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Abstract 

Background and Objectives: Mobility limitations are a prevalent issue in older adult populations, and an 

important determinant of disability and mortality. Neighborhood conditions are key determinants of 

mobility and perception of safety may be one such determinant. Women have more mobility limitations 

than men, a phenomenon known as the gender mobility gap. The objective of this work was to validate a 

measure of perception of safety, examine the relationship between neighborhood perception of safety and 

mobility limitations in seniors, and explore if these effects vary by gender. 

 

Methods: This study was cross-sectional, using questionnaire data collected from community-dwelling 

older adults from four sites in Canada, Colombia, and Brazil. The exposure variable was the 

neighborhood aggregated Perception of Safety (PoS) scale, derived from the Physical and Social Disorder 

(PSD) scale by Sampson and Raudenbush. Its construct validity was verified using factor analyses and 

correlation with similar measures. The Mobility Assessment Tool – short form (MAT-sf), a video-based 

measure validated cross-culturally in the studied populations, was used to assess mobility limitations. 

Based on theoretical models, covariates were included in the analysis, both at the neighborhood level 

(SES, social capital, and built environment) and the individual level (age, gender, education, income, 

chronic illnesses, depression, cognitive function, BMI, and social participation). Multilevel modeling was 

used in order to account for neighborhood clustering. Gender specific analyses were carried out. SAS and 

M-plus were used in this study.  

 

Results: PoS was validated across all sites. It loaded in a single factor, after excluding two items, with a 

Cronbach α value of approximately 0.86. Mobility limitations were present in 22.08% of the sample, 

16.32% among men and 27.41% among women. Neighborhood perception of safety was significantly 

associated with mobility limitations when controlling for all covariates, with an OR of 0.84 (CI 95%: 

0.73-0.96), indicating lower odds of having mobility limitations as neighborhood perception of safety 
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improves. Gender did not affect this relationship despite women being more likely to have mobility 

limitations and live in neighborhoods with poor perception of safety. 

 

Conclusion: Neighborhood perception of safety affected the prevalence of mobility limitations in older 

adults in the studied population. 
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Chapter 1 

Introduction 

1.1 Background 

Mobility problems in older adults are highly prevalent after the age of 65, and in some populations they 

are the most common form of disability in the elderly [1]. Studies indicate that more than 40% of older 

adults (65+) have some form of mobility limitation [2]. As the global population ages, the rate of mobility 

limitations in the world will increase [3, 4]. The prevalence of mobility limitations is higher in low and 

middle income countries [5, 6]. While mobility limitations are common in Canadian seniors, 33.1% [7], 

they are even more prevalent in Latin American seniors of comparable ages, 64.4% [8]. Decline in senior 

mobility leads to loss of independence, quality of life and well-being [9-11]. Mobility limitations are 

important predictors of preventable disability and mortality [12, 13], making the study of modifiable 

determinants of mobility limitations a key public health issue. Neighborhood perception of safety is 

thought to have some impact on mobility [14-17], although further research is needed. A strong and well 

established risk factor for mobility limitations is gender. Women have much higher rates of mobility 

limitations [5, 8, 18-20], and this difference is labelled the gender mobility gap. The gender mobility gap 

is wider in countries with high gender inequity [5], such as in the South American sites used in this study. 

The etiology and mechanisms of the gender mobility gap are still not well understood. 

1.2 Rationale 

Better understanding the etiology of mobility limitations in older adults is an important public health 

matter. While many possible determinants have been studied, neighborhood characteristics are gaining 

prominence, as more evidence is gathered on the magnitude of the relationship between some 

neighborhood characteristics and inhabitant health. Neighborhood characteristics are particularly 

interesting when designing public health interventions, as small changes in a neighborhood environment 

could potentially have widespread benefits for all residents, making them theoretically efficient targets for 
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interventions. Neighborhood perception of safety is one such neighborhood characteristic, theorized to 

impact resident mobility through many pathways and susceptible to simple improvement, that has not 

been studied enough, especially outside of the United States of America. Measures of neighborhood 

perception of safety, which often include measures of social and physical disorder, or crime rates and fear 

of crime, have been developed [21-23], but have not been validated in Canada. Elderly women often have 

higher rates of mobility limitations than elderly men, and this difference is more pronounced in societies 

with more gender disparities. This study aimed to add to the knowledge base on the association of 

mobility limitations with neighborhood perception of safety and other well-known determinants. This 

may prove useful in future efforts targeted at preventing mobility loss among seniors. This study also 

sought to examine, in an international setting, the impact of the neighborhood perception of safety on the 

gender mobility gap, and whether the relationship between neighborhood perception of safety and 

mobility limitations differs between men and women. 

1.3 Study Objectives 

The purpose of this study was to explore the impact of neighborhood perception of safety on mobility 

limitations using a community-based population study collected from 4 cities, Kingston and Saint-

Hyacinthe in Canada, Manizales in Colombia, and Natal in Brazil. The three main objectives were: 

1) To assess the construct validity of the perception of safety scale in the study sites, in order to proceed 

with the examination of its effects on mobility limitations. 

2) To assess the effect of neighborhood perception of safety on mobility limitations. 

3) To examine if neighborhood perception of safety contributes to the gender mobility gap via differential 

exposure between men and women, and to evaluate if the relationship between neighborhood perception 

of safety and mobility limitations varies according to gender (differential vulnerability). 

1.4 Thesis Outline 

This thesis is organized into four chapters. Chapter 2 presents a review of the literature relevant to this 

study’s objective. It covers mobility limitations in older populations; its burden and determinants. The 
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impact of neighborhood characteristics on health and mobility is elucidated, with a focus on 

neighborhood perception of safety. The role of the gender mobility gap in the relationship between 

neighborhood characteristics and mobility is examined. Finally, a short description of this work’s place in 

its field of research is included. In Chapter 3, the methods used to carry out this study are described, as 

well as the analyses conducted. The results of these analyses are presented in Chapter 4. Chapter 5 has a 

description of the key findings reported in the previous chapter, an interpretation of those findings in the 

context of current research in this field, a discussion of the strengths and limitations of this study, and 

speculation as to the implications of this study’s findings. Chapter 5 concludes by summarizing the most 

salient aspects of this thesis. 
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Chapter 2 

Background 

2.1 Overview 

This chapter presents a review of the current literature relevant to the topic of this thesis. First the 

concepts of mobility and mobility limitations are defined, and their determinants and burden in older 

populations described. Research on the role of neighborhoods in the health and mobility of their residents 

is reported, and focus is given to the existing literature on the effects of perception of safety. The 

literature on the role of gender on perception of safety and on mobility limitations is presented, and finally 

the research gaps filled by this study are delineated, as is the conceptual model of this study.  

2.2 Mobility Limitations 

2.2.1 Mobility 

Mobility is the ability to move oneself within one’s community and home as necessary to care adequately 

for oneself [24]. While this may include the use of various modes of transportation and assistive devices, 

walking and climbing stairs are the primary skills of active mobility, often being the main activities 

assessed when quantifying mobility [25, 26]. 

2.2.2 Conceptual Framework 

The International Classification of Functioning, Disability and Health (ICF) is a conceptual scheme for 

categorizing disabilities. It has guided research on aging since first published by the WHO in 2001, and 

has been validated exhaustively [27]. The ICF model represents function in three levels: 1) The body, or 

body parts, 2) activity (in this case mobility) and 3) participation. The ICF model recognizes that health 

conditions can lead to impairments of the body, which in turn may hinder execution of tasks, i.e. activity 

limitation. This, in turn, may affect an individual’s ability to participate, i.e. participation restrictions [27-

29] (see Figure 2-1). Disability therefore involves dysfunction at one or more of the three levels: 
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impairments, activity limitation and participation. This framework depicts disability as a process, 

influenced not only by one’s health, but also one’s environment.  

 

Figure 2-1. The International Classification of Function, Disability, and Health. 

 

2.2.3 Mobility Limitations Definition 

Under the ICF definitions, mobility limitations might include difficulty walking or moving about, 

changing or maintaining body positions, carrying, moving and handling objects, or using transportation 

[2, 28]. Following the ICF model, mobility limitations in this project were defined as difficulty in 

climbing stairs and walking. Such a definition is consistent with other common disability models in aging 

research, e.g. the Nagi [30] and the disablement process [31] models. Mobility limitations lead to 

participation restriction when the inability to perform mobility tasks limits an individual’s ability to fully 

participate in life. The constant evolution of accepted theoretical frameworks for mobility research has led 

to variations in the definition of mobility limitations, and problems differentiating this from mobility 
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disability. The latter term is sometimes used to mean either more severe forms of mobility limitation (e.g. 

inability, rather than difficulty, in walking or ascending steps) or participation restriction[28]. For clarity, 

then, mobility limitations were defined as any form of difficulty (including inability) to walk or climb 

steps (see Appendix B). 

2.2.4 Epidemiology 

Mobility limitations are among the most common form of disability in Canada (along with agility and 

pain related disabilities), with 11.5% of the population over the age of 15 suffering from a form of 

mobility limitation [1]. This proportion increases with age, with mobility and agility related limitations 

remaining the most common form of disability at 75 and over, with almost 50% of the population affected 

[32]. The issue of mobility limitations and their causes becomes more relevant each year as the average 

age in many countries rises, and the elderly constitute a larger proportion of the overall population [3, 4]. 

Cross-sectional studies in North American and European countries have demonstrated that more than 

40% of adults over 65 have some mobility limitation [2]. One study in the UK found that the annual 

incidence rate of catastrophic mobility decline (no mobility limitations to severe mobility limitations 

within a year) was 4.8% (2.7-8.3) [33]. Studies using surveys from high, middle and low income 

countries have shown that the prevalence of mobility disability is especially high in low and middle 

income countries [5, 6]. Among the study population of this project, preliminary analyses have shown 

that at the same average age, 15% of Canadian subjects, 26% of Colombian subjects, and 44% of 

Brazilian subjects have poor physical function [34]. Another study, examining the same sites, has shown 

that approximately 20% of Canadian subjects, 45% of Colombian subjects, and 40% of Brazilian subjects 

report difficulties walking 400m or climbing stairs [35].| 

2.2.5 Determinants 

Determinants of mobility limitations can be classified as either individual or environmental factors. 

Environmental factors measured by neighborhood characteristics, as well as gender, are discussed in the 

subsequent sections. In this section a summary of the main individual factors are presented. 
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One of the best predictors of mobility limitation is age. Many studies have found a positive correlation 

between age and mobility limitation, especially at ages 70 and over [2, 26, 28, 36, 37]. Melzer and 

Parahyba found that less than 20% of Brazilian men between 60 and 64 had difficulty walking more than 

100 meters, while more than 50% of Brazilian men over 85 had difficulty walking that same distance 

[38]. In fact, decline in mobility capacity may be a normal part of the aging process, brought about by 

muscle mass and bone density loss, as well as joint erosion, and increased likelihood of chronic illness 

[28, 36]. Chronic conditions are known risk factors related to mobility limitations. Health conditions like 

heart disease [2, 28, 38], stroke [28, 38], high blood pressure [28, 38], obesity [28, 39, 40], depression 

[41], diabetes [28, 38], dyspnea [28, 38], sarcopenia [42], arthritis [2, 40], and musculoskeletal pain [39], 

are among the chronic conditions that almost double the odds of mobility limitations in older adults [43], 

and each additional comorbid condition increases it further [36, 44]. For example, the odds of having a 

mobility limitation are 1.73 times higher for individuals with heart disease than for those without, but 

those odds are 2.01 times higher for those who have both heart disease and back problems [44]. In 

addition to this, fear of falling, previous falls, depression or depressive symptoms, and poor cognitive 

function are all linked to increases in mobility limitations [2, 8, 11, 45].  

Modifiable risk factors, sometimes labelled lifestyle or behavioral risk factors, such as physical activity 

levels [46-48], sedentary lifestyle, smoking, alcohol consumption, as well as BMI [6, 49], and poor 

nutritional status have all been linked to mobility limitations, though the associations don’t always remain 

significant when age, gender, and SES are controlled for [2, 50, 51]. Regular physical activity, such as 

walking, bicycling, and swimming, is associated with a lower likelihood of mobility limitations[50].  

Other important determinants of mobility limitations are an individual’s socioeconomic status (SES) over 

the life course [2, 37, 38, 40, 52, 53] - either measured by education level, occupation, or income. A study 

from the International Mobility in Aging Study (IMIAS) on the relationship between life course adversity 

and physical performance in old age found that “low physical performance was associated with childhood 

social and economic adversity, semi-skilled occupations, living alone and insufficient income” [54]. 

Melzer et al. reported that the relative risk of developing a mobility limitation for subjects in US with less 
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than 8 years of education was 1.65 times higher for men and 1.70 times higher for women compared to 

subjects with at least 12 years of education [52]. In Sweden, blue collar workers (lower SES) face higher 

odds of mobility limitations than white collar workers, with an odds ratio of 2.07 [55]. Brazilian seniors 

who experienced low SES or hunger during their childhood have odds of 1.58 higher of reporting 

mobility limitations than those who never experiences low SES or hunger [18]. Systematic reviews and 

meta-analyses of data from high and middle-income countries have supported the importance of early life 

SES on mobility [56]. 

2.3 Neighborhoods 

The characteristics of an individual’s neighborhood can have a large effect on the life and health of that 

individual; their community plays a role in what choices they make, what risks they are exposed to, and 

what resources they can access [57, 58]. People who live in the same neighborhood will, for example, 

have similar exposures to physical elements, like poor air quality, or uneven walking surfaces, potentially 

leading to higher levels of breathing issues and falls. The role of the neighborhood is even greater for 

seniors, who may be exposed to fewer spatial contexts as they age, due to the loss of the daily work 

environment, and a typical diminishing of recreational activities outside their immediate community [53, 

59, 60]. The features of the environment in which they live therefore become more important to their 

health, making them more vulnerable to the potentially deleterious effects of their neighborhood and more 

dependent on the appropriate support and services being available in their neighborhood to maintain their 

well-being and independence [57, 59]. In addition, seniors are a more vulnerable population due to their 

reduced physical and mental resilience [57, 59, 60]. 

2.3.1 Conceptual Framework 

Lawton and Nahemow's Ecological Model of Aging (Appendix C) [57] focuses on environmental press, 

i.e the level of person-environment fit, where a matching level of personal competence and environmental 

demand lead to well-being and independence. This model is applicable to the many facets of personal 

competence, including mobility. Glass and Balfour expanded Lawton and Nahemow’s model, creating the 
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Causal Model of Neighborhood Effects on Aging (Appendix D) [59], adding the four neighborhood 

factors/characteristics that shape the degree of person-environment fit: socioeconomic conditions, social 

integration, physical aspects of place, and services and resources. Neighborhood socioeconomic 

conditions referred to the average socioeconomic conditions of the residents of a neighborhood, while the 

social integration of a neighborhood referred to how cohesive the different groups within a neighborhood 

were. Physical aspects of place referred to the actual built environment of a neighborhood, while the 

services and resources referred to what services and resources were available within a neighborhood.  

Glass and Balfour also expanded the pathways between the level of person-environment fit and health and 

functioning through adaptive/maladaptive responses, detailed in Appendix D.  

This study used a modified version of the Causal Model of Neighborhood Effects on Aging [59], with 

mobility as the outcome, and perception of safety included among the four neighborhood characteristics 

proposed by Glass and Balfour, as seen in Figure 2-2.  

  

Figure 2-2. Conceptual model, modified from the Causal Model of Neighborhood Effects on Aging. 
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When examining the relationship between neighborhood characteristics and mobility, it can be difficult to 

identify and quantify the impact of a specific characteristic, as one neighborhood characteristic can alter 

and be altered by other characteristics [57]. Neighborhoods with high rates of poverty (poor 

socioeconomic conditions) have lower rates of residential stability. Increased residential instability 

reduces social integration and leads to higher rates of crime, as well as a lowered capacity of residents to 

effect change in their neighborhood. This causes a decline in quality and safety of public spaces and 

availability of services, which in turn promotes crime and distrust. Therefore, perception of safety cannot 

be understood without considering the other neighborhood characteristics such as socio-economic 

conditions, social integration, physical aspects of place, and services and resources. In this conceptual 

model, chronic conditions (such as hypertension, diabetes, and arthritis), physical activity, cognitive 

function, depression, and social participation can be possible pathways relating neighborhood 

characteristics and mobility. The relationship between perception of safety and mobility limitations may 

be confounded by individual demographic characteristics, such as age, level of education, and income. 

Gender can also affect this relationship with either differential exposure to the neighborhood 

characteristics, or differential vulnerability to the consequences of the adaptive/maladaptive responses. 

Evidence to support this model is presented in the sections below. 

2.3.2 Neighborhood characteristics and their effects on mobility 

Recent systematic reviews report that neighborhood conditions are key determinants of seniors’ health 

[16, 61-66]. The socioeconomic status of a neighborhood has an impact on the other characteristics of a 

neighborhood, influencing the level of social integration, the physical characteristic of place, the services 

and resources available and the perception of those characteristics by people both external and internal to 

the neighborhood. These pathways may be the mechanisms by which neighborhood socioeconomic status 

(SES) impacts health and mobility. Neighborhoods with higher overall SES, much like individuals with 

higher SES, tend to have higher levels of education, more access to resources, more political agency, 

lower crime rates, and better social integration [59]. Some studies have found that, independent of 
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individual SES, neighborhood SES has an impact on the health of its seniors, with low neighborhood SES 

linked with poorer health outcomes and reduced physical functioning [67, 68]. Table 2-1 is a summary of 

the current research completed on the link between neighborhood characteristics and mobility limitations. 

Of the 14 studies included, 3 examined aspects of the socio-economic conditions of the neighborhood and 

found significant associations [62, 69, 70]. One study found that seniors living in neighborhoods in the 

lowest quartile of economic advantage had a 5% higher risk of lower body limitations as compared to 

those whose neighborhoods were in the highest quartile of economic advantage [62].  

Several of the studies in Table 2-1 looked at the relationship between the physical characteristics of the 

neighborhood and mobility limitations [60-64, 69, 71, 72]. Most found that seniors residing in 

neighborhoods with uneven or discontinuous sidewalks, heavy traffic, and inaccessible public 

transportation faced higher risk of having or developing mobility limitations [62, 64, 69, 71, 72]. 

Neighborhoods that present fewer barriers to physical activity have more active residents [73-79] who are 

less likely to develop mobility limitations [50]. Proximity to resources and services such as grocery 

stores, banks, pharmacies, doctor’s offices, and community centers is key in maintenance of 

independence and health for seniors [59, 60, 62, 80]. The only two studies in Table 2-1 examining the 

relationship between neighborhood amenities and mobility failed to find a significant association [62, 65]. 

Social integration refers not only to the quality and quantity of relationships between members of a 

neighborhood, but also to the level of influence the neighborhood’s behavioral norms - and what those 

norms are - have on individual behavior [59]. People who have close relationships with others in their 

environment tend to be better supported, experience less stress, and have better health outcomes, such as 

retained mobility [59, 81]. Social capital, which refers to the social bonds between neighbors that create 

informal social networks and lead to trust and civic participation [59], was used as a gauge of social 

integration. High levels of social capital mean a neighborhood with more social opportunities, more 

informal support systems, and a greater desire and ability to affect collective control over its environment. 

One study in Table 2-1 looked at the relationship between social capital and mobility, and failed to find a 

significant association [69]. 
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Table 2-1. Summary of studies assessing the effects of neighborhood characteristics on mobility problems. 

First author, 

year 

Country 

(region) 

N Age NBH 

definition 

(# units) 

NBH measures Mobility Measures Main findings and associations 

Balfour, 

2002[16] 

USA 

(Alameda 

County, 

California) 

883 55+ Census tracts Perception of Neighborhood Problems: 

crime, lighting at night, traffic, 

excessive noise, trash and litter, and 

access to public transportation 

self reported 

Incident loss of overall 

physical function after 1 

year 

Incident loss of lower-

extremity physical 

function after 1 year 

Both self-reported 

Those who reported multiple-problem 

neighborhoods were at increased risk of overall 

functional loss (odds ratio = 2.23, 95% 

confidence interval: 1.08, 4.60) and lower-

extremity functional loss (odds ratio = 3.12, 95% 

confidence interval: 1.15, 8.51) compared to 

those who reported no neighborhood problems. 

Neighborhood problems associated with the 

largest increase in risk were excessive noise, 

inadequate lighting, and heavy traffic 

Beard, 2009[69] USA 

(New York, 

New York) 

937,857 65+ Census tracts 

(2,138) 

NBH SES status 

Residential stability 

Racial/ethnic composition 

Crime 

Land use 

NBH decay 

Street characteristics 

Collective efficacy 

Physical disability – self-

reported census 

questions 

Low neighborhood SES, residential instability, 

living areas with low proportions of foreign born 

and high proportions of black residents, negative 

street characteristics and high crime levels were 

associated with physical disability.  

Brown, 2008[72] USA (Miami, 

Florida) 

273 70+ Blocks (273) Built-environment features, such as 

porches, stoops, sidewalk width, etc. 

coded by researchers 

Physical functioning: 

Grip strength 

Gait speed 

Self-reported health 

Architectural features of the built environment 

theorized to facilitate visual and social contact 

had a significant direct relationship with physical 

functioning as measured 3 years later. 

Clark, 2009[14] USA 

(New Haven, 

Connecticut) 

1,884 65-74 

75+ 

Census tracts 

(31) 

Perceived neighborhood safety at 

baseline – “how safe from crime would 

you say your neighborhood is?” 

NBH crime rates 

Incident mobility 

disability  

self-reported over 8 

years 

Perceiving safety hazards was associated with 

increased risk of mobility disability only for 

those under the poverty line.  

