defined as the sum of scores of each item. This composite 

scale was the measure of ‘individual’ social capital. Following the standard methodology of 
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aggregating survey responses to the group level (Moore, Shiell et al. 2005; Harpham 2008; 

Kawachi and Berkman 2014) for constructing neighbourhood levels of social capital, averages of 

individual scores were aggregated using ‘neighbourhood’ as the aggregate level.     

The outcome 

Occurrence of falls was assessed based on answers to a self-reported question: “Have you fallen 

during the past 12 months (yes or no)?” Subsequent questions asked about the locations of falls 

as well as the activities that led to their occurrence. Because the focus of this study was on the 

specific effects of neighbourhood factors on the occurrence of falls in neighbourhoods, those 

who fell at homes or during sport activities were excluded.  

Covariates 

We conceptualized the relationship of interest based on risk factors for falls in literature and 

possible associations with the exposure of neighbourhood social capital (Figure 6.1). Co-

variables for inclusion in multivariate models were selected based on this conceptual model.  

 

Figure 6.1. A conceptual map depicting the relationship between community social capital and 

neighbourhood falls  
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Neighbourhood-level variables 

Socio-economic status (SES) 

Based on previous Canadian studies (Pampalon and Raymond 2000; Vafaei, Pickett et al. 2014), 

the neighbourhood-level of the three indicators of education, employment, and average income 

were obtained from 2006 Canadian census data and an additive composite measure was 

constructed. The psychometric properties of this composite scale were good with high loadings 

onto a single factor and a Cronbach’s α of 0.77 (Vafaei 2016). 

Physical environment   

Neighbourhood-level indictors of street connectivity (intersection density, average block length 

and connected node ratio) and green space were used to develop an aggregate scale for 

neighbourhood physical environment (Mecredy, Janssen et al. 2012; Vafaei, Pickett et al. 2014), 

all measured objectively via GIS technology. We constructed an additive composite scale 

including these four indicators. This measure showed good psychometric properties (high 

loading on a single factor and Cronbach’s α of 0.80). The full definitions and detailed 

measurement of built environment indicators are described in a companion paper (Vafaei 2016). 

Individual-level variables 

Socio-demographic factors of age, sex, years of education, individual income, and living 

arrangements (alone, with spouse, with spouse and others) were selected as covariates. 

We also considered other established risk factors for falls such as health behaviours, 

physical functioning, psychological and medical factors. 
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Health behaviours 

Physical activity was assessed by a series of questions asking about the time spent walking in a 

regular week, adapted from a validated instrument originally designed to assess mobility 

(Guerra, Oliveira et al. 2014). We dichotomized the physical activity variable into walking 

30 minutes per day or more vs. walking less than 30 minutes per day as per precedents (Li, Tu et 

al. 2015). 

We measured alcohol consumption by a self-reported question “How often do you usually drink 

alcohol?” Participants were classified as ‘never’ when they never drank alcohol, ‘rare/moderate’ 

when drinking frequency was equal or less than twice a week, and as ‘frequent’ when they drank 

more than twice per week.  

Physical functioning  

Muscle strength was assessed by grip strength using a hand-held dynamometer (Jamar®). We 

followed the measurement protocol recommended by ‘The American Society of Hand 

Therapists’: In a sitting position with shoulders adducted and neutrally rotated, elbow flexed at 

90, forearm in a neutral position, and the wrist between 0 and 30 of dorsiflexion, participants 

were instructed to grip the handle as hard as possible using their dominant hand (Fess 1992). 

Three trials were performed and the highest value in kilograms was used in the analyses. This 

test shows an excellent reliability (intra-class correlation >0.90) (Schrama, Stenneberg et al. 

2014). 

The Short Physical Performance Battery (SPPB) was used for objective assessment of mobility 

(Guralnik, Ferrucci et al. 2000). The SPPB includes timed tests for balance, walking, and the 

ability to rise from a chair.  For balance, the participants are asked to maintain their feet in side-

by-side, semi-tandem, and tandem positions for 10 seconds each. A four-metre walk at the usual 
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speed was timed to assess gait and finally to evaluate the ability to rise from a chair, participants 

were asked to stand up and sit down five times as quickly as possible. We defined a final SPPB 

score as the sum of three tests with a range between 0 to 12 (0-4 scores for each test), with higher 

scores reflecting a better physical performance (Guralnik, Ferrucci et al. 2000). As per recent 

precedents, SPPB scores were categorized into two groups of less than 8 indicative of poor 

physical performance of lower extremities  and equal or more than 8 indicative of normal 

function (da Camara, Alvarado et al. 2012; Freire, Guerra et al. 2012; Vafaei, Gomez et al. 

2014).  

Psychological factors  

We used the Montreal Cognitive Assessment (MoCA) scale (Nasreddine, Phillips et al. 2005; 

Appels and Scherder 2010) to evaluate the cognition status of participants. The MoCA includes 

the following cognitive domains: memory (immediate and delayed recall of 5 nouns), 

visuospatial abilities (clock drawing and copying a 3-dimensional cube), executive functioning 

(alternation task, phonemic fluency, and verbal abstraction), attention (target detection, serial 

subtraction, digit span forward and backward), language (confrontation naming, repetition of 

sentences), and orientation (time and place). The maximum score is 30, with a suggested cut-off 

point of 26 as indicative of cognitive impairment (Appels and Scherder 2010).  

Depression was assessed by the Center for Epidemiological Studies Depression Scale (CES-D) 

(Radloff 1977). This scale is comprised of 20 items related to depressive symptoms such as 

mood, somatic symptoms, interactions with others, and psychomotor functions and  has been 

validated in Dutch (Beekman, Deeg et al. 1997), Brazilian (Batistoni, Neri et al. 2007), and 

Spanish  (Ruiz-Grosso, Loret de Mola et al. 2012) older adults. The frequency of each symptom 

in the week prior to interview are scored (‘0-never or rarely’, ‘1-sometimes’, ‘2-often’, and ‘3-
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most of the time/always’) which gives a final score in a range between 0 to 60 points. We 

utilized the established cut-off point of 16 as suggestive for depression (Radloff 1977).  

Fear of falling is a psychological outcome of falling (Jorstad, Hauer et al. 2005) as well as a risk 

factor for future falls (Scheffer, Schuurmans et al. 2008). We used the validated instrument of the 

Falls Efficacy Scale International (FES-I) to measure participants’ fear of falling. FES-I is 

validated in older adults (Delbaere, Close et al. 2010) and has excellent internal and test-retest 

reliability (Cronbach's alpha=0.96, ICC=0.96) (Yardley, Beyer et al. 2005) . The instrument 

includes 16 items each with four categories ranging from ‘1-not at all concerned’ to ‘4-very 

concerned’ with scores larger than 27 indicative of high concerns for falling (Delbaere, Close et 

al. 2010). 

Medical factors 

Participants were asked whether a doctor or nurse had ever diagnosed them with any of these 

eight chronic conditions: hypertension, heart diseases, diabetes, cancer, lung diseases, stroke, 

arthritis, or osteoporosis. We defined multi-morbidity as having 2 or more chronic conditions 

(Garin 2016). Body mass index (BMI) was obtained by dividing the participants’ weight (kg) by 

their square height (m
2
). Using a stadiometer, height was measured without shoes and weight 

was measured with a calibrated electronic scale after removing outer clothes and footwear. We 

divided the participants into three groups: BMI<25 (underweight or normal weight), 25 to 29 

(overweight), and BMI ⩾30 (obese) (WHO 2000). Visual acuity was measured at 2 meters using 

the Tumbling E chart (Taylor 1978). Participants were allowed to use their glasses and visual 

impairment was defined as presenting binocular acuity worse than 20/60 (West, Munoz et al. 

1997). 
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Analysis 

Descriptive 

Distributions of all variables across different social capital groups were estimated and compared 

using analysis of variance and χ
2 

tests. Crude relationships between the outcome and all other 

variables were examined by estimation of prevalence rate ratios (PRR) for the occurrence of falls 

via construction of multilevel bivariate regression models with binomial distributions with a log 

link, and specification of neighbourhoods as random effects (Wang, Xie et al. 2011).  

Etiological analyses  

Due to convergence challenges, we were not able to directly estimate prevalence rate ratios in 

multivariate models, and thus estimated adjusted ORs in our model via the GLIMMIX procedure 

in SAS (Version 9.2, Carry, NC) with a logit link. Multilevel multivariate statistical analyses 

were performed in three steps. First, we fit an ‘empty’ (random intercept only) model in which 

the occurrence of falls was modeled solely as a function of neighbourhoods. The second model 

included only neighbourhood-level variables as fixed effects. To adequately explain the 

variations in the occurrence of falls via the most parsimonious model, we followed the 

‘purposeful selection of covariates’ methodologies outlined by Hosmer & Lemeshow (Hosmer, 

Lemeshow et al. 2013). At the first step we defined potentially important covariates as those with 

p values smaller than 0.25 in bivariate analyses with the outcome and included them all in a 

multivariate model. Then, we removed least significant (largest p value) variables one by one 

until all remaining variables were significant at the level of 0.05 and obtained an initial main 

effect model. To account for variables with true confounding effects, we added variables not 

selected in step one and also those deleted in step two one by one to this model. Those whose 

inclusion resulted in more than 10% change in the odds ratio describing relations between 
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neighbourhood social capital and falls were included in the final main effect model (Rothman, 

Greenland et al. 2008; Kleinbaum and Klein 2010).  

Then, to account for each variable’s influence on the random effects of neighbourhoods, we also 

included variables that produced more than a 10% change in the measure of variance at the 

neighbourhood level (Twisk 2006). This process resulted in several different models to choose 

from. To determine the best fit model, two standard ad hoc measures of goodness-of-fit-, the 

Akaike Information Criterion (Akaike 1998) and Bayesian Information Criterion, were 

calculated (Schwarz 1978; Burnham and Anderson 2013). The final model was chosen after 

consideration of all criteria. We concluded our analyses by examining possible cross-level 

interactions between neighbourhood-level variables of SES, gender, and social capital (see 

Appendix H for details of model building strategies).  

Variations in the occurrence of falls due to between-neighbourhood differences were quantified 

by calculating ICC, MOR, and an 80% IOR (Larsen and Merlo 2005; Merlo, Chaix et al. 2006) 

which contains the middle 80% of the all possible odds ratios comparing any set of two persons 

from two different neighbourhoods with different neighbourhood-level variables. 

Results 

From the original sample size of 799 older adults, 13 were excluded because of lack of 

neighbourhood data needed for multilevel analysis, and then 114 more were excluded because 

they either did not answer the fall question (n=5) or fell at home (n=87) or during sport activities 

(n=22). This left a final sample size of 672. 

The mean age of participants was 68.8 (SD: 2.7) years, and about 60% reported living in 

neighbourhoods with medium and high levels of social capital. Participants represented a high 
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level of SES.  Almost two-thirds (73%) had at least a high school diploma and forty percent 

reported an income higher than 40,000 Canadian dollars (Table 6.1). 

Seventeen percent of men and 22% of women reported a neighbourhood fall in the year 

preceding the interview. According to bivariate multilevel models, living in a high social capital 

neighbourhood increases the risk of falls more than two times compared to low social capital 

areas (PRR 2.36, 95% CI: 1.52-3.67). Levels of neighbourhood SES and built environment were 

not associated with the occurrence of falls. Individual levels of education, grip strength, and 

concerns for fear of falling were also significantly related to the occurrence of neighbourhood 

falls in bivariate analyses (Table 6.2). 

