Towards a Suburban Spatial Epidemiology:
Differentiating Geographical Patterns of Cancer
Incidence, Patient Access, and Surgical Treatment

in Canada’s Urban Fringe

by
Blake Byron Walker

M.Sc., Simon Fraser University, 2013
B.Sc., Ryerson University, 2011

Thesis Submitted in Partial Fulfillment of the
Requirements for the Degree of

Doctor of Philosophy

in the
Department of Geography

Faculty of Environment

© Blake Byron Walker 2016
SIMON FRASER UNIVERSITY
Fall 2016

All rights reserved.

However, in accordance with the Copyright Act of Canada, this work may be
reproduced, without authorization, under the conditions for Fair Dealing. Therefore,
limited reproduction of this work for the purposes of private study, research,
education, satire, parody, criticism, review and news reporting is likely to be in
accordance with the law, particulariy if cited appropriately.



Approval

Name: Blake Byron Walker
Degree: Doctor of Philosophy
Title: Towards a Suburban Spatial Epidemiology:

Differentiating Geographical Patterns of Cancer
Incidence, Patient Access, and Surgical Treatment in
Canada’s Urban Fringe

Examining Committee: Chair: John Pierce
Professor

Nadine Schuurman
Senior Supervisor
Professor

Scott Lear
Supervisor
Professor

Miriam Rosin
Supervisor
Professor

Bryan Kinney
Internal Examiner
Associate Professor
School of Criminology

Mariana Brussoni

External Examiner

Associate Professor
Department of Pediatrics
University of British Columbia

Date Defended/Approved: 18 November 2016




Ethics Statement
SFU

The author, whose name appears on the title page of this work, has obtained, for the
research described in this work, either:

a. human research ethics approval from the Simon Fraser University Office
of Research Ethics

or

b. advance approval of the animal care protocol from the University Animal
Care Committee of Simon Fraser University

or has conducted the research

c as a co-investigator, collaborator, or research assistant in a research
project approved in advance.

A copy of the approval letter has been filed with the Theses Office of the University
Library at the time of submission of this thesis or project.

The original application for approval and letter of approval are filed with the relevant
offices. Inquiries may be directed to those authorities.

Simon Fraser University Library
Burnaby, British Columbia, Canada

Update Spring 2016



Abstract

Epidemiological studies have traditionally categorised study populations as urban or rural.
However, a growing proportion of the global population resides in spaces that are neither
dense urban cores nor rural/remote regions. These interstices are distinctly suburban,
featuring a low density of services, poor walkability, and spatial isolation relative to their
urban counterparts. Contrary to the dominant imaginary of the affluent ‘American Dream’,
Canada’s suburbs are increasingly becoming home to socioeconomically deprived
populations. Following from the well-established links between socioeconomic status and
health geographies, this dissertation presents quantitative geographical evidence that the
suburbs differ from their urban and rural counterparts, constituting a third,
epidemiologically distinct space. The first substantive chapter provides an introductory
tracing of the suburb’s socioeconomic history, laying the contextual foundation for a
distinct categorisation. The following three chapters then draw upon this categorisation to
differentiate spatial epidemiological patterns of cancer along both urban/suburban/rural
and socioeconomic axes. The second chapter uses exploratory temporal mapping to
document a recent emergence of oral cancer cases in British Columbia’s suburbs,
geographically coincident with immigration from betel quid-chewing regions and an
increase in local socioeconomic deprivation. The third chapter then explores head and
neck cancer patients’ spatial access to cancer treatment centres across the province,
highlighting significantly greater travel times among the most deprived suburban and rural
populations. The fourth chapter evaluates whether these spatial and socioeconomic
disparities reflect actual treatment rates, focussing on resection surgeries for five cancer
types across Canada, excluding Québec. Resection rates were positively associated with
socioeconomic deprivation in rural areas and inversely associated in urban areas, while
the highest overall rates were observed in middle-SES suburban populations. Drawing
upon these three cancer studies, this dissertation proposes a suburban spatial
epidemiology, in which suburbs are differentiated from urban and rural spaces. | conclude
by asserting that the suburbs’ unique placial contexts merit standalone attention in health

research, calling for further examination of suburban spaces in epidemiological research.

Keywords: spatial epidemiology; suburbs; cancer; spatial access; socioeconomic
deprivation; geographical information systems
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Chapter 1.
Introduction

Human history is often traced along the process of urbanisation; from nomadic
hunter-gatherer societies to agrarian villages to city-states and the present-day global
metropolis, the densification of population in economic centres continues at an exponential
rate [1,2]. This population dynamic has diametrically framed the city against the rural
periphery [3], a dichotomisation reflected in contemporary health research. The
urban/rural contrast has highlighted important geographical differences in health,
however, it fails to capture the one of the greatest population shifts of 20" century North
America [1,4]: the mass exodus from urban cores to the suburbs.

In the periphery of nearly every Canadian city and town are the low-density,
homogeneously residential neighbourhoods that over 60% of Canadians call home [5].
Few images are more emblematic of the North American middle-class than the suburban
home with the white-picket fence. However near it may be, the suburban built environment
bears little, if any, similarity to the urban core [6]. Their residents live a different lifestyle
than the both the rural dweller and the urbanite [7]. It may therefore be hypothesised that
the individuals living in the suburbs will experience different health risks and outcomes.
Increased vehicular mortality due to higher traffic volumes, obesity associated with poor
neighbourhood walkability, and increased ambulance response times across sprawling
subdivisions are a few examples of the small, emergent body of scholarship interrogating

the geographical configuration of suburban spaces, and their impacts on human health.

1.1. Overview

This dissertation centres on a differentiation of these interstitial suburban spaces

from their urban and rural counterparts. | posit that this third space features unique



patterns of health and health care that hold valuable information for enhancing
epidemiological research and improving health equity in Canada and abroad. This
‘suburban spatial epidemiology’ is both quantitative and interpretive in nature, predicated
on arich and innately geographical context. Through a tracing of suburban socioeconomic
history and three spatial epidemiological studies, | herein present the case for a

categorical distinction between urban cores and suburban neighbourhoods.

In this dissertation, | explore the utility of an urban/suburban/rural distinction
focussing on its application to six different cancer types. Cancers are a category of
approximately 100 diseases characterised by uncontrolled cellular growth and replication
and the ability to transit through the body and invade neighbouring tissues [8]. Responsible
for over eight million deaths in 2012, cancers are disproportionately prevalent in
economically developed regions [9]. In Canada, cancers are the leading cause of potential
years of life lost, with an estimated 197 000 new cases and 80 000 deaths in 2015 alone
[10].

Advances in cancer diagnosis and treatment have led to significant reductions in
mortality in recent decades, with spatial access to cancer care emerging as an important
predictor of patient choice and outcome. Regional variations in cancer incidence have
been observed across Canada, spurring searches for local risk factors and placing
emphasis on the local availability of treatments. In British Columbia (BC), the BC Cancer
Agency has instituted a province-wide network of community cancer clinics to bring
chemotherapy closer to patients who reside outside the major urban centres, coupled with
the construction of five new comprehensive treatment centres across the province.
Simultaneously, a process of Canada-wide regionalisation is taking place in which many
surgical cancer treatments are being performed only in high-volume centres. These
inherently spatial processes present interesting and important avenues for geographical

investigation into patient access.

This dissertation focusses on six cancer types: head and neck; lung; liver;
pancreatic; ovarian/fallopian, and; oesophageal. These sites were selected due to data
availability, but also are known correlates with socioeconomic deprivation, and the latter

five have above-average mortality, emphasising the role of cancer care. Importantly,



cancer incidence, treatment, and outcome are known to be socioeconomically dependent,
such that deprived individuals generally experience higher rates of many cancer types,
lower spatial and non-spatial access to treatment, and poorer outcomes. This multifaceted
relationship with socioeconomic status intertwines with the Canadian suburbs’ rich

socioeconomic history, as is described in chapter 2.

1.2. Research Questions

In the context of socioeconomic change in the suburbs, this dissertation’s empirical
thrust centres on geographies of cancer incidence and treatment. The broader theoretical

frame is guided by the following questions:

1. What are the contextual trends and forces that reproduce socioeconomically
divergent spaces in suburban Canada ?

2. How does this contextual backdrop reflect geographical trends and patterns in

cancer incidence ?

3. In what ways do the socioeconomic disparities experienced in urban, suburban,

and rural Canada reflect cancer patients’ spatial access to treatment ?

Rather than testing each question as a hypothesis, this dissertation takes an
exploratory approach, seeking to develop and contextualise quantitative evidence rather
than provide conclusive responses. More specific research objectives are addressed in

an empirical manner, as described in the following section.

1.3. Dissertation Objectives

This dissertation comprises a contextualising chapter followed by three studies that
assess the spatially- and temporally-dependent interrelationships between selected
cancer types, socioeconomic deprivation, and access to treatment. Collectively, this
dissertation seeks to provide the empirical basis for a suburban categorisation, responding

to the following dissertation objectives:



Examine spatio-temporal patterns of head and neck cancer incidence across BC.
To dissect trends in spatial access to comprehensive cancer treatment in BC.
To dissect trends in spatial access to cancer resection surgery across Canada.

whN e

For each of these three objectives | seek to:

1. Identify socioeconomic trends using an index of multiple deprivation.
2. Evaluate whether differences exist for suburban neighbourhoods, relative to their
urban and rural counterparts.

By addressing these objectives | seek to address the overarching objective of this
dissertation: to evaluate whether there is a geographically and epidemiologically valid
basis for analysing suburban neighbourhoods in contrast to urban and rural

neighbourhoods.

1.4. Conceptual Framework

This dissertation is based on two distinct approaches that occasionally intersect,
but are quite distinct in orientation, methodology, and execution. Conceptually, | position
this research as health geography informed by theories and methodologies from medical
geography and spatial epidemiology. Briefly introduced here, these approaches are

described in greater detail in the literature review section.

Health geography examines the relationships between space, place, and health,
emphasising the importance of local contexts in producing and reproducing health,
wellbeing, and a person’s interface with the health system. A key distinction here is the
difference between space, a geometrically or experientially defined location, and place, a
socially and subjectively constructed space. For example, chapter one, section seven of
this dissertation explores suburbs through a place-making lens, focussing on the
production of health through spatial, social, and political contextual factors. Chapters two,
three, and four use quantitative geographical and epidemiological methods from medical
geography. This dual approach facilitates a more rigourous approach to the research

guestion.



1.5. Dissertation Structure

A review of the literatures in health and medical geographies, spatial epidemiology,
spatial access, and cancer epidemiology concludes this introductory chapter. To lay the
foundation for the three spatial epidemiological papers constituting this dissertation’s
empirical evidence, chapter one, section 7 then traces a socioeconomic history of
Canada’s suburbs. | take an explicitly geographical approach to describe the trends and
forces in suburbanisation, emphasising the roles of transportation networks and

socioeconomically-defined spaces in economics and policy.

Chapter two then describes a study of trends in oral cavity cancer incidence across
British Columbia, highlighting spatial and demographic covariates. Chapter three includes
other types of head and neck cancers, in addition to oral cavity cancers, in a study of
trends in patients’ spatial access to comprehensive cancer treatment centres across the
province. The third spatial epidemiological paper appears in chapter four, in which the
methodology from chapter four is applied to five different cancer types across the country,
instead focussing on how the regionalisation of cancer care in Canada is reflected in
socioeconomic and urban/suburban/rural patterns of spatial access. This evaluation of
trends and patterns along socioeconomic and urban/suburban/rural axes constitutes a

common theme across these three cancer incidence and treatment studies.

1.6. Review of the Literatures

1.6.1. Health and Medical Geographies

Health Geography as a formalised area of study was first distinguished and
recognised as such through a series of debate articles in the early 1990s, primarily
published through academic venues like Antipode, Progress in Human Geography, and
Environment and Planning D: Society and Space [11,12]. At the core of this disciplinary
fissure was a series of critiques of medical geography in which authors alleged there was
an absence of social, political, and theoretical thought in the subdiscipline with a
concomitant need for greater adoption of qualitative methods. While certainly reflective of

a much broader paradigm shift in the social sciences, it highlighted within geography



important epistemological, methodological, and subdisciplinary differences that continue

to both inform and constrain research practice within and beyond geography.

Fundamentally, the health/medical geography dichotomy is defined by a
methodological divide along a positivist-constructivist epistemological axis. Curtis and
Jones contrast extensive and intensive approaches by way of health inequalities research
[13]. Extensive methodologies inform primarily quantitative methods to analyse large
samples as multi-point patterns, tending to focus on measurable or classifiable attributes.
The term ‘extensive’ in this case implies a large scope with little depth. An example of this
is a statistical analysis of oropharyngeal cancer incidence by patient sex and
neighbourhood socioeconomic deprivation score [14]. Conversely, intensive
methodologies focus on fewer data points, attempting to interrogate with relatively greater
depth both the condition under study and the contextual factors around it.
Correspondingly, ‘intensive’ implies a smaller scope with more depth, and a way for the
researcher to gain ‘insider knowledge’ [13,15]. Hutchinson, for example, conducted in-
depth interviews with several young, unintentionally pregnant women in Mozambique
about their strategies for coping with adverse life events [16]. The use of terms
‘quantitative’ and ‘qualitative’ to delineate these methodological approaches does not
account for the use of quantitative methods in social, placial, experiential geographies, nor
the use of qualitative methods to contextualise and frame extensive studies [17-23].
Crucially, differences in approaches to knowledge production about a health-related
phenomenon is what underscores the divide between health and medical orientations in

geography, not the methods of inquiry themselves [13,24].

The methodological divide described above is reflected in the contrasting data and
methods used by medical and health geographers, summarised in the literature as
compositional and contextual effects on health [13,25-27]. Compositional effects are
variables or attributes of a population that convey a measurement or category such as
age, sex, ethnicity, socioeconomic status, and may comprise individual (e.g., medical
record) or aggregate (e.g., census dissemination area) data. Studies focussing on
compositional effects are based on the underlying assumption that individual
characteristics are the primary determinants of health, for example, in studies of

socioeconomic status and disease prevalence [28—38]. Methods using compositional data



(the ‘medical’ geographical approach) include tabulations [39—-41], regression [42—-45],
and multilevel modelling [25,27,46-51].

While compositional effects are individual-level characteristics that collectively
define a population, contextual effects encompass the broader social, political, economic,
natural, built, and ecological environments [13]. The role of contextual factors had been
well-established in health geography by the mid-2000s, as qualitative, subjective-
interpretive research informed by social theory gained momentum, pluralist science
gained more acceptance [52], and the inability of contextual factors to comprehensively
explain spatial variations in health became clear [12,13,53-57].

Accordingly, health geography researchers responded by interrogating socio-
contextual aspects of health and disease using qualitative methods through a primarily
intensive methodology. Resulting studies examined the effects and experiential aspects
of gender and race/ethnicity [58—71], physical ability [72—74], health inequality [75-78],
and the potential for geographical information systems to examine contextual effects [79—
84], among other socio-contextual studies [85—88].