Clarke, 

2005[60] 

USA (North 

Carolina) 

4,154 73.55 

(6.72) 

Census tracts 

(95) 

Density of the built environment 

Diversity of the built environment 

census measures 

Disability 

Independence 

Loss of lower extremity 

strength and balance 

Housing density had no direct effect on 

disability, but did affect independence. The same 

was true with diversity of built environment, 

which improved independence alone.  

Clarke, 

2008[61] 

USA 

(Chicago, 

Illinois) 

1,195 45-59 

60-69 

≥70 

Residential 

blocks 

Quality of streets and sidewalks 

Social and physical disorder 

Residential security  

assessed by systematic observation 

Lower extremity 

physical impairment 

Mobility disability 

self-reported 

Only the quality of streets and sidewalks had any 

effect on mobility disability, and only among 

those with severe lower extremity impairment. 

Clarke, 

2009[64] 

USA 1,821 45 - 54 

55 - 64 

65 - 74 

75+ 

Census tracts 

(1,821) 

Population density 

Proportion of workers using public 

transit/walking 

Proportion of residents aged 65+ 

Neighborhood socioeconomic 

disadvantage 

Outdoor mobility 

disability – self reported 

increase in difficulty 

walking over 15 years 

Only the proportion of workers who commute to 

work by public transit or by walking was 

associated with mobility disability, but was only 

significant in those over 75.  
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Freedman, 

2008[62] 

USA (HRS 

study) 

15,480 55-59 

60-64 

65-69 

70-74 

75-79 

80-84 

85+ 

Census tracts 

(4,604) 

Street connectivity 

Density of population and built 

environment 

Air pollution 

Access to health care 

Immigration 

Residential stability 

Segregation 

Age distribution 

County-level indicators of crime 

Census tract level 

Lower body disability 

IADL 

ADL limitations 

All self reported 

Economic conditions and the built environment 

of neighborhoods affected the disablement 

process, but neighborhood social conditions 

(immigration, residential stability, and 

segregation) did not. 

Latham, 

2013[15] 

USA 7,122 55-65  Perceived neighborhood safety – 

“Would you say the safety of your 

neighborhood is excellent, very good, 

good, fair or poor?” 

Self reported 

Incident mobility 

recovery – self-reported 

Perceived safety of neighborhood was a robust 

predictor of mobility limitation recovery 

Philibert, 

2013[70] 

Canada 

(Quebec) 

34,416 25+ Census tracts NBH SES 

Housing quality 

Residential stability 

Local services density 

Self-reported disability 

Self-reported functional 

status 

A contextual component was observed in the 

prevalence of disability, though no particular 

exposure stood out. Neighborhoods had an 

impact, even when controlling for individual and 

NBH factors. 

Rosso, 2013[65] USA 

(Philadelphia, 

Pennsylvania) 

510 65+ Census tracts 

(276) 

Diversity of amenities – neighborhood 

development index 

Mobility - LSA The neighborhood development index was not 

associated with mobility. 

Schootman, 

2006 [71] 

USA (St 

Louis, 

Missouri) 

563 56.1 

(4.7) 

Block External appearance of neighborhood –

measured objectively by researchers 

Perceived neighborhood desirability – 

self-reported 

Lower body functional 

limitations – Nagi 

physical performance 

scale. 

Self-reported 

Poor neighborhood conditions were an 

independent contributor to the risk of incident 

lower body functional limitations in middle-aged 

African Americans. 

Sun, 2011[17] USA (HRS 

study) 

18,043 50+ Census tracts Self-reported rating of neighborhood 

safety: very good, good, fair or poor? 

Ten year functional 

decline: decline in the 

five ADL measured, 

decline in mobility, or 

death.  

For participants who were functional at baseline, 

perceived neighborhood safety was associated 

with 10-year decline. No association was 

detected for those already having mobility 

limitations. 

White, 2010[63] USA 

(Alabama and 

Iowa) 

436 70.4 

(3.9) 

 Features of the neighborhood 

environment – HACE survey 

Disability in daily 

activities - LLDI 

No conclusive association between the separate 

features of neighborhood environment and 

disability were found, but the study does suggest 

an association is possible. 
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2.4 Perception of Safety 

Perception of safety refers to how secure residents feel in their neighborhood, which is largely shaped by 

the observation of what is called environmental disorder [16, 82, 83]. Environmental disorder, like graffiti 

or litter, has been linked to crime and urban decay [65, 84], which is linked to residential instability, 

distrust of others, and social isolation [59, 85, 86]. A neighborhood that has more physical and social 

signs of disorder (graffiti, public intoxication, inadequate lighting, and excessive noise) is more likely to 

attract further disorder, as it indicates to both residents and non-residents alike a low level of social capital 

[84]. When people live in neighborhoods with disorder, they often experience related fear and anxiety 

[83, 87, 88]. Perception of safety may have a larger impact on older adults, as they are more likely to 

perceive their neighborhoods as unsafe [89]. Additionally, this effect may be more prevalent in low and 

middle income countries. An international study examining neighborhood factors and rates of physical 

activity found that 16.1% of Canadians, 74.4% of Colombians, and 65.5% of Brazilians reported their 

neighborhoods were unsafe to walk around due to crime [90]. 

2.4.1 Perception of Safety and Mobility Limitations 

In Table 2-1, six studies include measures of perception of safety as one of their exposures. Of those, only 

two didn’t find significant association with mobility limitations in their final adjusted models [61, 69]. 

The Alameda County Study (Balfour et al.[16]) sought to examine the association between the perception 

of neighborhood disorder (labelled ‘problems’) and incident loss of overall and lower extremity function. 

Participants were asked to rate the severity of 6 neighborhood problems: traffic, noise, crime, trash and 

litter, lighting, and public transportation. Lower extremity functional limitation was measured at baseline 

and at a 1 year follow up using 5 activities (stooping, getting up from a stoop, standing in place for more 

than 15 minutes, walking 400m, and climbing a flight of stairs) with participants rating their level of 

difficulty performing each. Participants reporting severe difficulty with 2 or more tasks at baseline were 

excluded. In the fully adjusted model those who reported multiple neighborhood problems (rated 2 or 
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more problems as severe or somewhat severe) had a relative risk of lower extremity function loss of 3.12 

(95% CI: 1.15-8.51) when compared with those who reported no neighborhood problems [16]. 

Clark et al.[14] had a more direct approach for measuring perception of safety when examining its effects 

on the risk of mobility disability onset during an 8 year longitudinal study. Participants aged 65 to 74 

from New Haven, Connecticut were asked: How safe from crime would you say your neighborhood is? 

Mobility disability was defined as the self-reported inability to either walk 400m or climb a flight of stairs 

without assistance, and was evaluated annually. After adjusting for other determinants, the increased risk 

of mobility disability associated with perceiving safety hazards (HR: 1.56 (95% CI: 1.02-2.37)) only 

existed in seniors whose incomes were below the poverty line. Sun et al. [17], also using data from the 

Health and Retirement study (HRS), found a strong association after adjusting for other determinants, 

between perceived neighborhood safety (Would you say the safety of your neighborhood is excellent, very 

good, good, fair, or poor?) and 10-year functional decline in individuals over the age of 50 (RR: 1.21 

(95% CI: 1.13-1.31)) who were functionally independent at baseline. 

In 2013, Latham et al.[15] used the same exposure as Sun et al. (2012), to look at the association between 

perceived neighborhood safety and mobility limitations recovery. In the fully adjusted model the odds 

ratio for recovery from mobility limitations (defined as having any difficulty with certain mobility tasks 

in a previous collection cycle and then reporting no difficulty in the subsequent cycle) was 1.11 (95% CI: 

1.05, 1.17) for respondents reporting greater neighborhood safety. 

2.4.2 Potential Pathways 

Poor perception of safety has also been linked in other studies to poor health outcomes in seniors, such as 

depression [91-95] and elevated cardiometabolic risk factors [96], which could be a possible pathway 

through which perception of safety affects mobility. Another plausible pathway is the reduced rate of 

physical activity caused by poor perception of safety [97-100], as physical activity has a protective effect 

against mobility limitations [50]. Safety factors heavily into decisions about physical activity in older 
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adults [89]. In one study, physical inactivity rates were 24.5% higher for individuals who rated their 

neighborhood as not at all safe, compared to individuals rating their neighborhood as safe [59]. 

2.5 Gender 

According to the WHO, sex is the distinction between male and female, defined by the anatomical and 

physiological characteristics of each, whereas gender refers to the socially constructed characteristics 

attributed to each. Both might have an impact on mobility, but for the sake of clarity in this study the term 

gender was used to refer to the self-reported measure of sex/gender used. 

2.5.1 The Gender Mobility Gap 

Men and women experience mobility limitations at different rates, with women having a higher 

prevalence of mobility limitations [5, 8, 18-20]. A study using population based data from the World 

Health Survey found that the age-adjusted prevalence rate ratio for mobility limitations for women was 

1.35 (1.31-1.38) when compared with men [5]. Women have higher rates of disability and poor health 

than men, with a study in the UK revealing that 75% more women over 65 have severe disability than 

men of the same age [19]. Gender inequity likely plays a role in the gender mobility gap, as countries 

with more gender inequality have larger gender mobility gaps [5]. South American nations have more 

gender inequality, as evidenced by their higher gender inequality index (GII). Brazil and Colombia have 

large GII values, 0.441 and 0.460 respectively, relative to Canada, with a GII of 0.136 [101]. A study 

carried out by the IMIAS group found that in the South American sites, women had higher rates of 

mobility limitations measured by SPPB, a physical assessment carried out by the interviewer[35]. The 

prevalence ratio between women and men was 1.67 in Natal, and 1.97 in Manizales, with women having 

nearly double the prevalence of men.  

There are many factors which could explain the existence of the gender mobility gap. One hypothesis, 

that women report mobility limitations at higher rates than they experience them has been disproven [19, 

102, 103]. Studies using performance measures have demonstrated the existence of the gender gap in 

mobility [103]. Many hypotheses have focused on the fact that women live longer than men, suggesting 
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that women have a higher prevalence of mobility limitations because they spend more years living with 

limitations; that men who become ill tend to die or recover, whereas women who become ill remain so 

[19, 104-106]. Studies have shown that while the difference in average age of older women might 

contribute to the gender mobility gap, it does not account for the majority of it [106, 107]. According to a 

study in the US, the mortality rates of men and women play a small role in the prevalence gap between 

them, with recovery rates having almost no effect [106]. In that study, and others [107], the incidence rate 

of mobility limitations had the greatest impact on prevalence rates [106], with women between 65 and 89 

having a relative risk of developing a mobility limitation that was 33% higher than men’s.  

Since the gender mobility gap is due to a difference in incidence, the reasons for it must lie in the 

differential exposures and vulnerabilities of men and women. Differential exposure occurs when one 

group is exposed to far more risk factors, either in quantity or quality, than another group, leading to 

higher rates of the outcome in the first group factors [18, 108]. In the context of the gender mobility gap, 

this would suggest women have higher rates of exposure to the risk factors of mobility limitations. 

Women do tend to have higher rates of non-fatal chronic illnesses, such as arthritis [109], osteoporosis, 

high blood pressure, cataracts, depression, and neuro degenerative disorders [5, 20, 102, 110], all of 

which are associated with mobility limitations. These higher rates of chronic illnesses could be due to 

reproductive factors. Pregnancy is a biological process men don’t experience, and so any risks deriving 

from it would represent a differential exposure for women. Early maternal age at first birth, for example, 

is associated with higher rates of chronic illness and poor physical performance in old age [34]. Women 

also have somewhat more intense immune responses, which is salient during and after pregnancy, to 

protect the mother and child, and to pass on substantial levels of protective antibodies to the infant during 

breastfeeding [111]. Consequently, women are more likely to develop auto immune disorders, many of 

which impact mobility [111]. Further, women’s higher levels of estrogen and other hormones, as well as 

the cyclical nature of their hormonal makeup, has been linked to some auto-immune disorders, which 

again would impact mobility. Women’s greater rates of mobility problems may also be linked to their 
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higher exposure to stressful social circumstances throughout their life course [8, 18, 20]. As previously 

mentioned, education and income are predictors of mobility in later life, and women tend to have lower 

incomes and fewer educational opportunities [5, 8]. A study conducted as part of IMIAS found that 

women were more likely to be victims of psychological violence and domestic violence, and those 

experiences were related to more mobility limitations [112]. 

Differential vulnerability occurs when a given risk factor has a different effect on one group over another, 

leading one group to have higher rates of the outcome, while both have identical levels of exposure. 

When exploring possible pathways to explain the gender mobility gap, differential vulnerability means 

women are more affected by identical circumstances. Studies have found that obesity is a more important 

predictor of frailty in women than in men [6, 113]. In addition, women may be more vulnerable to certain 

social conditions than men; one study found that the experience of hunger at childhood was related to 

mobility problems in women but not men [8]. 

2.5.2 Neighborhoods and the Gender Mobility Gap 

Although some studies have suggested that neighborhood characteristics may impact women and men 

differently, most studies either do not consider or report such analyses. A small but growing number of 

studies indicate that social and physical aspects of the neighborhoods can and do affect women and men 

differently [113-116]. Those studies suggest that the way women and men react to their environments, 

and the way women and men socialize, may contribute to the differential effect. Women, for example, 

may be more affected by the features of their neighborhood because they traditionally spend more time 

near and at their homes. Additionally their role as caretakers may also predispose them to be more aware 

of neighborhood deficiencies [113, 117]. The effects of neighborhood disadvantage on BMI were twice 

what they were for men in one study [114], and in Stockholm the odds of coronary heart disease for men 

and women were 1.39 and 1.75 respectively in neighborhoods with high rates of violent crime [115]. A 

British study found that neighborhood-level trust and the physical quality of the residential environment 

were more strongly linked to the self-reported health of women than men [116]. Perception of safety can 
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affect women and men differently, as women may be more affected by the perception that their 

neighborhood is unsafe. In Table 2-1 only 3 of the presented studies even consider the effects of gender in 

their analyses; Balfour et al. (2002), Freedman et al. (2008), and Latham et al. (2013). Latham et al. 

(2013) found that women were less likely than men to recover from mobility limitations, with an OR of 

0.71 (95% CI: 0.63-0.80) [15]. Gender was included as a covariate in the analyses examining the impact 

of neighborhood perception of safety on recovery. Interaction between gender and perception of safety 

was tested for, but none was found. Gender had no significant effect on the relationship between 

neighborhood perception of safety and recovery. Balfour et al. (2002) checked for effect modification by 

gender of the relationship between perception of neighborhood problems and loss of lower extremity 

function, but there was none [16]. 

2.6 Summary 

The literature reviewed so far suggests that: 1) Senior mobility is central to sustaining independence and 

an important variation in prevalence is present across populations, with nearly one third (33.1% [7]) of 

seniors in Canada living with a mobility limitation, and two thirds (64.4% [8]) in Latin America. 2) 

Neighborhood conditions are key determinants of seniors’ health and mobility, with four major groups of 

characteristics being studied: socio-economic conditions, social integration, physical aspects of place, and 

available services and resources. 3) Low perception of safety should be studied as a neighborhood 

determinant of mobility loss, as it may have an effect on senior mobility as demonstrated in the literature 

reviewed. 4) Elderly women often have higher rates of mobility limitations than elderly men, a 

phenomenon labelled the mobility gender gap. This difference is more pronounced in societies with more 

gender disparities.  

Given these facts, gaps in the present literature become clear: 1) Despite the importance of perception of 

safety as a neighborhood level determinant of older adult’s health, there is a dearth of research conducted 

on the subject of perception of safety and older adult mobility limitations; there are currently no such 

studies in either Canada or Latin America; 2) The few studies looking at perception of safety and mobility 
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limitations conceptualize perception of safety as a neighborhood characteristic, but treat it as an 

individual level variable during analyses, increasing the risk of correlation errors. 3) The process through 

which perception of safety acts on mobility limitations has not been sufficiently studied. 4) Little research 

has been carried out on the relationship between perception of safety and mobility limitations in the 

context of the gender mobility gap. This thesis begins to fills these gaps through its analyses. 
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Chapter 3 

Methods 

3.1 Study Objectives and Hypotheses 

The aim of this study was to understand the effects of perceived neighborhood safety on the prevalence of 

mobility limitations among older adults from four different geographic contexts. In order to accomplish 

this, the study had three objectives to complete in the following order: 

Objective 1: To evaluate the construct validity of the perception of safety (PoS) scale in all four sites, 

using exploratory and confirmatory factor analysis and correlation with other neighborhood and safety 

variables in order to proceed with the examination of its effects on mobility limitations. 

Hypothesis 1: The scale will have good construct validity. 

Hypothesis 2: The scale will have the same factor structure as the original measure. 

Hypothesis 3: The scale’s structure will be identical in all four sites, allowing the comparison of 

PoS scores across all four sites. 

Objective 2: To assess the effect of perception of safety on mobility limitations using analysis of 

neighborhood clustered data. 

Hypothesis 4: Perception of safety will be associated with mobility limitations. 

Hypothesis 5: This association will be negative; poor perception of safety will be associated with 

increased prevalence of mobility limitations. 

Objective 3: To examine if the relationship between perception of safety and mobility limitations varies 

by gender and/or contributes to the gender mobility gap. 

Hypothesis 6: Women will experience more mobility limitations than men because they more 

frequently live in neighborhoods with poor perception of safety (differential exposure). 
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Hypothesis 7: Women will experience more mobility limitations because the negative effects of 

residing in neighborhoods with poor perception of safety more strongly impact women 

(differential vulnerability). 

3.2 Study Design 

This was a cross-sectional study using self-reported data collected in 2012 as part of the IMIAS study. It 

took advantage of the multilevel nature of the data collected to examine the effects of neighborhood 

conditions on mobility limitations. The unit of analysis for this study was the individual, although some 

of the variables analyzed, like the exposure variable, were aggregated at the neighborhood level. 

3.2.1 Overview of the International Mobility in Aging Study 

The International Mobility in Aging Study (IMIAS) is an ongoing prospective cohort study whose goal is 

to better understand how to prevent or slow down the loss of mobility in older adults. It began in 2012, 

with the second round of interviews having been completed in 2014, and the third and final round to be 

completed in 2016.  

It uses data from 5 collection sites, Kingston and Saint-Hyacinthe in Canada, Manizales in Colombia, 

Natal in Brazil, and Tirana in Albania. These sites were chosen on the basis of four criteria: their 

proximity to the universities participating in the study, their elderly populations’ relative homogeneity in 

terms of life course opportunities and residential stability (though varying greatly in population size), and 

their mutual distinctiveness regarding cultural, socioeconomic, and geographic factors. The high 

residential stability, in particular, allows the evaluation of neighborhood characteristics, since the 

population makeup is not in flux and most participants have occupied the same residence for decades. The 

international distribution of the sites allows for greater diversity of exposures and the observation of the 

effect of cultural, socioeconomic and geographic characteristics on older adult mobility. 

IMIAS’ main objectives are:  

1) To measure the magnitude of the gender mobility gap, and to increase understanding of the gender 

differences among the life course exposures that are related to mobility;  
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2) To assess the mediating roles of chronic conditions, age-related stress, and inflammatory responses 

between life course exposures and mobility limitations, considering gender specificities; 

3) To assess the impact of potentially modifiable factors related to the social and economic environment 

(i.e. family, neighborhood, country) with possible gender specific effects, on maintaining and restoring 

mobility in old age. 

3.2.2 Neighborhood Delineation 

In this study the neighborhoods were defined by the administrative regions of the municipal governments 

of each site. Although this meant the boundaries of the neighborhoods may not have been the best 

delineation of the neighborhoods as perceived by their residents, it allowed for: 1) comparability across 

all sites; 2) samples from each neighborhood large enough for multilevel analysis; 3) availability of other 

administrative data useful in the defining of neighborhood socio-economic status; 4) results well-adapted 

to making simple intervention recommendations for municipal administrations. A total of 37 

neighborhoods were studied in Kingston, 8 in Saint-Hyacinthe. The number of participants in each 

neighborhood ranged from 1 to 34 in Kingston, and 10 to 120 in Saint-Hyacinthe. The Manizales sample 

was selected from 29 neighborhoods, with between 5 and 22 participants per neighborhood. In Natal, 6 

neighborhoods were sampled, each having anywhere from 6 to 89 participants in residence. 

3.2.3 Data Collection 

Interviewers at each site were trained by the principal investigators and study coordinator using 

videotape, protocol instructions, and data entry forms in order to ensure a consistent standard. Interviews 

were conducted in the participant’s home except when otherwise requested [34], using a computer based 

questionnaire that was saved directly onto the interviewer’s computer. This questionnaire had 36 sections, 

all of which were considered relevant to the study of older adult’s health and mobility. As the study sites 

necessitated the questionnaire be given in 5 different languages, validated translations were used when 

available. When validated translations were not available, the appropriate scales were translated locally 

from English by bilingual native speakers. 
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3.3 Study Population 

A total sample of 1995 community dwelling adults was available as part of the IMIAS data for this study, 

with approximately 400 participants per site; 200 men and 200 women. The sample size by site was 

calculated to allow for comparison of baseline mobility limitation prevalence in men and women 

assuming a prevalence ratio of 1.8, an alpha value of 0.05 and a power of 0.80.  

Participants were only excluded during the interview phase if they had 4 or more errors on the Leganes 

Cognitive test, as that indicated they did not have the cognitive competence to complete the study process. 

Only 4 people in Manizales and 5 in Natal were excluded and no participant in Canada was excluded for 

this reason. 