The three standard measures used to estimate between-neighbourhood variations suggested that 

the random effects of neighbourhoods should be taken into account. The estimated ICC of 7% in 

the random intercept only model suggested that the performance of multilevel analyses were 

justified. This was supported by a relatively high MOR of 1.60, which indicates moving from a 

low risk neighbourhood to a high risk one increased the odds of falls by 60%. After adjustment 

for other neighbourhood level variables the ICC reduced to 2% (MOR=1.26) indicating that most 

of the neighbourhood variations can be explained by the selected specific neighbourhood-level 

variables. Further adjustment for individual level variables reduced the ICC to 0.5% and the 

estimated MOR was as low as 1.26. The narrow 80% IOR of 1.11-2.67 also shows the 

importance of neighbourhood social capital in understanding the odds of falls in an individual 

(Table 6.3).  

Following our predefined criteria of model building, the final adjusted model was chosen based 

on parsimony, better fit, and best explanation of the neighbourhood effects. According to this 

model, compared to those living in low social capital neighbourhoods, residents of high social 
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capital neighbourhoods had twice the relative odds of reporting a fall (OR 2.10, 95% CI:1.19-

3.71). The odds of falling were not different between medium and low social capital 

neighbourhoods (OR 1.16, 95% CI: 0.64-2.11). Stronger grip and lower fear of falling also 

remained protective factors for the occurrence of falls (Table 6.3). Each kilogram increase in grip 

strength decreases the odds of falls by 3% (OR 0.97, 95% CI: 0.94-0.99) and having a low 

psychological concern for fall (fear of falling scores between 16-19) was associated with a strong 

and significant decrease in the odds of falls (OR 0.30, 95% CI: 0.14-0.66). 

Male gender, more than 12 years of education, and higher levels income all were associated with 

higher probability of falls (Table 6.2) but in the final adjusted model, only income remained a 

significant contributor to the occurrence of falls. Income higher than $40,000 CND was related 

to higher odds of falls (OR 1.77, 95% CI: 1.00-3.37). 

Tests for interactions between neighbourhood social capital and the three other neighbourhood 

factors, as well as gender and individual income were not statistically significant (data not 

shown).  

Discussion 

This study of determinants of neighbourhood falls in Canadian older adults had several important 

findings. First, we showed that ‘neighbourhoods’ as contextual environments are potential risk 

factors for falls. The ICC in the empty model suggests that 7% of the total variance in the 

occurrence of falls is attributable to between-neighbourhood differences. However, this effect 

declined to 1% after taking into account neighbourhood level variables and to 0.5% in the final 

well-adjusted model. A comparable decrease from 1.60 to 1.19 and 1.08 was also observed for 

the more interpretable measure of MOR. These dramatic changes suggest that: 1) the 3 included 

neighbourhood factors are the main factors that produce between-neighbourhood differences; 
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therefore the initial observed strong ‘neighbourhood’ effect was in fact because of 

neighbourhood-level factors not the neighbourhoods themselves,  2) some between-

neighbourhood differences are compositional (the impact that individuals put on the 

neighbourhood) and not attributed to neighbourhoods per se (Subramania, Kawachi et al. 2001; 

Diez Roux 2004).  

Second, in general, it has been shown that older adults with higher levels of social capital also 

enjoy better physical health but we showed higher levels of social capital increase the odds of 

neighbourhood falls significantly. This effect remained significant even after random effects of 

neighbourhoods and fixed effects of other variables were accounted for in our multilevel models. 

The seemingly counterintuitive finding has several explanations. In neighbourhoods with low 

social capital, due to lower levels of interpersonal relationships, older adults are more likely to 

stay at home, whereas those who enjoy higher levels of social interactions go out of their home 

more and move around their neighbourhood. Despite the undeniable health benefits of 

socializing within neighbourhoods, one potential drawback will be more occurrence of falling. 

This can be referred as a “positive injury”, an injury that occurs in an otherwise life-giving 

healthy activity.  Our population included relatively healthier and younger older adults (65-75 

years old), there are some anecdotal evidence in early senior years (age 60-69) the falling 

happens unexpectedly more compared to older ages (O'Loughlin, Robitaille et al. 1993).  

Third, our results were consistent with precedents that recognized lower muscle strength (Lord, 

Sherrington et al. 2007; Xue, Walston et al. 2011) and high fear of falling (Scheffer, Schuurmans 

et al. 2008) as risk factors for falls; however, in contrast to other older adult studies (van Schoor, 

Smit et al. 2002; Coleman, Cummings et al. 2007; Shin, Kang et al. 2009; Yamashita, Noe et al. 

2012), poor physical performance, cognition function, and vision impairment were not related to 
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the occurrence of falls in this population. This may be attributed to the fact that our population 

included mostly healthy individuals with low prevalence of these disorders resulting in a 

decrease in the power of regression models for the detection of potential relationships. Finally, 

we could not find any effect from neighbourhood built environment and SES factors on the 

occurrence of falls. This may be a true finding; however, we are cautious in making this 

conclusion. In our previous study, we showed the existence of structural confounding in the 

study population which limits the reliability of causal inferences (Vafaei et al. 2016).   

Our study was strong in terms of our use of advanced social epidemiological methodologies. We 

followed established model building strategies (Hosmer, Lemeshow et al. 2013) to construct the 

most parsimonious multilevel models with the best fit, we followed the most recent analytical 

methodologies to quantify between-neighbourhood variations  to justify use of multilevel 

analyses (Larsen and Merlo 2005), and we identified true confounders using standard 

epidemiological approaches (Rothman, Greenland et al. 2008). Our focus on the study of 

neighbourhood falls is rare in the literature, and we used the well-documented eco-social model 

to conceptualize the relationship of interest.  

We also recognized the limitations of our study. Our participants were not a representative 

sample of Canadian older population and the results are therefore not generalizable to that 

population. We started our analysis with a relatively large ICC of 7%, suggesting strong 

between- neighbourhood variations. However, in the final adjusted model the ICC decreased to a 

low value of 0.5%. There is no established cut-off point for what is a meaningful ‘between-

cluster’ indication of variation explained. Finally, we recognized that due to cross-sectional data, 

reverse causality is a possibility in this study. Perhaps older adults who are healthier, more 
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physically active and therefore fall more because of their better health can establish stronger 

social networks and perceive their neighbour as with higher levels of social capital.  

Conclusion  

The burden of falls in older adult populations is large and almost half of falls occur outside of 

homes. This study shed some light on the complex aetiology of neighbourhood falls by 

demonstrating simultaneous significant effects of contextual and individual factors. The complex 

relationship between social environment and one aspect of older adults’ health found in this 

study may suggest that neighbourhood-level social interventions are not likely to achieve 

successful results without simultaneous consideration of individual differences. 
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Table 6.1: Characteristics of the samples of older adults living in Kingston (ON) Saint-

Hyacinthe (QC) by levels of neighbourhood social capital 

 Total 

(n=672) 

High SC 

(n=210) 

Medium SC 

(n=194) 

Low SC  

(n=268) 

P Value* 

 

Neighbourhood level variables 
SES       
 High (1st tertile) 87 54 (25.7) 33 (17.0) 0 (0) <0.0001 

Medium (2nd tertile)  311 99 (47.1) 102 (52.6) 110 (41.0)  
Low (last tertile) 274 57 (27.1) 59 (30.4) 158 (59)  
Physical environment        

 High (1st tertile) 164 67 (31.9) 87 (44.8) 10 (3.7) <0.0001 

Medium (2nd tertile)  396 107 (51.0) 31 (16.0) 258 (96.3)  
Low (last tertile) 112 36 (17.1) 76 (39.2) 0 (0)  

Individual level variables 
Sex      
Male  316 97 (46.2) 93 (47.9) 126 (47.0) 0.9400 

Female 356  113 (53.8) 101 (52.1) 142 (53)  

Age       
Mean (SD) 68.8 (2.7) 69.1 (2.7) 69.0 (2.6) 68.5 (2.7) 0.0535 

Education 

>12 386 160 (76.2) 125 (64.4) 101 (37.7) <0.0001 

12  104 24 (11.4) 29 (15.0) 51 (19)  

Less than 12 182 26 (12.4) 40 (20.6) 116 (43.3)  

Individual income before tax      

>40,000 251 101 (52.3) 78 (42.4) 72 (27.8) <0.0001 

20,000-40,000 217 62 (32.1) 62 (33.7) 93 (35.9)  

<20,000 168 30 (15.5) 44 (23.9) 94 (36.3)  

Living arrangements      

Alone  176 61 (29.0) 49 (25.5) 66 (24.8) 0.0011 

With spouse  380  98 (46.7) 113 (58.9) 169 (63.5)  

Spouse & others 112 51 (24.3) 30 (15.6) 31 (11.7)  

Individual social capital       

High  246 123 (58.6) 72 (37.1) 51 (19.0) <0.0001 

Medium 146 43 (20.5) 34 (17.5) 69 (25.8)  

Low  280 44 (20.9) 88 (45.4) 148 (55.2)  

Health behaviours 
Alcohol       

Never 22 6 (2.8) 4 (2.1) 12 (4.5) <0.0001 

Former  50 28 (13.3) 10 (5.2) 12 (4.5)  

Rare/moderate 420  112 (53.3) 116 (59.8) 192 (71.6)  

Frequent  180  64 (30.5) 64 (33.0) 52 (19.4)  

Daily walking (usual, leisure, fast) ** 

=>30 minutes 320 101 (48.1) 102 (52.6) 117 (43.7) 0.1638 

<30 min. 352  109 (51.9) 92 (47.4) 151 (56.3)  

Physical functioning factors 
Mobility       

SPPB=>8  641 198 (94.3) 189 (97.4) 254 (94.8) 0.2681 

SBBP <8 31 12 (5.7) 5 (2.6) 14 (5.2)  

Grip strength      

Mean (SD) 32.4 (11.4) 32.3 (11.7) 31.6 (11.7) 33.1 (10.9) 0.3741 

Psychological factors 

Cognition       

Intact  502 165 (78.6) 144 (74.6) 193 (72) 0.2603 

Impaired 169 45 (21.4) 49 (25.4) 75 (28)  
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Depression      

No  609 188 (89.5) 180 (92.8) 241 (90.3) 0.4944 

Yes 62 22 (10.5) 14 (7.2) 26 (9.7)  

Fear of falling (FES-I)      

Low concern (16-19)  443 122 (58.4) 124 (63.9) 197 (73.5) 0.0206 

Moderate concern (20-27) 185 70 (33.5) 58 (29.9) 57 (21.3)  

High concern (>27) 43 17 (8.1) 12 (6.2) 14 (5.2)   

Medical factors 
Number of chronic conditions 

0-1  315 94 (44.8) 93 (47.9) 128 (47.8) 0.7599 

=>2 (multi-morbidity) 357 116 (55.2) 101 (52.1) 140 (52.2)  

BMI      

<25 (underweight/normal)  202 66 (31.4) 57 (29.4) 79 (29.5) 0.4853 

25-29 (overweight) 272 92 (43.8) 74 (38.1) 106 (39.5)  

⩾30 (obese) 198 52 (24.8) 63 (32.5) 83 (31)  

Vision       

Intact  600 193 (94.2) 177 (92.7) 230 (87.1) 0.0254 

Low acuity  60 12 (5.8) 14 (7.4) 34 (12.9)  

Numbers inside parentheses represent column percentages and are rounded to the nearest first decimal 

*from Chi square and ANOVA statistics where appropriate 

** 62 Missing (imputed by means) 

***7 Missing (imputed by means) 
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Table 6.2: Bivariate relationships between all variables and the occurrence of 

neighbourhood falls in the samples of older adults living in Kingston (ON) Saint-Hyacinthe 

(QC) 

 Fall 

N=132 (19.6) 

No Fall 

N=540 

(80.4) 

Prevalence rate ratio 

(95% CI)  

 

Neighbourhood level variables 
Social Capital     

 High (1st tertile) 63 (30.0) 147 (70.0) 2.36 (1.52-3.67) 

Medium (2nd tertile)  36 (18.6) 158 (81.4) 1.47 (0.89-2.430 

Low (last tertile) 33 (12.3) 235 (87.7) Ref. 