While these approaches, data, and methods were sharply juxtaposed and hotly
contested in the literature, one point was widely agreed upon: that contextual and
compositional effects are not mutually exclusive, and are often difficult to disentangle
[12,13,42,43,45,47,50,51,89-91]. For example, is the health effect of ethnic concentration
due primarily to the spatial concentration of an ethnicity with a higher genetic risk (i.e., the
spatial clustering of individuals, each with a high health risk), or is it due to the socio-
cultural-political environment (i.e., the augmentation of health risk due to elevated socio-
cultural influences in an ethnically homogeneous neighbourhood, coined the ‘group effect’
[92,93])? Multi-level modelling has been used to interrogate these effects quantitatively
[25,27,46-51], though the importance of intensive methodologies to better understand

these processes is underscored across the literature [13,71,94,95].

Some authors argue that methods examining compositional and contextual effects
on health are, in fact, complimentary [15,17-20,54,96]. For example, geographical
heterogeneity (non-stationarities) in the relationship between socioeconomic status and

health was found between northern and southern Britain, which authors examined through



various socio-contextual lenses [39,40,44,45,47,97,98]. Implicit in these studies was a

contrastive view of space and place.

The positivist-constructivist axis, along which health and medical geography are
dichotomised, frames geographers’ contested conceptualisations of the role of space
versus place, and their respective importance in examining health. Briefly, ‘space’ is a
geometrically delineated region or area [13], while ‘place’ is a space, either physical or
conceptual, where social meanings, constructions, and relations are ascribed and
constituted [99,100]. Space is measured, while place is described, experienced, and/or
felt.

Criticisms of medical geography accused the discipline of a narrow, purely spatial
conceptualisation of space in the analysis of health events [53,54], as described by
Entrikin: ‘the richness of place as context [is reduced] to the more limited sense of place
as location’ [96], albeit conceding that the most useful perception of space is one that rests
between the two, a sentiment echoed by Gesler [24].

By the late 1990s, the place-health relationship was still considered by some to be
undertheorised, in light of recent geographical inquiry into space and place [13]. Jones
and Curtis [101] draw three key theoretical perspectives on the place-health relationship:
spatial patterns and diffusion (e.g., environmental pollutants, transmission of viruses),
space and place in social relations (e.g., structure and agency in the production and
reproduction of ‘healthy landscapes’ [102]), and landscapes and sense of place (individual
and group meanings ascribed to spaces and their constitution of a holistic, culturally-
informed view of spaces, e.g, therapeutic and healing landscapes [13,24]. While spatial
patterns and diffusion were clearly regarded as members of the medical geography camp,
socio-political theories of space and the construction of landscape were central to the
definition of health geography [13,54,67,71,85,103].

Criticisms of medical geography targeted a ‘positivist’ ‘biomedical’ approach [104].
In contrast to this traditional view of disease as a progressive series of symptoms in an
otherwise uninhabited body, health geographers have long insisted that the lived
experience of place (i.e., space with ascribed human meaning, [99,100,104]), insofar as

how an individual’s social, economic, political, and environmental contexts affect and are



affected by both their sense and state of health, should be at the core of health inquiry
[11,12,53,54]. While cartography is certainly not at the core of contemporary geographies,
maps have always played a crucial role in forming our understandings of health and
disease, serving as a space where discrete cases are transformed into both testable
hypotheses and lived experiences through their juxtaposition with political, social,

economic, and environmental features [105].

The process of cartography was (and still is) highly subjective, based on the
mapmaker’s theories and preferences [106—109]. Different features of the built, social,
political (etc.) environments are selected for inclusion alongside the geographical
phenomenon of choice (e.g., oral cancer incidence). Franco Moretti states
characteristically: maps are ‘cognitive instruments’ that are not the ‘conclusion of
geographical work... [but] the beginning’ [110]. Exploratory interpretation of the mapped
data results in the formation of theories of disease [111-114], as summarised by Koch: ‘In
a real sense, we do not map data, instead, we map theories using data to represent them
in place’ [105]. While those theories may be tested using quantitative methods like
hypothesis tests or spatial modelling, their formation (i.e., the selection of
variables/features to include) is highly subjective, based upon the researcher’s own
experiences, interpretations of the literature, and tastes. Accordingly, any notion of
objectivity or positivism in medical geography is questionable. However, as alluded to by
Mayer and Meade [95], David Bennett [115], and Anthony Gatrell [116] in their responses
to Robin Kearns’s [54] criticisms, medical geography has a strong tradition of subjective
(but not intuitionist [115]) interpretation of disease and health in the local socio-economic

and placial contexts.

1.6.1.  Spatial Epidemiology

Rooted in geographical traditions of cartography [105,117,118] and exploratory
spatial data analysis (albeit predating the term)[112,119-122], spatial epidemiology
emphasises geographical relationships, contingent to Waldo Tobler’s First Law: ‘all things

are related, but near things are more similar than distant things’[123].



The roots of modern aspatial epidemiology are claimed by occupational toxicology,
often being said to begin with Percivall Pott, an 18" century English surgeon whose
attention was drawn to an unusually high incidence of scrotal cancers among young boys
in inner-city London [124,125]. Dr. Pott collected case files and, upon their examination,
found that all the affected were from low-income families and had one thing in common:
each and every patient worked as a chimney sweep. This job was typically carried out by
young boys who would climb down the chimneys naked, in doing so exposing themselves
to carcinogenic chemical compounds in the soot, which would collect in sweat,
accumulating on the scrotum. The collection and examination of individual-level data such
as age, sex, income, and occupation facilitated the discovery of carcinogenicity in chimney

soot and subsequent regulation.

Similarly, spatial epidemiology is said to have been born in inner-city London, albeit
a century later, during a cholera epidemic in Soho (although these claims are contested
[126]). Dr. John Snow and Reverend Henry Whitehead, among others, investigated the
outbreak by collecting case notes, visiting affected households, and examining patients
[127]. While Rev. Whitehead took a decidedly more ethnographic approach, partly serving
in his capacity as a priest, Dr. Snow set about mapping each case at the address level
[127,128]. A distinctly distance-decay pattern was observed, which, in conjunction with
theoretical evidence of waterborne transmission of cholera, lead Dr. Snow to suspect a
local water pump. Once the pump handle was locked, incidence rapidly decreased in the
area. This was both the first example of point-level disease mapping and the empirical
evidence needed to contest a miasma theory of disease transmission. As such, spatial
epidemiology made theoretical contributions to medicine from day one. In these two
foundational examples, an analysis of data facilitated a hypothesis that was tested had
direct public health implications. Their distinguishing feature is the presence of spatially-
referenced data in the latter.

Briefly, spatial epidemiology is distinguished from traditional epidemiology by its
ability to make use of spatially-referenced data, beyond simple categorical classification
(e.g., binning cases by neighbourhood, as opposed to spatial modelling of their interaction)
[120]. The data and functions of GIS for public health and spatial epidemiology are

categorised by Pfeiffer and colleagues’ conceptual framework, wherein attribute data
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(tabular or objects, e.g., number of head and neck cancer cases in an area) and feature
data (geometries delineating the area corresponding to that in the attribute data) are joined
in a database [122]. What sets database representation in spatial epidemiology apart from
the traditional variety is the presence of that spatial geometry, whether present as a linked
feature class, raster parameters, or coordinate pair. The storage and management of
spatially-referenced data, and interoperability of these geographical database
management systems with other proprietary packages (e.g., IDRISI GIS and Microsoft
Access, or ArcGIS and MySQL) are, debatably, geographic information systems’ most

fundamental capabilities [129].

The representation of spatially-referenced data in a database format (e.g.,
reducing the medical complexities and lived experiences of HSN1 patients to case counts)
can be construed as a geographical deterministic model, even prior to cartographic
representation (for more discussion around the challenges of quantitative and qualitative
data reduction, see [129]). The ‘fuzziness’ (referring to both statistical and socio-cultural
models/constructions of uncertainty) inherent in these data are eschewed in favour of a
singular, authoritative figure or label. For example, Yiannakoulias and colleagues [130]
discuss how case ascertainment bias (i.e., misdiagnosis, misclassification, or erroneous
transcription of diagnostic data) is not represented or considered in many analyses of
health data. (Interestingly, they found spatial variations in patterns of case ascertainment
bias, such that First Nations communities in British Columbia experienced a significantly
higher amount of this bias.) Similarly, Koch [105] discusses how lack of fuzziness in
categorical data or the classification of cases results in the assertion of commonality
among cases, that is, that they share the same symptoms, and potentially, prognosis.
Problematically, the uncritical deterministic representation of complex medical, health, and
geographical phenomena is granted unique validity once in its database form, but
significantly moreso once cartographically represented, as the map asserts authoritative

certainty, as do statistical results from both spatial and aspatial methods [105].

The formation of theoretical hypotheses based on the observation and
interpretation of data, which then is formulated as a testable hypothesis to be examined
via experimentation is a scientific approach attributed to philosopher of science Karl

Popper. While traditional epidemiology follows this model closely, spatial epidemiology
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varies in that many studies do not strictly formulate null hypotheses to test against

statistical conditions [122].

While early epidemiological studies, such as that of Percivall Pott, were scarcely
guantitative, the ability to evaluate epidemiological data using statistical models has
created a common language for studies of different conditions, improved their sensitivity
and specificity, and enabled the inference and prediction of disease [131]. The ability to
make use of geographically-referenced data sets spatial epidemiology apart from
traditional epidemiology. Several approaches and methods for analysing data within a
spatial epidemiological framework are outlined as follows.

Given the differentiation provided by the presence of spatially-referenced data, and
spatial epidemiology’s distinctly cartographic pedigree [105], the mapping of conditions,
covariates, and social and contextual factors is a fundamental standalone method,
Examples of its use include data exploration for cancer control [132—134], infectious
disease [135-137], chronic disease [111,138-143], and injury [144—146].

The inclusion and exclusion of geographical features in cartographic composition
is of significant import; different features of the built, social, political, etc. environments are
selected for the map, based on the cartographer’s theories. As such, the map becomes a
testing ground for hypotheses about disease [105]. This ability to present health
phenomena on the map enables the user or recipient of the map to subjectively detect
and describe spatial or geographical patterns. Static data visualisation still serves as the
most commonly used functionality of GIS in public health decision-making [113,132-134].
This functionality appears to fulfill public health practitioners’ expectations of GIS,
precluding the utilisation of more powerful spatial-analytic or inferential geospatial toolsets
[113,132,147-149]. As such, effort is required on the part of medical geographers to
illuminate the value of mapping and spatial epidemiology more broadly.

Elliot and Wartenberg classify methods in spatial epidemiology by mapping,
clustering, and geographical correlation themes [117]. While mapping merits standalone
attention (as above), the latter two methodological themes both represent types of spatial
modelling. According to Pfeiffer and colleagues’ [122] framework for spatial

epidemiological analysis, the second-order analytical ability the GIS and spatial
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epidemiology hierarchy is data exploration through the analysis of spatial patterns. These
capabilities exist primarily within the realm of deterministic methods. Examples include
spatial buffers (e.g., for identifying potential neighbourhood features that correlate with
body mass index [150]), network distance (e.g., in constructing spatial accessibility models
based on travel times from palliative care centres [151]), and some gravity models (e.qg.,
Schuurman and colleagues [152] use a modified gravity model to compute scores for

population access to primary health care physicians in Nova Scotia).

Density estimation (hotspot) maps can be conceptualised as deterministic areal
representations of point phenomena, for example, in modelling traffic noise [153] or graffiti
[154]. Conversely, when Kernel Density is used as a spatial model of exposure to a risk
factor (e.g., alcohol outlets as a risk factor for interpersonal violence [155-161]) or to infer
point locations from areal data (Shi 2009, Shi et al. 2013)), it is stochastic in nature. Kernel
Density Estimation’s wide applicability and ubiquity in GIS software packages has resulted

in its common use across humerous disciplines and applications [143,144,162—-165].

While considered by many to be in its infancy [12,166,167], many spatial-temporal
analyses and models are deterministic in nature. One example is found in Mei-Po Kwan’s
[21] three-dimensional representation of individuals’ spatial-temporal trajectories, in which
each person’s movements through the day are represented as ‘pipes’ through a cube
structure. Another example uses density estimates at different times of day to characterise
spatial-temporal variations in violent injury [168]. These highly visual methods of
examining patterns in space and time are unigue to spatial epidemiology, although they

may suffer in terms of statistical rigour.

Stochastic spatial models allow for the statistical inference of a phenomenon
based on the assumption of an underlying statistical distribution, and allow for predictive
uncertainty to be quantified and non-discrete (fuzzy) boundaries to be constructed for
spatial phenomena [122]. By way of example, a contrast can be drawn between spatial
epidemiological and traditional epidemiological uses of binary linear regression, wherein
the aspatial method, ordinary least squares regression, constructs a line of best fit for a
two-dimensional data array (scatterplot), geographically-weighted regression constructs

spatial weights for each feature in the data array, based on its relative proximity to each
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other point, and uses these to produce a line of best fit. However, when the residuals of
an ordinary least squares regression (aspatial) are mapped, they can convey geographical
information about non-stationarities (spatial heterogeneity of a relationship), in what is
certainly a spatial epidemiological approach [122]. The Spatial Scan Statistic [169,170]
provides a spatial method for identifying spatial clusters by computing and comparing
relative risks within and outside of a spatio-temporally ‘moving window’, and has been

used in a variety of spatial epidemiological studies [136,171-176].

1.6.2.  Spatial Access

The concept of spatial access is a major theme in spatial epidemiology
[117,122,177] with an increasingly independent literature in which geographical
information systems play a leading role [178,179]. Khan and Bhardwaj [180] elegantly
define access as a ‘degree of fit' between an individual and the health system. Debates
on the definition of access in health services research have resulted in a binary
classification of access as two distinct concepts [179]. Aspatial access refers to the socio-
contextual effects on one’s ability to connect with health services (e.g., language barriers)
[179-186]. Spatial access, conversely, is a geometric and calculable representation of
one’s ability to tangibly reach a health service, or vice-versa [187]. Another distinction in
access exists between potential and realised access, that is, the difference between an
individual’s ability to reach a health service and their actual use of that service
[180,182,184,187].

The ability to model access using geographic information systems affords the
opportunity to evaluate service provision, identify optimal locations for new services, and
analyse the relationships between access to health services and disease outcome. These
valuable capabilities have been applied in a variety of domains, and GIS-based methods

of calculating access continue to grow in sophistication and accuracy.

Conceptualisations of space used in GIS-based access to health services research
can be classified as either Euclidean (straight-line/rhumb line), network (e.g., drive-time),
or hyper-space (e.g., airline routes, telehealth) models. The Euclidean method calculates

distance as the length of the hypotenuse of a triangle whose vertices are defined by the
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absolute value of the differences between northings and eastings of an origin-destination
coordinate pair. This method has been used in early models of spatial access, as well as

a comparative metric for more recent network-based models [188—-193].

Network distance calculates the travel distance via road, public transit, or other
land-based transportation networks from an origin to a destination, taking the shortest
available route (although traffic models are changing this, e.g., Google Maps Directions)
via the defined network. Considered the gold standard for accuracy [189,194] (but see
[188], who found a covariance of over 99% between network and Euclidean metrics), this
method of distance calculation has been used extensively to model individuals’ potential
access to health services (e.g., [35,179,194,195]).

Hyperspace conceptualisations of distance are uncommon in the health services
literatures, but have been used in modelling vector-based transmission of infectious
disease, such as H5N1 and West Nile Virus, via airline and marine transportation networks
[13,105,123,196—-202]. In regions where road connectivity is limited, for example, in the
Canadian North, hyperspace distance may be an appropriate method for modelling spatial
access to health services.