Data collected in Tirana was excluded as the administrative subdivisions of the city were not comparable 

with the definition of neighborhood used in this study. This reduced the available sample to 1601. 

Participants were subsequently excluded from the sample used for this particular study if they had 

missing Mobility Assessment Tool – short form (MAT-sf) scores, or if they had no identified 

neighborhood, as seen in Figure 3-1. Missing MAT-sf scores were due either to technological difficulties 

making the administration of the test impossible at the time of data collection, or data management errors. 

Participants from rural areas in Canada with no associated neighborhood designation could not be 

assigned a neighborhood, and so were missing neighborhood identification. This sample of 1546 

participants was used for objective 1, the validation of the neighborhood PoS scale. Subsequent to its 

validation and refinement, those participants who failed to rate 50% or more of the scale items were 

excluded from the dataset used in the rest of the study. The final sample used in the analyses had 1517 

participants with less than 0.07% excluded due to missing data. 
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Figure 3-1. Flowchart of the study sample adjustments. 

 

Depending on the level of access researchers had to large community health databases in each site, 

different sampling strategies (delineated below) were used in recruiting participants. 

3.3.1 Kingston 

Kingston is a university town in central Canada with 130,000 inhabitants, featuring a military base and 

academy. Queen’s University’s students make up nearly a fifth of the total population, and this, along 

with the presence of the military base, leads to high population turnover in some downtown 

neighborhoods, almost entirely among young adults. It also has the largest concentration of federal 

penitentiaries in Canada, and is a popular tourism center for the Thousand Islands region. Like the 

majority of Canada, Kingston experiences winter 4 months of the year, with the temperature falling 

consistently below freezing. Located right where the Saint Lawrence River meets Lake Ontario (two 

sizable bodies of water) its winters are very wet, with a yearly average snowfall of 157.1 cm, and 

temperatures ranging between 15˚C and -35˚C (with an average of -7˚C) without wind chill, t-hough with 
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high winds coming off the water, it feels significantly colder. This leads to altered outdoor environments, 

with ice and snow rendering walking more difficult, and low temperatures making outdoor activities more 

unpleasant and less frequent. 

Unfortunately, in Canada there is no central database available for research to facilitate the sampling of 

individuals directly from their neighborhood. In order to try and get representative samples, creative 

recruiting measures were necessary. As 99% of older adults in Kingston had family doctors, it was 

decided that inviting participants through family doctors would be the best recourse. Family physician 

offices were contacted and asked to send letters of invitation to patients meeting the age inclusion criteria 

of the study. A total of 23 family doctors working in 5 different health teams participated. Each office 

sent a letter to the selected patients, informing them of the study and inviting them to contact the field 

coordinator for information about the study. Only 30% of those who received a letter contacted the 

IMIAS team for further information, but of those, 95% agreed to participate, resulting in an overall 

response rate of 28%. 

3.3.2 Saint-Hyacinthe 

Saint-Hyacinthe is a small francophone town with a population of only 50,000, located just 40 minutes 

south of the Saint Lawrence River and Montreal, one of the largest cities in Canada. Agriculture and 

agricultural research are the primary economic drivers of the town, and in partnership with the University 

of Montreal, it hosts the only veterinary medicine faculty in the province. Like Kingston it experiences 

winter 4 months of the year, leading to altered outdoor environments, for the same reasons and with 

similar results.  

As in Kingston, more than 90% of the older adults had a family doctor. Sample collection was done in the 

manner described above, with all family doctors working in the only family health team in Saint-

Hyacinthe participating, with nearly identical response rates. 
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3.3.3 Manizales 

Manizales has a population of 400,000 and is the capital of the Department of Caldas in central Colombia. 

It is the main production center for Colombian coffee, as well as an important education hub, with 7 

universities within the city limits. It is located in the Colombian Andes Mountains, near the Nevado del 

Ruiz Volcano, and has been described as having a very abrupt topography. Its mountain terrain and 

seismic instability necessitate architectural adaptations, and mudslides, earthquakes, and volcano 

eruptions are risks in the region. Its temperature varies little throughout the year, and due to its sub-

tropical climate, there are only two seasons: wet and dry. 

Colombian healthcare is covered both publically and privately, depending on individual socio-economic 

status. Around 85% of the older adults in Manizales are affiliated with one specific health insurance 

service, Café Salud, which serves as the middleman between the service providers (healthcare facilities), 

and the payees (the federal government or private insurance companies). While the extremely wealthy 

and extremely poor access healthcare through other avenues, the majority of the older adult population in 

Manizales are affiliated with Café Salud. Importantly, the Café Salud patient database, which is organized 

by administratively defined neighborhoods, is accessible to researchers seeking to sample from the 

general population. A total of 200 men and 200 women (65-74) from Manizales were randomly sampled 

from among the databases of Café Salud. They were approached directly in their homes, and close to 

100% of those approached agreed to participate. 

3.3.4 Natal 

Natal is the coastal capital of the state of Rio Grande do Norte, and has a population of 800,000. Natal is 

flat and has warm weather year round, though it has periods of heavy rainfall. Its most important industry 

is tourism, and unlike the other sites discussed, Natal is ethnically diverse. Environmental threats to 

mobility in older adults might be due to poor infrastructure and higher rates of violence, as Rio Grande do 

Norte is one of the poorest states in Brazil [34].  
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In Natal, each neighborhood has a community center that holds records of all local residents, and from 

these records a sample of 200 men and 200 women were selected randomly. Representative community 

centers were chosen from among the diverse communities comprising Natal, excluding tourist 

neighborhoods, very deprived neighborhoods (favelas), and extremely wealthy neighborhoods. Those 

selected were directly approached in their homes, and nearly 100% of them agreed to participate. 

3.4 Analytical Frameworks 

Figure 3-2 shows the analytical framework used for objective 2 of the study. Variables used belonged to 

either the neighborhood level or the individual level. The exposure of interest, perception of safety, was 

aggregated at the neighborhood level, and was characterized using the PoS scale. MAT-sf was the 

measure used to characterize the individual level outcome variable: mobility limitations. Several 

individual and neighborhood variables were considered as potential confounders, while individual level 

health and social characteristics were considered as potential mediators. 
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Figure 3-2. Analytical model of objective 2. 

 

Figure 3-3 presents the analytical framework for objective 3. It is very similar to the analysis model for 

objective 2, but the focus is now on gender, which is examined (in separate analyses) as a potential 

confounder and as a potential effect modifier. The new bold arrow represents the differential vulnerability 

women might experience if neighborhood perception of safety has a different effect on mobility 

limitations for women than men. The dotted line then represents the differential exposure women might 

experience as a result of more frequently residing in neighborhoods with poor perception of safety. 
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Figure 3-3. Analytical model of objective 3. 

 

3.5 Main Exposure: Neighborhood Perception of Safety 

The Physical and Social Disorder scale (PSD), developed by Sampson and Raudenbush, was used in this 

study to characterize perception of safety. This scale asks participants to rate the degree to which different 

items are a problem in their neighborhood in order to evaluate the physical and social disorder perceived 

by inhabitants. It has been validated in several studies in the United States [21, 84, 118]. The PSD scale is 

composed of 10 items, which participants are asked to rate as either; 1) a major problem, 2) a minor 

problem, 3) not a problem, or 4) do not know.  

Participants were asked: To what extent in your neighborhood are the following situations a problem? 

 Item 1 – Tensions between racial, ethnic, or religious groups 

 Item 2 – Garbage, litter, broken glass in the street/road/sidewalk/yards 



 

31 

 

 Item 3 – Sale or use of drugs 

 Item 4 – Excessive drinking in public 

 Item 5 – Gangs 

 Item 6 – Inadequate lighting 

 Item 7 – Crime 

 Item 8 – Excessive noise 

 Item 9 – Heavy traffic 

 Item 10 – Vacant or shabby buildings 

Because the fourth response, do not know, cannot be interpreted on an ordinal scale, it was necessary to 

treat those answers as missing values, as they were an indication from the participant that they were 

unable or unwilling to rate the item. The final scale was defined after factor analyses were performed to 

determine what items were relevant to the measure in the used study sites. This scale was labelled the 

Perception of Safety (PoS) scale. The PoS score for each individual was calculated using the mean rating 

of the PoS items, which was divided by 3, creating a score between 0 and 1. PoS scores were then 

aggregated by neighborhood. The development and definition of the neighborhood PoS scale is further 

described in the results chapter (section 4.3.5). 

3.6 Main Outcome: Mobility Limitations 

This study used the Mobility Assessment Tool – short form (MAT-sf) to measure mobility limitations. 

The MAT-sf is a video animated tool developed in 2010 by Rejeski et al [119], in order to eliminate 

biases in self-reported mobility caused by cultural, geographic, or linguistic differences. MAT-sf ensures 

consistency across all sites, by giving the participants concrete visual examples, ensuring their 

environment does not affect their responses. Participants aren’t simply asked if they can climb stairs – 

where an individual’s definition of ‘stairs’ and ‘climb’ may vary - instead they are shown a video 

depicting a figure climbing a specific set of stairs at a defined pace, and asked if they could replicate that 

action.  
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The MAT-sf tool used in IMIAS was originally a ten item questionnaire that could be completed on any 

laptop in only 5 minutes [119-122]. It had been tested for applicability and validity in English, Spanish 

and Portuguese, and specifically in both Latin American IMIAS locations, Natal and Manizales [120]. It 

had also been compared to other self-assessed mobility tools, like the Nagi tool, and to objective mobility 

tools, like the 400m walk time, the Pepper Assessment Tool for Disability (PAT-D), and the Short 

Physical Performance Battery (SPPB), in order to ensure it was capturing the appropriate frequency of 

mobility limitations [119-121]. It has good content validity and good test-retest reliability (r=0.93) [119]. 

In both Spanish and Portuguese, it was determined the MAT-sf needed two additional questions with 

videos discussing walking speeds for clarity, and these were subsequently added to the test in English and 

French, ensuring uniform data collection [120]. 

The final MAT-sf measure used in this study was composed of twelve sections, each comprising a short 

video demonstrating the action in question, followed by a question about that video and the subject’s 

ability to mimic that action (see Appendix E below). The twelve questions were: 

  (i) For how many minutes could you walk on flat terrain at the pace shown? 

  (ii) For how many minutes could you walk rapidly on flat terrain at the pace shown? 

  (iii) For how many minutes you could run on flat terrain at the pace shown? 

(iv) How many times, without stopping, could you walk up this slope using the handrail at the 

pace shown? 

  (v) How many times, without stopping, could you walk up this ramp without using the 

 handrail at the pace shown? 

  (vi) Could you go over a series of low barriers at the pace shown? 

  (vii) Could you walk up a hill covered with stones at the pace shown? 

(viii) For how many minutes could you walk rapidly, without stopping, up a hill covered with 

stones at the pace shown? 

  (ix) Could you climb three steps using the handrail at the pace shown? 
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  (x) Could you go down three steps without using the handrail at the pace shown? 

 (xi) Could you go up three steps without using the handrail and carrying a light bag, as 

shown? 

  (xii) Could you climb nine steps carrying two light bags, as shown? 

The MAT-sf program calculates a score for each participant, between 30 and 80, using an algorithm that 

takes into account the difficulty levels of different questions based on previous validation studies [119, 

121]. A higher score indicates a higher level of mobility, and therefore a lack of mobility limitations. The 

MAT-sf scores were not normally distributed, and since there is no established cut-off point for 

determining mobility limitations for the MAT-sf, the distribution of scores for the whole sample was 

divided into quartiles. The bottom quartile of MAT-sf scores was used to delineate which participants had 

mobility limitations. This definition was supported by analysis presented in Appendix F, which compared 

this definition of mobility limitations with that of other mobility assessment measures used in IMIAS, 

which had previously validated thresholds. 

3.7 Neighborhood Level Covariates 

3.7.1 Neighborhood Socio-Economic Status 

Neighborhood SES in Canadian samples was calculated by the aggregation of income, education and 

employment at each administrative level. Using census-based measures, education was defined according 

to the proportion of people (15+years) with at least a high school diploma; the employment ratio as the 

proportion of people older than 25 who were employed; and income as the average household income. 

Factor analysis was done to confirm the one factor solution of the three items, and then neighborhoods 

were classified according to the tertiles on the three indicators in Low, Medium, or High SES groups. 

Previous research shows this is an appropriate way of measuring SES at area level in Canadian data [123]. 

In Colombia, areas and households are classified by socio-economic strata according to housing quality, 

basic public services, human capital endowments and current income. This classification system, SISBEN 

(a categorical variable with 6 categories), is used to select beneficiaries of social programs in Colombia 
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and it is available for each neighborhood in Manizales. For the purposes of this study, neighborhoods 

were classified as low SES if their SISBEN category was either 1 or 2, medium SES if it was 3 or 4, and 

high SES if it was 5 or 6. 

In Brazil no neighborhood SES classification data was available, so IMIAS researchers, consulting the 

Natal Annuarium, used the levels of education and income of each neighborhood to create an index of 

socio-economic status [124]. Neighborhoods were classified as either low, medium, or high SES 

neighborhoods according to the tertiles of this index. 

3.7.2 Social Capital 

Social capital in this study was measured using questions that rate the three aspects that compose social 

capital: trust, cohesion, and cooperation. The three aspects and their corresponding question were: 

Cohesion: In your neighborhood how often do you see neighbours and friends talking 

outside in the yard or on the street? 

Cooperation: In your neighborhood how often do you see neighbours taking care of each other, 

such as doing yard work or watching children? 

Trust: In your neighborhood how often do you see neighbours watching out for each 

other, such as calling if they see a problem? 

Participants chose among four possible answers to these questions: 1) Often, 2) Sometimes, 3) 

Rarely/Never, 4) Don’t Know. The social capital scale with these three questions had good construct 

validity and internal coherence in all sites [125]. Individual social capital scores were calculated using the 

mean of those three items, divided by 3, producing scores that potentially range from 0 to 1. These scores 

were then aggregated by neighborhood, and used as a continuous variable in the subsequent analysis. A 

greater score represents a lower level of neighborhood social capital. 

3.7.3 Built Environment 

The built environment was assessed using questions from the Home and Community Environment survey 

(HACE) [126]. The HACE is composed of two sections: the community mobility barriers scale and the 
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transportation facilitators scale. It has previously been linked to mobility limitations in other studies 

[127]. In the IMIAS study only 7 of the HACE questions were used. Confirmatory factor analyses of 

these questions were carried out as part of IMIAS research, and two factors matching the HACE 

subscales were found [128]. The factor analysis suggested better fit when one item from the community 

mobility barriers subscale was excluded. Due to a poor response rate for the items in the transportation 

facilitators subscale, this study only used the items in the community mobility barriers subscale. As a 

result, the scale used in this study, composed of the 3 remaining items, was labelled the Community 

Mobility Barriers (CMB) scale. Participants were asked to what extent their neighborhood had: parks and 

walking areas that are easy to get to, safe parks and walking areas, and places to sit and rest at bus stops 

or in parks. Response options were: 1) A lot, 2) Some, 3) Not at all, and 4) Don’t Know. Don’t Know’s 

were converted into missing values, and individual scores were calculated by dividing the sum score of all 

three items by 9, producing scores between 0 and 1. If one item was missing, the sum was divided by 8 

instead. CMB scores were then aggregated by neighborhood, using the average of CMB scores of 

participants in that neighborhood. Higher scores indicate a greater perception of community mobility 

barriers (fewer parks, fewer walking areas, fewer places to sit).  

3.8 Individual Level Covariates 

3.8.1 Age and Gender 

Age was calculated as the difference between the date of birth provided by the participant and the date of 

the interview, in years. Gender in this study was self-reported: either man or woman. This was referred to 

as gender since the scope of this study prevents a distinction between the biological and social aspects of 

being a man or a woman, which is typically signaled by the use of the terms sex or gender. 
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3.8.2 Level of Education 

The number of years of schooling completed was chosen as a suitable variable for gauging level of 

education. Participants were asked: How many years of school have you completed? Their answers were 

used as a continuous measure of level of education. 

3.8.3 Income 

In order to assess individual income and allow comparability across sites, subjects were asked: To what 

extent does your income allow you to meet your needs? They selected one of four possible answers: very 

well, suitable, not very well, or not at all. These self-reported evaluations of income sufficiency were used 

to classify participants into three groups of income levels: those with very sufficient incomes (those who 

chose very well), those with sufficient incomes (those who chose suitable), and those with insufficient 

incomes (those who answered either not very well or not at all). 

3.8.4 Chronic Illness 

Chronic diseases, such as hypertension, diabetes, osteoporosis, chronic lung disease, stroke, coronary 

heart disease, arthritis, and cancer, were self-reported based on the question Has a doctor or nurse ever 

told you that you have […]. A composite measure indicating the number of chronic conditions was used 

in the analysis. 

3.8.5 Depression 

Depression was characterized by the level of depressive symptoms as measured using the Center for 

Epidemiology Studies - Depression questionnaire (CES-D), a self-reported questionnaire designed for use 

in epidemiological (not diagnostic) studies about depression in the general public [129]. It is composed of 

20 questions about the ways the subject has behaved in the past week, with a 4 point scale to answer each 

question. The options are: Rarely or none of the time, Some or a little of the time, Occasionally or a 

moderate amount of the time, and Most or all of the time. Its validity and reliability have been verified in 

older adult populations, and it has been around since the 1970s [129]. CES-D was used as a continuous 
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score in the analysis, with a theoretical range from 0 to 60, but had a threshold value of 16 points, above 

which participants are considered to have significant depressive symptoms. 

3.8.6 Cognitive Function  

Cognitive function has been measured using the Prueba Cognitiva de Leganés' (Leganes Cognitive Test in 

English) a screening tool for diagnosing dementia in people with very little education [130]. It has three 

sections; the first verifies orientation, the second image recognition, attention and immediate memory, 

and the third section deals with delayed memory. The reliability and validity of this tool has been verified, 

and it has a sensitivity of 93.9% and specificity of 94.7% for dementia [130]. The LCT’s maximum score 

is 32, and scores of 22 points or less indicate high likelihood of dementia. This measure was used as a 

continuous score in the analysis. 

3.8.7 Obesity 

BMI scores were calculated using height and weight measures gathered at the time of the initial interview. 

BMI was used as a continuous score in the analysis, as an indicator of weight status. 

𝐵𝑀𝐼 =
𝑘𝑔

𝑚2⁄  

For descriptive purposes, BMI was also categorized, according to the WHO: a BMI of 25 or above 

indicates an individual is overweight, while a BMI of 30 or above indicates the individual is obese. 

3.8.8 Social Participation 

The level of social participation of participants was calculated by aggregating the number of groups a 

participant was active in. Participants were asked if they 1) held membership at any community level 

organization/association (i.e. social, professional, religious, or cultural)?, and if they answered yes, they 

were assigned 1 point. Participants were then asked to rate how frequently in the last year they had: 2) 

attended a community social center (neighborhood community center, local recreation center, local 

senior center, or a professional association meeting), 3) strolled through shopping districts, and 4) 

participated in religious activities. Participants could select Almost every day, At least once a week, At 
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least once a month, At least once a year, and Never. For each activity in which individuals rated their 

participation as At least once a month or more, they received another point. The point values of all four 

items were summed, and the total represented the social participation score, with a possible range from 0 

to 4. This measure has been previously used in studies on older adults, demonstrating construct validity 

[131, 132]. 

3.8.9 Victimization 

The victimization section of the questionnaire asked the participants whether they have been: 1) insulted 

or threatened by a stranger, 2) robbed by a stranger, or 3) attacked by a stranger, in the past 12 months. 

This variable was dichotomized, so that a participant answering yes to any of the questions is identified as 

having been victimized in the past 12 months. This covariate was not part of the main analysis, but was 

included for PoS construct validity purposes. 

3.8.10 Safety Walking 

One of the items of the social capital scale, which was subsequently removed from that measure, was the 

question: How often do you feel it is unsafe to walk around your neighborhood? The possible answers 

were 1) often, 2) sometimes 3) rarely/never, and 4) I don’t know. The I don’t know responses were coded 

as missing values, resulting in an ordinal variable used in the external construct validity of PoS, but not 

the main analysis. 

3.9 Statistical Analyses 

All statistical analyses were performed using SAS® (Version 9.2, SAS Institute Inc.), with the exception 

of the confirmatory factor analysis, which was performed using M-Plus. 

3.9.1 Construct Validation 

In order to look for relationships between neighborhood perception of safety (PoS) and individual 

mobility limitations, it is important that both measures be validated first. MAT-sf, as discussed in 3.6, had 

already been validated at the relevant study sites, but this was not the case for PSD, which needed to have 
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its construct validity assessed before analyzing its relationship with mobility limitations. Constructs, like 

PSD, are measures in which items believed to correspond to the underlying phenomenon sought are used, 

since the underlying phenomenon itself cannot be directly measured. In this case the phenomenon the 

study wants to measure is people’s perception of their neighborhood’s safety. This is done by having 

them rate the prevalence of various neighborhood problems which are thought to be proxy measures of 

perception of safety. In order to ensure these measures are good proxies of perception of safety, both 

internal and external construct validity need to be verified. Construct validation is the process by which it 

can be verified that the proxy measures really do measure the construct. It is important to be sure that 

PSD is actually measuring perception of safety as a concept, not just individual disparate measures about 

the characteristics of a neighborhood, or a cohesive but entirely different construct, like neighborhood 

social capital. Internal construct validity looks at the cohesiveness and structure of a measure, to ensure it 

is measuring a single construct, and external validity ensures that the single construct being measured is 

the one intended. 