SES     
 High (1st tertile) 22 (25.3) 65 (74.7) 1.40 (0.78-2.54) 

Medium (2nd tertile)  65 (20.9) 246 (79.1) 1.34 (0.83-2.19) 

Low (last tertile) 45 (16.4) 229 (83.6) Ref. 

Physical environment      
 High (1st tertile) 33 (20.1) 131 (79.9) 0.92 (0.48-1.79) 

Medium (2nd tertile)  74 (18.7) 322 (81.3)  0.99 (0.56-1.78) 

Low (last tertile) 25 (22.3) 87 (77.7) Ref. 

Individual level variables 
Sex    

Male 54 (17.1) 262 (82.9) 0.78 (0.57-1.08) 

Female  78 (21.9) 278 (78.1) Ref. 

Age     
Mean (SD) 68.8 (2.6) 68.9 (2.7) t test p=0.8976 

Education                                                                                

>12 94 (24.4) 292 (75.6) 1.73 (1.11-2.70) 

12  15 (14.4) 89 (85.6) 1.12 (0.61-2.08) 

Less than 12 23 (12.6) 159 (87.4) Ref. 

Individual income before tax 

>40,000 63 (25.1) 188 (74.9) 1.45 (0.95-2.21) 

20,000-40,000 34 (15.7) 183 (84.3) 0.98 (0.61-1.57) 

<20,000 27 (16.1) 141 (83.9) Ref. 

Living arrangements    

Alone  42 (23.9) 134 (76.1) 1.31 (0.82-2.07) 

With spouse  68 (17.9) 312 (82.1) 1.06 (0.69-1.65) 

Spouse & others 22 (19.6) 90 (80.4) Ref. 

Individual social capital  

High  55 (22.4) 191 (77.6) 1.02 (0.72-1.45) 

Medium 25 (17.1) 121 (82.9) 0.89 (0.58-1.37) 

Low  52 (18.6) 228 (81.4) Ref. 

Health behaviours 

Alcohol     

Never 4 (18.2) 18 (81.8) 0.86 (0.34-2.16) 

Former  11 (22) 39 (78) 0.92 (0.65-1.30) 

Rare/moderate 78 (18.6) 342 (81.4) 1.05 (0.58-1.88) 

Frequent  39 (21.7) 141 (78.3) Ref. 

Daily walking (usual, leisure, fast) ** 

=> 30 minutes 67 (20.9) 253 (79.1) 1.12 (0.82-1.53) 

<30 min  65 (18.5) 287 (81.5) Ref. 

Physical functioning factors 

Mobility     

SBBP=>8 123 (19.2)  518 (80.8) 0.74 (0.39-1.38) 

SPPB<8  9 (29.0)  22 (71.0) Ref. 
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Grip strength    

Mean (SD) 30.2 (10.2) 32.9 (11.6) t test p=0.0131 

 

Psychological factors 

Cognition     

Intact  108 (21.5) 394 (78.5) 1.48 (0.97-2.25) 

Impaired 24 (14.2) 145 (85.8) Ref. 

Depression    

No  118 (19.4) 491 (80.6) 0.88 (0.53-1.46) 

Yes 14 (22.6) 48 (77.4) Ref. 

Fear of falling (FES-I)    

Low concern (16-19)  74 (16.7) 369 (83.3) 0.32 (0.16-0.63) 

Moderate concern (20-27) 39 (21.1) 146 (78.9) 0.39 (0.16-0.80) 

High concern (>27) 18 (41.9) 25 (58.1) Ref. 

Medical factors 

Number of chronic conditions 

0-1 58 (18.4) 257 (81.6) 0.91 (0.67-1.25) 

=>2 (multi-morbidity) 74 (20.7) 283 (79.3) Ref. 

BMI     

<25 (underweight/normal)  33 (16.3) 169 (83.7) 0.67 (0.40-1.15) 

25-29 (overweight) 55 (20.2) 217 (79.8) 0.85 (0.53-1.37) 

⩾30 (obese) 44 (22.2) 154 (77.8) Ref. 

Vision     

Intact  116 (19.3) 484 (80.7) 0.95 (0.52-1.72) 

Low acuity  11 (18.3) 49 (81.7) Ref. 
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Table 6.3: Results of multilevel models describing ORs for the occurrence of falls in the 

samples of older adults living in Kingston (ON) Saint-Hyacinthe (QC) 

Empty model Community level model  Final adjusted model 

Neighbourhood level variables 
Social capital (main exposure)  
High 

Medium 

Low 

  3.11 (1.55-6.27) 

1.80 (0.79-4.10) 

Reference 

2.10 (1.19-3.71) 

1.16 (0.64-2.11) 

Reference 

SES 
High  

Medium 

Low 

 0.98 (0.45-2.14) 

1.15 (0.65-2.03) 

Reference 

- 

- 

- 

Street connectivity 
Low 

Medium 

High 

 0.87 (0.41-1.84) 

1.20 (0.58-2.46) 

Reference 

- 

- 

- 

Individual level variables 

Age (years) 

   0.97 (0.90-1.06) 

Gender 
Male 

Female 

  1.13 (0.53-2.43) 

Reference 

Years of Education  
>12 

12 years 

<12 

  1.34 (0.71-2.56) 

0.82 (0.37-1.83) 

Reference 

Individual Income before tax (CND) 
>40,000 

20,000-40,000 

<20,0000 

  1.77  (1.00-3.37) 

1.01 (0.54-1.89) 

Reference 

Grip Strength  
   0.97 (0.94-0.99) 

Fear of Falling 
Low concern (16-19)  

Moderate concern (20-27) 

High concern (>27) 

  0.30 (0.14-0.66) 

0.33 (0.15-0.73) 

Reference 

Vision  
   1.01 (0.43-2.37) 

Random effects 

ICC 

 7% 2% 0.5% 

MOR 

 1.60 1.26 1.08 

80% IOR (lower-upper) 

                                    - 1.11-2.67 1.59-2.11 

All tested interactions were non-significant  
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Chapter 7 

 General Discussion 

7.1 Overview  

This thesis examined methodological and etiological issues surrounding the potential roles of 

neighbourhood social capital on the occurrence of injuries and falls. My study questions were 

examined within two vulnerable populations- adolescents and older adults. A common 

conceptual framework and analytic strategy was applied to both study questions. 

7.2 Summary of key findings  

Key findings of this thesis are as follows: 

7.2.1 There was evidence for the presence of structural confounding by neighbourhood 

social capital within a sample Canadian older adults. Structural confounding was 

not, however, observed within the representative sample of Canadian adolescents.  

I adopted a tabular analysis approach first proposed by Messer [1] to examine the existence of 

structural confounding in my two study populations. The absence of structural confounding in 

adolescents suggests that there were no social sorting mechanisms in effect in our sample of this 

age group.  However, it seems that neighbourhood-level factors of social capital, SES, and the 

physical environment imposed a structural confounding impact on our study population of older 

adults. This is an intriguing finding. Structural confounding appears to be a social phenomenon 

that relates not only to the levels of social stratification of a society but also to the specific 

population under study.   

One potential explanation for this finding is that, compared to adolescents, neighbourhood-level 

characteristics are more important factors for older adults when making choices of places of 

residence. Due to their fixed incomes, many older adults have fewer opportunities to move to 
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other neighbourhoods and possibly will be confined to neighbourhoods with multiple social and 

physical environmental disadvantages [2 3]. Declines in health may also impose more limitations 

on older adults’ abilities to choose their place of residence.  

The sampling strategies employed for the two populations included in this thesis were also 

different. The adolescent populations under study were representative of young Canadians [4], 

whereas, older adults were from two selected Canadian cities that participated in the IMIAS [5]. 

There is no theoretical reason to suggest that this fact might affect social sorting mechanisms, but 

until other studies confirm (or refute), the generalizability of our findings warrants caution. 

7.2.2 All constructed composite neighbourhood-level factors were valid psychometrically  

In both study populations, the neighbourhood-level factors included measures and items 

describing SES, the physical environment, and neighbourhood social capital. For construction of 

the composite scale of neighbourhood-level SES, as per precedents [6], I aggregated indicators 

of education, employment, and income [7].  Standard techniques of exploratory and confirmatory 

factor analyses showed that these indicators were consistent measures of SES at a 1 km buffer 

around schools (manuscripts 1 and 2) as well as in neighbourhoods of Kingston and Saint-

Hyacinthe (manuscripts 3 and 4).  I used the identical indicators of street connectivity [8-10] and 

green space to measure the ‘physical environment’ in both populations. These were measured 

directly via GIS technology and their construct validity was good as assessed by exploratory and 

confirmatory factor analyses. 

For both populations, I followed a social cohesion perspective for the conceptualization and 

measurement of social capital. This perspective defines social capital as levels of trust and the 

quality of interpersonal interactions [11]. The social capital items were initially collected as self-

reports at the individual level and these were then aggregated to the neighbourhood level. 
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Consideration of potential differences in perceptions of ‘social capital’ for adolescents and older 

adults, similar but not identical items were used for measurement of social capital in the two 

populations of interest. Adolescents answered to five questions about trust, the availability of 

safe places to play and spending their free time as well as the quality of relations with their 

neighbours, whereas older adults’ questions were about help and support they can receive from 

their neighbours. The psychometric properties of composite scales of social capital were good in 

both populations (factor analysis loadings between 0.47-0.78; Cronbach’s Alpha of 0.76). This 

measure has been used in other adolescent studies for measurement of community levels of 

social capital [12] but to the best of our knowledge no older adult study has utilized these items 

for the assessment of social capital at neighbourhood levels. Therefore, to examine whether this 

scale includes items that are appropriate for the measurement of neighbourhood-related features, 

we also assessed its ecometric properties. Ecometric analysis by calculating the intra-class 

correlations coefficients (ICC) quantifies the amount of variations in the social capital items that 

are attributed to between-neighbourhood differences [13 14].  The acceptable ICC of 9% [15] 

calculated via ecometric analysis suggests that 9% of the variation in the perception levels of 

cohesion in neighbourhoods (a seemingly totally individual characteristic) is attributed to 

between-neighbourhood differences and not related to individual (within-neighbourhood) 

differences.  

7.2.3 Clustering is present 

In empty models (i.e., random intercept only models in which the outcome is only a function of 

between-neighbourhood differences), the intra-class correlations (ICC) suggest that place 

accounted for 2% of the variation in the occurrence of injuries in adolescents. The corresponding 

percentage for the occurrence of falls in older adult was 7%.  In both populations, these 
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clustering effects were also confirmed by the two other measures of MOR and IOR [16 17] 

which are more suitable for binary outcomes (MOR=1.20; 80% IOR=0.56-1.17 in adolescents 

and MOR=1.08; 80% IOR=1.59-2.1 in older adults).  