Geographical information systems provide a tool for calculating access to health
services; however, there has been disagreement in the literature over the methods of
calculation. This subsection briefly outlines four methodological approaches to spatial
access calculation: drive-time catchments; gravity models; two-step floating catchment

areas; and density estimation/map algebra.

Drive-time catchment calculation is a network-based geometric cousin of the
Voronoi polygon, wherein a service area is calculated from a single point of origin (e.g., a
hospital), such that the boundaries of the service area are defined by a series of
interconnected points corresponding to the locations at which a person driving by car
(usually) would arrive if they were to drive away from the point of origin for a given time.
For example, Cinnamon and others [151] calculate one-hour drive time catchments from
palliative care centres, resulting in polygons that delineate the region within a one hour’s
drive from each centre. The population within these polygons is inferred to be serviced

exclusively by the facility at its respective origin. Similarly, calculations of drive-times from
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individuals to a health service are becoming more prevalent in health services literatures,
for example, [194,203,204]. This method has the advantage of improved accuracy over
Euclidean distance calculations, but suffers from assumptions such as car ownership, no
traffic/road construction, consistent driving at the speed limit, and non-preference of

individual health service locations [187,205].

The two-step floating catchment area method [182] and its more sophisticated
variants [186] calculate catchments, then compute health care provider-to-population
ratios based on the number of, for example, doctors at a given health care centre divided
by the census-derived population of the areas within that catchment. This method has the
advantage of providing intuitive metrics of health service provision, such as the doctor-to-
population ratio, but suffers from the problems inherent in the drive-time catchment

method, plus the modifiable areal unit problem and edge effects [164,184,186,206].

Gravity models are able to create fuzzy parameters for health service demand
(e.g., a larger, more distant health care centre may be preferred over a smaller local
one)[164], and account for potential tradeoffs between health service capacity (e.g.,
number of doctors) and an individual’'s distance to a provider [182]. However, these
models are computationally intense and the results are unintuitive to public health
practitioners [186,187].

Considered by some to be the most reliable spatial access to health services
metric [187] and by others to be inferior [147], density models (e.g., kernel density
estimation) are computationally simple raster-based methods of calculating the spatial
density of weighted health service locations [164]. These can then be compared to
numerous other areal variables (e.g., population density, median income, median age)
using algebraically simple and easily interpretable raster calculations (e.g., provider-to-
population ratios)[187]. Further, because these methods result in spatial data that are
amenable to raster overlay, they are easier than vector-based accessibility models to
implement in spatial decision support systems or combined spatial/aspatial models of

access to health services.

There has been little scholarship in GIS-based modelling of aspatial access,

although some notable exceptions include Comber and colleagues [179], who mapped
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perceived access to hospitals and general practitioners against spatial access in the UK,
then used geographically-weighted regression to evaluate the spatial heterogeneity of
their relationship. Another study by McGrail and Humphreys [185] combined census-
derived indicators of aspatial access with spatial access to produce an index of rural
accessibility to health services. Further work is needed in this field to produce more

comprehensive models of accessibility.

The literature is replete with GIS-based studies of access to health services in a
variety of domains. Several studies evaluating health service provision have included a
focus on socioeconomic inequalities in access [35,179,207—-209]. Others have evaluated
access to palliative care [151], primary care [152,164,179,182,183,185,189,206],
hospitals [179,184], vaccination centres [194], paediatric services [187,192,210], mental
health services [211], and pharmacies [212]. In addition to evaluations of service provision
and access to services, GIS-based models of accessibility can be used to identify the

optimal locations for new health services, for example, palliative care centres [213].

Researchers have also examined the role of spatial access in patient outcome in
a wide range of fields, including mental health [211], alcohol treatment [214], discretionary
medical conditions [215], and choice of treatment for breast cancers [190,203,204,216—
220] and prostate cancers [221]. However, to retain policy relevance, Higgs [205] argues
that more work is needed in the access-outcome field. GIS-based health services research
suffers from a lack of interpretability by public health practitioners [180]. Luo and Wang
[182] argue that it is up to health service researchers and spatial epidemiologists to strike
a balance such that models must be simple enough to interpret and use for policymaking,
yet sophisticated enough to be geographically-accurate, a challenge that extends across

all spatial epidemiology.

1.6.3. Cancer Epidemiology

Epidemiology, as defined by David Hunter [222], is ‘a discipline that seeks to
explain the extent to which factors people are exposed to (environmental or genetic)

influence their risk of disease, by means of population-based investigations’. In
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accordance with the scope of this dissertation, | focus on environmental and social factors,

forgoing discussion of genetic risk.

‘Environment’” has contrasting definitions; in geographical terms, our
conceptualisation of environment in cancer research can be defined by the ‘scale of
seeing’ [105]. At the global, national, and regional scales, the environment encompasses
physical and social landscapes, at the neighbourhood level, built features, and at the
individual level, organs and tissues. At the cellular level, ‘environment’ approaches a
genetic definition, similar to that used in cancer epidemiology, where it refers to the space
external to the body or an origin not rooted in human gene expression [223—-226].

As highlighted in Hunter’s [222] definition, cancer epidemiology is concerned with
population patterns. Because epidemiologists cannot manipulate experimental conditions,
observational methods must be used to identify and characterise associations [227]. For
example, the observation of high rates of lung cancer in the late 1950s/early 1960s among
tobacco smokers suggested a causal link. However, the establishment and confirmation
of a cause has strict criteria within epidemiology. A causative factor must exhibit a dose-
response relationship, a lack of temporal ambiguity, biological plausibility, and a
coherence of all the evidence [227]. These criteria ensure a level of rigour in
epidemiological studies, but also post challenges in the confirmation of environmental

risks.

Early study designs focussed on lifestyle factors, occupational exposures, and
relied heavily on between-country comparisons and migrant studies [227]. Between-
country comparisons look for statistically significant differences in controlled
epidemiological data (e.g., cancer rates adjusted for age and sex distributions) between
two regions in an attempt to isolate environmental risk factors, for example, attributing
higher rates of stomach cancers in Eastern Europe than Western Europe to highly salted
and cured foods. Migrant studies examine cohorts of individuals who have moved from
one country to another to identify deviations from their country of origin’s type-specific
cancer rates. For example, studies have analysed immigrants from Japan (high rates of
stomach cancer) to the United States (high rates of colorectal cancer). These studies have

demonstrated that immigrants tend to acquire the cancer rates of their new country,
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evidence that environmental risk is dominant in digestive tract cancers [227]. Conversely,
while high rates of oral cancers (particularly on the base of the tongue and floor of the
mouth) among South Asian immigrants to North America might suggest a genetic
component, these sustained rates are attributed by Warnakulasuriya [228] to continuing

consumption of betel quid in their destination country.

Tightly intertwined with occupational toxicology, environmental cancer
epidemiology studies non-genetic risk factors [224]. Most known environmental risk
factors have been identified in epidemiological studies, then confirmed biologically under
laboratory conditions [224]. Environmental risk factors can be differentiated into voluntary
and involuntary categories. Voluntary exposures encompass environmental risk factors to
which an individual is deliberately exposed though action [224]. The most widely known
example is tobacco, the second greatest cause of cancers [227,229-231]. Considerable
epidemiological and biological research has led to an exceptional level of certainty that
smoking and oral consumption of tobacco cause cancers. The 1964 US Surgeon
General's Report on Smoking and Health was based on seven prospective cohort studies
and later supported by over twenty retrospective cohort studies, all of which showed a
statistically significant increase in lung cancer risk among smokers [227]. This serves as
an exemplar of how epidemiological cancer research identified a risk factor, which was
then translated into policies like packaging labels and no-smoking zones; unfortunately,
there are still over three million deaths annually due to smoking, a figure that is on the rise,
globally [227].

While often considered a confounder for health-related behaviours (i.e., there no
biologically plausible basis to infer that being poor causes cancer), the strength of
socioeconomic status as a predictor of cancer risk merits standalone attention [29,232—
235]. A considerable body of epidemiological literature is building around the association
between socioeconomic status (and its constituent variables: income, education,
employment, etc.) and cancer incidence, mortality, and survival
[29,31,37,38,171,223,233,236—242]. Conway and colleagues [243], in a pooled study of
27 countries (approximately 63 000 participants) found that socioeconomic status is a
strong predictor of head and neck cancers, even after controlling for behavioural factors

such as smoking and alcohol consumption and compositional factors like age, sex, and
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ethnicity. This suggests that there is an additional, yet unknown factor that epidemiological
studies are currently seeking to identify (including the 31 studies in the INHANCE
consortium). Crucially, the emphasis on socioeconomic status underscores the need for
cancer control policies that are tailored to local socioeconomic contexts, such as the World

Health Organization’s 2005 Crete Declaration for oral cancer prevention [229].

1.7. Socioeconomic Geography of the Canadian Suburb

In recent decades a series of trends and forces have catalysed the migration of
socioeconomically deprived populations from the urban cores, rural hinterlands, and
across national borders into suburban neighbourhoods across Canada. Not only do they
experience the health risks contingent to social and financial disadvantage, but those risks
are compounded by risk factors endemic to the suburbs. The history of the North American
suburb provides a contextually rich, implicitly geographical basis for framing suburban
health. In order to establish the basis for a distinctly suburban spatial epidemiology, this

chapter traces a cursory history of suburban socioeconomics and health.

1.7.1.  Defining the Canadian Suburb

The suburbs constitute one feature of urban sprawl, which refers both to the
processes and the sites of low-density peripheral growth of cities [7]. Suburbs specifically
are defined in a variety of terms centring on low-density residential neighbourhoods,
typically featuring somewhat homogeneous architecture, predominantly single-family or
fully-detached houses, and the personal motor vehicle as the dominant mode of
transportation [244]. Throughout both academic and popular literatures, suburbs are
commonly defined in contrast to urban cores, while ‘the suburbs’ is often used to invoke a

type of ethnically homogeneous, middle-class placelessness and commuter lifestyle [4].

Quantitatively, the simplest functional definitions are based on population density,
where administrative areas with 150 to 400 residents per square kilometre are classified
as suburban, used by the Organization of Economic Communities and Development and

Statistics Canada, for example [245,246]. While somewhat simplistic, such single-variable
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definitions are more broadly applicable, particularly in areas where more detailed

population or built environment data may not be available.

More sophisticated definitions tend to use various combinations of metrics
describing the vibrancy of activity centres, the accessibility of road networks, residential
unit density, and land use mix [247]. And while precise definitions vary widely, there is
broad agreement across the academic literature that land use, density, and transportation
are central defining features of suburbs [7].

While there is a substantial literature describing suburbanisation in the United
States, the Canadian literature is relatively thin [248], with some studies appearing in the
last ten years. While their histories are somewhat similar in character [249,250], the
physical and social changes associated with post-WWII suburbanisation moved at a
slower pace in Canada [248,251,252]. It is important to note that while much of the recent
Canadian literature focusses on immigration, race and ethnicity played a much more
significant role in suburbanisation in the US than in Canada, where economic class
appears to have been a key discriminant [249,252].

1.7.2. The Road to Suburbia

The desire to flee the unhealthy and unpleasant urban cores had existed for
generations prior, but was inhibited by two key factors: capital and mobility. The financial
resources needed to flee the city were concentrated among the landed and
entrepreneurial classes. In Edinburgh’s New Town, residents would travel by private
horse-drawn carriage to conduct business [253], but the technology required to support

commuting did not exist in any practical form until the early 19" century.

The geographer Peter O. Muller defines the stages of North American urban
development by the dominant mode of local transportation. If the 19" and early 20%
centuries were a time of horse-drawn trams, electric streetcars, and the early autocar,
then the post-WWII era is the age of the freeway [254]. Publicly-funded highways and
arterial roads radiated from the urban cores, creating the infrastructure for automobile-

centred suburbs [255], effectively rescaling the city from walking distances to automotive
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expanses. Anybody who could afford a family car and a suburban home moved out to

these new developments.

By enforcing a strict spatial organisation and the separation of land uses into large,
homogenous areas, zoning laws encourage urban sprawl and prevent socioeconomically
diverse neighbourhoods from forming [6,256]. Increasingly being zoned out of the urban
cores and inner suburbs, industrial operations were required to relocate to the outer
peripheries [257]. The concentration of jobs in large industrial parks on the periphery
coupled with poor public transit provision ensured that workers required an automobile to
reach the workplace [3]. The effects were particularly harsh for low-income unskilled and
semi-skilled workers, many of whom resided in socioeconomically deprived urban cores,

far from the industrial parks of the outer periphery [7].

The rise of the automobile and its publicly-funded infrastructure, financial policies
and loaning practices, and modern zoning are all geographical processes that ensured
the emergence of the modern Canadian suburb as a heterogeneously white, middle-class
space. By selectively syphoning off population, economic capital, and political capital from
the urban cores, post-war suburbanisation left many cities in North America impoverished
and neglected [3].

1.7.3. The Second Flight

While the second half of the 20" century can be characterised by a socioeconomic
disaggregation between the suburbs and the urban cores, the present day situation looks
rather different. Contrary to the suburbs’ persistent popular imaginary as independent,
wealthy, and white, there is a growing recognition of a recent socioeconomic transition.
Wealthy suburbanites are moving farther out, into newer exurban developments like
Hammonds Plains, Nova Scotia, Aurora, Ontario, Cochrane, Alberta, and South Langley,
British Columbia. Others are returning to the rapidly gentrifying urban cores, displacing
Canada’s socioeconomically deprived inner-city populations. With nowhere else to go,
low-income families and recent immigrants are moving into aging houses in the once-
affluent post-war suburbs [2,250,258]. This shuffle is changing the socioeconomic

configuration of Canada’s cities, where the urban cores were in the hands of the
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gentrifying classes and the paint began to chip from white picket fences across the

country.

Beginning in the early 2000s, low interest rates and declining property values made
the suburbs an attractive settlement option for low-income families [259,260]. Low-income,
largely immigrant populations began concentrating in Canada’s ‘ethnoburbs’, many of
whom would share space and resources among multiple families to secure a rental or a
mortgage [260—264]. A low market supply of housing in suburban ethnic enclaves, the
relaxation of rent controls, and tight competition meant that many new immigrant families
paid over half of their pre-tax income on rent in Toronto [260]. So while newcomers had
suburban housing, their situation hardly resembled the American Dream. In recent
decades, immigrant incomes have been declining relative to those of Canada-born
populations [265]. These economic conditions have disproportionately stifled immigrant
populations’ socioeconomic mobility, effectively entrenching the socioeconomically

deprived suburban enclave [266,267].

The dispersion of socioeconomically deprived populations into Canada’s suburbs
presents a new urban geography of poverty: low-income, largely immigrant communities
that were once highly visible in the inner-cities are now hidden away in the peripheries,

distanced from amenities, workplaces, and services.

1.7.4.  An Emergent Suburban Health

The modern suburb was largely a product of a desire to flee unhealthy conditions
in the inner-city while remaining within commuting distance. Transportation technologies,
economic policy, and zoning regulations put the suburban lifestyle within reach for all but
the most deprived members of society. But while the early suburbs of Edinburgh and
Brooklyn represented clean air, quiet streets, and a sanitary environment free from
pestilence, the contemporary reality of a suburban life for millions presented a new set of
latent health risks. These environmental, behavioural, and social risk factors constitute a

new suburban health paradigm, one that is innately social and spatial.