3.9.1.1 Internal Construct Validity 

Internal construct validity is evaluated using factor analysis. The component parts of the construct should 

be highly correlated, as items within the same measure, and therefore measuring the same construct, 

should be highly correlated with one another. Factor analysis is a statistical technique for discerning the 

latent factors that account for the variation and co-variation among the component measures of a 

construct [133]. There are two main types of factor analysis; exploratory factor analysis, which is data 

driven, and confirmatory factor analysis, which is theory driven [133]. In exploratory factor analysis, a 

model without any preconceived structure is built to test the connection among the component measures 

of the construct. This allows the enumeration of the latent factors that account for the co-variation of the 

component variables, and the determination of the strength of the relationship between the two (variables 

and factors) [133]. In confirmatory factor analysis, the number of latent factors in the construct is already 
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decided, and the degree to which they are related to the component variables of the construct is calculated 

[133]. In this study, both exploratory and confirmatory factor analysis were used. 

3.9.1.1.1 Exploratory Factor Analysis 

The PSD scale was composed of 10 items which are purported to measure both the physical and social 

disorder of a neighborhood. In order to verify the construct validity of this measure, an exploratory factor 

analysis was conducted for each site separately as well as for the pooled data, to check the internal 

correlation of the items variables, and to determine the number of factors present and their level of 

correlation. 

Factor analysis typically makes use of Pearson correlation matrices in order to determine factor loadings 

and variable communalities. Because the PSD scale is a likert scale with only 3 scale points, this could 

lead to mathematical artefacts, and a reduction in the magnitude of correlations. Polychoric correlation 

matrices were used to avoid these pitfalls [125]. The Kaiser-Guttman rule was used to determine the 

number of factors in the structure: the number of factors with eigenvalues greater than 1 is the number of 

factors that should be in the structure [134]. Factor rotations were carried out before attempting 

interpretation of the factors. The rotations tested were of two types: orthogonal and oblique. Finally, the 

Cronbach’s alpha was used to assess the internal consistency of the factor solution. A Cronbach’s alpha 

above 0.70 is considered an acceptable reliability coefficient for the internal consistency of the scale[135]. 

Items were excluded from scale if their addition decreased the Cronbach’s alpha of the scale, or if they 

had low factor loading and poor communality values (<0.4). The final scale, including only those items 

kept, was then used in all subsequent analyses and defined as the PoS scale. 

3.9.1.1.2 Confirmatory Factor Analysis 

The scale determined to be appropriate in the exploratory factor analysis was then analyzed using factor 

analysis again, but this time with the factor structure already determined. Structural equation modelling 

using M-Plus was performed to confirm the relationship between the latent variables or factors and the 

observed measures. It was carried out for the overall dataset, and for each site separately. Four goodness-
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of-fit indices were calculated in order to assess the global fit of the models: the comparative fit index 

(CFI), the Tucker-Lewis index (TLI), the root mean square error of approximation (RMSEA), and the 

standardized root mean square residual (SRMR). 

3.9.1.2 Sensitivity Analysis 

3.9.1.2.1 Missing Values 

Any participant that failed to rate more than 3 of the relevant items was eliminated from the dataset. This 

made it necessary to verify whether those with missing values were different from those who did not 

having missing values, in order to ensure this did not affect the validity or direction of the results. For 

each item in the scale, the age, gender, level of education, and income sufficiency were compared 

between those with and without missing PoS ratings. T-tests and chi square tests were performed to 

determine if there were any significant differences between the distribution of these factors among those 

missing values and those without missing values. 

3.9.1.2.2 Imputation 

Multiple imputation analysis was done using neighborhood, age, gender, years of education completed, 

and income sufficiency as predictors of the missing values. Five datasets were generated, and the mean 

scores for each item was then compared between these datasets and the original, in order to determine if 

missing values introduced any changes to the factor analysis or final distribution of PSD. 

3.9.1.3 External Construct Validity 

External construct validity is the confirmation that the construct is measuring the correct concept. This 

confirmation can be sought through a comparison with other similar measures or constructs, which should 

be highly correlated. Verifying that the construct has the expected relationships with variables known or 

theorized to be associated with it is another path to external construct validity [133, 136]. 
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3.9.1.3.1 Similar measures 

The newly formed NPoS scale was compared with the victimization variable and the safety walking 

variable from IMIAS, as these concepts were both perception of safety adjacent and should be highly 

correlated with PoS. Univariate binary logistic regression analyses were conducted looking at the odds 

ratios of being in the bottom tertile of NPoS scores (having poor perception of safety) depending on 

whether participants rated their neighborhoods as often or sometimes unsafe to walk around as compared 

to those who chose rarely/never, and depending on whether or not the participant has been victimized in 

the last 12 months. 

3.9.1.3.2 Expected Associations 

The distribution of the other neighborhood and individual level characteristics in the study across the 

three tertiles of NPoS was examined, in order to look for expected patterns. For instance, it would be 

expected that perception of safety and socio-economic status would be associated, as they both measure 

neighborhood characteristics that speak to the quality of the neighborhood as a living environment. It 

would also be expected that more depressive symptoms would be present among residents of 

neighborhoods with poor perception of safety. For the continuous variables, measures of central tendency 

and dispersion (mean and standard deviation) were used, and for categorical variables measures of 

frequency (proportion) were used. T-tests and chi-squared tests were used to test the null hypothesis that 

there was no significant difference in the neighborhood and individual level characteristics between the 

NPoS tertiles. 

3.9.2 Descriptive Analyses 

A number of descriptive analyses were carried out to examine the distribution of the many variables 

studied. In all cases, measures of central tendency and dispersion (mean and standard deviation) were 

used for continuous variables, and frequency (proportion) measures were used for categorical variables. 

When comparing samples by group, t-tests were used for continuous variables and chi-squared tests for 

categorical variables in order to test the null hypothesis that there was no significant difference between 
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groups. A p-value of 0.05 or less was considered sufficient to reject the null hypothesis, indicating a 

significant difference between at least some of the groups for that variable. 

As part of preliminary analyses to give an overview of the study sample, the distribution of mobility 

limitations and all covariates (age, gender, years of education, income sufficiency, number of chronic 

illnesses, depressive symptoms, cognitive function, BMI, and social participation) was described for the 

overall sample, and compared by site. Then as part of Objective 1, the distribution of the 10 items 

comprising the PSD scale was described, followed by the distribution of missing values for each of the 10 

items, by site. For Objective 2 the distribution of PoS and all covariates were described by mobility 

limitation status (yes or no). For Objective 3, the distribution of the outcome, exposure, and all covariates 

was compared by gender. 

A graph depicting the proportions of participants with mobility limitations at each site, in each age 

category (65-69 and 70-74), and by gender was created in order to better illustrate the distribution.  

3.9.3 Multilevel Multivariate Analyses 

Due to the two level nature of the data, Multilevel Regression Analysis (MLRA) was preferred as an 

analytical tool. Given the nature of the outcome, a binary multilevel logistic regression was conducted. As 

a first step to assess the pertinence of MLRA, it was important that a certain level of clustering be present 

in order to justify the use of MLRA. The presence of clustering was assessed by calculating the Interclass 

Correlation Coefficient (ICC) and the Median Odds Ratio (MOR). 

3.9.3.1 Assessment of ICC and MOR 

This was done by fitting an empty model containing just the dichotomous mobility limitations. This 

allowed the division of the total variance of mobility limitations overall into the variance between 

neighborhoods, and the variance between individuals. ICC is the proportion of the total variance 

attributable to neighborhood level variance[23]. 
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𝐼𝐶𝐶 =
𝑉𝑁

𝑉𝑁 + 𝑉𝐼
 

VN = variance between neighborhoods 

VI = variance between people from the same neighborhood. 

 

An ICC of 0.10 for example, considered a significant size, would indicate that 10% of the variance in 

mobility limitations is due to neighborhood characteristics. 

When using multilevel logistic regression it may be difficult to appropriately calculate and interpret ICC 

values. In logistic regression the two levels of variance are not expressed on the same scale, with 

neighborhood level variance expressed on the logistic scale and the individual level variance expressed on 

the probability scale, requiring conversion of one variance to the scale of the other before the ICC can be 

calculated[137].  

𝐼𝐶𝐶 =
𝑉𝐴

𝑉𝐴 + 3.39
 

VA = neighborhood level variance 

3.39 = the unobserved individual  

variable follows a logistic distribution 

with individual level variance equal to  𝜋
2

3⁄  

 

It was therefore appropriate to also use the MOR as a measure of the neighborhood variance for this 

analysis. The MOR is the median set of odds ratios that could be obtained by comparing a participant 

from the neighborhood with the highest risk of mobility limitations with a participant living in the 

neighborhood with the lowest risk of mobility limitations [137]. It can be conceptualized as the degree to 

which the probability of a participant having mobility limitations is impacted by neighborhood of 

residence. 

𝑀𝑂𝑅 = 𝑒0.6745√2×𝑉𝐴 
VA = neighborhood level variance 

0.6745 = the 75th percentile of the  

cumulative distribution function of  

the normal distribution with mean  

0 and variance 1. 

𝑀𝑂𝑅 ≈ 𝑒0.95√𝑉𝐴 
VA = neighborhood level variance 
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3.9.3.2 Bivariate Analyses 

Preliminary bivariate multilevel logistic regression analyses were conducted to determine the association 

between mobility limitations and each covariate, including the main exposure. Each variable was added to 

the empty model separately, creating 13 bivariate models. Variables were added as fixed effects, and then 

as fixed and random effects, in order to check for random slope variability. The significance of their 

association with mobility limitations was evaluated based on their Wald test coefficient. The OR of 

having mobility limitations calculated per unit increase for continuous variables, and by comparison to a 

referent category for categorical variables. The significance of the random slope was tested using the 

Likelihood Ratio test. Covariates with a significant level of 0.20 were considered in the next step of 

analysis. 

3.9.3.3 Model Building 

After the bivariate analysis three models were constructed. Model 1 was built with the neighborhood 

variables, all of which were included in a single multilevel model with mobility limitations. Model 2 

involved the addition of certain demographic covariates: age, gender, level of education and income 

sufficiency. In the final model (model 3), the remaining covariates were added: number of chronic 

illnesses, depressive symptoms, cognitive function, BMI, and level of social participation. Those 

variables in model 1 and 2 with no significant relationship to the outcome (p-value>0.05) and no relevant 

effect on the association between PoS and the outcome (<10% of the coefficient) were eliminated from 

the next iteration of the model. At each step, the AIC was examined to ensure it continued to shrink, 

indicating better fit. 

3.9.3.4 Effect Modification 

For Objective 3, gender was added as a random effect to a model containing only the fixed effect of 

gender. This model tested whether the effect of neighborhoods on mobility limitations differed between 

women and men. Additionally, an interaction variable of NPoS*Gender was added to model 3, in order to 

test whether gender modifies the association between NPoS and mobility limitations.  
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Finally, as part of Objective 3, the analyses of the association between neighborhood perception of safety, 

the chosen covariates, and mobility limitations in Objective 2 were stratified by gender to further examine 

the differences between men and women.  

3.10 Ethical Considerations 

This study made use of data previously collected by IMIAS, which received ethics board approval from 

all universities involved (Queen’s University, the University of Montreal, the Albanian Institute of 

Health, the University of Caldas, and the Federal University of Rio Grande do Norte) before sampling and 

data collection began. While the sampling methods differed from site to site, they were deemed ethical by 

their respective ethics boards, as well as collectively by the ethics board of the Canadian Institute of 

Health Research (CIHR), which provided IMIAS with significant funding. Details of the different 

participant recruitment methods used were included in the ethics application for the use of the data in this 

study, which was submitted to the Queen’s Ethics Board. Full approval was obtained before any analysis 

began (Appendix A), and steps were taken to ensure the security of the data. The data were anonymized, 

using ID numbers rather than names. This study reports only aggregate results, and steps were taken to 

ensure the safety of the data.  
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Chapter 4 

Results 

4.1 Overview 

This chapter presents the results of the analyses carried out in this study. The first section describes the 

characteristics of the sample used, both overall and by site. The next section presents the results of the 

construct validation carried out as part of objective 1. This includes the results of the exploratory and the 

confirmatory factor analyses, as well the external construct validation. Then, the prevalence of mobility 

limitations and their relationship with the study covariates is described using measures of central tendency 

and frequency. Next are presented the results of the multilevel multivariate analyses, which were carried 

out, as part of Object 2, to examine the effect of neighborhood perception of safety on mobility 

limitations. Finally, the analyses of the effects of gender on the main association studied are presented, as 

part of objective 3. 

4.2 Sample Distribution 

4.2.1 Overall Sample Distribution 

Table 4-1 displays the characteristics of the entire sample. In the overall sample, 22.08% of participants 

were classified as having mobility limitations. More than half of all participants were in medium SES 

neighborhoods, while almost 30% lived in low SES neighborhoods. The mean social capital score was 

0.65, and the mean community mobility barriers score was 0.70. In both cases, possible scores ranged 

between 0 and 1, and scores closer to 1 indicated a poorer neighborhood environment.  

Just over half of those sampled were women, and the mean age was 69 years old. The mean number of 

years spent in school was 9.35, though this varied considerably, with a standard deviation of 6.12 years. A 

total 41.04% of participants classified their incomes as insufficient, with the remaining participants being 

split almost equally between rating their incomes as suitable, or very sufficient. The mean number of 

chronic illnesses was 1.76, ranging from the 268 participants who hadn’t been diagnosed with a single 
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chronic illness to a single participant who had been diagnosed with 7 distinct chronic illnesses. The 

majority of participants (89.72%) had received between 0 and 3 diagnoses at the time of the interview. 

The mean CES-D scale score was 8.74, which is below the 16 point threshold for the category significant 

depressive symptoms, but the score varied greatly across the population, with a standard deviation of 8.40; 

17.46% of participants could be classified as having significant depressive symptomatology. The mean of 

the Leganes Cognitive Test (LCT) score was 28.07, well above the cut-off point for diagnosing dementia, 

which is 22 points [1]. Only 5.4% of participants fell below the dementia diagnosis cut-off point. The 

average BMI was 27.43, which falls within the overweight but not obese range for adults. Only 33.20% of 

participants were in the healthy weight range for adults. The participants had social participation scores of 

just over 2 (the scale ranging from 0 to 4), indicating some social participation.  
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Table 4-1. Characteristics of the study sample absent any participant excluded for missing data (n=1517). 

Characteristic Range Percentage or Mean (SD) 

Mobility limitation  22.08% 

Neighborhood SES 

  Low 

  Medium 

  High 

 

 

27.47% 

50.98% 

21.61% 

Social capital, score 0.38 – 1.00 0.65 (0.10) 

Community mobility barrier, score 0.33 – 0.94 0.70 (0.16) 

Women  51.92% 

Age, years 64 – 75 69.08 (2.78) 

Years of education 0 – 25 9.35 (6.12) 

Income sufficiency 

  Insufficient 

  Sufficient 

  Very sufficient 

 

 

41.04% 

31.36% 

27.60% 

Number of chronic illnesses 0 – 7 1.77 (1.31) 

Depression symptoms, score 0 – 49 8.74 (8.40) 

Cognitive function, score 7 – 32 28.07 (3.72) 

Body mass index 14.33 – 55.11 27.43 (5.08) 

Social participation, score 0 – 4 2.08 1.17) 

 

4.2.2 Sample Distribution by Site 

Table 4-2 describes the distribution of sample characteristics across the four sites. The proportion of 

individuals with mobility limitations in both Canadian sites was nearly identical, whilst Manizales had 

significantly more participants (+10%) classified as having mobility limitations, and Natal had even more 

(+20%). 

While in most sites the largest proportion of participants resided in medium and high SES neighborhoods, 

in Saint-Hyacinthe there were no neighborhoods classified as high SES due to measurement artefact (see 

Section 5.4.4 for details). The mean social capital scores varied significantly at each site, with Kingston 
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having the lowest (and best) mean score, followed by Saint-Hyacinthe, then Manizales, with Natal having 

the highest mean score. The community mobility barriers mean score also varied significantly between 

sites, mirroring the trend found in social capital scores, with Natal and Manizales having the highest 

perception of community mobility barriers. 

The mean age of ~69 was the same across all sites, with the exception of Saint-Hyacinthe, whose mean 

age of ~68 years was significantly lower. The average number of years spent in school varied 

significantly from site to site, with an average of over 15 years of schooling in Kingston, just over 12 

years of schooling in Saint-Hyacinthe, less than 6 years in Manizales, and less than 5 years of schooling 

on average in Natal. Participants with no years of schooling were only found in South American sites. 

The proportion of individuals rating their income as insufficient jumped from less than a tenth of 

participants in the Canadian sites, to nearly three quarters in the South American sites. The mean number 

of chronic illnesses was lowest in Manizales, with Kingston and Natal both having significantly higher 

mean numbers of chronic illnesses. Both South American sites had significantly higher mean depressive 

symptoms scores than Canadian sites. The cognitive test scores were highest (and best) in Kingston and 

significantly lower in Manizales, where 14.61% of participants fell below the 22 point cut off for 

diagnosing dementia. The average BMI was significantly lower in Manizales than in all other sites, but 

still fell within the overweight range, as with all other sites. Kingston residents had the highest social 

participation scores, Saint-Hyacinthe and Manizales had similar scores, and Natal had the lowest social 

participation scores of all sampled regions. 
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Table 4-2. Characteristics of the study sample absent any participant excluded for missing data: site 

specific analysis. 

Characteristic 

Percent or Mean (SD) 

Kingston 

(n=355) 

Saint-Hyacinthe 

(n=370) 

Manizales 

(n=397) 

Natal 

(n=395) 

Mobility Limitation* 14.37% 13.78% 24.94% 33.84% 

Neighborhood SES* 

   Low 

   Medium 

   High 

 

22.82% 

49.01% 

28.17% 

 

57.84% 

42.16% 

- 

 

16.12% 

69.52% 

14.36% 

 

14.56% 

42.17% 

43.18% 

Social capital, score* 0.51 (0.07) 0.66 (0.03) 0.70 (0.08) 0.73 (0.06) 

Community mobility barrier, score* 0.49 (0.08) 0.64 (0.04) 0.78 (0.10) 0.88 (0.05) 

Women 54.08% 51.35% 50.13% 52.27% 

Age, years* 69.18 (2.69) 68.59 (2.64) 69.28 (3.00) 69.23 (2.72) 

Years of education* 15.83 (3.99) 12.11 (3.95) 5.62 (4.38) 4.72 (3.93) 

Income sufficiency* 

   Insufficient 

   Suitable 

   Very sufficient 

 

5.63% 

32.68% 

61.69% 

 

7.30% 

48.11% 

44.59% 

 

71.03% 

24.18% 

4.79% 

 

74.24% 

21.72% 

4.04% 

Number of chronic illness* 1.85 (1.32) 1.72 (1.31) 1.51 (1.27) 1.99 (1.32) 

Depressive symptoms, score* 6.64 (7.68) 6.60 (7.11) 10.75 (8.79) 10.63 (8.82) 

Cognitive function, score* 30.52 (1.95) 29.04 (2.26) 25.37 (4.88) 27.68 (2.70) 

Body mass index* 27.97 (5.50) 28.7 (5.33) 26.10 (4.02) 27.68 (5.17) 

Social participation, score* 2.66 (1.07) 1.96 (1.08) 2.12 (1.17) 1.64 (1.13) 

 * p value for differences across sites < 0.05, as calculated using ANOVA and Chi square tests.  

 

4.3 Objective 1: Validate the Perception of Safety Construct 

Construct validity was done in both an exploratory and confirmatory manner, and in both cases the scale 

was found to have internal construct validity. Additionally the confirmed scale was compared with other 

similar measures in order to validate external construct validity. 
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4.3.1 Descriptive Analysis of PSD 

First, the dataset with those missing MAT-sf scores and/or a designated neighborhood excluded was 

examined, in order to observe the distribution of the PSD item responses for all available participants. 

Appendix G presents a table summarizing the distribution of the 10 items that comprise the PSD scale in 

the whole sample. Six participants had one item with no answer, while a seventh participant had blank 

responses for all items in the PSD. The distribution of responses varied from item to item, with garbage 

and drugs more frequently rated a major problem by participants (23.1% and 21.3%, respectively), and 

ethnic/religious tensions and vacant buildings rarely rated a major problem (3.69% and 3.11% 

respectively). The distribution of Don’t Know responses also varied, with drugs having the greatest 

percentage of Don’t Know responses (16.60% of cases), followed by gangs, with 9.58% of participants 

unsure. Don’t Know was selected by fewer than 10% of participants for all other items. All Don’t Know 

ratings were then converted into missing values, as they could not be interpreted on an ordinal scale. 

Table 4-3 tallies the number of missing values (now expanded to include Don’t Know responses) for each 

site, with those accounting for more than 10% missing highlighted. As this table makes clear, the majority 

of missing responses for the item drugs were in Canadian sites, with 22.65% of Kingston participants and 

22.60% of Saint-Hyacinthe participants unable to rate the degree to which drugs presented a problem in 

their neighborhoods. Participants in Natal also had difficulty rating the degree to which drugs were a 

problem in their neighborhood, with 13.75% unable to rate it. Furthermore, participants in Natal had 

difficulty rating ethnic/religious tensions and gangs. 

Table 4-4 describes the mean and standard deviation of each item by site. The scale ran from 1) Major, 

through 2) Minor, to 3) Not a problem. A lower rating indicated it was perceived as a bigger problem. For 

almost all of the PSD items, there were no significant differences between the means of Kingston and 

Saint-Hyacinthe, with the exception of garbage and crime. In both Canadian sites, the lowest means were 

observed for heavy traffic, with garbage and excessive noise in second place. In Manizales, crime was the 

biggest problem, followed closely by garbage and drugs. In Natal, drugs was rated the biggest problem, 
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with a mean of 1.57, followed by garbage, public drinking and crime, all with means below 2.00. It is 

noteworthy that all items in Natal had significantly lower means than those same items in all other sites. 