It appears that clustering is present in both populations but is stronger in older adults. One 

explanation for this may be related to the fact that because of age-related limitations in mobility 

and social networks, older adults spend more time in their immediate neighbourhoods and are 

therefore more vulnerable to the impacts of their surroundings [3 18]. It is also noteworthy that 

within the adolescent data, schools and their surrounding neighbourhoods were the aggregate 

units of analysis.  Our analysis focused on our interests in examining the effects of contextual 

factors surrounding schools on the occurrence of injuries, as opposed to the influence of 

immediate residential neighbourhoods. Both school and neighbourhood level factors are 

important factors in child health and some studies suggest an interaction effect between these 

two factors [19]. However, in this research we only measured levels of social cohesion at 

neighbourhood levels, and it was not possible to disentangle the relative and interactive effects of 

social cohesion at neighbourhood levels.  

Apart from the differences in the degree of clustering across the two age groups (2% vs.7%), the 

factors that explain clustering also appear to be different. Controlling for other neighbourhood-

level factors did not change the ICC among adolescents; however, clustering effects of 

neighbourhoods decreased by almost 70% (from 7% to 2%) in older adults after adjustment for 

such factors. This means that most of ‘due to neighbourhood’ occurrence of falls in older adults 

can be explained by other measured neighbourhood-level factors but in adolescents, the observed 

clustering effect remained unchanged after adjustment for neighbourhood-level factors. This 
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residual contextual effect is probably related to unmeasured neighbourhood-level factors that 

create between-neighbourhood differences. 

In addition to providing more information for understanding the etiologies of injuries and falls, 

the observed clustering effects justified our use of multi-level analyses to account for between-

neighbourhood heterogeneities. These heterogeneities (i.e., within-neighbourhood 

homogeneities) violate the assumption of independence in regression analyses, and can be 

accounted for properly through the use of multilevel analyses. 

7.2.4 Higher levels of social capital increased the risk for injury and falls 

In both populations, the direction of relationships between neighbourhood-level social capital 

and the study outcomes was similar. In both older men and women, and independent of other 

related covariates, higher levels of social capital increased the probability of the occurrence of 

falls in a socially meaningful way and also statistically. The same relationship was observed for 

adolescents, but only in girls. The mechanisms by which social capital influences the occurrence 

of injuries and falls has yet to be explored; however, more exposure to neighbourhood 

environments in high social capital areas is one potential explanation.  Living in neighbourhoods 

with higher levels of social capital can facilitate social interactions and provide more 

opportunities for outdoor activities. The physical and mental health benefits of these activities 

are obvious, but at the same time the risk of injuries and falls may increase.  

In Canadian adolescent populations, we also observed a gender effect. Social capital had no 

effect on the observed rate of injuries in boys. Differential impacts of community level factors 

for men and women have been well documented [20-23] and our results support these ideas and 

precedents.  It appears that among boys, levels of perceived safety and interpersonal 

relationships reported for neighbourhoods (i.e, social capital) have little effect on the occurrence 
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of injuries; but among girls, levels of social capital are an influential etiological factor. We had 

no access to data to measure the amount of time adolescents spend in neighbourhoods, to 

examine their correlation to levels of social capital, but it is possible that compared to boys, girls 

are more likely to take into account levels of social capital in their decision for being in the 

community.  The observed lack of a gender effect among older adults suggests that opportunities 

for social interactions within neighbourhoods have similar impacts on men and women in older 

age groups. 

7.2.5 Similarities and inconsistencies with other studies in terms of other risk factors  

A number of recognized risk factors for the occurrence of injuries and falls also appeared to be 

influential in our  analyses, after extensive adjustment for pertinent neighbourhood-level and 

individual-level factors. Similar to other research conducted with youth populations [24-28], I 

identified male sex, engagement in risky behaviours, and peer influence as statistically 

significant risk factors for injuries in adolescents.  In older adults, consistent with precedents, 

lower muscle strength [29 30] and high reported fears of falling [31] remained significant risk 

factors for falls. 

However, our multi-level analyses did result in some inconsistencies with past research findings. 

Unlike other studies, family factors such as family structure [32] and number of siblings [33] 

were not identified as independent risk factors for injuries in adolescents. Also, in our analysis of 

the IMIAS (older adults) data, in contrast to the findings of other studies [34-36], poor physical 

performance, cognition function, and vision impairment were not related to the occurrence of 

falls. 

There are two potential explanations for these inconsistencies. First, since the focus of this thesis 

was on the impact of social capital as assessed at the community level, the outcomes of interest 
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included only those occurring at the neighbourhood level. We excluded sport-related injuries in 

adolescents and falls that occurred at homes among older adults from our analyses. Inclusion of 

specific outcomes may explain why we were able to identify different risk factors when 

compared with the literature. As an example, one reason that ‘poor physical performance’ was 

not identified as a risk factor in our older adult populations may be attributed to the fact that this 

particular risk factor is more related to falls occurring at homes and in more frail older adults [3 

37]. Second, more fully adjusted multi-level models that simultaneously take into account effects 

of neighbourhood and individual level factors have rarely been used in other studies. It is 

possible that some of the identified risk factors in other studies were in fact a function of some 

neighbourhood-level risk factors that had not been taken into account.  A plausible example is 

that the observed impacts of family factors on the occurrence of youth injuries in the literature 

[32 33] are in fact attributed to uncontrolled influences of neighbourhood-level factors, and since 

we controlled for neighbourhood-level factors, we did not observe any ‘family’ impact.  

7.3 Strengths of the thesis  

7.3.1 Conceptual strengths 

One main strength of this thesis is that our research questions and the individual manuscripts are 

based on well-established conceptual models. We adopted eco-social epidemiological models 

[38 39] to explore social epidemiological research questions surrounding the impact of 

community-level social capital on the occurrence of injuries and falls. These models attempt to 

explain complex interactions between individual, home, family, and neighbourhood level factors 

on the occurrence of such outcomes. Exploration of structural confounding, our choices of 

covariates, analytic strategies, and interpretations of results were essentially based on these eco-

social models. Results of our multi-level analyses showed that a portion of the variation in the 
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occurrence of outcomes in both populations were attributable to between-neighbourhood 

differences (manuscripts 2 and 4). This suggests that these outcomes can be best explained by 

eco-social models that take into account the full multi-level nature of data. Observation of a 

gender effect within the adolescent data suggests that these models might require revisions in 

future studies, in order to better explain observed differences in the occurrence of injuries 

between boys and girls. 

 We also adapted age-specific models for our outcomes of interest. We used Jessor’s ‘Problem 

Behaviour Theory’ [24 25] to explain patterns of injuries in adolescents (manuscript 2) and also 

the ‘Lawton Competence and Press Model’ [37 40] for our conceptualization of neighbourhood 

falls in older adults (manuscript 3). After extensive adjustment, the number of risk-taking 

behaviours remained a statistically significant predictor of the occurrence of injuries in 

adolescents, which suggests that Jessor’s ‘Problem Behaviour Theory’ also applies to our 

population. In older adult data, the physical environment was not a statistically significant 

contributor to the occurrence of falls, suggesting that this factor did not apply ‘press’ on our 

participants. One reason may be that our older adult samples included healthy and highly 

‘competent’ individuals that were easily able to overcome the impact and obstacles within the 

physical environment.   

7.3.2 Methodological strengths 

The main methodological strength of this thesis was our examination of structural confounding 

in order to make our causal inference arguments stronger. This important methodological issue 

has usually been overlooked in the field of social epidemiology research, but was the focus of 

two manuscripts (1 and 3) of this thesis. Although we found the existence of structural 

confounding (see 7.2.1) among the older adults (IMIAS) population, this did not affect the 
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etiological analysis since the factors that imposed structural confounding at the neighbourhood 

(SES and physical environment) were not statistically significant predictors of falls in multi-level 

models, and thus were not retained in these final multi-level models. 

Assessment of construct validity of all neighbourhood-level factors separately for both 

populations (manuscripts 1 and 3), and the ‘risk-taking behaviours’ and ‘peer influence’ scales in 

adolescents (manuscript 2) represent an additional methodological strength of this thesis. Use of 

validated measures decreases the chance of misclassification and hence minimizes the possibility 

of information bias, and this enhances the internal validity of studies. Quantification of between-

neighbourhoods heterogeneity in the occurrence of outcomes by calculating standard measures 

of ICC, MOR, and IOR [16 17] as a rationale for performing multi-level analyses (manuscripts 2 

and 4), is another methodological strength of this thesis.   

7.3.3 Etiological Strengths 

We adopted several strategies to improve the external and internal validity of the research and 

hence to provide meaningful etiological information. We used representative data for adolescents 

and therefore my findings in manuscripts 1 and 2 are likely generalizable to the population of 

Canadian youth. Older adult data were obtained from a study with a focus on factors related to 

mobility, and hence the occurrence of falls was an important component of this research 

opportunity. We focused on specific outcomes of non-sport injuries and neighbourhood falls that 

are more likely to result as a direct function of neighbourhood factors. We used eco-social 

models and searched the literature extensively to identify the most pertinent risk factors 

(determinants) for such outcomes for inclusion in multi-variate analyses. 

The etiologic analyses were also novel, and based on the most current social epidemiological 

methodologies. We constructed logistic multi-level regression models to account for random 
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effects of neighbourhoods and followed change in estimate [41 42] and ‘purposeful selection of 

covariates’ [43] strategies to identify and control for true confounders. These parsimonious 

approaches to model development provide more reliable information about the main 

determinants of the outcome [42]. To better understand the complex etiologies of injuries and 

falls, we also quantified ‘between-neighbourhood differences’ and variations in the occurrence of 

outcomes by calculating standard measures of ICC, MOR, and IOR [16 17].  Examination of 

changes in these measures after adjustment for neighbourhood and individual level factors also 

provided a clearer picture of the etiology of injuries and falls. 

Considering all these together, the results presented in manuscripts 2 and 4 possess high levels of 

internal validity, and we would argue that they also provide reliable etiological information.   

7.4 Limitations of the thesis  

A number of limitations may threaten the internal and external validity of this thesis’ findings. 

These include 1) the cross-sectional nature of the databases; 2) the use of self-reported indicators 

for social capital and the outcome as well as for most other individual-level variables; and 3) low 

response rates in the IMIAS participants. These limitations preclude establishment of temporality 

and hence causation, increase the possibility of information and selection biases, and may affect 

generalizability.  

7.4.1 Temporality/reverse causality  

The cross-sectional nature the data limited our ability to determine whether levels of social 

capital preceded the occurrence of injuries and falls, and are therefore a potential cause of these 

outcomes, or vice versa. It is possible that individuals with injuries limit their living space into 

their homes, and therefore they were consequently exposed to less of their surrounding social 

environments. This will not ‘cause’ a change in the levels of neighbourhood social capital but 
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might impact the way that individuals perceive the qualities of their neighbourhoods. However, 

we adopted a social cohesion perspective for the measurement of social capital [11] that is based 

on the assessment of the availability of social resources in the community and is unlikely to be 

affected by the health status of individuals. The possibility of reverse causation in both 

populations was therefore thought to be minimal. 