Suburban areas feature an expansive, homogeneously residential built

environment, and while retail centres are often found clustered along major arterial roads,
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overall land use mix is generally low. This lack of diversity in the neighbourhood landscape
has been linked to reduced overall health and wellbeing [7,268]. While access to food
retailers is generally high in Canadian suburbs [269], spatial segregation of grocers from
residential neighbourhoods decreases accessibility for those with limited or no access to
a private vehicle, such as the elderly and otherwise socioeconomically disadvantaged
populations [270-274].

Automobile use directly correlates with dwelling density [275], such that the private
vehicle is central to nearly every aspect of social and economic life [6,276,277]. This
commuter lifestyle [4] comes with a significant psychological cost to the detriment of
drivers’ mental health [278,279]. Several early studies have linked driving stress to
cardiovascular disease risk [280-282], though an early mortality study identified lower
cardiovascular disease mortality risk among middle-class suburban populations in the US
[283]. A poor non-automotive transportation infrastructure discourages the use of active
transportation modes, which in combination with a low density of recreational facilities,
contributes to a sedentary lifestyle [7]. Excessive time spent commuting, particularly for
populations who rely on suburban public transit, also reduces the amount of time a person
could otherwise engage in healthy physical and social activity, including food preparation.
As a result, fast food availability and consumption tends to be higher in suburbanised
areas [284—286].

In addition to the built environment effects on health, there is some evidence that
suburbanisation may contribute to other environmental risks, such as poor water quality,
an increased urban heat island effect, and increased population exposure to radon [7]. Air
pollutants emitted from automobiles have been implicated in a greater incidence of asthma
symptoms and hospitalisation [287,288], impaired lung growth and function [289], low birth
weight [290], and infant mortality [291]. Importantly, the increased emissions from both
suburban home construction and motor vehicle use is a significant contributor to
anthropogenic climate change, which has already been implicated in human health risks,

particularly among socioeconomically deprived populations [292—294].

As described in the previous chapter, spatial access to health services is a known

predictor of health care choices and outcomes. Several US studies have demonstrated
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that, overall, suburban neighbourhoods experience lower mortality rates than urban cores
and rural peripheries [295,296], although urban sprawl has been linked to a higher
incidence of chronic disease [297]. It is important to note that suburban health risks not
equally distributed: they tend to be more concentrated in the most socioeconomically
deprived populations [7]. As Howard Frumkin and colleagues put it: “it seems to take a
‘village’ not only to raise a child, but also to support an adult, and to look after the elderly.
In sprawling regions... we may forfeit critical opportunities to promote health across the
life span.” [7](p. 185).

1.7.5. Spatial Epidemiology as a Lens

Suburban health is the product of explicitly geographical processes; as such,
spatial epidemiology presents a powerful toolset for interrogating patterns of
socioeconomic deprivation and health in suburban settings. The diffusion and
concentration of socioeconomically diverse and divergent populations is both spatial and
temporal, as are patterns of spatial access, the built environment, and health service
locations. Within a geographical information science paradigm, questions of scale, zone,
spatial contexts, and place emerge throughout the literatures on suburbanisation and
health. While this dissertation does not attempt to directly answer such questions, they

constitute important decision points in the following three spatial epidemiological studies.
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Chapter 2.
The Suburbanisation of Oral Cavity Cancers

Adapted from Walker BB, Schuurman N, Auluck A, Lear SA, Rosin M.
Suburbanisation of oral cavity cancers: evidence from a geographically-explicit
observational study of incidence trends in British Columbia, Canada, 1981-2010. BMC
Public Health. 2015;15:758.

2.1. Abstract

2.1.1. Background

Recent studies have demonstrated an elevated risk of oral cavity cancers (OCC)
among socioeconomically deprived populations, whose increasing presence in suburban
neighbourhoods poses unique challenges for equitable health service delivery. The
majority of studies to date have utilised aspatial methods to identify OCC. In this study,
we use high-resolution geographical analyses to identify spatio-temporal trends in OCC

incidence, emphasising the value of geospatial methods for public health research.

2.1.2. Methods

Using province-wide population incidence data from the British Columbia Cancer
Registry (1981-2009, N=5473), we classify OCC cases by census-derived neighbourhood
types to differentiate between urban, suburban, and rural residents at the time of
diagnosis. We map geographical concentrations by decade and contrast trends in age-

adjusted incidence rates, comparing the results to an index of socioeconomic deprivation.

2.1.3. Results

Suburban cases were found to comprise a growing proportion of OCC incidence.

In effect, OCC concentrations have dispersed from dense urban cores to suburban
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neighbourhoods in recent decades. Significantly higher age-adjusted oral cancer
incidence rates are observed in suburban neighbourhoods from 2006-2009, accompanied
by rising socioeconomic deprivation in those areas. New suburban concentrations of
incidence were found in neighbourhoods with a high proportion of persons aged 65+

and/or born in India, China, or Taiwan.

2.1.4. Conclusions

While the aging of suburban populations provides some explanation of these
trends, we highlight the role of the suburbanisation of socioeconomically deprived and
Asia-born populations, known to have higher rates of risk behaviours such as tobacco,
alcohol, and betel/areca consumption. Specifically, betel/areca consumption among Asia-
born populations is suspected to be a primary driver of the observed geographical shift in
incidence from urban cores to suburban neighbourhoods. We suggest that such
geographically-informed findings are complementary to potential and existing place-
specific cancer control policy and targeting prevention efforts for high-risk sub-populations,
and call for the supplementation of epidemiological studies with high-resolution mapping

and geospatial analysis.

2.2. Introduction

Globally, oral cavity cancers (OCC) are the 10" most common cancers among
males and 18" among females, accounting for an estimated 299 051 new cases in 2012
[9]. Significant inequalities in OCC incidence have been observed [32,298], reflecting
variations in known risk factors, specifically age, ethnicity, and tobacco, alcohol, and
betel/areca nut consumption [37,299-302]. Recent studies have confirmed significantly
higher incidence [32,37,303,304], prevalence [304], mortality [305], and lower survival
[34,306] among socioeconomically deprived populations. Socioeconomic deprivation can
be defined as a state of disadvantage resulting from a combination of social, economic,
and situational influences on an individual, neighbourhood, or community. While the
literature on socioeconomic deprivation and OCC incidence continues to mature, no
studies to date have contrasted patterns of cancer incidence between urban, suburban,

and rural neighbourhoods [307]. This geographical differentiation may reveal unique risk

27



profiles useful for informing cancer control policy. Accordingly, this study utilises
geospatial methods to analyse and map spatio-temporal trends in OCC, characterising
findings using unique local geographies of suburbanisation, deprivation, and demography.
In this way, we provide a template for geospatially-informed epidemiological analysis of

cancer registry data.

In the post-World War 1l period in North America, a move to the suburbs signified
a rise in social class as people left the deprived inner-cities for more affluent
neighbourhoods [308,309]. However, the last two decades have witnessed the
suburbanisation of socioeconomically disadvantaged populations in North America and
Western Europe [259,277,307,310,311]. The health risks of suburban life are well
documented, with researchers demonstrating links between adverse health outcomes,
reduced access to health care resources relative to urban cores [310], more sedentary
lifestyles [312], and lower community cohesion [313] among suburban residents.
Residential population density has also been linked to poor health [150,314], with a
substantial literature from the 1990s exploring the hypothesis that dense urban areas
somehow contributed to higher cancer incidence [315,316] and mortality [317], although
these studies are typically conducted for large areal units (e.g., at the city scale, rather

than the neighbourhood), and none to date have focussed on OCC.

The objective of this analysis was to identify geographical trends in OCC incidence
in British Columbia from 1981 to 2009, with a focus on suburban growth and
socioeconomic deprivation. Accordingly, we sought to (1) map concentrations of OCC
cases over space and time, (2) compute and contrast age-adjusted incidence rates
between urban, suburban, and rural residents over time, and (3) characterise these trends
by the local socioeconomic, demographic, and cultural characteristics of areas with high

a concentration of cases.
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2.3. Methods

2.3.1. Ethics Statement

Ethics approval for this study was obtained from the University of British
Columbia/British Columbia Cancer Agency Research Ethics Board (H08-00839) and the
Simon Fraser University Research Ethics Board (2013s0753).

2.3.2. Data

Census population data (years 1981, 1986, 1991, 1996, 2001, and 2006) within
British Columbia for the smallest-area geographical units (approximately 85 residents per
unit) were obtained from Statistics Canada. Male and female populations for each
geographical unit and each census year were mapped using geographical information
systems and the population density for each census geographical unit was calculated. The
proportion of residents aged 65 years and over was also calculated for every census
geographical unit. Results were manually cross-checked against Statistics Canada
records for verification. Each geographical unit was then classified as urban, suburban, or
rural, based on its population density, using Statistics Canada’s definition of suburban
neighbourhood as a Census area with an average population density between 150 and
400 persons per square kilometre [245]. This metric was selected for consistency with
official Statistics Canada and Organisation of Economic Co-operation and Development

data and literature.

Oral cavity cancer incidence data were acquired from the British Columbia Cancer
Registry, a comprehensive population-based provincial registry. Data included all cases
from 1981-2009 (inclusive) with International Classification of Diseases in Oncology
(version 3) site codes C003-5 (mucosa of upper and lower lips), C020-23 (dorsal surface,
ventral surface, border and anterior 2/3 of tongue), C028-29 (overlapping lesions of
tongue and tongue), C030-31, 039 (upper and lower gum), C040, 041, 048,049 (anterior,
lateral floor of mouth, overlapping lesions of floor of mouth, floor of mouth), C050-52,058,
059 (soft palate, hard palate and uvula, overlapping lesions of palate, palate), and C060-

62, 068,069 (cheek, vestibule of mouth, retromolar area, mouth, and unspecified parts of
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the mouth) [318]. Data fields comprised patient age at the time of diagnosis, patient sex,
patient residential postal code at the time of diagnosis, and year of diagnosis (aggregated

to 5-year periods corresponding to the aforementioned census years).

2.3.3. Spatial and Statistical Analyses

Using geographical information systems, each case was mapped by patient
residential postal code at the time of diagnosis. To visualise the geographical distribution
of incidence, case locations were spatially interpolated using the kernel density estimation
method [162]. This method constructs a spatial density function around each point on the
map and produces a visual hotspot, such that areas with many cases are brighter than

areas with few or no cases.

Each case was placed on the neighbourhood type map of its respective census
year, corresponding to the year of diagnosis. In this way, we derived the neighbourhood
type (urban, suburban, or rural) of each case at the time of diagnosis.

Pearson’s Chi-square test for association was used to determine whether
neighbourhood type (rural, suburban, or urban) is associated with 5-year period and
patient sex. Trends in the proportion of cases in each neighbourhood type were evaluated
using the Cochrane-Armitage Chi-square test. The mean case population density was
calculated for each neighbourhood type in each 5-year period. To examine the
geographical relationships between incidence, age, and ethnicity, the percentage of
population aged 65 and over and the percentage of population born in India, China, or
Taiwan (regions with high betel quid/areca nut consumption) were mapped for each

census geographical unit.

Age-adjusted incidence rates (AAIRs) with 95% CI were calculated for each
neighbourhood type and 5-year period, using the 1996 British Columbia standard
population (selected because it was the midpoint of the study period). Patients under age
40 years were excluded (n=41, 0.7%) to minimise estimate error induced by low case
counts in younger populations. Due to data incompleteness for the year 2010 we projected

case counts for that year, assuming an equal distribution of the annual number of cases
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from 2005-2009 (i.e., the average AAIR per year from 2005-2009 was added to the four-

year rate to simulate the year 2010).

To investigate the temporal trends in neighbourhood types, 5-year periods, sex,
and socioeconomic deprivation, we used the Vancouver Area Neighbourhood Deprivation
Index (VANDIX). The VANDIX score was calculated for each patient postal code using
data from the 2006 census, as described in our previous work [14,319]. Median VANDIX
scores for each neighbourhood type were calculated to examine trends in patient

neighbourhood deprivation.

2.4. Results

OCC cases were mapped and classified by 5-year period and neighbourhood type
(N=5473). The resulting case counts are shown in Table 1. A greater overall proportion
of male cases (64%) is observed throughout, a finding consistent with the literature [305].
However, this disparity is decreasing as female patients comprise a growing proportion of
OCC incidence. The proportion of female cases in suburban areas has doubled since the
first 5-year period (from 2.3% of total incidence in 1981-85 to 5.3% in 2005-09);
conversely, the proportion of male suburban cases appears to be in decline (from 6.6% of
total incidence in 1981-85 to 5.5% in 2005-09).

Table 2.1 Number of Cases by Year, Sex, and Neighbourhood type.

1981-85 | 1986-90 | 1991-95 | 1996-00 | 2001-05 | 2006-09
M| F (M| F|M|F|M|[F|M|F|[M]|F]| o

Urban 355 | 113 [ 482 | 242 | 508 | 312 [ 459 | 328 | 466 | 300 | 317 | 261 | 4143
Suburban |42 |15 |55 |22 (63 |35 |43 |29 |53 |35 |44 |43 |479

Rural 85 |28 [107 |39 |121 |47 |83 |40 |97 |62 |97 |45 |85
I:f(a' by 1482 | 156 | 644 | 303 | 692 | 304 | 585 | 397 | 616 | 397 | 458 | 349 | 5473
Totalby | oqg 947 1086 982 1013 807

period

Significant increases in the proportion of suburban cases (Cochrane-Armitage
x?=418.144, df=1, p<0.0005) and rural cases (Cochrane-Armitage x?=9.458, df=1,
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p<0.002) were detected, as shown in Figure 1; the proportion of urban cases declined
over the years, which was also found to be highly significant (Cochrane-Armitage
x?=123.064, df=1, p<0.0005).

1981-85 1986-90 1991-95 1996-00 2001-05 2006-09
mUrban ®mSuburban ® Rural

100%

40

ES

20

R

0%

Figure 2.1 Proportion of cases by neighbourhood type

Urban cases decline and rural cases remain relatively stable while the proportion of suburban
cases doubles from 1981 to 2009. These trends are statistically significant for all three
neighbourhood types (p<0.01).

When mapped, temporal trends in case concentrations are visible from 1981 to
2009, as shown for the Metro Vancouver area in Figure 2. White pixels represent a
concentration of cases within 1500 metres. In the first decade 1981-1990, cases were
concentrated in urban areas, dispersing throughout the 1990s and 2000s into the
suburban fringe. While only Metro Vancouver is shown in this figure, similar patterns are
found in all other cities in British Columbia. These maps are not published to protect patient
confidentiality.
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Figure 2.2  Oral cavity cancer case concentrations for Vancouver, by decade
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Case concentrations (approximated by white hashed areas) are found to disperse from the urban
cores in the 1980s to the surrounding areas in the 1990s and 2000s, including into
lower-density suburban areas. This pattern is consistent throughout cities in British

Columbia.

Table 2.2 Age-Adjusted Incidence Rates by Neighbourhood Type, per 500 000
Person-Years, with 95% Confidence Intervals.