Table 4-3. Number and proportion of missing responses for each PSD item: site specific analysis. 

Item 

Kingston  

(n=362) 

Saint-Hyacinthe 

(n=385) 

Manizales 

(n=400) 

Natal 

(n=399) 

No. (%) No. (%) No. (%) No. (%) 

Ethnic/Religious Tensions 31 8.56 34 8.83 28 7.00 42 10.50 

Garbage 2 0.55 4 1.04 1 0.25 2 0.50 

Drugs 82 22.65 87 22.60 34 8.50 55 13.75 

Public Drinking 9 2.49 36 9.35 9 2.25 8 2.00 

Gangs 28 7.73 33 8.57 13 3.25 76 19.00 

Inadequate Lighting 5 1.38 6 1.56 5 1.25 6 1.50 

Crime 22 6.08 30 7.79 4 1.00 7 1.75 

Excessive Noise 2 0.55 2 0.52 2 0.50 3 0.75 

Heavy Traffic 2 0.55 1 0.26 1 0.25 12 3.75 

Vacant Buildings 4 1.10 14 3.64 6 1.50 17 4.25 

 

Table 4-4. Mean and standard deviation of responses for each item of the PSD scale: site specific 

analysis. 

Item 

Kingston Saint-Hyacinthe  Manizales Natal 

Mean SD Mean SD Mean SD Mean SD 

Ethnic/Religious Tensions*† 2.95 0.22 2.93 0.30 2.81 0.49 2.65 0.66 

Garbage* 2.64 0.55 2.80 0.48 2.33 0.79 1.58 0.82 

Drugs*† 2.80 0.46 2.77 0.53 2.34 0.82 1.57 0.83 

Public Drinking*† 2.79 0.46 2.88 0.39 2.49 0.71 1.83 0.89 

Gangs*† 2.96 0.25 2.88 0.38 2.47 0.76 2.23 0.87 

Inadequate Lighting*† 2.75 0.53 2.84 0.42 2.71 0.58 2.25 0.77 

Crime* 2.72 0.47 2.88 0.35 2.26 0.77 1.96 0.85 

Excessive Noise*† 2.73 0.53 2.67 0.58 2.47 0.70 2.19 0.88 

Heavy Traffic*§ 2.54 0.64 2.47 0.69 2.48 0.69 2.05 0.87 

Vacant Buildings*§ 2.84 0.41 2.91 0.34 2.89 0.37 2.67 0.61 

 * p value for differences across sites < 0.05, as calculated using ANOVA tests. 

 † there was no significant difference between Canadian sites. 

 § Natal is significantly different from all other sites. 



 

54 

 

4.3.2 Exploratory Factor Analysis 

The KMO test suggested that factor analysis would be appropriate for this data. Using polychoric factor 

analysis, it was determined that only one factor was present in the PSD measure. Items were eliminated 

for poor loading values (<0.4) and low communality values (<0.4), or if their inclusion decreased the 

Cronbach alpha of the scale. Inadequate lighting and heavy traffic were eliminated following these 

criteria. The 8 remaining items in the measure each had high communalities and loadings, and very good 

Alpha Cronbach values, ranging from 0.78 in Natal to 0.84 in Manizales. In the end, the original ten item 

measure and the reduced scale had identical Alpha Cronbach values (0.86), indicating no loss of internal 

consistency. This new measure was termed the perception of safety (PoS) scale for the remainder of this 

study. 

Table 4-5. Final factor loadings and internal consistency for the PoS scale with inadequate lighting and 

heavy traffic excluded: overall and site specific analysis. 

 
All Sites 

(n=1546) 

Kingston 

(n=362) 

Saint-

Hyacinthe 

(n=385) 

Manizales 

(n=400) 

Natal 

(n=399) 
Canada 

(n=747) 

South 

America 

(n=799) 

Ethnic/Religious Tensions 0.66 0.60 0.75 0.58 0.52 0.69 0.57 

Garbage 0.81 0.70 0.82 0.73 0.61 0.75 0.73 

Drugs 0.94 0.82 0.98 0.87 0.83 0.91 0.90 

Public Drinking 0.93 0.86 0.96 0.91 0.81 0.91 0.88 

Gangs 0.90 0.83 0.83 0.92 0.85 0.79 0.86 

Crime 0.82 0.67 0.69 0.82 0.67 0.65 0.75 

Excessive Noise 0.66 0.75 0.66 0.54 0.61 0.69 0.60 

Vacant Buildings 0.56 0.65 0.59 0.60 0.43 0.61 0.56 

Cronbach Alpha 0.86 0.79 0.83 0.84 0.78 0.81 0.83 

 

4.3.3 Confirmatory Factor Analysis 

Table 4-6 shows the result of the goodness of fit indices obtained in the confirmatory factor analysis. 

Overall and across sites, the single factor with 8 items specified in the exploratory factor analysis had 

adequate fit. The scale in the overall sample had a Tucker–Lewis index of 0.979, and in all sites but 

Manizales, was consistently above 0.95, the threshold indicating good fit. In Manizales the scale had a 
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Tucker-Lewis index of 0.914, just under the threshold. This pattern was consistent for two other 

measures, Comparative Fit Index (CFI) and Root Mean Square Error of Approximation (RMSEA). Only 

Manizales fell short of the threshold, and always by very little (0.938 rather than >0.95, and 0.0084 rather 

than <0.008). The Standardized Root Mean Square Residual (SRMR) was consistently below the 

threshold for good fit of 0.08, overall and in all sites. 

Table 4-6. Goodness of fit indices obtained in the confirmatory factor analysis of the single factor 8 items 

PoS scale: overall and site specific analysis. 

Index 
Goodness of 

fit threshold 

All 

Sites 
Kingston 

Saint-

Hyacinthe 
Manizales Natal 

Comparative fit index  > 0.95 0.985 0.967 0.971 0.938 0.98 

Tucker-Lewis index  > 0.95 0.979 0.953 0.96 0.914 0.972 

Root mean square error of approximation  < 0.08 0.048 0.052 0.057 0.084 0.04 

Standardized root mean square residual  < 0.08 0.02 0.036 0.039 0.047 0.032 

 

4.3.4 Sensitivity Analysis 

4.3.4.1 Missing Values 

The initial dataset, of 1546 participants across all sites, contained 246 participants with a single missing 

response, 104 participants with two missing responses, 42 participants missing three responses, and 29 

participants missing more than three responses. This last group would eventually be eliminated from the 

dataset, but not before comparing those with missing values and those without by item, as presented in 

Table 4-7. Gender had the largest impact when comparing those who had missing PoS values against 

those who did not. Only the item vacant buildings did not significantly differ between men and women. 

For all other items, a larger proportion of participants with missing values were women. Those who failed 

to rate excessive noise tended to be younger. Those who failed to rate ethnic/religious tensions, gangs, 

and vacant buildings tended to be less educated than those who did, while those who failed to rate drugs 

tended to be more educated. A much larger proportion of those able to rate drugs and crime rated their 

income as insufficient. 



 

56 

 

Table 4-7. Differences in demographic characteristics between those with and those without missing values for each PoS item. 

Items 

Overall Sample Age Women Years of education Income insufficient 

Not 

Missing 
Missing 

Not 

Missing 
Missing 

p-value 

Not 

Missing 
Missing 

p-value 

Not 

Missing 
Missing 

p-value 

Not 

Missing 
Missing 

p-value No. No. Mean Mean (%) (%) Mean Mean (%) (%) 

Ethnic/Religious Tensions 1412 135 69.84 68.72 0.19 50.96 66.91 0.0003 9.68 8.02 0.002 39.22 46.04 0.12 

Garbage 1538 9 69.02 68.33 0.46 52.14 88.89 0.03 9.55 7.00 0.21 39.72 55.56 0.33 

Drugs 1289 258 68.98 69.17 0.28 51.06 58.55 0.02 9.30 10.67 0.0007 42.88 25.09 <.0001 

Public Drinking 1485 62 69.00 69.28 0.43 51.24 78.46 <.0001 9.52 9.94 0.59 40.26 29.23 0.08 

Gangs 1397 150 69.02 68.90 0.60 51.46 60.65 0.03 9.68 8.26 0.006 39.49 44.52 0.21 

Crime 1484 63 69.03 68.56 0.17 51.08 81.82 <.0001 9.49 1.68 0.12 40.68 19.70 0.0007 

Excessive Noise 1538 9 69.02 67.22 0.05 52.27 66.67 0.039 9.55 8.11 0.48 39.79 44.44 0.78 

Vacant Buildings 1506 41 69.01 69.07 0.89 52.12 60.98 0.26 9.59 7.46 0.03 39.58 48.78 0.23 
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4.3.4.2 Imputation Sensitivity 

Distribution of the missing data was found to be monotonic, requiring multiple imputation (MI). MI was 

performed using neighborhood, level of education, gender and age as predictive variables. Five 

imputation datasets were obtained and were found to have almost identical means, indicating no 

significant difference between PoS across any of the imputations (Table 4-8). The factor analysis was 

repeated with the imputed datasets and the results were identical to those obtained with the original 

dataset (data not shown). 

Table 4-8. Mean rating of each PoS items in different imputation datasets. 

Items 

Mean Rating 

Original 

Dataset 

Imputation datasets 

1 2 3 4 5 

Ethnic/Religious Tensions 2.84 2.83 2.83 2.83 2.83 2.84 

Garbage 2.33 2.33 2.33 2.33 2.33 2.33 

Drugs 2.34 2.37 2.36 2.36 2.37 2.37 

Public Drinking 2.48 2.49 2.49 2.49 2.49 2.49 

Gangs 2.65 2.64 2.63 2.64 2.64 2.63 

Crime 2.45 2.45 2.46 2.46 2.46 2.46 

Excessive Noise 2.52 2.51 2.52 2.51 2.52 2.52 

Heavy Traffic 2.39 2.38 2.38 2.38 2.38 2.38 

Vacant Buildings 2.82 2.82 2.82 2.83 2.82 2.82 

 

4.3.5 Development and Description of the Neighborhood Perception of Safety Measure 

The results in Table 4-6 provided sufficient confirmation to finalize the 8 item scale as the scale to be 

used in the main analyses of this study. Participants who failed to rate more than 3 of the 8 PoS items 

were removed from the dataset, as they demonstrated an inability or unwillingness to answer the 

questions this measure required, and were missing 50% of the items or more. Only 29 participants were 

eliminated from the data set for this reason. The PoS scale total score for each individual was the mean 

item score for all items answered. These scores were then divided by 3, creating a continuous variable 

ranging from 0 to 1, with 0 indicating poor perception of safety and 1 indicating very positive perception 
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of safety. The mean score of this new scale was 0.85 in the overall sample, which contained values 

between 0.33 and 1. In Kingston the mean PoS score was 0.93, and in Saint-Hyacinthe it was 0.94. In 

Manizales the mean PoS score was 0.85, while Natal, expectedly, achieved the lowest score at 0.69. 

Figures of the PoS score distributions across sites can be found in Appendix H. The individual PoS scores 

were then aggregated by neighborhood, creating the Neighborhood Perception of Safety (NPoS) scores 

used in this study. While NPoS was analyzed as a continuous variable in the majority of the analyses in 

this study, it was necessary to create a categorical variable for some of the external construct validity 

tests. Neighborhoods were ranked by site, according to their NPoS scores, into three possible categories: 

very good, average and poor. 

4.3.6 Association of Neighborhood Perception of Safety with Safety Related Characteristics 

The NPoS measure was significantly associated with the two variables theorized to measure similar 

constructs (Table 4-9) indicating good external construct validity. The odds ratio of living in a 

neighborhood where perception of safety is poor (being in the bottom tertile of NPoS scores) was 3.25 

higher for those who often felt it was unsafe to walk around their neighborhoods, compared with those 

who rarely/never felt it was unsafe to walk around their neighborhoods. When comparing participants 

who answered sometimes with those who answered rarely/never, the odds ratio was still important; 

OR=1.93. Participants who were victimized in the previous 12 months had 42% greater odds of living in a 

neighborhood with poor perception of safety. 
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Table 4-9. Univariate binary logistic regression of the relationship between safety related characteristics 

and poor NPoS in study sample.  

Characteristic 

Poor Perception of Safety (n=1517) 

Crude  

Odds Ratio* 
(95% C.I.) p-value 

How often do you feel it is unsafe to walk around your neighborhood? 

  Often 

  Sometimes 

  Rarely/Never 

 

3.25 

1.93 

1.00 

 

(2.43-4.34) 

(1.49-2.49) 

(reference) 

<.0001 

 

 

 

Has been victimized in the last 12 months 

  Yes 

  No 

 

1.42 

1.00 

 

(1.05-1.91) 

(reference) 

0.0215 

 

 

 

4.3.7 Distribution of Covariates by Neighborhood Perception of Safety Category 

Trends among the distribution of the study covariates across the NPoS tertiles were informative in the 

external validation of the PoS scale. Excepting community mobility barriers and social participation, 

patterns emerged as expected. Fewer participants living in neighborhoods with excellent perception of 

safety were classified as living in neighborhoods with low SES. The mean neighborhood social capital 

score was higher (worse) in neighborhoods with average perception of safety, compared to neighborhoods 

with very good perception of safety. However, this expected trend was undermined by the lower (better) 

social capital scores in neighborhoods with poor perception of safety relative to neighborhoods with 

average perception of safety. The community mobility barriers scores did not differ significantly across 

any level of neighborhood perception of safety. Women made up more than 60% of the residents in 

neighborhoods with poor NPoS, and that proportion decreased by about 10% in the average tertile. 

Neighborhoods with excellent NPoS were made up of only 40% women. The mean age of residents did 

not differ significantly among NPoS categories. The residents of neighborhoods with excellent NPoS had 

significantly more years of school completed. A larger proportion of participants residing in 

neighborhoods with poor NPoS rated their income as insufficient. The number of chronic illnesses and 

depressive symptoms trended upwards as neighborhood perception of safety worsens. Cognitive function 
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was higher among the residents of neighborhoods with very good perception of safety. BMI increased 

slightly, but significantly, in residents of neighborhoods with poor NPoS when compared to those who 

lived in higher NPoS neighborhoods. Surprisingly, social participation, a key aspect of neighborhood 

cohesion and perception of safety, did not differ significantly between tertiles of neighborhood perception 

of safety.  

Table 4-10. Distribution of the study sample’s characteristics by neighborhood perception of safety 

category. 

Characteristic 

Neighborhood Perception of Safety 

Very Good (n=398) Average (n=654) Poor (n=465) 

Mean (SD) or (%) Mean (SD) or (%) Mean (SD) or (%) 

Neighborhood SES* 

   Low 

   Medium 

   High 

 

19.85% 

36.43% 

43.72% 

 

34.56% 

56.88% 

8.56% 

 

24.09% 

54.84% 

21.08% 

Social capital, score* 0.65 (0.11) 0.66 (0.10) 0.65 (0.10) 

Community mobility barrier, score 0.71 (0.12) 0.70 (0.16) 0.71 (0.19) 

Women* 39.95% 52.91% 60.86% 

Age, years 68.84 (2.80) 69.11 (2.81) 69.22 (2.72) 

Years of education* 10.21 (5.68) 9.24 (6.02) 8.78 (6.54) 

Income sufficiency* 

  Insufficient 

  Suitable 

  Very sufficient 

 

37.69% 

33.17% 

29.15% 

 

36.54% 

32.42% 

31.04% 

 

50.32% 

28.17% 

21.51% 

Number of chronic illnesses* 1.54 (1.15) 1.75 (1.29) 1.99 (1.44) 

Depressive symptoms, score* 6.79 (6.53) 8.68 (8.32) 10.52 (9.51) 

Cognitive function, score* 28.49 (2.89) 27.92 (3.66) 27.92 (4.36) 

Body mass index* 27.19 (4.74) 27.21 (4.91) 27.94 (5.54) 

Social participation, score 2.17 (1.17) 2.01 (1.18) 2.10 (1.16) 

 * p value for differences across sites < 0.05, as calculated using ANOVA and Chi square tests 
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4.4 Objective 2: Association between Neighborhood Perception of Safety and Mobility 

Limitations 

4.4.1 Prevalence of Mobility Limitations 

While 22% of the overall population (335 individuals) had mobility limitations, this varied greatly by 

city, gender and age, as seen in Figure 4-1. Individuals living in Natal had the highest prevalence of 

mobility limitations, at 33.84%. Overall, mobility limitations were almost twice as prevalent among 

women (27.41%) than among men (16.32%). The greatest gender gap was found in Natal, followed by 

Manizales and Saint-Hyacinthe. No gender differences were found in the Kingston sample. Mobility 

limitations increased with age; participants between 65 and 69 years of age had a prevalence of 18.29%, 

whereas participants between 70 and 74 years of age had a prevalence of 26.92%. Age exacerbated 

gender gaps, wherever they existed. Just over 50% of women aged 70-74 in Natal had mobility 

limitations, the highest prevalence in this study. 

In Kingston, there was almost no difference in the proportion of men and women who were classified as 

having mobility limitations (14.11% and 14.58% respectively). In all other sites, the gender mobility gap 

was evident. In Saint-Hyacinthe, 8.89% of men had mobility limitations, compared to 18.42% of women. 

When men and women were considered as a single group, Kingston and Saint-Hyacinthe contained had 

nearly identical proportions of participants exhibiting mobility limitations. However, Saint-Hyacinthe’s 

male population exhibited much lower rates of mobility limitations than Kingston’s, demonstrating the 

presence of a gender gap. In Manizales, as in Saint-Hyacinthe, approximately 10% more women than men 

had mobility limitations (29.65% vs 20.20%). In Natal, where this study found the largest proportion of 

mobility limitations, the gender gap was largest (more than double), with 21.28% of men experiencing 

mobility limitations and 45.41% of women experiencing them. 
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Figure 4-1. The prevalence of mobility limitations by site, age category, and gender. 

 

4.4.2 Sample Distribution by Mobility Limitation Status 

Table 4-11 delineates the sample distribution by mobility limitation status. A significant difference was 

found between those with and without mobility limitations for all variables included, with the exception 

of neighborhood SES. Those without mobility limitations lived in neighborhoods with better perception 

of safety, and lower social capital and community mobility barriers scores, indicating a better 

neighborhood environment. Nearly 65% of those with mobility limitations were women, whereas less 

than 50% of those without mobility limitations were women. The mean age was higher among those 

categorized as having mobility limitations. The average number of years spent in school was significantly 

lower in those with mobility limitations (6 years) than without (10 years). The proportion of individuals 

rating their income as very sufficient jumped from 17.31% among those with mobility limitations to 

36.69% of those without mobility limitations. The mean number of chronic illnesses was highest among 

those with mobility limitations, along with the number of depressive symptoms. The cognitive test scores 

were greater in those without mobility limitations. The average BMI was significantly higher for those 
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who exhibiting mobility limitations. Social participation was better among those without mobility 

limitations. 

Table 4-11. Distribution of neighborhood and individual level characteristics in the study sample by 

mobility limitation status.  

Variables 

Mobility Limitations 

Yes (n=335) No (n=1182) 

Mean (SD) or (%) Mean (SD) or (%) 

Neighborhood perception of safety* 0.79 (0.13) 0.86 (0.12) 

Neighborhood SES 

   Low 

   Medium 

   High 

 

30.75% 

46.27% 

22.99% 

 

26.54% 

52.24% 

21.22% 

Social capital, score* 0.68 (0.09) 0.65 (0.10) 

Community mobility barrier, score* 0.76 (0.16) 0.69 (0.16) 

Women* 64.48% 48.35% 

Age, years* 69.70 (2.87) 68.90 (2.73) 

Years of education* 6.85 (5.65) 10.06 (6.06) 

Income Sufficiency* 

  Insufficient 

  Suitable 

  Very sufficient 

 

38.81% 

43.88% 

17.31% 

 

27.30% 

36.01% 

36.69% 

Number of chronic illnesses* 2.54 (1.40) 1.55 (1.20) 

Depressive symptoms, score* 13.58 (10.41) 7.38 (7.17) 

Cognitive function, score* 27.09 (3.66) 28.35 (3.69) 

Body mass index* 29.21 (6.54) 26.92 (4.45) 

Social participation, score* 1.88 (1.18) 2.14 (1.16) 

* p-value of the difference between with and without mobility limitations  < 0.05 

 

4.4.3 Assessment of the ICC and MOR 

Running the empty neighborhood clustered model of the dichotomized MAT-sf scores, the ICC is 0.113, 

indicating that 11.3% of the variance in mobility limitations among participants was due to neighborhood 

variance [23]. Since this is a logistic regression analysis, the individual level variance and the area level 

variance were not directly comparable, as the former was on the probability scale and the latter on the 

logistic scale [137]. It was therefore more important to take note of the Median Odds Ratio (MOR) for the 
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empty model, which quantified between-clusters variations by comparing any randomly chosen two 

persons from two different clusters. The MOR was 1.85. This large MOR indicated higher levels of 

variations between clusters. Given these results, it was appropriate to take neighborhood clustering into 

account in the analysis. 