7.4.2 Information bias   

Except for the neighbourhood SES and physical environmental factors and some measures of 

physical functioning, other data were collected via self-reported questions. We examined the 

construct validity of  the scales of social capital for both populations and removed the safety item 

from the older adults’ social capital scale in order to improve its psychometric properties. Social 

capital data were aggregated to neighbourhoods and it has been suggested that aggregation of 

self-perceived measures reduces the possibility of information bias [44]. Furthermore, in the 

adolescent population, we also tested the psychometric  properties of the important scales of ‘risk 

taking behaviours’ and peer influence’ by performing exploratory factor analyses. The risk 

taking behaviour items loaded onto a single underlying factor with high loading (between 0.74 -

0.91) indicative of a good construct validity. Furthermore, as suggested by a Cronbach’s Alpha 

of 0.78, the internal consistency of the scale was acceptable (Appendix Table 4.2). However, the 

results for ‘peer influence’ items were not satisfactory. Although included items loaded onto two 

separate factors, indicative of different underlying constructs for ‘negative’ and ‘positive’ items  

(Appendix Table 4.3), the internal consistency was poor (Cronbach’s Alpha of 0.56 and 0.52 for 

negative and positive influence respectively). The influence of these two domains on health 

outcomes in children populations is remarkable, and therefore an obvious future research 

direction is evaluation of the validity of these scales in different populations.  
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Self-reported data are inherently vulnerable to recall and social desirability biases. It is unlikely 

that individuals forget important events such as injuries or falls. Recall biases related to cognitive 

impairment are very unlikely since we excluded older adults with severe cognitive impairment 

(those with four or more errors in the Leganes Cognitive Test; see Appendix D) [5].  

If errors in recalling these outcomes occur there is no reason to think that it is related to the 

levels of the main exposure of social capital. In addition, little social desirability is likely 

associated with these outcomes. 

Our measure for injury in adolescent populations excluded those injuries happened during 

‘playing’ or ‘training’ for sports. The goal was to only include outcomes that can be directly 

related to the neighborhood environment. However, this measure did include injuries resulting 

from ‘motor vehicles’ and ‘fighting’. Potential misclassifications related to inclusion these 

different outcomes cannot be ruled out.  

The social capital items and some covariates (especially health behaviours) are prone to both 

recall errors and social desirability biases. Over-rating of levels of social capital as a ‘desirable’ 

feature of the community, or over-reporting of ‘good’ behaviours such as physical activity and 

under-rating of ‘bad’ behaviours such as smoking are plausible possibilities, but again there is no 

reason to think these are associated with the outcome of injuries or falls. Any associated 

misclassification will more likely be non-differential in nature, most typically leading to bias 

towards no effect. 

7.4.3 Selection bias  

Selection bias is a common systematic error in observational studies and occurs when the 

characteristics of those who take part in a study are systematically different from those who do 

not [45] in a way that affects the exposure-outcome relationships and invalidates conclusions.  
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For the adolescent population (manuscripts 1 and 2), we used a general health survey of 

Canadian youth (the HBSC) with a robust sampling strategy and high response rates. The 

questions in the survey were about general health status, and risk behaviours more common in 

this age range, and these were not specific to our research questions. It is unlikely that 

participants are systematically different from non-participants with respect to the exposures, 

outcomes and main covariates of this thesis because they were not aware of my specific 

questions when they were deciding to participate in the HBSC survey.  

However, selection bias is a potential concern for the older adult population (manuscripts 3 and 

4). Comparisons with 2006 Canadian census [7] data on education showed that levels of 

education of participants in the Kingston component of IMIAS were higher than the general 

population of the city. Due to ethical requirements, random sampling in Kingston was not 

possible (see Appendix D for details). This resulted to over-sampling of people with higher 

levels of education. Seventy six percent of older adult participants from Kingston had more than 

high school education, while in the general Kingston population of the same age this proportion 

was equal to 55%.  Participants in Saint-Hyacinthe were selected via random sampling of 

individuals registered at a single local health clinic and their levels of education were close to the 

2006 Canadian Census estimates (40% versus 46%). Education as a main indicator of SES [46] 

affects most health outcomes including falls, and our findings indicate that it can also be related 

to levels of social capital (manuscript 4; tables 1 and 2).  People with different levels of 

education may understand and interpret social capital questions differently. However, in further 

explorations of our data we showed that this issue was not a major concern. Kingston data were 

not different in terms of indicators of physical and mental health, mobility, and levels of selected 

laboratory indicators from the representative sample that was obtained from Saint-Hyacinthe 
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(manuscript 3; Appendix Table 2). Thus, the IMIAS data from Canada, although not totally 

representative of Canadian populations of older persons, were unlikely to introduce selection 

bias. 

7.4.4 External validity and generalizability  

Because of use of a nationally representative sample of Canadian adolescents (the HBSC), 

findings of manuscripts 1 and 2 are likely generalizable to the general population of Canadian 

adolescents.  

However, the older adult data present some generalizability challenges, particularly within the 

Kingston sample. In Saint-Hyacinthe, a list of all eligible participants was obtained from a single 

clinic and then a ‘proportional to the size of the neighborhood’ random sample was selected, and 

thus we managed to have a representative sample. In Kingston, this neighborhood stratification 

was not possible; therefore, some neighbourhoods were over-represented in the final sample. Out 

of the five participating family health teams, the catchment area of one included low SES regions 

of the city; however, the final sample included individual with higher levels of education (67% 

vs. 55% in census data) and what resulted was not a representative sample of the general 

population of older adults living in Kingston. As stated in 7.4.2 and 7.4.3, the findings from older 

adult manuscripts are internally valid, but may not be generalizable to all Canadian older adult 

populations. We did not have access to specific health indicator estimates for Kingston older 

adult populations, but when we compared selected health and biomedical indicators between the 

populations of Kingston and Saint-Hyacinthe, no significant differences were observed 

(Appendix Table 2; manuscript 3). This does not solve the problems of representativeness and 

external validity, but suggests an acceptable level of internal validity for our results.  
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7.5 Changes from the original thesis proposal  

The structure of this thesis is mostly the same as the ideas presented in the defended and 

approved proposal. There were no changes in databases and I was able to access all main (HBSC 

and IMIAS) and supplementary (census and GIS) data as intended. The populations included in 

the thesis remained exactly as those that were originally proposed.  

However, I had intended to develop an evidence-based conceptual framework linking social 

capital to injuries by employing causal pathways and structural equation modeling 

methodologies, and then present the findings as a separate manuscript. This was not done for two 

reasons: (1) these methodologies are mostly confirmatory techniques that need an established 

conceptual framework to be tested. After more thorough literature review, I found that there is no 

consensus on the mechanisms by which social capital affects injuries, and there was no direct 

evidence to support any suggested model. (2) My small available sample size would also have 

made this analysis impossible to conduct with the older adult population data.  

Several validation tests that I performed during the development of this thesis were not part of 

the initial plan. During my PhD years, I realized that some measures required re-validation, and I 

had opportunities for taking part in educational workshops to improve my analytic skills to 

perform such procedures. I performed confirmatory factor analyses for the adolescent (HBSC) 

data and ecometric analyses with the older adult (IMIAS) data. My use of validated measures 

represents a strength of the thesis and has increased its internal validity.  

7.6 Public health contributions 

The main etiological finding of this thesis is that ‘social capital increases the risk of injuries and 

falls’ but the public health message is clearly not ‘do not have social interactions’. The 

prerequisite for getting injured or experiencing a fall in the community is actually to be present 
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in the community, and high social capital areas are often more inviting than other areas of 

communities. The benefits of socialization for all age groups are undeniable; however, a 

potential negative consequence can be greater risk for injuries and falls which should be 

considered in health policies. We identified potentially modifiable risk factors for injuries and 

falls that, if prevented among high social capital individuals, may contribute to decreases in the 

occurrence of such outcomes. These include risk-taking behaviours and negative peer influences 

for adolescents, and grip strength and fear of falling for older adults. The prevalence rates of 

injuries and falls are high. We observed that almost 35% of adolescents in our sample 

experienced an injury and twenty percent of older adults had a fall. These events may have 

longstanding negative impacts on the quality of life of those affected in vulnerable populations of 

adolescents and older adults. Considering the high mortality and morbidity associated with these 

events, any suggested prevention measure may have a major public health implication. We also 

observed that only almost one third of injuries in adolescents are directly related to sport 

activities. On the other end of age spectrum, about half of falls occur outside of home. This 

shows the potential importance of contextual factors in the occurrence of high numbers of the 

two outcomes that occurs in those sufficiently healthy to be present in their neighbourhoods. 

However, the focus of the majority of public health interventions addressing injuries in 

adolescents and falls in older adults is on prevention of sport-related injuries and falls that are 

related to chronic conditions [46]. 

This thesis demonstrated that the aetiology of falls occurring in neighbourhoods includes 

complex interactions between social environment and individual factors. Both individual-level 

and community-level interventions are needed for a successful health promotion program. 
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Contextual-level interventions most likely will not result in improvement of the health status of 

older adults if the individual differences are not simultaneously taken into the account.  

Area based interventions that aim to address the physical and social aspects of the environments 

have been promising in reducing inequities and in improving health of the populations. Further 

work on aspects of neighborhoods that can potentially impose positive or negative effects on 

injuries in adolescents and falls in older adults are needed to inform urban planners and public 

health practitioners.  

Another important public health message associated with this thesis relates to the observed 

gender effect in adolescent populations. On one hand, boys were more likely to experience 

injuries than girls, and that difference remains even after taking into account important 

contextual and individual factors.  On the other hand, community factors seem to be more 

important for girls, as was shown by the significant influence of social capital on the occurrence 

of injuries in girls.  The importance of sex and gender-based analysis has been documented for a 

number of health outcomes (http://www.cwhn.ca/en/node/41845). Our findings also support the 

importance of gender-based analysis in research and development of injury prevention programs 

and policies. Such policies need to focus on the specific needs of boys and girls, address the 

differential impacts of neighbourhoods by gender, and different patterns of injuries across sex 

groups.  

Social capital is not a fixed property of communities and some of its determinants can be 

modified by a variety of potential interventions [11]. Examples for such determinants include the 

degree of urbanization, neighborhood walkability, and the historical development of the 

community that may be considered in public and social policies. Characteristics of the physical 

environment such as walkable neighbourhoods [48 49], availability of parks [50]  and 

http://www.cwhn.ca/en/node/41845
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infrastructure features of neighbourhoods such as the adequacy of transportation and proximity 

to shops [51] can enhance the community social capital by facilitating opportunities for informal 

social interactions among residents.   

7.7 Scientific contributions  

The main methodological contribution of this thesis to the broader science of social 

epidemiology is the exploration of the important but rarely examined concept of structural 

confounding in two distinct populations of adolescents and older adults. The two publications 

[15 52] that disseminated the findings are important steps in addressing such gap in the literature. 

We also recognized that the validity of scales varies based upon the context and the population 

under study [53] and therefore revalidated our main measures. Using the newly developed 

technique of ecometric analysis (manuscript 3) we found that among older adults, ‘safety’ is not 

an important item surrounding their perceptions of social capital of a neighbourhood.  Based on 

these facts, we suggest that researchers re-validate scales when they are going to be used in a 

new population.  

By focusing on outcomes that mostly occur in communities (non-sport injuries in youth and 

neighbourhood falls in older adults) and performing sophisticated data analyses we also provided 

high levels of evidence on the etiologies of such outcomes. We quantified between-

neighbourhood variations in the occurrence of outcomes by calculating ICC as well as the two 

more interpretable measures for discrete outcomes (MOR, and IOR). These measures are mainly 

used in the literature for demonstrating the levels of random effects of clusters, but we also used 

them as justification for performing multi-level analysis. We recommend calculating these 

measures as an essential step before performing multi-level analyses. 
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7.8 Directions for future research  

There are possibilities for further neighbourhood studies that arise from the methodological and 

etiological findings of this thesis. Considering the paucity of literature on the concept of 

structural confounding, more research is needed to explore structural confounding in different 

age groups, geographical regions, and cultural settings. 