1981-85 1986-90 1991-95 1996-00 2001-05 2006-09

Urban 0.81 (0.71, 1.11 (1.00, 0.98 (0.89, 0.89 (0.81, 0.78 (0.70, 0.70 (0.64,
0.90) 1.21) 1.06) 0.97) 0.85) 0.76)

Suburb | 0.79 (0.49, 1.14 (0.81, 1.76 (1.35, 1.39 (1.06, 1.40 (1.10, 1.98 (1.64,
an 1.08) 1.46) 2.17) 1.73) 1.70) 2.32)

Rural 0.69 (0.54, 1.07 (0.88, 1.40 (1.16, 0.95 (0.76, 1.14 (0.94, 1.25 (1.06,
0.84) 1.26) 1.64) 1.14) 1.34) 1.44)

AAIRs for OCC are shown in Table 2 and Figure 3. A divergence between urban,

suburban, and rural incidence rates is observed following the 1986-1990 5-year period.

The steady decline in urban rates is contrasted by increases in rural and suburban

incidence. The divergent trend in age-adjusted incidence rates confirms the observed

trend of fewer case concentrations in dense urban cores accompanied by increasing

incidence in rural/suburban areas, supporting our mapped findings.
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1981-85 1986-90 1991-95 1996-00 2001-05 2006-09

Figure 2.3  Age-adjusted incidence rates
AAIR (per 500 000 person-years, in five-year intervals) by neighbourhood type, illustrating the
shift in incidence from urban cores outwards to the suburbs.

The Vancouver Area Neighbourhood Deprivation Index scores for each patient’s
residential postal code at the time of diagnosis show distinct trends between
neighbourhood types, as shown in Figure 4. Higher levels of socioeconomic deprivation
within suburban and rural patients’ census areas were observed in the 1980s. However,
the 2005-09 period is characterised by a sharp increase in suburban patients’ median

neighbourhood deprivation score, corresponding to declining SES among OCC patients.
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Figure 2.4 Median VANDIX score by neighbourhood type

Note the convergence in recent decades, interrupted by a sharp rise in deprivation among
suburban patients from 2006 to 2009. This may reflect the documented increase in
suburban deprivation and its known correlation with OCC incidence.

Neighbourhoods with a high proportion of seniors correspond to case
concentrations in most cities in the study area, as shown in Figure 5. However, case
concentrations not coincident with a high proportion of people ages 65+ years appear to
have high proportions of Indian, Chinese, or Taiwanese residents; very few

neighbourhoods have both.
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Figure 2.5 New case concentrations in Metro Vancouver

2006 census geographical units where over 25% of residents are ages 65+ and/or born in India, China, or
Taiwan. New oral cancer case concentrations since the 1990s are approximated by white ellipses,
found exclusively on the urban periphery. The observed increase in age-standardised incidence
rates in suburban areas may be explained by the high percentage of immigrant populations from
India, China, and Taiwan, where consumption of betel quid/areca nut is high.

2.5. Discussion

Through the use of spatial temporal mapping and geospatial analysis, this study
provides novel insight into rising OCC incidence in suburban neighbourhoods. By mapping
these data, we identified divergent trends in suburban areas otherwise obscured in
epidemiological studies using an urban/rural dichotomy. Through examination of the
resulting trends and maps, we hypothesise that this recent increase in both un-adjusted
and adjusted incidence in suburban neighbourhoods may be explained by three
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simultaneous geodemographic transitions in the suburbs including: increases in aging;

socioeconomic deprivation; and increases in betel/areca consuming populations.

As established in the literature, risk behaviours such as tobacco and alcohol
consumption correlate with socioeconomic deprivation among oral cancer cases [320];
this pattern is particularly strong in our study findings. However, the association between
suburban incidence and deprivation may be linked to changes in the age structure and
ethnic composition of suburban areas in British Columbia. Previous research has
documented increasing deprivation levels among suburban immigrants in Canada,
suggesting that foreign-born residents bear a disproportionate burden of socioeconomic
disadvantage [259,311].

In 2011, one in every four British Columbians was foreign-born, 72% of whom
arrived from Asia (primarily India, China, and Taiwan) [321]. Previous studies have found
disproportionately high oral cancer rates among South Asian and Chinese populations
[322], including a study conducted in British Columbia [318]. While tobacco use is very
prevalent (particularly among males) in China, studies have shown significantly lower use
among Chinese and South Asian populations in Canada than other ethnic groups
[234,323]. Lower consumption of alcohol among Chinese and South Asian populations in
Canada was also observed [234]. However, these ethnic groups have a high prevalence
of betel quid and areca nut consumption (with or without tobacco) [323]. A recent meta-
analysis of fifty publications implicates betel quid and areca nut in half of all oral cancer
incidence in India (49.5%, chewed with tobacco) and Taiwan (53.7%, chewed without
tobacco) [324]. In the Southern provinces of China, the prevalence of betel/areca use is
as high as 82.7%, although data for most regions are highly limited [325]. While
traditionally rare in North America, there is a high prevalence of betel/areca consumption
among South Asian, Chinese, and Taiwanese immigrants in Western regions, including in
British Columbia [228,300,322].

The observed development of OCC case concentrations in areas of high East- and
South-Asian immigration may be due to several combinations of risk factors, including
betel/areca consumption (with and without tobacco), socioeconomic deprivation, and

aging among immigrant populations. Similar demographic transitions are occurring also in
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the United States and Western Europe, driving increased betel/areca-related oral cancer
incidence [324]. The use of map-based and spatial-analytical studies in these regions may
yield additional evidence to inform this hypothesis and inform place-specific public health

interventions.

While the majority of cases occur in urban areas throughout the study period, the
proportion of cases in suburban areas has more than doubled since 1981. This emergence
of suburban incidence is observed in cities throughout the province and may be due to a
growing senior population in these previously rural areas. While in 1991 the average
proportion of residents ages 65 years and over in suburban neighbourhoods throughout
British Columbia was 13.1%, it has steadily risen to 15.5% in 2006. Conversely, the urban
average in 1991 was 17.7%, falling to 14.7% in 2006 and rural figures have remained
around 12% throughout. This transition suggests an increased overall burden of oral
cancer risk in suburban areas and may partially explain the observed geographical pattern

shown in Figure 2.

The recess in age-adjusted incidence rates observed in the 5-year period 1996-
2000 may be attributable to the redrawing of official census area boundaries in 1996.
However, by 2006-2009, a clear divergence is apparent between neighbourhood types.
That this pattern persists after age-adjustment suggests that the growing senior population
in suburban neighbourhoods does not entirely account for the observed increase in

suburban oral cancer rates.

A distinct convergence of socioeconomic deprivation in the 1990s and early 2000s
may be explained by increasing suburban and rural affluence as baby boomers relocated
from urban centres to surrounding areas. However, we hypothesise that the subsequent
increase in median suburban deprivation in the most recent decade is linked to
suburbanisation of deprivation and is a contributing factor to the increase in suburban
incidence in recent decades. That high deprivation is geographically coincident with
immigrant neighbourhoods underscores their unique barriers in access to screening and
treatment. The challenges imposed by language, mobility, and cultural norms are
amplified by suburban deprivation, isolation, and increased travel distance to health care

resources [310,326]. Accordingly, we emphasise the need for improved education and
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awareness of OCC risk factors such as betel quid/areca nut consumption, and underscore
the importance of accessible, culturally-sensitive screening programs in North America,

Western Europe, and other high-immigration regions undergoing suburbanisation.

2.5.1. Study strengths and limitations

The use of geospatial methods enabled us to categorise and map finer-resolution
geographical patterns that would have been obscured using traditional epidemiological
methods. Additionally, this approach enabled a more nuanced classification to include
suburban cases beyond the common urban/rural dichotomy. Through the examination of
map-based data, supplemented with our local knowledge of the study area, we
hypothesised that immigration and aging patterns may be geographical correlates to
increasing suburban OCC incidence. The use of a map-based data analysis platform
(geographical information systems) facilitated the investigation of these hypotheses both

visually and using statistical methods.

Crucially, population data from the BC Cancer Registry include over 90% of all
known cases, enabling us to infer with a high degree of confidence that the observed
trends reflect the true patterns at the population level. Census data for every census year
in the study enabled temporally accurate neighbourhood classification, while the
Vancouver Area Neighbourhood Deprivation Index provided insight into the
socioeconomic context of suburban cancer incidence. However, the use of 2006 census
data to model deprivation limits its accuracy for earlier time periods. Additionally, our
method for constructing AAIRs for 2010 assumes a rate consistent with the preceding
four-year period (2005-2009), and low female incidence prevented the calculation of

reliable sex-specific AAIR estimates.

While the suburbanisation of OCC case concentrations was observed for all cities
in British Columbia, low numbers of Asia-born immigrants outside the Metro Vancouver
area limits our ability to address the betel/areca hypothesis in smaller urban areas. Future
map-based analyses may yield more insight into this pattern in the context of other large

North American and Western European cities.
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2.6. Conclusion

This study has identified a shift in oral cavity cancer incidence from urban cores to
the suburbs through recent decades in British Columbia, Canada. This spatial shift is
coincident with changes in socioeconomic deprivation associated with urban, rural, and
suburban neighbourhoods. Crucially, the higher observed incidence in suburban areas
may be explained by an increasing number of senior residents, socioeconomically
deprived populations, and patterns of immigrant settlement and associated betel/areca
consumption among Asia-born populations. Future research is required in other study
areas to identify the extent and magnitude of the patterns observed herein. The findings
of this study are directly applicable to public health policy implementation including
identification of areas where increased culturally-sensitive screening for OCC may be

appropriate.

The growing ubiquity of maps in mobile and web-based applications underscores
their potential to communicate spatial knowledge. Geospatial methods, such as those
used in this study, enable the spatio-temporal analysis and mapping of cancer registry
data to provide researchers with cartographic tools for developing epidemiological
hypotheses, identifying opportunities for location-specific policy, and targeting high-risk
sub-populations. As such, we advocate for greater use of geospatial methods to

supplement traditional epidemiological studies and communicate results to policymakers.
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Chapter 3.

Socioeconomic Disparities in Head and Neck Cancer
Patients’ Access to Cancer Treatment Centres

In this chapter, we move beyond the identification of patterns in oral cancer
incidence to explore how these relate to patient patterns of spatial and socioeconomic
access to treatment.

3.1. Abstract

3.1.1.  Purpose

Both and socioeconomic status and travel time to cancer treatment have been
associated with treatment choice and patient outcomes. An improved understanding of
the relationship between these two dimensions of access may enable cancer control
experts to better target patients with poor access, particularly in isolated suburban and

rural communities.

3.1.2. Methods

Using geographical information systems, we mapped head and neck cancer
patients across British Columbia, Canada from 1981 to 2009, and modelled their travel
time to the nearest treatment centre at their time of diagnosis. We analysed patients’ travel
times by urban, suburban, and rural neighbourhood types and used an index of multiple

socioeconomic deprivation to assess the role of SES in patients’ spatial access.

3.1.3. Results

Significant trends in socioeconomic deprivation and spatial access to treatment

were identified, with the most deprived quintiles of patients experiencing the greatest travel
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burden, particularly in suburban and rural communities. However, the establishment of

new treatment centres has decreased overall travel times for patients in recent decades.

3.1.4. Conclusions

Socioeconomic deprivation is strongly associated with head and neck cancer
patients’ spatial access to cancer treatment centres. The most socioeconomically deprived
patients consistently have longer travel times in urban, suburban, and rural communities.
Further research is needed to assess how these combined measures of access affect

patient outcome.

3.2. Background

With an estimated 525 000 new cases in 2012, head and neck cancers are the 8™
most common non-melanoma cancers globally [9]. This number is expected to grow

significantly in the coming decades, resulting in increased demand for treatment [327].

To maximise efficiency, comprehensive cancer treatment facilities are most
commonly located in areas where they service the largest proportion of the patient
population, generally in large urban centres. This results in a geographical inequity, such
that individuals living farther from a cancer treatment centre experience a greater travel
burden in order to attend their treatment, particularly those living in rural and remote areas
[203]. This travel burden has been shown to have significant effects on patients’ tumour
stage and grade at the time of diagnosis [35,328—-332], decisions concerning treatment
[190,203,217,218,333], and survival [334]. The time required for patients to travel from the
home to a cancer treatment centre is therefore an important factor throughout the
continuum of care, and may inform more efficient and equitable cancer control

programmes and policy.

The travel time required for an individual to reach a treatment centre provides a
guantitative measure of access [335]. However, an individual's access to a health service
may also be measured as the ‘degree of fit' between that individual and the health system

with which they are interfacing [180]. This broader definition encompasses social,
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economic, cultural, and structural barriers to entry into a health system [336]. For example,
while an individual may live near a hospital, their ability to obtain medical care may be
inhibited by vehicle non-ownership, language barriers, cultural norms around health, the
economic inability to miss work or obtain child care, poor public transit provision, lack of
systemic requirements such as medical insurance or a fixed address, and family caregiver
needs, to name but a few. These non-spatial dimensions of access reflect a
socioeconomic component that authors argue is a vital ingredient in both the accurate
modelling of access to health services and informing policy decisions [184].
Socioeconomic deprivation can therefore be considered a proxy variable for non-spatial
access to treatment. Further, while socioeconomic deprivation is a well-established
predictor of cancer incidence [233,243,303,337—339], rates of treatment [340], and
survival [34,306,339,341,342], there is some evidence that these socioeconomic
disparities also reflect poor spatial access to screening, diagnosis, and treatment
[330,331,339,343-346].

In order to provide more geographically equitable access to treatment in British
Columbia (BC), Canada, the British Columbia Cancer Agency has established five new
comprehensive cancer treatment centres since 1995, in addition to the original BC Cancer
Centre in the city of Vancouver. Using spatial-temporal mapping of head and neck cancer
patients from 1981 to 2009, this study seeks to quantify how the establishment of new
cancer treatment centres has affected patients’ spatial access treatment, and how these
trends vary by socioeconomic deprivation and between urban, suburban, and rural patient

populations.

3.3. Data and Methods

Approvals for this study were obtained through both the Simon Fraser University
Research Ethics Board (2013s0753) and the British Columbia Cancer Agency/University
of British Columbia Research Ethics Board (H08-00839).

HNC incidence data were provided by the British Columbia Cancer Registry,
comprising all patients who received a histologically confirmed diagnosis in the province

of BC from 1981-2009, inclusive. The following tumour sites were selected, corresponding
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to the International Classification of Diseases in Oncology, version three site codes for
head and neck cancers: C003-5 (mucosa of upper and lower lips); C020-23 (dorsal
surface, ventral surface, border and anterior 2/3rd of tongue); C028-29 (overlapping
lesions of tongue and tongue); C030-31, 039 (upper and lower gum); C040, 041, 048, 049
(anterior, lateral floor of mouth, overlapping lesions of floor of mouth, floor of mouth);
C050-52, 058, 059 (soft palate, hard palate and uvula, overlapping lesions of palate,
palate); and C060-62, 068, 069 (cheek, vestibule of mouth, retromolar area, mouth, and

unspecified parts of the mouth) [318].

The following patient variables were captured at the time of diagnosis: patient age,
sex, primary tumour site, date of diagnosis, and residential postal code. Following the
removal of incomplete or erroneous records, 11 050 individual patient records remained
for analysis. We calculated age- and sex-adjusted incidence rates per 100 000 for each
tumour site and 5-year interval, using the direct method based on the 1996 BC standard
population. For the final interval (2005-2009), we estimated a 5-year rate based on a linear
extrapolation of the 4-year incidence. Each patient’'s home location was mapped, based

on their postal code at the time of diagnosis.