4.4.4 Multilevel Bivariate Analysis 

Table 4-12 presents the results of separate bivariate multilevel analyses for mobility limitation for each 

variable studied. Only neighborhood SES was not significant in the bivariate analysis. Living in a 

neighborhood with better perception of safety decreased the odds of mobility limitations, with each 0.1 

increase in NPoS decreasing the odds of mobility limitations by 36%. Increases in either social capital or 

community mobility barriers (both of which indicate a deterioration in neighborhood quality) led to 

increased odds of mobility limitations for residents. The likelihood of women experiencing mobility 

limitations was almost twice that of men. Increases in age raised the odds of mobility limitations, while it 

was lowered by increases in completed years of schooling. The odds of having mobility limitations was 

50% lower for those whose incomes were rated suitably sufficient rather than insufficient, while it was 

69% lower for those with very sufficient incomes rather than insufficient. Each additional chronic illness 

and depressive symptom raised the odds of mobility limitations. Better cognitive function diminished the 

odds of mobility limitations, as did stronger social participation. Increases in BMI raised the odds of 

mobility limitations.  
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Table 4-12. Bivariate binary multilevel logistic regression of neighborhood perception of safety and other 

neighborhood and individual level characteristics on mobility limitations: pooled analysis. 

 

Bivariate Model (n=1517) 

Adjusted OR* (95% CI) p-value 

Neighborhood perception of safety, 

score 
0.64 (0.56-0.73) <.0001 

Neighborhood SES 
   Low 

   Medium 

   High 

 
1.00 

0.65 

0.64 

 
(reference) 

(0.39-1.07) 

(0.35-1.18) 

0.1879 

Social capital, score 1.33 (1.11-1.60) 0.0018 

Community mobility barrier, score 1.30 (1.16-1.46) 
<.0001 

Women 1.89 (1.44-2.48) <.0001 

Age, years 1.11 (1.06-1.16) <.0001 

Years of education 0.92 (0.90-0.95) <.0001 

Income sufficiency 
 Insufficient 

 Suitable 

 Very sufficient 

 
1.00 

0.50 

0.31 

 
(reference) 

(0.37-0.69) 

(0.21-0.47) 

<.0001 

Number of chronic illnesses 1.81 (1.62-2.01) <.0001 

Depressive symptoms, score  1.08 (1.06-1.09) <.0001 

Cognitive function, score 0.93 (0.90-0.96) <.0001 

Body mass index 1.09 (1.07-1.12) <.0001 

Social participation, score 0.88 (0.78-0.98) 0.0244 

 *Multilevel logistic regression adjusted for neighborhood clustering  

 

4.4.5 Multivariate Multilevel Modeling 

4.4.5.1 Model 1 

Model 1, in Table 4-13Table 4-14, was composed of all the neighborhood covariates used in this study. 

NPoS remained significantly associated with mobility limitations, with an adjusted OR of 0.70. 

Neighborhood SES was significantly associated with mobility limitations, with a lower odds of mobility 

limitations among participants living in medium and high SES neighborhoods as compared to those living 

in poor SES neighborhoods. Conversely, social capital and community mobility barriers were no longer 

significantly associated with mobility limitations, and removing them from model 1 resulted in a lower 
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(better) AIC, and no change at all in the OR of PoS. Running the likelihood ratio test to compare the two 

models (with and without social capital and community mobility barriers) revealed a p-value of 0.8068, 

supporting the hypothesis that these variables were best removed from the model. 

4.4.5.2 Model 2 

In model 2 participants’ gender, age, years of education, and level of income sufficiency were added to 

model 1, now absent neighborhood social capital and community mobility barriers. The AIC decreased 

from model 1 to model 2 (1522.14 to 1467.27), indicating an improvement in fit with the inclusion of 

these variables. NPoS continued to be significantly associated with mobility limitations, with an adjusted 

odds ratio of 0.79 (95% CI: 0.69-0.90).  

Of the individual characteristics, gender, age and income sufficiency were significantly associated with 

mobility limitations. Women had significantly higher odds (1.83 (95% CI: 1.40-2.38)) of having mobility 

limitations than men (nearly identical to the odds in the bivariate analysis). Increases in age were 

significantly associated with increased odds of mobility limitations. Perceived income sufficiency was 

related to lower odds of mobility limitations. The number of years of education completed by participants 

was marginally associated with mobility limitations (p-value=0.054), as it had been in the bivariate 

analysis. Additionally, its elimination led to a higher AIC, indicating a better fit when education remained 

in the model. 

4.4.5.3 Model 3 

In model 3, the remaining covariates were added and the AIC dropped to 1303.90, indicating better fit. 

NPoS remained significant, though its effect was diminished, as the odds ratio of having mobility 

limitations increased to 0.84 (0.73-0.96).  

Gender and income sufficiency lost their significance in this model, while education remained unchanged 

from model 2. Age retained its significance, with a nearly identical OR of 1.11 (95% CI: 1.05-1.16) of 

mobility limitations for each year older a participant was. Increases in number of chronic illnesses, 

depressive symptoms and BMI scores were all significantly associated with increased odds of mobility 
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limitations. Cognitive function and social participation, which were significantly related to decreased 

odds of mobility limitations in bivariate analyses, were no longer significant when included in the model.  

Table 4-13. Adjusted odds ratios for mobility limitations in multilevel multivariate models 1 to 3. 

 

Model 1 (n=1517) Model 2 (n=1517) Model 3 (n=1517) 

Adjusted OR* Adjusted OR* Adjusted OR* 

Neighborhood perception of safety 0.70 (0.60-0.83) 0.79 (0.69-0.90) 0.84 (0.73-0.96) 

Neighborhood SES 

   Low 

   Medium 

   High 

 

1.00 (ref.) 

0.65 (0.46-0.91) 

0.74 (0.49-1.13) 

 

ref 

0.63 (0.45-0.87) 

0.80 (0.54-1.17) 

 

ref 

0.74 (0.52-1.03) 

0.97 (0.65-1.46) 

Social capital 0.97 (0.81-1.17) - - 

Community mobility barrier 1.14 (0.96-1.34) - - 

Women - 1.83 (1.40-2.38) 1.18 (0.87-1.59) 

Age - 1.10 (1.05-1.15) 1.11 (1.05-1.16) 

Years of education - 0.97 (0.94-1.00) 0.97 (0.94-1.01) 

Income sufficiency 

 Insufficient 

 Suitable 

 Very sufficient 

 

- 

- 

- 

 

ref. 

0.64 (0.46-0.89) 

0.48 (0.31-0.75) 

 

ref. 

0.75 (0.52-1.09) 

0.63 (0.39-1.02) 

Number of chronic illnesses - - 1.53 (1.37-1.71) 

Depressive symptoms  - - 1.05 (1.04-1.07) 

Cognitive function - - 0.98 (0.94-1.01) 

Body mass index - - 1.07 (1.04-1.10) 

Social participation - - 0.93 (0.82-1.06) 

 *Multilevel Logistic Regression adjusted for neighborhood clustering  

 

4.5 Objective 3: The Gender Mobility Gap in the Context of PoS and Mobility Limitations 

4.5.1 Preliminary Description of Gender Differences in Sample Distribution 

Men lived in neighborhoods with significantly higher NPoS scores, as made evident by Table 4-14. The 

proportion of women with mobility limitations (27.41%) was much higher than the proportion of men 

with mobility limitations (16.32%). Significantly more men (24.93%) lived in high SES neighborhood 

than women (18.53%). Social capital, community mobility barriers, income sufficiency, and age did not 
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differ significantly by gender. On average, men had an additional year of education completed. Women 

had significantly more chronic illnesses and depressive symptoms, with 23.48% of women in the 

depressive symptoms range, and only 10.96% of men in that range. Cognitive function was another 

variable that did not differ significantly by gender. The mean BMI was significantly higher among 

women, but both fell within the WHO overweight range, with only 34.84% of men and 31.73% of women 

falling within the healthy weight range. Social participation was significantly higher in women, the only 

advantage women have over men in terms of determinants included in this study. 

Table 4-14. Distribution of study participants by neighborhood and individual characteristics: gender 

specific analysis. 

Variable 

Gender 

Men (n=729) 

 

Women (n=788) 

Mean (SD) or (%) Mean (SD) or (%) 

Mobility limitations* 16.32% 27.41% 

Neighborhood perception of safety* 0.86 (0.11) 0.84 (0.13) 

Neighborhood SES* 

  Low 

  Medium 

  High 

 

26.47% 

48.56% 

24.97% 

 

28.43% 

53.05% 

18.53% 

Social capital, score 0.66 (0.10) 0.65 (0.10) 

Community mobility barrier, score 0.70 (0.16) 0.70 (0.16) 

Age, years 69.05 (2.85) 69.09 (2.72) 

Years of education* 9.90 (6.41) 8.85 (5.79) 

Income sufficiency 

  Insufficient 

  Suitable 

  Very sufficient 

 

29.22% 

31.82% 

38.96% 

 

26.14% 

30.84% 

43.02% 

Number of chronic illnesses* 1.48 (1.20) 2.03 (1.36) 

Depressive symptoms, score* 7.03 (6.90) 10.34 (9.32) 

Cognitive function, score 27.89 (3.79) 28.23 (3.65) 

Body mass index* 26.97 (4.46) 27.86 (5.56) 

Social participation, score* 1.89 (1.14) 2.26 (1.17) 

* p-value of the difference between men and women  < 0.05 
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4.5.2 Assessment of Gendered Interaction 

The inclusion of gender as a random effect in the model was not significant as per the likelihood ratio (p-

value0.30). When the interaction variable NPoS*Gender was included in models 2 and 3 it was not 

significant (p-values of 0.09 and 0.92 respectively). This indicated that the effects of NPoS on mobility 

limitations does not differ by gender.  

4.5.3 Final Model Separately for Women and Men 

Table 4-15 presents the results of all three models being analyzed separately for men and women. 

Looking at the empty models for mobility limitations, the ICC for neighborhood clustering was 0.099 for 

men, and 0.119 for women. The MOR for men was 1.77, and the MOR for women was 1.88. In both 

cases, it seems neighborhood played a slightly stronger role in the variance of mobility limitations for 

women. For men, NPoS was only significantly associated with mobility limitations in the bivariate 

models, whereas for women it was also significant in models 1 (0.69 (95% CI: 0.57-0.85)) and 2 (0.78 

(95% CI: 0.66-0.93)). In model 3, with the addition of individual health and social characteristics, NPoS 

lost significance among women. 

Few differences were noted in the models between women and men. For instance, income was significant 

for men but not women in models 2 and 3, while BMI was only significant for women in Model 3. 
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Table 4-15. Adjusted odds ratios for mobility limitations of NPoS and study covariates in models 1, 2, and 3 by gender. 

 Model 1 Model 2 Model 3 

Men (n=729) Women (n=788) Men (n=729) Women (n=788) Men (n=729) Women (n=788) 

Adjusted OR  

(95% CI) 

Adjusted OR  

(95% CI) 

Adjusted OR  

(95% CI) 

Adjusted OR  

(95% CI) 

Adjusted OR  

(95% CI) 

Adjusted OR  

(95% CI) 

       

Neighborhood perception of safety 0.78 (0.60-1.02) 0.69 (0 .57-0.85) 0.84 (0.68-1.03) 0.78 (0.66-0.93) 0.82 (0.66-1.02) 0.87 (0.73-1.04) 

Neighborhood SES 

Low 

Medium 

High 

 

1.00 (ref.) 

0.67 (0.39-1.17) 

0.68 (0.35-1.32) 

 

1.00 (ref.) 

0.63 (0.41-0.98) 

0.88 (0.51-1.50) 

 

1.00 (ref.) 

0.60 (0.37-0.98) 

0.65 (0.37-1.13) 

 

1.00 (ref.) 

0.60 (0.39-0.94) 

0.89 (0.52-1.52) 

 

1.00 (ref) 

0.71 (0.42-1.20) 

0.77 (0.42-1.39) 

 

1.00 (ref) 

0.72 (0.46-1.10) 

1.09 (0.63-1.88) 

Social capital, score 0.83 (0.58-1.18) 1.15 (0.87-1.52) - - - - 

Community mobility barriers, score 1.23 (0.95-1.61) 1.09 (0.88-1.35) - - - - 

Age, years - - 1.06 (0.99-1.14) 1.14 (1.07-1.21) 1.08 (1.002-1.17) 1.13 (1.06-1.21) 

Years of education - - 1.01 (0.96-1.05) 0.94 (0.90-0.98) 1.02 (0.97-1.07) 0.94 (0.89-0.99) 

Income sufficiency 

 Insufficient 

 Suitable 

 Very sufficient 

 

- 

- 

- 

 

- 

- 

- 

 

1.00 (ref) 

0.51 (0.29-0.87) 

0.35 (0.17-0.70) 

 

1.00 (ref) 

0.73 (0.47-1.12) 

0.60 (0.33-1.08) 

 

1.00 (ref) 

0.53 (0.30-0.96) 

0.43 (0.20-0.93) 

 

1.00 (ref) 

0.91 (0.56-1.50) 

0.83 (0.44-1.58) 

Number of chronic illnesses - - - - 1.60 (1.34-1.90) 1.50 (1.29-1.74) 

Depressive symptoms, score - - - - 1.06 (1.03-1.09) 1.05 (1.03-1.07) 

Cognitive function, score - - - - 0.99 (0.93-1.05) 0.97 (0.92-1.02) 

Body mass index - - - - 1.04 (0.99-1.09) 1.09 (1.05-1.13) 

Social participation, score - - - - 0.82 (0.67-1.01) 1.00 (0.85-1.18) 
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Chapter 5 

Discussion 

5.1 Summary of the Study 

This study used a cross-sectional epidemiological design to examine the relationship between 

neighborhood perception of safety and the prevalence of mobility limitations in older adults. Data was 

taken from the baseline survey of an ongoing prospective cohort study conducted among older adults 

living in the community, in 4 different contexts. 

The study objectives were guided by theoretical and methodological gaps found in the literature review 

conducted on this topic. There is a dearth of research conducted on the subject of neighborhood 

perception of safety in older adult mobility; there are currently no such studies in either Canadian or 

South American contexts. The preliminary objective (objective 1) of this study was to validate the 

exposure variable, neighborhood perception of safety. Factor analysis (both exploratory and 

confirmatory) and correlation with other, similar constructs using simple logistic regression were used in 

order to validate the PoS scale. The main objective (objective 2) was to model the relationship between 

neighborhood  perception of safety and mobility limitations, taking neighborhood clustering, and possible 

covariates into account. To this end multilevel multivariate logistic regression analyses were run. A final 

objective (objective 3) was to examine the differential effects of gender on this relationship. Random 

slopes for gender and cross level interactions of gender and NPoS were tested in the multilevel models. 

Separate analyses for men and women were conducted to further demonstrate consistency of results.  

5.2 Key Findings 

This cross-sectional study was conducted among 1517 older adults living in four different cities in three 

countries. More than 20% of the participants experienced mobility limitations, with the greatest 

prevalence in Natal, at more than 30% of participants. Descriptive analyses demonstrated that mobility 
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limitations were more frequent in women than men, and increased with age. In this context, there were 

four key findings relevant to the hypotheses of this study. 

Key Finding #1: The PoS scale had internal and external construct validity in all IMIAS sites. 

While the original PSD scale had two factors, physical and social, this study’s exploratory factor analysis 

indicated the presence of only one factor across all sites. Exploratory factor analysis allowed for the 

elimination of two of the original PSD items due to poor factor loadings and communality values: 

inadequate lighting and heavy traffic. With these two items eliminated, the scale had the same factor 

structure in all sites, making it appropriate for analyses using all sites collectively. This 8 item scale was 

labelled the perception of safety (PoS) scale, and its unique dimensionality was analyzed using 

confirmatory factor analyses. Its construct validity was confirmed across all sites, though the fit in 

Manizales was not ideal (see section 4.3.3). 

External construct validity was then confirmed using simple logistic regression to examine the association 

of PoS with similar constructs; victimization in the past 12 months, and how safe an individual feels 

walking in their neighborhood. In both cases, there was a significant association with having poor 

neighborhood PoS scores. A participant who does not feel safe walking around their neighborhood was 

more likely to be living in a less safe neighborhood. Similarly, participants who have been victimized in 

the last 12 months were likely to be living in unsafe neighborhoods. These associations indicated the PoS 

scale had good external construct validity.  

To further support this, the association of PoS with some of the study covariates was examined and 

significant relationships were observed where expected, based on the literature. The average 

neighborhood social capital score was lowest (best) in neighborhoods with very good perception of 

safety. Education and income served as indicators of individual SES. In this study, as years of education 

increased and perception of income sufficiency improved, the odds of living in a neighborhood with poor 

perception of safety decreased. 
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Key Finding #2: Neighborhood perception of safety was an important determinant of mobility 

limitations. 

The mean PoS score in the study overall was 0.85, but there were significant differences across sites. The 

Canadian sites had nearly identical mean neighborhood PoS scores, at 0.93 and 0.94 respectively. 

Manizales had less safe neighborhoods, with a mean score of 0.85, and Natal had the worst overall PoS 

average, with a mean score of 0.69. 

In a model with only perception of safety and mobility limitations, a 0.1 increase in NPoS scores led to an 

OR of 0.64 (95%CI: 0.56-0.73) of having mobility limitations. This association was somewhat weakened 

when other neighborhood characteristics were controlled for (model 1), with the relevant OR going from 

0.64 to 0.70. It was further weakened with the addition of individual demographic characteristics (model 

2), dropping to 0.78, and then 0.84 once the individual health and social characteristics (model 3) were 

added. Nonetheless, NPoS remained the only neighborhood variable significantly associated with 

mobility limitations. It is not unexpected that these covariates would diminish the effects of NPoS, as they 

were found to be well correlated with both NPoS and mobility limitations in bivariate analyses (key 

finding #4).  

Key Finding #3: The gender mobility gap is present in the IMIAS study population, but gender does 

not modify the association between neighborhood perception of safety and mobility limitations. 

Women lived in neighborhoods with significantly worse perception of safety, and experienced more 

mobility limitations than men. In the bivariate analyses, women were 1.89 (95% CI: 1.44-2.48) times 

more likely to have mobility limitations than men. In Kingston there was almost no difference in the 

proportion of men and women who were classified as having mobility limitations, but in all other sites the 

gender gap was clear. In Saint-Hyacinthe and Manizales, approximately 10% more women had mobility 

limitations than men. In Natal, which had the largest proportion of mobility limitations, the gender gap 

was also largest, with more than twice the amount of women experiencing mobility limitations than men. 

Gender was not significantly associated with mobility limitations once individual health and social 

characteristics were added to the model. Many of the individual health and social characteristics, such as 
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the number of chronic illnesses and depressive symptoms, were highly associated with mobility 

limitations, and were similarly more prevalent in women. 

Gender was evaluated as an effect modifier for the association between neighborhood perception of safety 

and mobility limitations, and no statistical evidence to support such a hypothesis was found. This was 

made more evident when analyses were conducted separately by gender. Neighborhood perception of 

safety was only significantly associated with mobility limitations in women before individual health and 

social characteristics were added to the model. Once all covariates were included in the model, the 

association between NPoS and mobility limitations was not significant for either men or women, who had 

similar ORs of 0.87 (95% CI:0.73–1.04) for women and 0.82 (95% CI:0.66-1.02) for men.  

Key Finding #4: Some individual and neighborhood characteristics were associated with mobility 

limitations. 

Neighborhood characteristics other than NPoS were associated with mobility limitations to varying 

degrees across sites. While neighborhood SES had no significance in the bivariate analysis, in the main 

analyses, those residing in medium SES neighborhoods had lower odds of mobility limitations than those 

residing in low SES neighborhoods, though only before individual health and social characteristics were 

controlled for. Subsequently, this relationship was no longer significant. While increases in either 

community mobility barriers or social capital (which represented a decline in neighborhood conditions) 

were significantly associated with mobility limitations in bivariate analyses, neither held significance 

once analyzed alongside other neighborhood characteristics (model 1).  

All of the individual characteristics were significantly associated with mobility limitations in bivariate 

analyses, though some did not remain so once analyzed as part of a larger model. Age remained a 

significant covariate throughout the analyses; as age increased, so did the odds of exhibiting mobility 

limitations. Years of education was very marginally associated with mobility limitations, before the 

inclusion of individual health and social characteristics in the model, with more years of education 
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associated with lower odds of mobility limitations. Income sufficiency’s protective effect was no longer 

significant in the final model, once individual health and social characteristics were added to the analysis. 

The number of chronic illnesses, depressive symptoms, and BMI were consistently and significantly 

associated with mobility limitations among the IMIAS participants, with increases in their scores 

associated with higher odds of mobility limitations. Cognitive function and social participation, which 

both had protective effects against mobility limitations in the bivariate analyses, were not significant once 

included in the multivariate model. 

5.3 Interpretations 

5.3.1 The PSD scale and the Perception of Safety Construct 

Few studies have validated the PSD scale in older adults, although most agree that the scale has good 

construct validity and internal coherence [21, 23, 84, 118]. Many of these studies have confirmed that the 

scale has a two factor structure, matching the conceptualized dimensions of the scale; social and physical 

[21, 23, 84, 118]. In this study’s factor analysis, only one factor was found among the 10 items 

comprising the scale, and further analysis corroborated that was a better fit than the usual two factor 

solution. An analysis conducted by Cagney et al[138], using data from two older population cohort 

studies in the USA, also found only a single factor in the physical and social disorder scale, labelling it 

simply disorder for the purposes of that study. This shift in factor structure may be linked to the 

elimination of two scale items with poor factor loadings and low communality values; heavy traffic and 

inadequate lighting. These items were both originally classified as measuring physical disorder. The 

elimination of these two items fit well with the theoretical model used in this study, which conceptualized 

the presence of disorders as related to personal safety and/or crime. Traffic density is an issue faced by 

most neighborhoods in urban environments, regardless of actual safety of the neighborhood, making it an 

indicator of the built environment rather than perception of safety. Similarly, poor lighting conditions 

would be consistently present in more rural settings, such that it might be another measure of the built 

environment rather than perception of safety. The single factor scale with only 8 items remaining, now 
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labelled the perception of safety scale, had high Cronbach alpha values among IMIAS participants (0.86), 

similar to those of the PSD scale validated in the Chicago Neighborhood and Disability Study (0.85) and 

the Baltimore Memory Study (0.88), both conducted among older adults[138]. 