There are extensive studies that have explored determinants of injuries in adolescents and fall in 

older adults [8 12 26 29 54-57]; however, few have focused on events that exclusively occur in 

neighbourhoods. The latter was the focus of this thesis and additional and like studies are needed 

that may include longitudinal data to confirm our cross-sectional results.  Two more directions 

for future research can also be suggested from the results of adolescent manuscripts. The 

observed gender effect needs to be explored in other settings, in order to both confirm our 

findings and possibly disentangle the health impacts of neighbourhood and school social capital.  

Longitudinal data from second and third waves are IMAIS are now becoming available. Apart 

from the potential opportunities for estimating the incidence vs. prevalence of falls, one use of 

such data will be the assessment of the mechanisms by which social capital causally can be 

related to falls as inferred from mediation analyses [58]. 

Social capital is a complex social phenomenon and its perception and interpretation  varies 

across different cultures. There is a sore need for cross-country studies to explore the consistency 

of our findings; these studies may include settings with low or high levels of social capital to 

examine the impact of various levels of this social factors on the occurrence of injuries.  

Another potential direction in neighbourhood studies is to look at natural experiment situations 

in which changes in neighbourhood conditions can be associated with changes in health 

indicators. One example is an urban renewal project that was conducted in Barcelona, Spain, in 
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order to access the health benefits of improvement in physical, social and economic features of 

neighbourhoods. In a quasi-experimental design, self-rated health and the mental health status of 

residents of participating neighbourhoods had significantly improved after 5 years [59]. 

7.9 Suitability as a doctoral thesis in Epidemiology  

In this research, I made a number of original contributions to social epidemiology and associated 

neighbourhood studies. More specifically, my epidemiological study of the impact of 

neighbourhood social capital on injuries in two vulnerable populations shed light on the 

etiologies of these outcomes. During this process, I gained new conceptual and analytic research 

skills, which demonstrate my ability to undertake independent epidemiologic research and 

contribute to knowledge surrounding the social epidemiology of injuries.  

During my thesis development, I spent a substantial amount of time on critical appraisal and 

synthesis of the literature during which I gained a better understanding of the epidemiology of 

injuries, methodological issues of neighbourhood studies, related measurement issues, and most 

importantly gaps in the existing knowledge base. Etiological analyses performed within this 

thesis allowed me to examine patterns of injuries in adolescent and falls in older adults and to 

identify potential risk factors. My validation studies and thorough statistical analyses have 

provided results with high levels of evidence.   

To disseminate study findings, I conducted several knowledge translation activities. These 

included presentations at departmental seminars (Queen’s University Public Health Sciences 

Seminar Series, 2014; 2015), national conferences (the Canadian Society for Epidemiology and 

Biostatistics conference 2013 and 2015; Canadian Association on Gerontology 2011 and 2014) 

as well as international conferences (The Fifth Interdisciplinary Conference on Aging & Society, 

2015; 66
th

 and 68
th

 Annual meeting of the Gerontological Society of America, 2013; 2015). 
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I also gained valuable administrative experience during the PhD program. I was responsible for 

all administrative work related to the thesis, which included applying and coordinating two ethics 

applications to the Queen’s University Health Sciences & Affiliated Teaching Hospitals 

Research Ethics Board (separately for the children and older adult analyses) as well as managing 

all paperwork related to submission of manuscripts to peer-review journals, three of which are 

already published [15 52 60] with the fourth manuscript is currently under review. I joined the 

IMIAS team in the Spring of 2010 and since then I have been involved in several aspects of this 

study, including questionnaire design, validation of gender role tools and the Late-life Disability 

Instrument, and was responsible in part for primary data collection in Kingston. During the first 

and second data collection waves, I helped in organizing interview times, drew blood from 

participants, prepared blood samples for laboratory analyses, entered data into the encrypted 

database, and cleaned the data. All of these activities gave me invaluable practical experiences 

that will be useful for my future career as an independent researcher.  

7.10 Conclusion  

In conclusion, this thesis involved an etiological investigation in the field of social epidemiology 

research and it also addressed related and specific methodological issues. Findings from the 

adopted conceptual frameworks and analytic strategies provided high levels of evidence. Results 

indicated that higher levels of neighbourhood social capital increase the risk of non-sport injuries 

in Canadian youth and neighbourhood falls in community-dwelling older adults.  The contextual 

level of neighbourhood is important in the occurrence of injuries and falls, and should be 

considered in studies of such outcome that involve the performance of multi-level analyses. 

There is a possibility for the existence of structural confounding of social capital and other 

contextual factors in Canadian older adults that should be taken into account in social 
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epidemiological studies. Further longitudinal studies are needed in similar and other populations 

to confirm the cross-sectional findings.  
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Appendix B 

Health Behaviour in School-aged Children (HBSC) Survey Methodology 

Overview  

The first and second manuscripts of this thesis made use of the data collected from Cycle 6 

(2009/2010) of the Canadian Health Behaviour in School-Aged Children (HBSC). The HBSC 

survey is a cross-sectional survey that obtains information on a variety of health behaviours, 

health outcomes, and socio-economic characteristics of students in grades 6 to 10 (mainly aged 

11 to 15 years old). It is carried out in affiliation with the World Health Organization, and 43 

countries in Europe and North America that participated in the 2009/2010 survey. To obtain 

information about school policies and the neighbourhood environment, in addition to the student 

questionnaire, a school-based questionnaire was also completed by the principal or designate at 

each of the participating schools (not used in this thesis). For the 2009/2010 survey, data 

collection occurred from October 2009 until May 2010.  We excluded those who were injured 

during sport activities (Figure B.1) 

 

Figure B.1. Flowchart of participants in the HBSC 
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Sampling strategy  

The sampling frame included all students attending public and Catholic schools with the 

exception of those in Prince Edward Island and New Brunswick. Private schools, schools on a 

First Nations reserve, and other special schools were not included in the HBSC as well as 

homeless children, incarcerated youth, and those that are being home schooled. Together, these 

excluded youth represent <10% of Canadian youth in the studied age range.  

Administration of the survey 

All students in Nunavut, the Northwest Territories, and Yukon, were invited to participate. In 

other provinces, a systematic, two-stage cluster sampling approach was used to select whole 

classes of students to participate in the study. Classes, as primary sampling units of the HBSC 

were given an approximately equal chance of being selected. However, to represent the target 

population, classes first were ordered on the sample lists according to school jurisdiction, 

province or region, community size, community location within a province, language of 

instruction, public/Catholic board, and then were selected proportionally to match these 

characteristics.  The specific classes in the school were randomly selected by the school 

administrators. If a school refused to participate, a replacement school was chosen that was 

matched on the criteria above.  

Participation was voluntary and consent was sought at multiple levels. Permission to participate 

in the survey was obtained from the school board and then school principals, as well as from 

parents or guardians (either explicitly or implicitly based on school board policy) and individual 

students. 

The student survey was conducted during the school day and was administered by the classroom 

teachers during one 45-70 minutes session. To ensured anonymity, students were asked to seal 
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the completed questionnaires un-signed in envelops and return it to the teacher. Data entry and 

cleaning were performed at Queen’s University. The only exception was in the Yukon, where the 

Yukon Bureau of Statistics conducted the survey. The questionnaire was available in English, 

French and Inuktitut. 

There were three sets of items: 1) The core items that must be asked by all participating 

countries, to allow for cross-national comparisons. These include socio-demographic information 

(e.g. age, sex, grade, family affluence), health behaviours (e.g. diet, smoking, physical activity, 

drug and alcohol use), health outcomes (e.g. physical and emotional well-being) and social 

support and network (e.g. family, peer and teacher support, number of friends), 2) optional 

themed modules that are completed in some but not all countries, 3) Finally, there were items 

developed specifically for the Canadian survey. Certain questions were only asked from older 

students (grades 9 and 10), such as those on sexual behaviour.  
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Appendix C 

 

Relevant  Questionnaire Items from the HBSC Surveys used for Manuscripts 

1 & 2 

 
The main exposure: Social capital items 

 
72. Please say how you feel about these statements about the area where you live. (Please mark one 

box for each line) 

 Strongly 
agree 

Agree 

Neither 

agree nor 

disagree 

Disagree 
Strongly 

disagree 

a People say ‘hello’ and often stop to talk 

to each other in the street. 

1 2 3 4 5 

b It is safe for younger children to play 

outside during the day. 

1 2 3 4 5 

c You can trust people around here. 
1 2 3 4 5 

d There are good places to spend your 

free time (e.g., recreation centres, 

parks, shopping centres). 

1 2 3 4 5 

e I could ask for help or a favour from 

neighbours. 

1 2 3 4 5 

 

The main outcome: Injury  

 
43. During the past 12 months, how many times were you injured and had to be treated by a doctor 

or nurse?  

 
1 I was not injured in the past 12 months 
2 1 time 
3 2 times 
4 3 times 
5 4 times or more 

 
45. What were you doing when this one most serious injury happened? (Check the one best answer to 

describe your most serious injury) 

 1 I was not injured in the past 12 months 

2 Biking/cycling 
 3 Playing or training for sports/recreational activity 
 4 Skating (including inline skating, skateboards, ice skating) 
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  5 Walking/running (not for a sports team or exercise) 

  6 Riding/driving in a car or other motor vehicle 

  7 Fighting 
 8 Paid or unpaid work 
9 Other activity 

The measure for injury excluded options ‘3’ and ‘4’.  

 

Covariates 

a) Age & Sex  

 

1. Are you male or female? 

 1 Male 

 2 Female 

2. 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 

 

3. What year were you born?      

 1 2 3 4 5 6 7 8   

 1991 1992 1993 1994 1995 1996 1997 1998   

 

b) Risk-taking behaviours 

 
57.  Have you ever smoked tobacco? (At least one cigarette, cigar or pipe) 

1 Yes 

2 No 

 

59.  At present, how often do you drink anything alcoholic, such as beer, wine or liquor like rum, 

vodka or gin? Try to include even those times when you only drink a small amount.    

(Please mark one box for each line)  

 Every day Every week Every month Rarely Never 

a. Beer 1 2 3 4 5 



220 
 

b. Wine 
1 2 3 4 5 

c. Liquor/spirits (e.g., rum, gin, vodka) 
1 2 3 4 5 

d. Coolers (e.g., Smirnoff Ice, Bacardi 

Breezer, Mike’s Hard Lemonade) 

1 2 3 4 5 

e. Any other drink that contains 

alcohol 

1 2 3 4 5 

 

 

63.   Have you ever used or taken cannabis (e.g., hashish/marijuana/pot/grass)? (Please mark one 
box for each line) 

 Never 
1-2  

times 

3-5 

times 

6-9 

times 

10-19 

times 

20-39 

times 

40 times 

or more 

a. In your life 1 2 3 4 5 6 7 

b. In the last 12 months 
1 2 3 4 5 6 7 

c. In the last 30 days 
1 2 3 4 5 6 7 

 

82. Have you ever had sexual intercourse (sometimes this is called "making love," "having sex," or 

"going all the way”)? 