Geographical information systems were used to compute estimated travel times
based on a digital road and ferry network that includes intersections, speed limits, and
other features that affect vehicular egress. These data were used to calculate an
estimated drive time from each patient’'s postal code to the nearest cancer treatment
centre at their time of diagnosis. To visualise how new cancer treatment centres affected
spatial access, we mapped catchment areas around each treatment centre to identify the

areas within 30, 60, 120, 180, and 240 minutes of travel time, for each decade since 1981.

Population data were obtained from Statistics Canada for every census year in the
study period (5-year intervals from 1981-2006) and mapped by census dissemination
area, the smallest geographical unit publicly available, each containing 400 to 700
residents. Population densities were used to classify dissemination areas as urban (>400
persons/km?), suburban (150-400 persons/km?), or rural (<150 persons/km?), according
to the definition from Statistics Canada and the Organisation of Economic Cooperation

and Development [245]. Patients were thus categorised by their neighbourhood type
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(urban/suburban/rural) at their time of diagnosis, thereby accurately classifying patients

living in rural neighbourhoods that later became suburban, for example.

The local socioeconomic deprivation score for every census dissemination area
was calculated using the Vancouver Area Neighbourhood Deprivation Index (VANDIX), a
composite metric of health-related deprivation based on the following weighted variables
from the 2006 Canadian census: average income, workforce participation rate,
unemployment rate, proportion of lone-parent households, high school non-completion,
proportion of population without a university degree, and proportion of home owners [347].
Data from the 2006 census were used due to their relatively high accuracy compared to
previous census years, though they may inaccurately reflect socioeconomic status for
patients diagnosed early in the study period. Every patient was assigned their local
neighbourhood deprivation score, and all patients were then classified into deprivation
quintiles (Q1= least deprived/highest SES; Q5 = most deprived/lowest SES).

Patient and risk population drive-times to the nearest treatment centre were cross-
tabulated by socioeconomic deprivation and neighbourhood type to identify differential
patterns between urban, suburban, and rural patients, following from our previous work
[338]. To apply parametric tests, we log-transformed drive times to normalise their
distributions. Bivariate linear models were fitted to test for correlations between mean
travel time and socioeconomic deprivation. We then conducted independent t-tests
between contiguous deprivation quintiles to identify where significant differences in mean
travel time occurred. Bonferroni-corrected alpha thresholds were used to assess
significance (trend tests: a = 0.017; difference of means: a = 0.0125). Statistical analyses

were conducted using SPSS, version 23.

3.4. Results

Of the 11 050 patients records analysed, 33.3% were female. The distribution of
patients’ neighbourhood types was 76.4% urban, 8.5% suburban, and 15.1% rural,
consistent with the population distribution of British Columbia. 62% of patients lived within

one hour of a treatment centre at their time of diagnosis, while only 3% lived more than 12
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hours by automobile and/or ferry. All of these distributions were temporally stable
throughout the study period.

Table 3.1 Study population characteristics

Urban Suburban Rural
Female 2882 311 489 3682  33.3%
Sex Male 5559 631 1178 7368 66.7%
Q1 1813 146 252 2211 20.0%
Socioeconomic @2 1650 170 389 2209 20.0%
Deprivation Q3 1614 226 372 212 20.0%
Quintile Q4 1648 215 346 2209 20.0%
Q5 1716 185 308 2209  20.0%
1981-1985 | 988 127 204 1319 11.9%
1986-1990 | 1199 158 338 1695 15.3%
Year of 1991-1995 | 1405 155 383 1943 17.6%
Diagnosis 1996-2000 | 1646 154 205 2005 18.1%
2001-2005 | 1679 182 271 2132 19.3%
2006-2009 | 1524 166 266 1956 17.7%
0-1 hours 6078 372 372 6822  61.7%
_ 1-3 hours 553 161 297 1011 9.1%
tTJaTVr i&'ﬁt 3-5hours | 390 131 277 798 7.2%
512hours | 1271 231 508 2100 19.0%
12+ hours 149 47 123 319 2.9%
Total 8441 942 1667 11050
Per Cent 76.4% 8.5% 15.1%

Age-adjusted incidence rates were found to vary across the study period, as shown
in Figure 1. Suburban and rural rates have increased overall, with the sharpest increase

observed for suburban patients, as previously reported for oral cavity cancers [338].
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Figure 3.1 Five-year age-adjusted incidence rates per 100 000

The observed socioeconomic gradient of travel time to comprehensive cancer
treatment is consistent, with the most significant disparities observed for the most deprived
40% of suburban patients, and the most deprived 20% of rural patients, the majority of
whom live in remote regions of Northwestern BC. As shown in Figure 2, the deprivation-
travel time trend is linear and significant among patients residing in urban neighbourhoods
(R?=0.98, p<0.001; b=0.2, p<0.001), with a steeper increase among suburban patients
(R?=0.92, p=0.005; b=0.28, p<0.005). In rural neighbourhoods, the trend is non-linear
(R?=0.68, p=0.04; b=0.16, p<0.04) but features an increase in mean travel time among
patients residing in the most deprived neighbourhoods (Q4 and Q5).

Significant differences between contiguous socioeconomic quintiles are denoted
by asterisks in Figure 2. For urban patients significant increases in mean travel time were
identified between all quintiles except for Q4 to Q5. Among suburban patients, a significant
break is observed from Q3 to Q4 and is the greatest increase across all categories.
Similarly, the only significant increase among rural patients is in the most deprived

neighbourhoods (Q4 to Q5), representing patients residing in the most remote
communities.
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Figure 3.2 Patient travel times by deprivation and neighbourhood type
Log-transformed minutes by neighbourhood type and VANDIX quintile, with means and 95%ClI.
Asterisks denote statistically significant increases in travel time above previous quintile.

As shown in Figure 3, the time-series maps of the comprehensive cancer treatment
centres illustrate both the densification of treatment in Southwest British Columbia (Surrey,
opened in 1995, and Abbotsford in 2008), and expansion into less populous regions like
the Okanagan Valley (Kelowna in 1998), Vancouver Island (Victoria in 2001), and most
recently in the rural and remote north (Prince George in 2012).
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Figure 3.3  Time-series maps
Maps of British Columbia Cancer Agency comprehensive cancer treatment centres, by decade.
Coloured regions indicate drive time to the nearest centre.

While the establishment of new treatment centres has contributed to a decreased
patient travel times in recent decades, an increase is observed for rural patients from
2005-2009, as shown in Figure 4. Statistically significant differences in travel time were
observed between neighbourhood types, as the majority of comprehensive cancer
treatment centres are located in BC’s major urban centres. A widening disparity between
neighbourhood types in the most recent time period (2005-2009) is indicative of a rise in

head and neck cancer incidence farther from urban centres.
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Figure 3.4  Mean travel time to nearest treatment centre

Minutes of travel time for each neighbourhood type by 5-year period, with 95% CI. While overall
decreases are observed, the recent increase in travel time for rural patients indicates a
growing demand in rural and remote regions.

Similarly, decreases in travel time were observed for all five socioeconomic
deprivation quintiles, as shown in Figure 5. However, while average travel times for the
three least deprived quintiles are converging around one hour, recent increases are
observed among the two most deprived quintiles (Q4 & Q5), demonstrating a clear
inequality in access to treatment between socioeconomic groups, particularly in rural and
remote regions, despite the densification and expansion of cancer treatment centres
across BC.
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Figure 3.5  Travel time by socioeconomic deprivation quintile

Mean minutes to nearest treatment centre for each socioeconomic deprivation quintile by 5-year
period. A convergence of average travel time is observed for the three least deprived
quintiles of patients, while recent increases are observed for the two most deprived
quintiles.

3.5. Discussion

This study provides evidence of a strong socioeconomic gradient in spatial access
to cancer treatment using a composite weighted index of socioeconomic status. The most
socioeconomically deprived populations were found to have the longest travel time to
treatment. This combination of poor spatial access may be aggravated by non-spatial
barriers facing socioeconomically deprived patients, for example, low financial resources

and reduced ability to navigate the health system.

By differentiating patients by urban, suburban, and rural residence, we identified a
consistent socioeconomic gradient in travel time across all three neighbourhood types.
Interestingly, the greatest gap in travel times was observed for suburban patients above
the 60" percentile of socioeconomic deprivation. This finding is suggestive of a sharp
geographical boundary separating more affluent suburban populations nearer urban cores
(where the cancer treatment centres are generally located) from their less affluent

counterparts on the suburban periphery [310]. The distinctly higher travel burden observed
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among rural patients is consistent with previous studies [328], though our findings further
identify a socioeconomic difference among these populations. The most deprived quintile
of rural patients had a median travel time of six hours: 14 times that of the most deprived
urban patients, and 33 times that of the most affluent urban patients. However, it must be
noted that the observed degrees of difference in this study may be amplified by BC’s large
size and remote northern half, a geographically unique configuration when compared to

other studies of access to cancer treatment.

Temporally, this study provides evidence that the establishment of new cancer
treatment centres in BC has led to overall decreases in patients’ average travel time,
particularly since the Kelowna centre opened in 1998, greatly expanding the geographical
extent of services across the Southern half of the province. However, recent increases in
travel time among the most socioeconomically patients may be evidence of growing
socioeconomic deprivation in suburban locales most notably in the outer suburban
neighbourhoods of major centres such as Vancouver and Victoria. This pattern is

consistent with our previous findings but merits further investigation [338].

While this study does provide strong evidence of socioeconomic and geographical
disparities in spatial access to cancer treatment among head and neck cancer patients,
there are several limitations that merit attention. Aetiological differences between different
head and neck cancer sub-types may be reflected in their geographical distributions
across the study area. However, the number of cases was not sufficient to conduct a sub-
analysis by tumour site. Because this study used estimated driving and ferry times from
patients’ residential postal code, the actual travel time a patient experiences may differ,
particularly in remote regions, where air travel may be necessary. The actual placement
of cancer treatment centres is determined by a wide range of factors, including population
forecasts and economic calculation. Limited chemotherapy treatments have recently
become available in small community centres across the province. However, further data
are required in order to examine the effect these centres have on patient access across

the province.
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3.6. Conclusion

Significant socioeconomic disparities in patients’ estimated travel time to a
comprehensive cancer treatment centre were observed in urban, suburban, and rural
areas, with a consistent and increase by deprivation quintile. This combination of spatial
and socioeconomic barriers may significantly impact low-SES patients’ ability to receive
treatment. However, while the expansion and densification of comprehensive cancer
treatment centres in British Columbia has led to decreases in travel time from 1981 to
2009, socioeconomic disparities in access remain throughout the study period, meriting

further investigation.
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Chapter 4.

Cancer Resection Rates Vary Between Urban,
Suburban, and Rural Populations: Socioeconomic
and Geographical Access to Surgery for Five Cancer
Types Across Canada, 2004-2012

4.1. Abstract

High-risk cancer resection surgeries are increasingly being performed at fewer,
higher-volume institutions across Canada. The resulting increase in travel time for patients
to obtain treatment may be exacerbated by socioeconomic barriers to access. Focussing
on five high-risk surgery types (oesophageal, ovarian/fallopian, liver, lung, and pancreatic
cancers), this study examines socioeconomic trends in age-adjusted resection rates and
travel time to surgery location for urban, suburban, and rural populations across Canada,
excluding Québec, from 2004 to 2012.

Significant differences in resection rates were observed between urban (14.9 per
100 000 person-years [95% CI: 12.2, 17.6]), suburban (40.7 [40.1, 41.2], and rural (32.7
[29.6, 35.9] populations, with consistently higher rates in suburban and rural areas
throughout the study period for all cancer types. When stratified by socioeconomic
deprivation, resection rates did not differ between the patients among the least deprived
quintile of the population (Q1: 13.3 [12.2, 14.4]) and the most deprived (Q5: 12.0 [10.7,
13.4]), with higher rates among middle-SES patients (Q2: 27.3 [25.6, 29.0]); Q3: 39.6
[37.4, 41.8]; Q4: 37.5 [35.3, 39.7]). Patients’ mean travel times to treatment were
consistently higher among the most socioeconomically deprived patients, most notably in
suburban and rural areas, representing a double-burden of low geographical and

socioeconomic access to surgery.

Low resection rates among geographically isolated, socioeconomically deprived
patient populations may indicate poor access to treatment. Suburban patterns of resection

rates, travel times, and socioeconomic status were more similar to rural neighbourhoods
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than urban. This suggests that the conventional inclusion of suburban with urban areas in

health research may obfuscate important trends for public health policy and programmes.

4.2. Background

Cancers are the leading cause of death in Canada, with 197 000 new diagnoses
and 78 000 deaths per year [10]. However, improvements in tumour detection and
treatment continue to extend patient survival; nearly two-thirds of patients survive at least

five years post-diagnosis [10].

Surgical tumour resection is an effective treatment modality, but comorbidities,
high-risk surgical procedures, and other complicating factors often demand a high level of
operative specialisation and medical facilities. To meet these demands, many high-risk
resection procedures are increasingly being performed at fewer, more specialised centres
in major Canadian cities. This process of regionalisation to high-volume institutions has
been shown to reduce overall patient mortality rates and post-operative length of stay
[348-350], including in Canada [351]. However, the average travel time for a patient to

reach their location of surgery has increased as a result [351].

Patient access describes an individual’s ability to interface with medical systems
in order to receive treatment [180]. Access therefore relies both on a patient’s ability to
physically reach a treatment centre (spatial access) and their social and economic
position, e.g., language barriers or financial inability to travel (socioeconomic access)
[182][187]. Spatial access has been shown to be a significant predictor of tumour stage at
diagnosis [177], choice of treatment [203,217,352], and mortality [353], with greater travel
time to treatment observed for rural patients [354]. Socioeconomic status is also a known
predictor of cancer survival [353,355] and surgery rates [356,357], and though the
causative pathway is unclear, the burden of long-distance travel to treatment may be
exasperated by a lack of social and financial resources [351][354]. Few studies to date
have considered both spatial and socioeconomic measures of access in combination, with
several notable exceptions [353][179,185], though the identification of socioeconomically
deprived and spatially isolated patient populations has significant implications for cancer

control policy.

56



The binary categorisation of study populations into urban and rural patients has
highlighted important differences in choice and outcome of cancer treatments [354,358—
360]. However, there is a growing body of evidence suggesting that suburban
neighbourhoods are becoming increasingly socioeconomically deprived in North America
[310,361], with many of the deprivation-associated health risks and outcomes
[7,307,362,363]. Our recent work differentiates suburban neighbourhoods from their urban
and rural counterparts, documenting elevated oral cancer incidence rates, high levels of
health-related socioeconomic deprivation [338], and low access to treatment centres (as

shown in the previous chapter).

Identifying geographical and socioeconomic disparities in access to cancer
treatment is important for improving health equity. The regionalisation of high-risk cancer
resection surgeries during the study period may increase disparities in access among
socioeconomically deprived rural and suburban populations, who already face additional
barriers to spatial and socioeconomic access. This study therefore sought to identify
socioeconomic patterns in cancer resection rates between urban, suburban, and rural
populations, and to examine socioeconomic differences in urban, suburban, and rural

patients’ geographical access to surgery.

4.3. Data and Methods

Approvals for this study were obtained through both the Simon Fraser University
Research Ethics Board (2014s0154) and the Hamilton Integrated Research Ethics Board
(13-790).