As in other studies, neighborhood perception of safety was strongly associated with two other measures 

of neighborhood safety; victimization and safety walking in the neighborhood [21, 23, 84, 139, 140], 

further indicating the construct validity of this measure. This result supports the conceptualization of 

disorder as representing perception of safety proposed in this thesis. The broken windows theory posits 

that small signs of neighborhood disorder are linked to deeper problems and decay, as well as distrust and 

social isolation [141-143]. A neighborhood suffering from graffiti and litter signals to residents and 

nonresidents alike a lack of community organization and pride. This leads to residents feeling less safe, 

and criminals more comfortable, as the odds of consequences seem lower in such neighborhoods [141-

143]. Neighborhoods with signs of disorder instill residents with less confidence as to their safety, hence 

this study’s positing that perceived neighborhood disorder would be a good measure for perceived 

neighborhood safety [140].  

When neighborhoods suffer deterioration and neglect, the effects are often manifold. Thus, it was 

expected that a strong association between neighborhood perception of safety and neighborhood social 

capital as well as community mobility barriers would be discovered. A neighborhood in a state of 

significant disorder is likely to be similarly deficient in infrastructure supporting mobility [16]. One 

reason the average community barrier scores were nearly identical across NPoS tertiles could be the 

categorization of both neighborhood variables involved, despite both being continuous variables in the 

principle analyses.  

Disadvantaged neighborhoods are comprised more heavily of disadvantaged groups, who likely lack the 

resources to relocate [84]. Women in the age group studied are disadvantaged: they have had fewer 

educational and financial opportunities, and are more likely to face poverty in their old age [144]. Women 

in this study were also more likely to reside in neighborhoods with poor NPoS. Similarly, individuals 
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with lower education and income, or socioeconomic status, were more likely to live in disadvantaged 

neighborhoods with high disorder, as they lack the resources to move away. Many studies have linked 

undesirable neighborhood characteristics with depression [91-93, 95, 145], and the fear and anxiety 

associated with living in an unsafe neighborhood can have dramatic effects on the mental health of 

residents [146]. A neighborhood with poor NPoS hinders close neighbor relations, leading to isolation 

among residents, which is a key contributor to depression. This is supported by the relationship between 

neighborhood perception of safety and the depressive symptoms among inhabitants in this study. There is 

some evidence that PoS may be associated with chronic illnesses [147], and elevated cardiometabolic risk 

factors [96], as demonstrated by the relationship between neighborhood perception of safety and the 

number of chronic illnesses exhibited by participants. Those residing in neighborhoods with lower 

perception of safety are thought to be at risk for obesity [110, 114, 148]. In this study, those living in 

neighborhoods with lower PoS had slightly higher BMIs. The presence of all the expected relationships 

between neighborhood perception of safety and other covariates supported the external validity of the PoS 

scale. 

5.3.2 Association between Neighborhood Perception of Safety and Mobility Limitations 

Neighborhood perception of safety was associated with mobility limitations in older adults, as found in 

other studies [14-17, 69, 71]. However, many of those studies used different measures for both perception 

of safety and mobility limitations. Some used measures of neighborhood disorder very similar to the PoS 

scale [16], while some such studies evaluated neighborhood decay [69] or desirability [71], and others 

simply asked participants to rate the safety of their neighborhood in a single question [14, 15, 17]. All 

measures of mobility limitations used were self-reported, and all but one study [69] measured incidence. 

Some existing studies measured overall disability [69], while others measured the loss of lower extremity 

physical function [16, 71], and others still measured mobility disability/loss [14, 17]. One relevant study 

measured incident mobility recovery rather than loss [15]. Some further studies suggested that the effects 

of PoS on mobility limitations are group specific. In one such study, the relationship between PoS and 
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mobility limitations was only significant in older adults below the poverty line (HR: 1.56, 95% CI 1.02-

2.37) [14], while another study concluded that this was the case only among older African Americans 

(OR: 3.07, 95% CI: 1.58-5.94) [71]. In a ten-year prospective study, it was found to be significant only 

among those who had no baseline functional limitations (ARR: 1.21 , 95% CI: 1.03–1.31) [17]. 

Multiple mechanisms have been suggested through which neighborhood characteristics could impact the 

health and mobility of their residents, specifically older adults. Glass and Balfour’s Causal Model of 

Neighborhood Effects on Aging [59] is a modified version of Lawton and Nahemow's Ecological Model 

of Aging [57], which adds to the latter’s concept of person-environment fit (PEF) by exploring the 

neighborhood factors that shape PEF, and their interconnected nature. The conceptual model for this 

study, as laid out in Chapter 2, dictates that neighborhood factors (i.e. socioeconomic conditions, 

perception of safety, social integration, physical aspects of place, and services and resources) affect 

mobility in one of two ways: directly, through the four pathways of the person-environment fit (i.e. 

physical activity vs sedentary lifestyle, social participation vs isolation, cognitive function vs cognitive 

impairment, and mental and physical health vs chronic conditions), or by affecting other neighborhood 

factors which in turn affect mobility. 

Given the nature of neighborhood factors, it is difficult to untangle the effects of different neighborhood 

characteristics, as they may act both through each other and more than one pathway simultaneously. For 

example, neighborhoods with low SES, which have higher rates of mobility limitations [5, 53, 59, 67-69, 

149], often have higher rates of social isolation [91], higher levels of depression [91, 150], chronic illness 

[151, 152], and reduced physical activity [75]. All of these have been linked to mobility limitations [20, 

47, 59, 81, 153-156]. Neighborhood SES affects the quality of the neighborhood’s built environment [60-

64, 71], and a better build environment engenders more active residents [73-79], who are less likely to 

develop mobility limitations [50]. The relevant literature provides support for the notion that 

neighborhood perception of safety affects mobility limitations through the pathways of health (depression 

[92-95, 145], chronic illnesses [147], elevated BMI [110, 114, 148],) and physical activity [17, 75]. In this 
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study, depressive symptoms were significantly associated with mobility limitations and neighborhood 

perception of safety, as were the number of chronic conditions and participant BMI. Therefore, it remains 

to be confirmed whether these functions as a mediator. 

5.3.3 The Gender Mobility Gap in the Context of PoS and Mobility Limitation 

The gender mobility gap is a well-documented phenomenon [5, 6, 8, 18, 35, 110, 147], but its exact 

etiology remains elusive. Studies [104, 106, 157] have shown that the gap is not only a product of a 

difference in prevalence, but also in incidence, and that women self-rate mobility issues as accurately as 

men. This study supports the existence of the gender mobility gap; among sampled participants of this 

study, 16.32% of men experienced mobility limitations, while 27.41% of women did. Kingston proved to 

be the only site evidencing no gender mobility gap, while also uniquely displaying no significant gender 

gap regarding both education and income. In all other sites, a larger proportion of women had mobility 

limitations than men.  

Gender can impact mobility through several different mechanisms, both through differential exposure (i.e. 

women have higher rates of high BMIs[6], and high BMIs are linked to mobility limitations [158]) and 

differential vulnerability (women with higher BMIs have more mobility limitations than men with the 

same BMI [110, 148]). Gender can also affect mobility through various pathways, both biological and 

societal, though both are intertwined. 

The gender mobility gap can have a multitude of causes, but the location and size of the gap in this study 

already point to one possibility. Studies have linked the gender mobility gap and societal gender 

inequities [5, 159]. Individual income and level of education, and other such socioeconomic 

characteristics, are known determinants of mobility limitations [2, 37, 38, 40, 52, 53]. Women, on 

average, have lower incomes and fewer years of education completed [5, 8]. It is reasonable, then, to 

theorize that any place where women are afforded fewer opportunities over their life course, they suffer 

from worse mobility in old age [54]. The results of this study, wherein the gender mobility gap varies 

directly in proportion to the socioeconomic gender gap, would suggest that the gender mobility gap is due 
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at least in part to societal gender inequities and their impact on individual socioeconomic characteristics. 

This would then be a case of differential exposure, with women having lesser access to sufficient incomes 

and education than men. 

Another clear pathway between gender and mobility limitations is through the differing rates of illness 

(physical and mental) between older men and women [5, 20, 102, 110]. As in other studies [5, 147], the 

mobility gender gap was attenuated once individual health characteristics were considered. Women tend 

to have higher rates of non-fatal chronic illnesses that impact mobility, and tend to have more severe 

symptoms in response to those illnesses [111]. The possibility that women have more mobility limitations 

due at least in part to a higher prevalence of  chronic illnesses [6, 147], depressive symptoms [20], and 

high BMI [6, 35, 110, 148], is supported by the results of this study.  

Here, as in other studies [17], women have tended to rate their neighborhoods as less safe than men, and 

have lived in neighborhoods with poorer neighborhood aggregated perception of safety scores 

(differential exposure). Their lower ratings might be explained by women’s more vulnerable position in 

society, which would make them feel more at risk of victimization. This tendency to live in 

neighborhoods considered to be overall less safe may be linked to their aforementioned poorer access to 

socioeconomic resources, which may prevent them from moving away from unsafe neighborhoods. 

Despite the fact that in this study, more women than men lived in neighborhoods with poor perception of 

safety, neighborhood perception of safety itself did not seem to contribute greatly to the gender mobility 

gap. 

A primary objective of this study was also to examine whether the relationship between neighborhood 

perception of safety and mobility limitations differed by gender. It was hypothesized that women might, 

in addition to being more likely to live in unsafe neighborhoods, be more affected by such. Older adults 

are theorized to be more susceptible to poor neighborhood conditions than younger adults, since the 

former are hypothesized to spend more time in their neighborhood environment (no longer spending time 

in the work environment) [53, 59, 60] and have increased physical and mental fragility (consequence of 
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aging) [57, 59, 60]. Similarly, older women, especially in societies that promote more traditional gender 

roles, tend to spend more time in the home/neighborhood environment than men, and could therefore be 

more vulnerable to poor neighborhood conditions [116], such as poor perception of safety. Since men and 

women calculate risks differently, women in lower PoS neighborhoods may be more likely to impose 

restrictions on their own mobility, given comparable neighborhood conditions. No modifying effects of 

gender were found by the statistical tests performed, and analyses run separately by gender found the 

relationship between perception of safety and mobility limitations to be similar between men and women. 

5.3.4 Mobility Limitations and Other Covariates 

Neighborhood SES was associated with mobility limitations when other neighborhood variables were 

considered, which agreed with other studies in which residents of neighborhoods with lower SES had 

higher rated of mobility limitations [62, 69, 70]. While both social capital and community mobility 

barriers have some literature supporting their possible impact on mobility limitation status [64] as well as 

the results of the bivariate analyses reported in Table 4-12, in the multivariate models of this study, they 

lost their significance as soon as they were analyzed with other neighborhood characteristics. The loss of 

significance in the presence of other neighborhood characteristics could be due to structural confounding 

or multicollinearity, discussed in section 5.4.5.  

Age is a well-documented determinant of mobility limitations [33, 55, 160, 161], and this was reflected in 

the results, as it was a significant covariate in the model examining the relationship between 

neighborhood perception of safety and mobility limitations, with on OR of 1.11 (95% CI: 1.05-1.16) for 

those just a year older than the study average of 69. Studies indicate that education and income 

sufficiency are determinants of mobility limitations [8, 52, 149], and this is true in the bivariate analyses. 

Education is not significant when neighborhood SES, neighborhoods perception of safety, age, gender, 

and income sufficiency are controlled for. This is unsurprising given the known associations between 

educations and these characteristics. Income sufficiency only loses its significance once individual health 
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and social characteristics are included in the model, suggesting a potential pathway between those 

characteristics and income sufficiency.  

As established in previous studies [20, 25], increased depressive symptoms were associated with mobility 

limitations. Higher numbers of chronic illnesses, as expected [20, 25], were associated with mobility 

limitations. Higher BMI was also associated with higher rates of mobility limitations, as it has been in 

past studies [47, 49, 148, 162]. Neither cognitive function, nor social participation were significantly 

associated with changes in mobility limitations among the study population when included in the final 

model, despite both being significant in the bivariate analyses, and having some support in the literature 

[163-165]. This could be due to high correlation with other characteristics included in the model, for 

example cognitive function is known to be correlated with depression [166]. 

5.4 Methodological Considerations 

This section details the main methodological strengths and limitations while exploring some of the 

choices made in this study. 

5.4.1 Study Design 

This study was a cross-sectional study, using self-reported data collected at a single point in time. Cross-

sectional was the appropriate study design given the available data and the prevalence of the outcome in 

our population. It allowed for the immediate analysis of the first round of data collected as part of IMIAS’ 

prospective cohort study, and served as a potential preliminary analysis of the relationship between 

neighborhood perception of safety and mobility limitations in that study. This could help direct future 

analysis of the longitudinal data being collected. The analysis of the longitudinal data, once available, will 

provide further insight into the relationship between neighborhood perception of safety and changes in 

mobility limitations. 

One of the greatest strengths of this study is the multilevel nature of its model, as it allows for the 

complex ways in which neighborhood characteristics interact with each other and the individual 

characteristics of their inhabitants in explaining mobility limitations. Using a multilevel approach ensured 
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the problems inherent in ecological studies (ecological fallacies and difficulty with analysis of 

covariance) and purely micro level studies (atomistic fallacies and increased risk of type 1 error) are 

avoided [167].  

Unfortunately, when conducting a multilevel study looking at neighborhood level characteristics, the 

boundaries of neighborhoods must be chosen. The use of administratively defined neighborhoods in this 

study may introduce some modified area unit problems, where the boundaries used do not match those 

envisaged by the participants answering questions. Administrative boundaries still present several 

advantages, such as more direct policy implications for interventions following study results, and in the 

case of IMIAS, the ability to compare across sites. Some Canadian studies use other units of analysis, 

such as dissemination areas and census tracks, but those types of administrative divisions were not 

available outside of the Canadian sites. Under ideal conditions, neighborhoods and individuals within 

neighborhoods should be randomly sampled in each site, to avoid bias when assessing the effects of 

location on individual outcomes. This was not possible given the collection restrictions imposed in 

Canada, which did not permit direct sampling of participants at their homes, in their neighborhoods. 

Luckily, those clinics chosen in Kingston to participate in recruitment were selected such that all those 

sampled were from all defined neighborhoods in Kingston. In Saint-Hyacinthe, there was no selection 

process as there was only a single family clinic, and therefore all neighborhoods were represented in the 

population sampled from that clinic. Additional analyses of the data have assessed the possible 

implications of both these issues using ecometric analysis, demonstrating a high reliability in the item 

responses of the participants in each neighborhood. These analyses are omitted from this thesis, as they 

are well outside the scope of this thesis.  

Another strength of this study was its international scope, which no other studies of neighborhood 

perception of safety on mobility have had. This allows variation in culture and geography to be taken into 

account when looking at this relationship and provides insight into phenomena not well studied in other 



 

84 

 

countries. It also allows for the examination of the effects of gender inequity across a wider range, as the 

different countries studied have different gender inequity scores. 

A consequence of not being able to use direct recruitment in Canada was the poor participation rate in 

both Canadian sites, although the size of the samples were consistent across sites, as participants were 

recruited at each site until the target number of 200 men and 200 women was reached. Potential 

participants were approached directly in Manizales and Natal, resulting in nearly 100% response rates, 

whereas participants in Canada were sent letters from their physicians informing them of the study and 

inviting them to call for further information. This led to only a 30% response rate. But of those who called 

for further information, nearly 100% agreed to participate. 

In cross-sectional studies, it is important that the sample is representative of the population sampled from. 

The participants sampled in each site were representative of their older adult populations in 

socioeconomic characteristics, marital status, and living arrangements, with the exception of Kingston, 

whose participants were more educated than the older adults of Kingston according to the census. 

Although the prevalence of mobility limitations can be an underrepresentation of the true prevalence in 

Kingston, this seemed unlikely to introduce bias. All other socioeconomic characteristics were 

representative, differential participation was not found for women and men, and sampling was conducted 

independent of mobility limitations.  

The cross-sectional nature of the study complicates the issue of causality as temporality cannot be 

established. While neighborhood characteristics likely play a role in the prevalence of mobility limitations 

in older adults, it is also possible that older adults chose their neighborhoods depending on their mobility 

limitations, or even health and lifestyle preferences. In the case of this study, reverse causality seems 

unlikely, as on average participants had spent 21 years living at their current address.  

A final limitation of the study design was the use of prevalence as the outcome rate rather than incidence. 

This may have biased results due to the survival effect in South American sites. In these sites, individuals 

were more frequently exposed to extreme conditions in childhood, leading to higher child mortality rates. 
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Those individuals who make it to older age would be the most resilient and healthy groups in the 

population, which may not be true of individuals making it to the same age in Canada. It was not possible 

to estimate this effect, but other IMIAS research suggests that some associations between social factors 

and health characteristics are likely underestimated as a result [168]. 

5.4.2 Exposure Assessment 

The NPoS scale was a good measure with good construct validity. Its 8 items were validated across all 

sites, allowing for the study analyses to be performed with the sites grouped together, increasing the 

sample size and the power of the analyses. The advantages of using a self-reported measure of 

neighborhood safety were twofold: it simplified collection greatly, while collecting data directly relevant 

to how neighborhood safety impacts residents. How safe a neighborhood seems is more important than 

how safe it actually is, as that is what influences the actions of its inhabitants [84]. The use of the 

modified perception of physical and social disorder when assessing neighborhood perception of safety 

was more informative than the simple question used by some studies to assess neighborhood perception 

of safety: How safe do you feel in your neighborhood? The use of a composite scale allows for more in 

depth analysis, and provides a more reliable measure [167].  

In the sensitivity analysis regarding the neighborhood perception of safety scale it was discovered that 

participants who failed to rate items on the scale were more likely to be women, a possible response bias 

in the exposure assessment. Generally, women are far more likely than men to select I don’t know in 

surveys when uncertain, as they hold themselves to more rigorous standards of certainty, and deem 

guessing a more risky behavior than men do [169]. This potential issue was remedied via the aggregation 

of the item scores for each participant, producing a mean PoS score from only those items that were rated 

by the participant. This is one of the strengths of a composite measure; it allows the aggregation of a 

score, producing a more reliable and stable measure [167]. 

Participants missing more than three item responses were eliminated from the dataset. Only 29 

individuals were eliminated from the dataset for this reason, a number small enough to be insignificant. 
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The PoS scores were further aggregated by neighborhood (called NPoS), and rendering the measure even 

more stable, and allowing for the analysis of perception of safety (of the participants neighborhood) to be 

evaluated at the neighborhood level, as it should be [167]. 

One concern evidenced when aggregating by neighborhood was tied to the gender distribution among 

neighborhoods. The results of this study showed that women were more likely to live in neighborhoods 

with poor neighborhood perception of safety. This was theorized to be tied to fewer economic 

opportunities and an inability to leave undesirable neighborhoods, but it is possible that these 

neighborhoods had lower NPoS because women make up a larger proportion of their sample. In Appendix 

I, we see the gender distribution by neighborhood by site, which is largely equal across the neighborhoods 

of each site. Thus, differences in distribution of women and men by neighborhoods did not explain the 

higher exposure of women to poor NPoS. In addition, both correlation analysis and ecometric analysis 

(Appendix J) of the NPoS measure indicated that the measure was highly reliable, meaning that persons 

living in the same neighborhood tended to rate their neighborhoods similarly. 

5.4.3 Outcome Assessment 

Previous studies have demonstrated that the MAT-sf measure is a good measure of mobility limitations 

which eliminates biases in self-reported mobility caused by cultural, geographic, or linguistic differences 

[119, 121]. This allows for simpler comparisons across varied settings and reduces potential self-reported 

bias in the study. However, a potential source of misclassification exists in the dichotomization of MAT-

sf. The scores were very skewed, with the majority of participants having relatively high scores. A lack of 

previously validated universal cut off point made it necessary to categorize MAT-sf based on its quartiles 

(1st vs 2nd, 3rd, 4th). Appendix F shows that the cut-off point selected correlated well with established 

thresholds for self-reported and objective measures of mobility limitations alike. The mobility outcome 

defined thus represents a severe form of mobility limitation, rather than a mobility continuum. Future 

studies may confirm if this cut-off point was predictive of negative outcomes, as other valid mobility 

measures were [170]. Additionally, some participants in the Canadian sites were missing scores due to 
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mishandling of the dataset, and those 40 were eliminated from the dataset, but would not have introduced 

bias, as random computer error was responsible for their loss. 

5.4.4 Covariate Assessment 

A strength of this study was the large number of covariates included, selected a priori based on known 

determinants of mobility limitations. The only relevant determinant not accounted for was physical 

activity, one of the potential pathways through which neighborhood perception of safety is thought to 

influence mobility limitations. The only robust measure of physical activity available for use in this study 

was the number of minutes walking per day of each participant. This measure did not seem appropriate, 

as it was collected simultaneously with our measure of mobility limitations, and minutes walking per 

week is a common measure of mobility. Perhaps once the data from subsequent years of the IMIAS study 

are available for analysis, this measure could be revisited. 