1 Yes 2  No  

 

c) Family-related factors 

Family Affluence 

50. 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 

 

Family Structure/Number of siblings 

 

48. All families are different (for example, not everyone lives with both their parents, 

sometimes people live with just one parent, or they have two homes or live with two 

families) and we would like to know about yours. Please answer this first question for the 

home where you live all or most of the time and mark the people who live there. 

 Adults Children 
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  Mother   Please say how many brothers and sisters 

live here (including half, step or foster 

brothers and sisters).  Please write in the 

number or write 0 (zero) if there are none.  

Please do not count yourself. 

 

How many brothers?    

How many sisters?  

  Father 

  Stepmother (or father’s girlfriend) 

      Stepfather (or mother’s boyfriend) 

  Grandmother 

  Grandfather 

  
I live in a foster home or children’s home 

  Someone or somewhere else:   

(please write it down) ………………………………………………………………………………………………………………… 

 

 

d) Social network variables 

 

Number of friends 

 
52. At present, how many close male and female friends do you have?  

 (Please mark one box for each column) 

  Males  Females 

 1 None 1 None 

 2 One 2 One 

 3 Two 3 Two 

 4 Three or more 
4 Three or more 

 

 

Peer influence (positive and negative) 

56. Think about the group of friends with whom you spend most of your leisure time. 

           (Please mark one box for each line) 

           Most of the friends in my group… Never or 
rarely 

Sometimes Often I don’t know 

a. do well at school 
1 2 3 4 

b. smoke cigarettes 
1 2 3 4 

c. get drunk 
1 2 3 4 

d. have used drugs to get stoned 
1 2 3 4 

e. carry weapons 
1 2 3 4 
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f. participate in organized sports 

activities with others 

1 2 3 4 

g. participate in cultural activities 

other than sports 

1 2 3 4 

h. get along well with their parents 
1 2 3 4 

i. have sexual relationships 
1 2 3 4 

j. care for the environment 
1 2 3 4 

k. help others in need 
1 2 3 4 

 

e) Self-rated health 

 
32.    Would you say your health is…?  

1 Excellent 
2 Good 
3 Fair 
4 Poor 
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Appendix D: International Mobility in Aging Study (IMIAS) Survey 

Methodology 

 
Overview  

 

Data for the third and fourth manuscripts of this thesis were obtained from the baseline 

questionnaire of the International Mobility in Aging Study (IMIAS). IMIAS is a population-

based longitudinal study of 2,002 community-dwelling men and women aged between 65 and 74 

years from four countries: Canada, Brazil, Colombia, and Albania. Baseline data were collected 

in 2012 with two follow-ups in 2014 and 2016. In this thesis only baseline (2012) data from the 

two Canadian research sites (Kingston, Ontario; Saint-Hyacinthe, Quebec) were used. Those 

participants who fell at home or during sport activities were excluded from the analysis (Figure 

D.1). The sample size of 400 (200 women; 200 men) for each site was calculated to allow for 

comparison of baseline mobility disability sex-specific prevalence, assuming a women/men 

prevalence ratio of 1.8, a type I error of 0.05 and a power of 0.80 (Zunzunegui, Alvarado et al. 

2015). 

 

Figure D.1. Flowchart of participants in the IMIAS 
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Sampling strategy  

In concordance with the ethics requirements of Queen’s University and the University of 

Montreal, we recruited the potential participants indirectly by sending invitation letters to them 

via their family doctors. Participants were sent an invitation letter via their family doctors 

explaining the goals of the study, data collection procedures, and investigators/ethical committee 

members’ contact information. In Saint-Hyacinthe, a list of eligible participants was obtained 

from a single local neighbourhood health clinic and a stratified proportional to the size of the 

neighborhood random sample was selected. More than 90% of resident of Saint-Hyacinthe in the 

age group of interest (65 to 74 years) were registered in this clinic and thus we managed to have 

a representative sample. In Kingston, this neighborhood stratification was not possible; therefore, 

some neighbourhoods were over-represented in the final sample. Five family health teams 

participated in IMAS; two were affiliated with Queen’s University, one in downtown area of 

Kingston but with no affiliation with Queen’s, one located in a middle-class regions of Kingston 

and the and catchment area of the last health team one included low SES regions of the city. 

Family doctors working in these teams were not assigned by neighbourhood and they could 

accept patients from all areas. There were participants from all neighbourhoods in the final 

sample. 

In both cities, those interested in participation were instructed to contact the field coordinator to 

set up an in-home interview time. Approximately 30% of those invited to participate contacted 

the field coordinator and set up an in-home interview time, and of those 95% were enrolled. The 

final sample consisted of 799 participants (398 in Kingston; 401 in Saint-Hyacinthe) [1]. 
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Administration of the survey 

Participants were visited in their homes by a member of the field staff. At all sites, interviews 

and study procedures were carried out at the participant’s home unless the participant requested 

otherwise. All interviewers took part in a three-day educational workshop in which they were 

trained on study protocols, interviewing skills, cognitive, vision, and physical performance 

assessment techniques as well as on how to perform standard anthropometric measurements of 

height, weight, and waist circumference. Data were entered in an encrypted database utilizing 

Williams software (William
MD  

 MultiSpectra Inc.), which is a computer-based questionnaire 

management system that facilitate the interview process and results in a more efficient data 

collection  

At the beginning of the interview, the general levels of cognition of participants were assessed by 

the orientation scale of Leganes Cognitive Test (LCT). This test includes eight questions about 

orientation to time and place as well as simple personal questions (Appendix D). Participants 

with 4 or more errors in this scale were excluded. 

The survey included questions about demographic and socioeconomic variables, self-reported 

chronic conditions, depressive symptoms, medications currently used, falls and fear of falling, 

life-course history of socioeconomic conditions and exposure to violence, physical activity, 

smoking and alcohol and illegal drugs use, quality of life, neighborhood social, economic and 

physical characteristics, social networks and support, social participation,  decision making 

power, gender roles, financial autonomy, and life space assessment. Each interview lasted 

approximately three hours. 

Data collection also included objective measurement of mobility, grip strength and 

anthropometric factors. Short Physical Performance Battery (SPPB), a tool for the assessment of 
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balance, gait speed, and time to chair stand [2] was used for subjective assessment of lower 

extremities (figure D. 2). The tests were performed under direct supervision and guidance of 

interviewers and times were documented as per protocol. Height was measured with a 

stadiometer and weight was measured with a calibrated electronic scale after removing outer 

clothes and footwear. Waist circumference was measured by a measuring tape as per standard 

protocols. 

 

Figure D.2. Guidelines for administrating the Short Physical Performance Battery (SPPB) 
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The focus of the IMIAS is on mobility and several tools were used to access the levels of 

mobility. In addition to questions based on validated scales of Nagi [3] and Activity of Daily 

Living [4], the Mobility Assessment Tool (MAT) which is a video-animated tool was also used 

for assessment of self-perception of mobility. Items in the MAT consist of a video and a 

corresponding measurement item. The videos depict a wooden mannequin performing a wide 

range of physical activities, and the measurement item consists of a question about the 

participant’s ability to perform the task, measured on a discrete scale. There were 12 videos 

demonstrating various aspects of mobility (see figure D.3 for two examples). There were also 

questions asking specifically about levels of physical activity. These include minutes of daily 

walking, type of sports and time spent weekly for each sport, and questions about sedentary time 

(daily sitting and napping).  
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Figure D.3. Two examples of the Mobility Assessment Tool 

A sub-sample of participants were (n=699; Kingston, n=325; Saint-Hyacinthe, n=344) selected 

randomly to provide blood samples for inflammatory factors (IL-6, C-reactive protein (CRP)), 

general health markers (Glycosilated hemoglobin, albumin, total and HDL cholesterol) and red 

blood cell counts. Blood drawings were performed at designated hospital by professional lab 

technicians or registered nurses and samples were analyzed at local laboratories.  

To measure the fluctuating levels of cortisol during the circadian rhythm,  at each site 100 

persons (50 men and 50 women) were instructed to collect saliva samples at five times for two 

consecutive days: upon waking up, 30 minutes after waking up, 60 minutes after waking up, at 

15:00, and bedtime. Saliva samples were assessed using a sensitive enzyme immunoassay kit 

(Salimetrics, State College, PA, USA). 
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Appendix E:  

Relevant Questionnaire Items from the IMIAS Survey 
 

Initial examination of cognition (the Leganes Cognitive Test; LCT) 

 “The following questions must be answered by you, without help from someone else.”  

 What is today’s date?  Right       Wrong     

What time is it?  Right       Wrong     

What day of the week is it?  Right       Wrong     

What is your complete address?  Right       Wrong      

What city are we in?  Right       Wrong      

What is your age?  Right       Wrong      

What is your birthday?  Right      Wrong      

What was your mother’s first name?  Right       Wrong      

Participants were excluded if they had 4 or more errors in this orientation scale  

The main exposure: social capital items 

 

How often in your neighbourhood: 

 Often Sometimes Rarely/ 

NEVER 

Don’t Know 

Do you see neighbours and friends 

talking outside in the yard or on the 

street? 

    

Do you see neighbours taking care of 

each other, such as doing yard work or 

watching children? 

    

Do you see neighbours watching out for 

each other, such as calling if they see a 

problem? 

    

Do you feel it is unsafe to walk around 

your neighbourhood? 
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The Outcome: the occurrence of fall 
  

Have you fallen in the last 12 months?  

Falls include falling on the ground or at some other level, like 

from a chair involuntarily.  

 

1  Yes 

2  No (go to next section) 

3  Does not know 

4  No response 

Think about the last fall you had, where were you when you 

fell? 

1  At home 

2  In the street  

3  In a public place 

4  Other: 

___________________ 

5  NEVER fell 

6  While practicing a sport (at 

the gym, on the mountain, …) 

 

 

Covariates 

 

a) Socio-demographic variables  

Age and sex 

Date of birth of the participant  

        

Year             Month     Day 

Participants age 

 

 

   
 

Sex of the participant 

 

Check the appropriate box without asking the 

question 

 1 □ male 

 2 □ female 
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Years of education 

How many years of 

school have you 

completed? 

 

      (if 0, go to work history) 

 

Individual income before tax 

What is your individual annual 

income before taxes? 

1    None 

2    Less than $5000 

3    $5001-$10000 

4    $10001-$20000 

5    $20001-$30000 

6    $30001-$40000 

7    $40001-$50000 

8    $50001-$60000 

9    $60001-$80000 

10  $80001-$100000 

11  More than $100000 

Living arrangements  

Do you live 

alone? 

 

Who do you live 

with?… 

 

Check all that 

apply              

 

1 Alone                                                 yes                 no 

(if yes, the next question should be skipped) 

 

2 Spouse/partner                                  yes                 no 

3 Child/Children                                    yes                 no 

4 Grandchildren                                    yes                 no 

5 Relatives, brother, sister                  yes                 no 

6 Friends                                                yes                 no 

7 Others, specify:             ______________________________ 
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b) Alcohol consumption 

How often do you usually drink alcohol? 

1. I have never drunk alcohol in my life (skip to next section, PCL) 
2. I never drink alcohol, but I have in the past 
3. I drink rarely 
4. Less than once a week 
5. On 1 or 2 days a week 
6. On 3 or 4 days a week 
7. On 5 or 6 days a week 
8. Every day 
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c) Psychological factors  

 

c.1 Cognition  
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c.2 Depression 

“I am going to read a list of ways you may have felt or behaved in the past week. For each, I will 

ask you if you felt or behaved this way 1) rarely or none of the time 2) some or a little of the time 

, 3) occasionally or a moderate amount of time, 4) most or all of the time  Please use the 

response aid card.”  