Patient data were obtained from the Canadian Institutes of Health Information
Discharge Abstract Database, comprising all surgeries reported by hospitals in Canada,
excluding Québec, Included were all patients discharged from 1 April 2004 to 31 March
2012 following a tumour resection surgery for the sites corresponding to the ICD-10
diagnosis codes for oesophageal, ovarian/fallopian, liver, lung, and pancreatic cancers,
with the surgical intervention codes shown in Table A. Patient data comprised the

following fields: age, sex, home postal FSA (the first three digits of a Canadian postal
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code), institution where the surgery was performed, date of discharge, and all ICD-10

diagnosis and intervention codes.

Table 4.1

Tumour Site

Oesophageal

Ovarian/
Fallopian

Liver

Lung

Pancreatic

ICD-10 diagnosis and intervention codes selected for analysis.

ICD-10 Diagnosis
Codes

C150-155, C158-159,
D377

C560-561, C569,
C5700-5701, C5709,
C571-574, C578,
D391

C220-224, C227,
C229, C787, D376

C3400-3401, C3409-
3411, C3419, C342,
C3430-3431, C3439,
C3480, C3489,
C3490-3491, C3499,
€390, C398-399,
D381

C250-254, C257-259

ICD-10 Intervention Codes

1NABIDB, 1NA89FA, 1INA91DB, 1NA91FA, 1INABBDCXXG,
INABBFCXXG, 1NA87FB, 1NA87FC, 1NA87DC, 1NA87DD,
INABTEY, 1INABTEZ, 1NA87QG, 1NA87QH, 1NABBLBXXG,
INABBQFXXG, 1NA8ILB, TNA8IQF, 1INAJOLBXXG,
INAQOLBXXG, 1INA9OQFXXG, 1NA91LB, 1NA91QF,
INA92LBXXF, INA92LBXXG, TNA92QFXXG, 1NA8TLD,
INASTLE, 1NA87QC, 1NA87QD

1RB87DA, 1RB89DA, 1RD89IDA, 1RB87LA, 1RB8ILA, 1RDBILA,
1RD89RA, 1RB87RA, 1RB89RA, 1RF87DA, 1RF89DA, 1RF87LA,
1RF89LA, 1RF87RA, 1RF89RA, 1RM87BAGX, 1RM8ICA,
1RM87CAGX, 1RM91CA, 1RM89AA, 1RM87DAGX, 1RM8IDA,
1RM87DAAG, 1RM91AA, 1RM91DA, 1RM8ILA, 1RM87LAGX,
1RMI1LA, 10T87LA, 10T87DA

10A87DA, 10A87LA, 10A87LAAZ

1GR87DA, 1GR87PN, 1GT87DA, 1GR87NW, 1GR87QB,
1GT87NW, 1GT87QB, 1GR89DA, 1GR89INW, 1GR89QB,
1GRITINW, 1GRITINWXXA, 1GRITNWXXG, 1GRITNWXXN,
1GR91QB, 1GRIT1QBXXA, 1GRI1QBXXF, 1GRI1QBXXG,
1GRI1QBXXN, 1GR91QBXXQ, 1GT8INW, 1GT89QB, 1GTIINW,
1GTIINWXXF, 1GTI9INWXXG, 1GTIINWXXN, 1GTIINWXXQ,
1GT91QB, 1GT91QBXXF, 1GT91QBXXG, 1GT91QBXXN,
1GT91QBXXQ, 1GT89DA

10J87LA, 10J87VK, 10J87VC, 10J87DA, 10K87LA, 10K87VZ,
10K87WA, 10K87XN, 10K91LA, 10K91XN, 10K8ILA, 10J89LA,
10J89VZ

This study used a geographical data linkage methodology to assign each patient’s

neighbourhood type (urban/suburban/rural) and socioeconomic deprivation score,

described as follows. Population data from the 2006 census were obtained from Statistics

Canada for every dissemination area (DA; n=39445; each has 400-700 residents) in the

study area. Each DA was categorised by its neighbourhood type using the multivariate

method by Gordon and Janzen [5], based on a validated combination of Organization for

Economic Cooperation and Development and Statistics Canada definitions [245] and

transportation variables, as outlined in Table B.
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Table 4.2 Neighbourhood type definitions, from Gordon and Janzen [5].

Neighbourhood Type Definition
Rural Population density < 150 persons/km?
In a Statistics Canada Census Metropolitan Area (CMA);
Urban Core and % of population that commutes via active transit modes
(walking, cycling, etc.) >= 1.5 times the CMA average
Suburban Neither rural or urban

A socioeconomic deprivation score was also calculated for every DA using the
Vancouver Area Neighbourhood Deprivation Index, a multivariate weighted index for
health-related socioeconomic disadvantage based on seven material and social variables
from the 2006 census: average income, secondary school completion, university degree
attainment, lone-parent families, home ownership, employment ratio, and unemployment
rate [319].

Patient data were available only at the FSA scale (n=1635, the median FSA
population is 17433). Approximately the size of a neighbourhood in urban areas and a
county in rural regions, FSAs are geographically larger than DAs, containing an average
of 24 DAs. As a result, DA-level neighbourhood types and deprivation scores were
aggregated to derive averages for each FSA in the study area as follows: the DA-level
neighbourhood types were coded as 1=urban, 2=suburban, 3=rural; these values were
then population-weighted by the number of adults (18+ years) in each DA. The mean
population-weighted neighbourhood type for all DAs within an FSA was then calculated to
derive an index value ranging from 1 to 3. This value was rounded to the nearest integer
to assign a neighbourhood type to an FSA. Similarly, each FSA was assigned the mean
population-weighted deprivation score of all its DAs within. The resulting FSA-level
neighbourhood type and deprivation score was then linked to each patient in the dataset
by patient home FSA code.

Resection rates provide a useful indicator of patient access [364,365]. Age- and
sex-specific resection rates were calculated for each cancer type (tumour site),
socioeconomic deprivation quintile, neighbourhood type, and 3-year interval (2004-2006,
2007-2009, 2010-2012). These rates were all adjusted to the 2006 Canadian standard
population using the direct method, with 95% CI estimated using the binomial

approximation method used by the International Agency for Research on Cancer [366].
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For ovarian/fallopian cancers, only the female denominator and standard populations

were used.

Each patient’s travel time to the location where their surgery took place was
calculated using geographical information systems. The shortest-time route was
calculated along a road and ferry network dataset comprising intersections, speed limits,
and other transportation network features, but excluding air travel. The resulting travel
times were tabulated for each neighbourhood type and socioeconomic deprivation
quintile, and their means with 95% CI were calculated.

4.4. Results

As shown in Table C, over 61% of cases were female, due largely to the inclusion
of ovarian cancers. Nearly three-quarters of all patients were found to reside in
predominantly suburban areas, compared to 65% of the Canadian population. Similarly,
only 6.9% of patients resided in urban areas, less than half the population proportion
(16%). A lower proportion of patients were observed in the most and least
socioeconomically deprived quintiles, a pattern consistent for all five cancer types. Lung
cancers comprised half of all cases, and despite prevalence only among the female
population, ovarian/fallopian cancers were over a quarter of the total. While the total case
volume for each cancer type has increased throughout the study period, the number of

institutions at which resections were performed has declined as a result of regionalisation.

Table 4.3 Number of patients by cancer site, with proportions of total cases
for each categorical variable and number of unique institutions at
which a surgery was performed.

Oesoph. Ovarian Liver Lung Pancreatic | All Sites Per Cent

A Female 566 16575 3220 15487 1880 37728 61.7%
ex
Male p187 0 4898 14304 2010 23399 38.3%
_ Urban 130 1286 565 1991 270 243 6.9%
Neighbourhoo
d Suburban 003 12279 6230 21581 2921 5014  73.6%
d
ype Rural 519 3010 1323 6219 699 11870 19.4%
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Qlthigh b 2120 1031 2563 49t 6447  10.5%
SES)
Socioeconomi Q2 557 3798 1997 5866 876 13094 21.4%
‘5 - Q3 014 4969 2484 9102 1226 18695  30.6%
eprivation
Quintile Q4 832 4470 2068 9280 1000 17650  28.9%
Q5 (low SES) P08 1218 538 2080 297 5241 8.6%
2004-2006 (866 5387 2159 9191 1094 18697
g°' of 2007-2009 (883 5353 2564 10030 1233 20063
urgeries
2010-2012 [1004 5835 3395 10570 1563 22367
2004-2006 |67 197 8 69 67
No. of 2007-2009 53 194 70 64 60
Institutions
2010-2012 U6 184 68 55 57
Total D753 16575 8118 29791 3890 61127
PerCent  W5%  271%  13.3% 48.7% 6.4%

When categorised by socioeconomic deprivation quintile, age- and sex-adjusted
resection rates were approximately equal for patients among the most deprived (Q5: 12.0
per 100 000 person-years [10.7, 13.4]) and the least deprived (Q1: 13.3 [12.2, 14.4])
quintile of the population, with higher rates among middle-SES patients (Q2: 27.3 [25.6,
29.0]; Q3: 39.6 [37.4, 41.8]; Q4: 37.5[35.3, 39.7]). When stratified by cancer site and 3-
year period, this pattern rates was found to be consistent for all five cancer types (Figure

1). The socioeconomic gradient is particularly pronounced for lung cancers.
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Figure 4.1  Age- and sex-adjusted resection rates by cancer type and
socioeconomic deprivation quintile.
Three-year intervals from 2004-2012.

Significant differences in resection rates were observed between urban (14.9
[12.2, 17.6]), suburban (40.7 [40.1, 41.2]), and rural (32.7 [29.6, 35.9]) populations, with
consistently higher rates in suburban and rural areas throughout the study period. When
categorised by neighbourhood type, the highest adjusted rates were observed in suburban
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areas for all cancer types across the entire study period (Figure 2). The urban-suburban
disparity is particularly pronounced for oesophageal cancers, for which a decline in urban
rates was observed, in contrast to increasing suburban and rural rates. Large suburban-
rural differences appear for liver and pancreatic cancers but are relatively minor for other
tumour sites.
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Figure 4.2  Age- and sex-adjusted resection rates for five cancer types

AARR by neighbourhood type, in three-year intervals from 2004-2012. Rates with 95% CI are

available in Appendix B.

When pooled, resection rates for all five cancers types exhibit highly significant

differences between socioeconomic groups in both suburban and rural neighbourhoods
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(Figure 3). Alow number of urban cases resulted in confidence intervals too wide to enable
meaningful inference, though the observed rates follow a gradient such that increasing
deprivation is associated with decreasing resection rates. Suburban and rural resection
rates exhibit similar distributions across the socioeconomic gradient, with relatively low

rates among the most affluent rural patients.

Age- and Sex-Adjusted Resection Rates, Annual Average 2004-2012
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Figure 4.3  Age- and sex-adjusted resection rates

AARR per 100 000 person-years, with 95% CI, by neighbourhood type and socioeconomic
deprivation quintile (Q5=patients among the 20% most deprived adults in the Canadian
population).

Mean patient travel times for all five cancer types exhibit a socioeconomic gradient
such that the greatest burden of spatial access is experienced by patients in the most
socioeconomically deprived quintiles of the population, as shown in Figure 4. This pattern
is relatively weak among urban patients, with more distinct differences observed for those
living in suburban and rural neighbourhoods. Significant differences in incidence between

urban, suburban, and rural populations are detected only among middle-SES groups.
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Figure 4.4 Mean patient travel time from resection surgery location

4.5 Discussion

This study identifies a significant difference in resection rates and their relationship
with socioeconomic deprivation between urban and suburban areas. For most cancer
types, previous studies have observed consistently higher incidence and treatment rates
among urban populations compared to rural [358,367][360]. Our results demonstrate the
inverse for oesophageal, ovarian/fallopian, liver, lung, and pancreatic cancers. However,
this difference may be due to our categorisation scheme; whereas previous studies have
classified urban areas such that they include suburban areas, we distinguish suburban
neighbourhoods from their urban cores. Interestingly, suburban resection rates and travel
times, and their relationships to socioeconomic deprivation, are more similar to rural areas

than urban.

The observed relationship between travel time and socioeconomic deprivation is
consistent with our previous study evaluating potential spatial access to cancer treatment

centres for head and neck cancer patients (previous chapter). By conducting this study
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with actual patient data, we are able to confirm a concentration of high travel times among
the most socioeconomically deprived patient populations. This pattern reflects the
socioeconomic geography of Canada, where the mean deprivation score is highest is rural
areas (0.32) and lowest in suburban neighbourhoods (-0.19), with urban residents
experiencing relatively average socioeconomic deprivation (-0.01). Regardless, our
findings confirm that patients facing the greatest burden of travel for treatment may also
face the greatest socioeconomic barriers to interfacing with the health system; this
hypothesis has been explored for urban/rural contrasts, but more geographically refined
analysis is needed [357,359].

Increases in resection rates throughout the study period are coincident with
decreasing incidence rates for most cancer types [10]. This trend may be interpretable as
evidence that a higher proportion of patients are receiving surgical treatment. However, it
is possible that these trends reflect higher overall prevalence. Similarly, the disparities in
resection rates between different socioeconomic quintiles may be explained by variable
prevalence and differential stage at diagnosis. Individuals living in urban centres often are
diagnosed at an earlier stage due to improved access [177]; this effect may account for
some of the variance in resection rates. However, oncologist and patient decision-making
is highly complex and varies on a case-by-case basis, dependent on tumour stage/grade,
patient comorbidities and history, availability of facilities and personnel, personal
preference, ability to travel for treatment, etc. All of these factors are geographically and
socioeconomically relevant. In order to explore these associations with greater clarity,
researchers should use a sophisticated statistical modelling approach supported through

the use of focus groups and interviews.

A series of three citizen focus groups conducted in Edmonton, Hamilton, and
Charlottetown underscored concerns about patients living in rural/remote regions [351].
Despite a general preference for regionalisation of cancer treatment, participants
highlighted a need for local patient support networks for pre- and post-operative care. The
majority of participants also indicated a willingness to travel great distances to receive
high-quality treatment, although travel costs, a desire to receive care close to home, and
family commitments were all significant concerns. It must be recognised that the

participants were primarily from cities and had a socioeconomic status was more similar

67



to the central quintiles in our study, and therefore may not adequately represent the needs

and preferences of patients living in rural/remote deprived areas.

While our overall study population was relatively large (N=61 227), the number of
patients for some categories was insufficient to enable inference. However, it must be
noted that these data represent a population of patients, not a sample; the reported rates
therefore reflect the true population resection rates for the study area. Another important
limitation in this study is the method used to calculate travel times. This model does not
include air travel, which may have caused an overestimation of travel times for patients

residing in Northern Canada.

4.6. Conclusion

This study identified a double-burden of spatial and socioeconomic access among
the most deprived suburban and rural populations in Canada, for five high-risk cancer
surgeries. Contrary to previous studies, we observed the highest resection rates among
patients in the central quintiles of socioeconomic deprivation. This may be due to the
differentiation of suburban patients from their urban counterparts, which yielded patterns
of resection rates, travel times, and socioeconomic deprivation more similar to rural
patients than urban ones. This novel categorisation has important implications for cancer
control policy, specifically when targeting vulnerable communities in the most deprived
and geographically isolated communities across Canada. So while regionalisation has led
to improved outcomes overall, particular focus on low-access patient populations is

necessary to maintain health equity across the country.
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Chapter 5.
Conclusion

This dissertation sought to determine whether the categorisation of suburban
neighbourhoods from their urban and rural counterparts is useful for epidemiological
studies of cancer incidence and treatment. In response to the first research question, |
sought to identify some of the trends and forces active in the production of suburban health
in Canada by tracing a socioeconomic geography of suburban history. This was not a
conclusive nor comprehensive unpacking of the means of health production, nor was it
meant to be. In order to serve as a practical research framework, one could not interrogate
these processes in their entirety. However, a cursory review of Canadian suburban history
provides a qualitative basis for this separate categorisation.