Some of the other measures of neighborhood characteristics had previously been validated. The 

neighborhood SES indicator already existed in Colombia, as part of census track data, and has been 

validated in research studies. The neighborhood SES variable in Canada was calculated by an IMIAS 

member [125] following Pampalon’s method [123]. Both Canadian sites were ranked together, leading to 

the poorer Saint-Hyacinthe having no neighborhoods that met the Kingston standard for high SES. This 

weakened the neighborhood SES variable in the Canadian sites. Income and education data obtained from 

the Annuarium was used to construct the neighborhood SES measure in Natal, and communication with 

local researchers was used in order to validate the measure. This lead to an imperfect measure which may 

cause poor estimation of the true effect of neighborhood SES. Community mobility barriers and social 

capital were validated in other IMIAS works [125].  

Most covariates were measured using self-reported measures, leading to the possibility of recall biases. In 

the case of the aggregated neighborhood covariates of social capital and community mobility barriers, this 

possible recall bias was decreased by aggregation [167]. While the number of chronic illnesses a 

participant has could be affected by traditional recall bias, this problem could be further exacerbated by a 
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lack of health literacy among participants, as diagnosis accuracy wouldn’t only be dependent on 

participant recall, but also on how recently they’d interacted with health care professionals. This is not 

likely to be a large problem in this study, as all participants sampled were being followed regularly by 

family physicians. The CES-D scale has been well validated in the past [129, 171], but it only assesses the 

symptoms in the week prior to the interview, eliminating recall bias, but resulting in a measure that may 

not accurately depict the general mental state of participants. The cognitive function measure chosen 

(LCT) is able to assess function regardless of level of education [130], a key requirement in the study 

sample. Unfortunately, there is a ceiling effect in the Canadian sites, as nearly all participants had very 

high cognitive function. This may have contributed to the loss of significance of this covariate with 

included in the multilevel multivariate model. Both the CES-D scale and the LCT scale were analyzed as 

continuous variables, resulting in fewer problems of residual confounding. BMI was calculated, as it 

always is, using physical measures taken by the interviewer at the time of the interview, avoiding recall 

bias and social desirability bias. The social participation measure used has been validated in other IMIAS 

research [131]. 

5.4.5 Statistical Analyses 

A strength of this study was the possibility of using multilevel multivariate regression analyses to assess 

neighborhood effects. Importantly, this controlled for neighborhood clustering and allowed the 

examination of the relationship between neighborhood and individual level characteristics.  

Both the MOR and ICC were large and significant, with an ICC of 0.113, indicating 11.3% of the 

variance in mobility limitation status among participants was due to the differences between 

neighborhoods. The MOR, an arguably more reliable indicator of variance in this study, was 1.85, 

indicating the increased in odds ratio of having mobility limitations between low and high risk 

neighborhoods. These results indicated a significant amount of clustering in neighborhoods, necessitating 

the use of multilevel logistic regression analysis, rather than GEE, which would have only estimated 

marginal affects for the overall population. The GEE approach treats clustering as a nuisance, and so the 
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higher-level variance cannot be estimated. In this study, clustering is of interest, as it is a significant part 

of how neighborhood characteristics affect individual health, and so an estimate of its size and nature are 

important, something the multilevel logistic regression analysis used allows for.  

Structural confounding, which results from social sorting mechanisms, means that there are some social 

strata which may not comprise the full spectrum of possible outcomes/exposures, making some analysis 

difficult [125, 172]. In this study, there was some structural confounding, which is likely responsible for 

weak associations of some of the neighborhood characteristics. In a model with all four neighborhood 

characteristics (model 1), two of those variables previously shown in bivariate analysis to be strongly 

associated with mobility limitations were suddenly not significantly associated with mobility limitations 

(social capital and community mobility barrier). 

Analyzing neighborhood characteristics can be complicated by the fact that it is difficult to completely 

separate the effects of various characteristics from each other. While that means it is difficult to cleanly 

delineate which characteristics has what precise impact, it also means it is important to account for the 

various characteristics that might be inter-correlated in any analysis, in order to accurately form an image 

of the impact of neighborhoods on the outcome. It is possible the loss of significance of social capital and 

community mobility barriers were due to multicollinearity, or more likely, structural confounding. 

5.4.6 Sample Size 

The sample size of the IMIAS study was originally designed to have the power (0.80) to detect gender 

differences in mobility limitations (Appendix K). This, along with the significant odds ratio obtained in 

the analysis of the effects of neighborhood perception of safety on mobility limitations suggests that this 

study had the requisite power to detect differences in mobility limitations.  

One limitation of the sample size is that it isn’t large enough to do analyses by site. There is only enough 

power to do separate analyses by continent, or by gender. The sample size is further limited by the 

inconsistent number and size of neighborhoods in the different sites. The number of neighborhoods in 

some sites was much smaller than in others (e.g. 6 in Natal versus 37 in Kingston), resulting in some very 
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small samples from certain neighborhoods, with some neighborhoods in Kingston having only one 

participant. The neighborhood size then falls below the assumed average size (≥ 10) used as part of the 

sample size calculation, as well as the required size (≥ 10) to ensure effective multilevel analyses. 

Fortunately, the majority of neighborhoods did have enough participants to effectively conduct multilevel 

analyses. Analysis of neighborhoods with few participants was not problematic, as those neighborhoods 

with more participating residents contributed more to the results than those neighborhoods with few 

residents. 

Given the common nature of the outcome, and the exposure, the power with the given population was 

very good for detecting a meaningful relationship, and one was detected. 

5.4.7 Generalizability 

Canada, Brazil, and to a smaller extent Colombia, are very large countries that encompass several 

different regions with quite diverse geographies, with their populace clustered in different regions, with 

large empty spaces between population centers. The cities chosen in each country could consequently be 

quite different from other cities in other regions in those same countries; in climate, geography, and even 

culture. Additionally, all sites were chosen in part for their lack of residential mobility, with two thirds of 

participants having lived at the same address for at least ten years, and the same city for more than 30 

years. This would not be the case in all cities in Canada, Colombia, and Brazil, especially not the larger 

more multicultural cities. While the individuals sampled for the IMIAS study are mostly representative of 

the sites they were sampled from, they are not representative of those countries on the whole. For these 

reasons the prevalence of both mobility limitations and neighborhood perception of safety cannot be 

generalized to other sites in Canada, Colombia, or Brazil. The strong relationship between these two 

variables may be generalizable, and may in fact be stronger in larger cities where safety is a larger 

concern. The international nature of this study would support the generalizability of the association 

between neighborhood perception of safety and mobility limitations, as that relationship was significant 

in very different contexts. 
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5.5 Implications 

The population worldwide is ageing, as a result of a decline in fertility and increasing life expectancies, a 

trend that is predicted to continue and even accelerate in the years to come [3, 4]. Older adults have 

higher rates of chronic illness and disability, and require more health interventions than younger adults. It 

is therefore more important than ever that steps be taken to mitigate the decline of seniors in order to not 

overwhelm healthcare infrastructures. Mobility limitations are important predictors of preventable 

disability and mortality [10, 41, 173]; making the study of modifiable determinants of mobility limitations 

a key public health issue. Neighborhood characteristics are an important part of understanding what 

allows for successful aging, and how best to prevent loss of mobility. This was the thinking behind 

IMIAS, and this study provides further insight into the etiology of mobility limitations, and the role the 

neighborhood environment plays.  

The importance of neighborhood perception of safety may have policy implications in the future. This 

study supports the need for a comprehensive approach to the prevention of mobility loss, and loss of 

independence. One possible element of such a coordinated approach could consist of Crime Prevention 

through Environmental Design (CPTED), something already being carried out in several cities in Canada 

[174]. CPTED involves increasing local perception of safety through modification of the built 

environment and the management of common space, thereby theorized to reduce the opportunity for 

crime [175]. In keeping with our findings, effectively modifying neighborhood perception of safety could 

have positive effects on mobility in older adults, regardless of successful reduction in crime rates. In 

Saskatoon for example, CPTED has been used to assess how best in each neighborhood to improve 

neighborhood bonds and perception of safety, while reducing opportunities for crime, by engaging local 

stakeholders in the decision making process [176]. One of the primary interventions developed in 

Saskatoon was the community support program, which saw uniformed civilians patrolling neighborhood 

streets in order to enforce bylaws, deter negative street activity, and connect vulnerable community 

members with needed services [176]. In Chula Vista California, a pilot program which integrated aspects 
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of CPTED in an effort to improve public perception of safety and promote physical activity, after an 

initial assessments and community consultations, implemented several strategies across different 

municipal departments [177]. A youth beautification project was funded, in order to improve the look of 

community shared spaces and eliminate evidence of disuse and graffiti. Changes were made to the public 

transit system to improve availability and ease of use [177]. New guidelines for parks and community 

sites were developed, with emphasis on increased lighting, culturally appropriate designs, and more open 

public spaces that promote good visibility. Such projects are common across the world [178], and while 

many have follow up studies to assess their efficacy, as crime prevention is often the primary objective 

[178], these studies rarely assess the impact on health, or mobility. Improving the neighborhood 

environment in order to reduce crime and better neighborhood social bonds has been a strategy long used, 

but initially focus on was on the prevention of crime, not negative health outcomes. Understanding the 

impact of neighborhood characteristics on health and mobility helps to further fine tune some techniques, 

and provide additional motivation and support for neighborhood level interventions, but the field of 

CPTED and other similar approaches were developed by criminologists and sociologists decades ago 

[178]. Only more recently has interest in the impact of neighborhood characteristics on health become 

more popular among health researchers. 

While there was no evidence in this study that gender has an impact on the relationship between 

neighborhood perception of safety and mobility limitations, it is still important in future neighborhood 

focused research to examine the impact of gender, as it clearly plays some role in the health of seniors and 

their mobility. The gender mobility gap is confirmed in this study, and there is still the opportunity to 

study the pathways between gender and mobility, surely a combination of both individual and 

neighborhood characteristics. 

While there is evidence that determining the independent causal effect of any one neighborhood 

characteristic is impossible [179] - due to the complex ways in which neighborhood characteristics 

correlate with one another and the individual characteristics of their inhabitants - it nonetheless remains 
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important to examine neighborhood effects in non-predictive models. The results of this study indicate the 

necessity of more in depth research into relationship between neighborhood perception of safety and 

mobility limitations, but further evidence is not needed to begin applying the findings of this study to 

public health policies. 

5.6 Conclusions 

This study provides important clues about possible mechanisms through which neighborhood 

characteristics impact mobility limitations in older residents. It first validates the measure of 

neighborhood perception of safety, ensuring the measure is appropriate in all sites and comparable across 

sites. This study provides evidence of the positive effect of residing in a neighborhood with good 

perception of safety on reducing the odds of mobility limitations. It does so while taking into account 

almost all theorized determinants of mobility limitations, in order to limit the possibility of confounding. 

While it supports previous studies in illustrating the presence of a gender mobility gap, it also 

demonstrates that that gap is not due to an interaction between gender and neighborhood perception of 

safety. This study accomplishes this across 4 sites in 3 countries, examining this relationship in contexts 

never before studied. 

Since mobility plays a central role in the health and independence of older adults, it is important to 

explore the etiology of mobility limitations, especially as the worldwide population ages, and the 

neighborhood pathologies that affect older adults begin to affect larger numbers of people. In order to 

understand what neighborhood level interventions could most effectively reduce mobility limitations 

among seniors, it is necessary to understand the pathways through which neighborhood characteristics 

affect mobility in older adults. This study contributes to that body of knowledge.  

Further research on this subject is needed to verify the association and corroborate causality. Even within 

the IMIAS research project, further analysis will be informative once data collected in the 2nd and 3rd 

phases are used, allowing the analysis of the incidence of mobility limitations rather than prevalence, and 

the establishment of temporality. 
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In conclusion; the relationship between neighborhood perception of safety and mobility limitations in 

elder populations is significant, and an important arena for further study.  
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Mobility Limitations Definition 

Table B-1. ICF definitions and its comparison with other disability models 

ICF Nagi and disablement process Examples 

Body structure and/or function 

impairment  

Impairment Arthritis, sarcopenia, vertigo, 

tremors, limping, breathlessness, 

etc  

 

Mobility Limitation 

 

Mobility Limitation/Mobility 

disability 

 

Difficulty in executing certain 

activities:  

 Walking or moving 

around 

 Changing or maintaining 

body positions (such as 

standing or sitting) 

 Carrying, moving and 

handling objects 

 Using transportation 

 

Participation Restriction Mobility Disability Inability to perform tasks 

necessary to maintenance of 

physical and mental well-being, 

such as: 

 Grocery shopping 

 Social activities 

 Going to medical 

appointments 

 Maintaining proper 

hygiene 
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Lawton and Namehow’s Ecological Model of Aging 
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Glass and Balfour’s Causal Model of Neighborhood Effects on Aging 
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MAT-sf Screenshots 

 
A demonstration of the instrument and responses to questions can be found at the following website: 

http://mat-sf.wfuhs.arane.us/  
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Dichotomizing MAT-sf 

The distribution of the MAT-sf scores was not normal, and was heavily skewed to the left. This was 

impractical for the analyses for this study. 

 

Figure F-1. Distribution of MAT-sf scores overall 

Distribution of the MAT-sf scores by site did not improve this trend, and so it was clear that using the 

MAT-sf scores as a continuous variable was not appropriate. 
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Figure F-2. Distribution of MAT-sf scores by site 
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It was determined that dichotomization was the best option of the heavily skewed MAT-sf scores. Based 

on prelminary analysis, the scores were first categoized by quartile. Using previously validated cut off 

points for other measures of mobility, analyses were run to confirm that the first quartile would be an 

appropriate definition of those with mobility limitations. The results can be seen in Table F-1, where 

73.1% of participants in the sample who were in the first quartile of MAT-sf scores had SPPB scores 

lower that 8, a previously validated cut off point for predicting disability, frailty, and mortality. The p-

value of chi-square tests carried out was <0.0001. 55.74% of participants found in the first quartile, the 

potential definition of mobility limitations, were classified as having mobility limitations according to the 

IADL scores gathered, and 52.71% according to NAGI (self-reported measure of walking 400m or 

climbing a flight a stairs).  

Table F-1. Comparison of the MAT-sf quartiles with the dichotomization of other mobility limitation 

measurements in the IMIAS sample. 

 Q1 (%) Q2(%) Q3(%) Q4(%) Pvalue 

SPPB <8 73.51 18.38 3.78 4.32 <0.0001 

IADL 55.74 24.04 9.56 10.66 <0.0001 

NAGI 52.71 31.21 8.04 8.04 <0.0001 

 

It was therefore concluded that it would be appropriate to use the first quartile as a definition of mobility 

limitations in this sample, and so the scores were dichotomized as the first quartile versus the other 3. 

Participants found in the first quartile were classified as having mobility limitations, and all others were 

not.  
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Distribution of PSD items before conversion of Don’t Know responses 

Table G-1. Distribution of PSD item responses before Don’t Know responses were converted into 

missing values, before any participants were eliminated due to missing PSD responses (n=1546). 

Item Response No. % No. blank 

Ethnic/Religious Tensions    1 

 Major Problem 57 3.69  

 Minor Problem 121 7.83  

 Not a Problem 1234 79.82  

 Don’t Know 134 8.67  

Garbage    1 

 Major Problem 358 23.16  

 Minor Problem 324 20.96  

 Not a Problem 856 55.37  

 Don’t Know 8 0.52  

Drugs    1 

 Major Problem 330 21.35  

 Minor Problem 200 12.94  

 Not a Problem 759 49.09  

 Don’t Know 257 16.62  

Public Drinking    1 

 Major Problem 260 16.82  

 Minor Problem 254 16.42  

 Not a Problem 971 62.81  

 Don’t Know 61 3.95  

Gangs    2 

 Major Problem 167 10.81  

 Minor Problem 178 11.42  

 Not a Problem 1052 68.09  

 Don’t Know 148 9.58  

Inadequate Lighting    5 

 Major Problem 132 8.56  

 Minor Problem 294 18.87  

 Not a Problem 1102 71.47  

 Don’t Know 17 1.10  

Crime    1 

 Major Problem 235 15.20  

 Minor Problem 366 23.67  

 Not a Problem 883 57.12  

 Don’t Know 62 4.01  

Excessive Noise    1 

 Major Problem 206 13.32  

 Minor Problem 345 22.32  

 Not a Problem 987 63.84  

 Don’t Know 8 0.52  

Heavy Traffic    1 

 Major Problem 255 16.49  

 Minor Problem 437 28.27  

 Not a Problem 839 54.27  

 Don’t Know 15 0.97  

Vacant Buildings    2 

 Major Problem 48 3.11  

 Minor Problem 165 10.68  

 Not a Problem 1293 83.69  

 Don’t Know 39 2.52  
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Distribution of PoS scores overall and by site 

 

Figure H-1. Distribution of PoS scores overall. 



 

123 

 

 

Figure H-2. Distribution of PoS scores by site. 
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Distribution of men and women in each neighborhood 

Table I-1. Gender frequency table by neighborhood in Kingston.  

Neighborhood Men Women Total 

Alwington 1 7 8 

Auden Park 5 5 10 

Balsam Grove/Grenville 1 1 2 

Bayridge East 5 2 7 

Bayridge West 3 1 4 

Calvin Park 10 7 17 

Cataraqui North 10 8 18 

Cataraqui River East 7 4 11 

Cataraqui Westbrook 9 5 15 

Collins Bay Pen 1 0 1 

Fairway Hills 10 7 17 

Greenwood 7 7 14 

Henderson 4 9 13 

Hillendale 2 3 5 

Inner Harbour 10 15 25 

Kingscourt 3 5 8 

Kingston Mills 0 2 2 

Lemoine Point 1 0 1 

Markers Acres 1 3 4 

Meadowbrook 3 7 10 

Mile Square 1 2 3 

Novelis 1 2 3 

Polson Park 5 3 8 

Portsmouth 7 10 17 

Queens 1 1 2 

Ravensview 3 1 4 

Reddendale 1 4 5 

Rideau Heights 3 10 13 

St Lawrence 5 5 10 

Strathcona Park 4 6 10 

Sunnyside 9 15 24 

Sutton Mills 4 4 8 

Sydenham 18 16 34 

Waterloo Village 1 8 9 

Westwoods 4 4 8 

Williamsville 2 3 5 

Woodbine 1 0 1 

Total 163 192 355 

Neighborhoods with only one gender represented are highlighted. 
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Table I-2. Gender frequency table by neighborhood in Saint-Hyacinthe. 

Neighborhood Men Women Total 

Assomption 9 13 22 

Chris-Roi 3 7 10 

Douville 17 19 36 

La Providence 22 20 42 

Notre-Dame 10 15 25 

Sacre-Coeur 59 61 120 

Saint-Joseph 28 20 48 

Saint-Sacrement 32 35 67 

Total 180 190 370 

 

Table I-3. Gender frequency table by neighborhood in Manizales. 

Neighborhood Men Women Total 

Altasuiza 6 5 11 

Aranjuez 7 7 14 

Arrayanes 5 7 12 

Asuncion 9 9 18 

Belen 8 4 12 

Bosques del Norte 7 6 13 

Campo Amor 8 8 16 

Campo Hermoso 7 5 12 

Chipre 8 7 15 

Delicias 3 7 10 

Fatima 7 7 14 

Fundadores 7 6 13 

Gonzales 8 8 16 

La Arboleda 9 7 16 

La Carola 8 6 14 

La Enea 6 7 13 

La Estrella 8 5 13 

Minitas 4 5 9 

Nogales 8 7 15 

Peralonso 7 7 14 

Pio Xii 4 7 11 

San Antonio 6 5 11 

San Joaquin 11 11 22 

San Jorge 8 9 17 

San Jose 7 7 14 

San Marcel 1 4 5 

Sultana 4 9 13 

Villa Carmenza 9 11 20 

Villapilar 8 6 14 

Total 198 199 397 
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Table I-4. Gender frequency table by neighborhood in Natal. 

Neighborhood Men Women Total 

Mirassol 5 1 6 

Morro Branco 25 61 86 

Nazare 34 55 89 

Planalto 27 31 58 

Potengi 73 6 79 

Rocas 24 53 77 

Total 188 207 395 
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Ecometric Analysis of Perception of Safety 

The ecometric properties of the neighborhood scales were assessed using three-level multilevel models. 

Level 1 corresponds to item responses within individuals. Level 2 corresponds to persons nested within 

neighborhoods and finally level 3 corresponds to neighborhoods. Through those analyses variance 

components were estimated for each level: within-person, within-neighborhood, and between-

neighborhood, for levels: 1, 2, and 3, respectively. Using this estimates, we calculated the intra-class 

(intra-neighborhood) correlation coefficient (ICC). The ICC ranges from 0 to 1, with a higher value 

indicating greater agreement between respondents within a neighborhood. Analysis was conducted with 

all sites together. 
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Sample Size Calculations 

Table K-1. Adjusted Sample Size with a power of 0.80. 

nclus ICC 
Design 

Effect 

Adjusted Sample 

Size Men 

Adjusted Sample 

Size Women 

No of 

Neighborhoods 

Needed 

10 0.05 1.45 73 73 15 

20 0.05 1.95 98 98 10 

30 0.05 2.45 123 123 8 

40 0.05 2.95 148 148 7 

10 0.08 1.72 86 86 17 

20 0.08 2.52 126 126 13 

30 0.08 3.32 166 166 11 

40 0.08 4.12 206 206 10 

10 0.1 1.9 95 95 19 

20 0.1 2.9 145 145 15 

30 0.1 3.9 195 195 13 

40 0.1 4.9 245 245 12 

10 0.15 2.35 118 118 24 

20 0.15 3.85 193 193 19 

30 0.15 5.35 268 268 18 

40 0.15 6.85 343 343 17 

 