 During the past week… Rarely or none 
of the time 
(less than 1 
day) 

Some or a little 
of the time (1-
2 days) 

Occasionally or 
a moderate 
amount of the 
time (3-4 days) 

Most or all of 
the time (5-7 
days) 

1 I was bothered by things 
that don’t usually bother 
me. 

    
 

2 I did not feel like eating; 
my appetite was poor. 

    
 

3 I felt that I could not 
shake off the blues even 
with the help of my 
family and friends 

    

4 I felt that I was just as 
good as other people 

    
 

5 I had trouble keeping my 
mind on what I was 
doing. 

    

6 I felt depressed     

7 I felt that everything I did 
was an effort 

    
 

8 I felt hopeful about the 
future 

    
 

9 I thought my life had 
been a failure 

    
 

10 I felt fearful     

11 My sleep was restless     

12 I was happy     

13 I talked less than usual     

14 I felt lonely     

15 People were unfriendly     

16 I enjoyed life     

17 I had crying spells     

18 I felt sad     

19 I felt that people disliked 
me 

    

20 I could not get going     
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C. 3 Fear of falling  

XXIV) FALLS EFFICACY SCALE INTERNATIONAL (FES-I) 

“Now we would like to ask some questions about how concerned you are about the possibility of 

falling. Please reply thinking about how you usually do the activity. If you currently do not do the 

activity (e.g. if someone does your shopping for you), please answer to show whether you think 

you would be concerned about falling IF you did the activity. For each of the following activities, 

please tick the box which is closest to your own opinion to show how concerned you are that you 

might fall if you did this activity. 

Read each response category to the participant. 

 Not at all 
concerned 

 

Somewhat 
concerned  

 

Fairly 
concerned  

 

Very 
concerned 

 

1) Cleaning the house (e.g. sweeping, 
vacuuming or dusting)     

2) Getting dressed or undressed 
 

    

3) Preparing simple meals 
    

4) Taking a bath or shower     

5) Going to the shop 
 

    

6) Getting in or out of a chair  
 

    

7) Going up or down stairs  
 

    

8) Walking around in the neighbourhood  
    

9) Reaching for something above your 
head or on the ground  

    

10) Going to answer the telephone before 
it stops ringing  

    

11) Walking on a slippery surface (e.g. wet 
or icy)  

    

12) Visiting a friend or relative  
 

    

13) Walking in a place with crowds  
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14) Walking on an uneven surface (e.g. 
rocky ground, poorly maintained 
pavement)  

    

15) Walking up or down a slope  
 

    

16) Going out to a social event (e.g. 
religious service, family gathering or club 
meeting)  

    

 

d) Medical factors 

d. 1 Chronic Conditions 

CHRONIC CONDITIONS  

“I would like to ask you some questions about your health” 

 

Has a doctor or nurse ever told you that  you 

have high blood pressure or hypertension? 

 

1  Yes  

2  No 

3  Does not know 

4  No response 

Has a doctor or nurse ever told you that  you 

have diabetes, that is to say, high blood sugar 

levels? 

1  Yes 

2  No 

3  Does not know 

4  No response  

Has a doctor or nurse ever told you that you 

have chronic lung disease such as chronic 

bronchitis, emphysema, or asthma? 

 

1  Yes 

2  No 

3  Does not know 

4  No response  

Has a doctor or nurse ever told you that you had 

a heart attack, coronary heart disease, angina, 

congestive heart failure, or other heart 

problems? 

1  Yes 

2  No 

3  Does not know 

4  No response  
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Has a doctor or nurse ever told you that you 

have had a cerebral embolism, stroke, attack or 

thrombosis? 

1  Yes 

2  No 

3  Does not know 

4  No response  

Has a doctor or nurse ever told you that you 

have arthritis, rheumatism, or osteoarthritis? 

1  Yes 

2  No 

3  Does not know 

4  No response  

Has a doctor or nurse ever told you that you 

have osteoporosis? 

1  Yes 

2  No 

3  Does not know 

4  No response  

 

 

d.2 Vision  

Tumbling E Chart Test Instructions 

1. Test the patients while they wear their normal glasses that they wear for distance.    
2. The chart must be used at a 2 meter test distance (2 meters from the person’s face to the 

chart).  
3. The chart should be used in a fully lighted room.   
4. Test both eyes together (binocular).  Do not test each eye separately.  
5. Starting on the first line, ask the person to indicate the direction that the arms of each E 

are pointing (right, left, up, or down).   
6. Using a score sheet identical to the chart, circle each E the person reads correctly.  At the 

end of the test, count up the total number of E’s that are correct.   
7. Stopping rule:  If the person gets 4 out of 5 E’s on one line wrong, the person can then stop 

the test.   
8. If a person says that they cannot see the E’s anymore, ask them to guess until they miss 4 

out of 5 on one line (forced choice procedure).   
9. If a person does not do the test- write 999 
10. If a person cannot read any E’s on the first line of the chart, follow normal stopping 

procedures (stop after 1 line).   
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Appendix F: 

Geographical Information Systems (GIS) Methodology 

GIS techniques were used for direct measurement of street connectivity and green space within 

the boundaries of 1 km circular buffer around schools (first and second manuscripts), as well 

within neighbourhood boundaries of cities of Kingston and Saint Hyacinthe (third and fourth 

manuscripts). Census variables were also measured within these boundaries.   

Mapping school locations (first and second manuscripts): 

For each school, a road on the map was matched to the road listed in the schools address using 

the CanMaps Streetfiles (DMTI Spatial Inc., v.2009.4, Markham ON) as the source of 

geographic data. This GIS database provided geospatial information on features of the 

surrounding environment, including: bodies of land and water, road networks, and schools. The 

CanMap database was loaded into a GIS software program (ArcGIS: ESRI, version 9.3) for 

further manipulation and analysis. We created a 1 km circular buffer surrounding each of the 436 

schools included in this thesis, as a proxy for students’ home neighbourhood environment. 

Mapping participants’ home locations within neighbourhoods (third and fourth manuscripts): 

Using the postal codes data collected during administration of the IMIAS survey, home address 

of each participant was geo-coded and assigned to their residential neighbourhoods. 58 postal 

codes in Saint Hyacinthe were outside the boundaries provided by Ville de Saint Hyacinthe. 

These participants were assigned to the nearest neighbourhood (Figure F.1).  
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Figure F.1. Geo-coding of postal codes 

Calculating street connectivity and green space indicators  

Three indicators for street connectivity were measured in this thesis: intersection density, 

average block length, and connected intersection nodes ratio. First, to show street nodes, a road 

network dataset was created for each 1 km buffer around schools as well as for each 

neighbourhood. Then, false nodes (those located on straight strips, nodes intersecting buffer 

lines, dead-ends, and cul-de-sac nodes) were removed and road segments at created gaps were 

merged.  Intersection density was calculated by dividing the number of real nodes (intersections) 

by the total land area, average block length was calculated by dividing the total length of all 

streets by the number of real intersections, and connected intersection nodes ratio was calculated 

by dividing number of real nodes by the total number of nodes. 

The measure for green space was the parentage of land area covered by local parks and sport 

fields, provincial/territorial/national parks, other parks, wooded areas, campgrounds, picnic 
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areas, golf courses, driving ranges, national wildlife and migratory areas, and botanical gardens 

in the GIS database.  

Estimating the census measures of SES factor  

In this thesis, three census variables of average household income, employment rates, and 

education were indicators of SES. First, the neighbourhood boundaries obtained from the city of 

Kingston (https://www.cityofkingston.ca/) and Ville de Saint-Hyacinthe (http://www.ville.st-

hyacinthe.qc.ca/) were digitalized. Then to obtain the needed 2006 census variables specific to 

each neighbourhood, the digitalized boundaries were imported into PCensus which is a GIS-

based software including census data (Figure F.2).  

 
Figure F.2. A snapshot of Pcensus 
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Appendix G: 

Results of Split Sample Exploratory and Confirmatory Factor Analyses 

(HBSC Data) 
 

Table G.1: Results of exploratory factor analysis of the social capital measure in the split 

sample 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Social Capital Items Loading 

 

People say ‘hello’ and often stop to talk to 

each other in the street 

0.58 

It is safe for younger children to play outside 

during the day 

0.66 

There are good places to spend your free time 

(e.g., recreation centres, parks, shopping 

centres) 

0.47 

You can trust people around here 0.66 

I could ask for help or a favour from 

neighbours 

0.73 

Cronbach’s Alpha 

0.76 

Eigenvalue 

1.96 

P. value for Barlett’s test of Spericity  

<0.0001 

Overall KMO measure of sampling adequacy 

0.83 
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Figure G.1: Confirmatory factor analysis of the social capital measure in the split sample 
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Appendix H: 

Details of Model Building Strategies 
 

Step 1:based on literature, all potentially important covariates (independent variables) that could 

have been confounders in relationships between social capital and the outcomes were included in 

separate bivariate models (Tables 4.1 and 6.1). Potentially important covariates were defined as 

those with p. values smaller than 0.25 and then were included in further analysis. 

Step 2:  an empty model was fit, in which the outcomes were modelled only as a function of 

neighbourhood identifiers. These were equal to random intercept models in which the estimated 

variations were only due to differences between neighbourhoods.  

Step 3: a multivariable model was fit containing all covariates that were identified for inclusion 

at Step 1.  

Step 4: the least significant variables (those with largest p. values) were removed from the model 

one by one until all remaining variable were all significant. This reduced model was our initial 

main effects model (Hosmer, Lemeshow et al. 2013). 

Step 5: to take into account potential influence of variables that were not retained in the initial 

main effects model only due to chance, we also adopted a `change in estimate` strategy 

(Rothman, Greenland et al. 2008; Kleinbaum and Klein 2010). All variables that were not 

selected in step 1 and also those that were deleted in step 4 were added one by one to the initial 

main effects model. If more than 10% change in the OR describing the association between social 

capital and the outcome was observed, the variable (s) was added to the model.  

Step 6: some variables may only influence the random effects of neighbourhoods without any 

impact on the relationship of interest. To account for them, if a variable produced more than 10% 
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change in the measure of variance at the neighbourhood level after adding to the main effects 

models (Twisk 2006), was also included in the model.  

Step 7: steps 5 and 6 resulted in several different models to choose from. Two standard ad hoc 

measures of goodness-of-fit, the Akaike Information Criterion(AIC)  and Bayesian Information 

Criterion (BIC), were calculated (Schwarz 1978; Akaike 1998; Burnham and Anderson 2013) in 

order to determine the best fit model. These measures are derived using likelihood theory rather 

than least squares theory. Likelihood theory estimates the likelihood of an unknown parameter, 

given the data at hand and a particular model by estimating the expected relative distance 

between a fitted model and an unknown “true mechanism” that generated the observed data. The 

advantage of AIC and BIC goodness-of-fit values is that the regression models that are compared 

do not have to be nested. Rather, the key condition for comparing AIC and BIC scores across 

candidate models is that the models must be obtained from the same data set. Since the fit of 

models can be increased by adding variables (overfitting), both BIC and AIC introduce a penalty 

term for the number of variables in the model. The penalty term is larger in BIC than in AIC.  In 

general, smaller values for AIC & BIC are indicative of better fit models (Burnham and 

Anderson 2013).  

Step 8: cross-level interactions between neighbourhood level variables of social capital, physical 

environment, and SES and individual level variables of gender and SES were examined by 

introducing product terms to the final main effects model that was fit the at step 7. 
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