The second research question sought to identify the ways in which the contextual
forces implicated in the production of Canada’s suburban socioeconomic landscape reflect
patterns in cancer incidence. Focussing on oral cavity cancers, chapter two identified
statistically significant case concentrations emerging in socioeconomically deprived
suburbs across British Columbia coincident with a high proportion of immigrants from
betel-consuming regions. Concentrations of oral cavity cancers were also identified in the
more affluent outer suburbs of British Columbia, particularly in the Lower Mainland,
coincident with an older population. Both the production of deprived immigrant suburbs
and wealthy outer suburbs were described in chapter one. In this way, it may be posited
that transportation technologies, infrastructure, and social and economic policies
collectively contribute to spatiotemporal patterns of cancer incidence. A conclusive test of

this hypothesis will require a more directed study design.

To examine these patterns further down the continuum of cancer care, the third
research question sought to address how the socioeconomic disparities observed reflect
patients’ access to treatment. The study featured in chapter three identified a
socioeconomic gradient of spatial access to comprehensive cancer treatment centres for
head and neck cancer patients, such that the most deprived patient populations also faced

the greatest travel times to treatment. This study period spanned a time of expansion of
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cancer treatment services, in which five new centres were built across British Columbia.
The overall decrease in travel time as a result of these new centres was greatest for

socioeconomically deprived patients, relative to their affluent peers.

Interestingly, the greatest socioeconomic disparity in spatial access was observed
among suburban patients, the two most deprived quintiles of whom had significantly
greater travel times to treatment. This is of particular importance because patients with
low social and economic resources may have a limited ability to travel for treatment, a
factor known to influence both choice of treatment and outcome. As a result, these
populations are at heighted risk of adverse cancer outcomes and are therefore a priority
for health equity.

Conversely, the study presented in chapter four spans a period of regionalisation,
in which the number and geographical extent of cancer treatment centres decreased.
Resection rates were concentrated among patients living in socioeconomically average
neighbourhoods for five cancer types across Canada. Suburban resection rates were
more similar to rural areas than urban, evidence that the conventional classification of
suburban neighbourhoods as urban is not appropriate for analysing socioeconomic
patterns of cancer treatment. Spatial access to treatment was consistently poorest among
patients residing in the most socioeconomically deprived neighbourhoods, with steeper

gradients observed among suburban and rural patients.

It is important that the interpretation of these results is tempered by an
acknowledgement that cancer care facilities are not randomly sited. Location allocation is
a complex process seeking to maximise the utility of a treatment centre by serving the
greatest proportion of the population while simultaneously seeking to improve equity of
access between various populations. Given the concentration of middle- and high-SES
populations in urban centres, cancer treatment facilities are almost exclusively sited in
cities. Middle- and high-SES populations are therefore naturally expected to have better
access to cancer care. The results presented in chapters three and four are largely
influenced by the fact that a large proportion of the most deprived populations reside in

rural and remote regions of British Columbia. However, examining the magnitude of
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difference facilitates the identification of regions with poor access and may serve to inform

community-based programmes in both prevention and treatment.

The five cancer types studied in chapter four are known to feature similar
socioeconomic patterns of incidence, such that incidence is concentrated among middle-
and low-SES populations. Conversely, a study of breast cancers would have introduced
particular nuance to this study, as they tend to concentrate in low- and high-SES
populations, featuring an essentially bimodal distribution. This does, however, vary by
tumour type. How these patterns manifest geographically is yet to be studied, and given
the relatively high incidence of breast cancers, constitutes an important research direction.

The broader overarching research question of this dissertation was to evaluate
whether there is a geographically and epidemiologically valid basis for analysing suburban
neighbourhoods in contrast to urban and rural neighbourhoods. A quantitative medical
geography approach yielded positive evidence in chapters two, three, and four: suburban
neighbourhoods feature several distinct patterns of incidence, surgery, and access to
treatment, although not in every instance. For example, the socioeconomic pattern of
travel times to surgery was similar for urban, suburban, and rural patients in chapter four,
such that spatial access was consistently lower among more deprived patients. In this
way, there was no meaningful distinction to be made for suburban neighbourhoods, except
for a general increase in travel times. However, the majority of findings did identify
suburban patterns of both incidence and access to treatment that were distinct from urban

patterns. This should be interpreted as evidence for an epidemiologically valid distinction.

Of potentially equal importance as the quantitative results of this study is the
contextual evidence as presented in chapter two, where the qualitative basis for this
distinction is presented. The suburban and urban neighbourhoods’ demographically and
spatially divergent histories provide the basis for unique consideration, although the health
literatures focussing on suburban risk factors are young. Given that over 60% of Canada’s
population and over half of the US population live in suburban neighbourhoods, this lack
of quantitative evidence is somewhat unexpected. This dissertation therefore seeks to
address the gap by providing some first steps in this direction. However, this work does

not claim to provide a conclusive survey of suburban cancer epidemiology. Rather, |
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envision it as the first substantive steps and a tentative framework for developing a

comprehensive suburban spatial epidemiology.

5.1. Contributions and Implications

Distinguishing suburbs from urban and rural neighbourhoods will enable more
geographically nuanced patterns of health and health care to be detected. The ability to
spatially target risk populations with greater precision may serve to improve health equity,
both in terms of risk and delivery of care. This is particularly true when socioeconomic

factors are included.

Health and medical geographies are considered to be mutually separate (or at
least distinguishable) by many, and this is a reasonable distinction due to their divergent
epistemologies. There have been calls for combined health-medical geography research
since the early 1990s, predicated on understandings of placemaking in health and the
value of quantitative evidence. Despite these calls, the number of studies that engage with
both of these concepts is surprisingly minimal. This dissertation, while not containing any
substantive qualitative methodologies, draws of theories and concepts from health
geography to support the three quantitative studies herein. | believe that this is a pragmatic
and readily implementable approach for conducting theoretically grounded spatial
epidemiological research. Engaging with health geography concepts like placemaking,
social determinants of health, spatial mechanisms of health production (e.g., zoning
policy) can facilitate researchers’ navigation of epidemiological practicalities like model

specification, variable definition and selection, and interpretation of statistical results.

Importantly, Canada’s suburbs are not representative of their equivalent low-
density commuter neighbourhoods in other parts of the world. Future research towards
the development of a substantive suburban spatial epidemiology will require a more global
perspective. The gentrification of urban cores and migration of foreign-born and otherwise
socioeconomically disadvantaged populations into urban peripheries is not exclusive to
Canada or the United States. Rather, it is part of a broader global trend in which the

concentration of social and financial capital are played out on the map.

72



73



References

1. Badcock B. Making Sense of Cities: a Geographical Survey. London, England:
Arnold; 2002.

2. Saunders D. Arrival City: How the Largest Migration in History is Reshaping our
World. London, UK: Random House; 2010.

3. Nicolaides B. How hell moved from the city to the suburbs. In: Kruse KM, Sugrue
TJ, editors. New Suburb. Hist. Chicago, USA: University of Chicago Press; 2006. p. 80—
98.

4. Jackson K. Crabgrass Frontier: The Suburbanization of the United States. New
York, USA: Oxford University Press; 1985.

5. Gordon DLA, Janzen M. Suburban nation? estimating the size of Canada’s
suburban population. J. Archit. Plann. Res. 2013.30:197-220.

6. Kunstler J. The Geography of Nowhere. New York, USA: Simon & Schuster;
1993.

7. Frumkin H, Frank L, Jackson RJ. Urban sprawl and public health: designing,
planning, and building for healthy communities. Washington, DC: Island Press; 2004.

8. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000/01/27.
2000.100:57-70.

9. International Agency for Research on Cancer. GLOBOCAN 2012: Estimated
Cancer Incidence, Mortality, and Prevalence Worldwide in 2012. Lyon, France: IARC;
2012.

10. Canadian Cancer Society’'s Advisory Committee on Cancer Statistics.
Canadian Cancer Statistics 2015. Toronto, Canada: Canadian Cancer Society; 2015.

11. Kwan MP. Beyond difference: from canonical geography to hybrid
geographies. Ann. Assoc. Am. Geogr. 2004.94:756—63.

12. Kwan MP. Geographies of Health. Ann. Assoc. Am. Geogr. 2012.102:891-2.

13. Curtis S, Jones IR. Is There a Place for Geography in the Analysis of Health
Inequality? Sociol. Heal. Ilin. Blackwell Publishers Ltd; 1998.20:645—72. Available from:
http://dx.doi.org/10.1111/1467-9566.00123

14. Auluck A, Walker BB, Hislop G, Lear SA, Schuurman N, Rosin M. Population-
based incidence trends of oropharyngeal and oral cavity cancers by sex among the
poorest and underprivileged populations. BMC Cancer. 2014.14:316.

15. Buttimer A. Home, reach and the sense of place. In: Buttimer A, Seamon D,
editors. Hum. Exp. Sp. Place. New York: St. Martin’s Press; 1980. p. 166-87.

16. Hutchinson AJ. Surviving, Coping or Thriving? Understanding Coping and Its
Impact on Social Well-Being in Mozambique. Br. J. Soc. Work. 2012. Available from:
http://bjsw.oxfordjournals.org/content/early/2012/10/29/bjsw.bcs167.abstract

17. Macintyre S. The patterning of health by social position in contemporary
Britain: directions for sociological research. Soc. Sci. Med. 1986.23:393—-415.

74



18. Dressler WW. Stress and adaptation in the context of culture: depression in a
black community. Albany: State University of New York Press; 1991.

19. Taylor SM, Elliot S, Eyles J, Frank J, Haight M, Steiner D, et al. Psychological
impacts in populations exposed to solid waste facilities. Soc. Sci. Med. 1991.33.

20. Dressler WW. Type A behaviour: contextual effects within a southern black
community. Soc. Sci. Med. 1993.36:289-96.

21. Kwan MP. Gender and individual access to urban opportunities: a study using
space-time measures. Prof. Geogr. 1999.51:210-27.

22. Walters V, McDonough P, Strohschein L. The influence of work, household
structure, and social, personal and material resources on gender differences in health: an
analysis of the 1994 Canadian National Population Health Survey. Soc. Sci. Med.
2002.54:677-92.

23. Denton M, Prus S, Walters V. Gender differences in health: a Canadian study
of the psychosocial, structural and behavioural determinants of health. Soc. Sci. Med.
2004.58:2585-600.

24. Gesler WM, Bird ST, Oljeski SA. Disease ecology and a reformist alternative.
Soc. Sci. Med. 1997.44:657-71.

25. Duncan C, Jones K, Moon C. Do places matter? A multi-level analysis of
regional variation in health related bahaviour in Britain. Soc. Sci. Med. 1993.37.

26. Macintyre S, Maciver S, Soomans A. Area, class and health: should we be
focusing on places or people. J. Soc. Policy. 1993.22:213-34.

27. Duncan C, Jones K. Individuals and their ecologies: analysing the geography
of chronic illness within a multi-level modeling framework. J. Heal. Place. 1995.1:27-40.

28. Vartanian JG, Carvahlo AL, Toyota J, Giacometti Kowalski IS, Kowalski LP.
Socioeconomic effects of and risk factors for disability in long-term survivors of head and
neck cancer. Arch. Otolaryngol. Neck Surg. 2006.132:32-5.

29. Molina MA, Cheung MC, Perez EA, Byrne MM, Franceschi D, Moffat FL, et al.
African American and poor patients have a dramatically worse prognosis for head and
neck cancer: an examination of 20,915 patients. Cancer. 2008.113:2797-806. Available
from: http://www.ncbi.nIm.nih.gov/pubmed/18839393

30. Braaten T, Wiederpass E, Lund E. Socioeconomic differences in cancer
survival: The Norwegian Women and Cancer Study. BMC Public Health. 2009.9:178.

31. Clegg LX, Reichmann ME, Miller BA, Hankey BF, Singh GK, Lin YD, et al.
Impact of socioeconomic status on cancer incidence and stage at diagnosis: selected
findings from the surveillance, epidemiology, and end results: National Longitudinal
Mortality Study. Cancer Causes Control. 2009.20:417-35.

32. Warnakulasuriya S. Global epidemiology of oral and oropharyngeal cancer.
Oral Oncol. 2008/09/23. 2009.45:309-16. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18804401

33. de Camargo Cancela M, Voti L, Guerra-Yi M, Chapuis F, Mazuir M, Curado
MP. Oral cavity cancer in developed and in developing countries: population-based
incidence. Head Neck. 2009/08/01. 2010.32:357-67.  Available  from:

75



http://www.ncbi.nlm.nih.gov/pubmed/19644932

34. Robertson G, Greenlaw N, Steering Group Committee for the Scottish Audit of
Head and Neck Cancers, Bray CA, Morrison DS. Explaining the effects of socio-economic
deprivation on survival in a national prospective cohort study of 1909 patients with head
and neck cancers. Cancer Epidemiol. 2010/06/19. 2010.34:682-8. Available from:
http://mwww.ncbi.nim.nih.gov/pubmed/20558124

35. Chien LC, Deshpande AD, Jeffe DB, Schootman M. Influence of primary care
physician availability and socioeconomic deprivation on breast cancer from 1988 to 2008:
a spatio-temporal analysis. PLoS One. 2012/04/27. 2012.7:e35737.

36. Hwang E, Johnson-Obaseki S, McDonald JT, Connell C, Corsten M. Incidence
of head and neck cancer and socioeconomic status in Canada from 1992 to 2007. Oral
Oncol. 2013.49:1072—6.

37. Colevas AD. Population-based evaluation of incidence trends in oropharyngeal
cancer focusing on socioeconomic status, sex, and race/ethnicity. Head Neck.
2014.36:34-42.

38. Corsi DJ, Boyle MH, Lear SA, Chow CK, Teo KK, Subramanian S V. Trends in
smoking in Canada from 1950 to 2011: progression of the tobacco epidemic according to
socioeconomic status and geography. Cancer Causes Control. 2014.25:45-57.

39. Fox A, Goldblatt P. The Longitudinal Study: Sociodemographic Mortality
Differentials. London: HMSO; 1982.

40. Blaxter M. Health and Lifestyles. London: Tavistock/Routledge; 1990.

41. Phillimore P, Reading R. A rural advantage? Urban-rural health differences in
Northern England. J. Public Health Med. 1992.14:290-9.

42. Carstairs V, Morris V. Deprivation and Health in Scotland. Aberdeen: Aberdeen
University Press; 1991.

43. Eames M, Ben-Shlomo Y, Marmot M. Social deprivation and premature
mortality: regional comparison across England. Br. Med. J. 1993.307:1097-102.

44. Sloggett A, Joshi H. Higher mortality in deprived areas: community of personal
disadvantage. Br. Med. J. 1994.109:1470-4.

45. Bentham CG, Eimermann JR, Lovett A, Brainard J. Limiting long term illness
and its associations with mortality and indicators of social deprivation. J. Epidemiol.
Community Health. 1995.49:57—-64.

46. Humphreys K, Carr-Hill R. Area variation in health outcomes: artefact or
ecology. Int. J. Epidemiol. 1991.20:251-8.

47. Congdon P. The impact of area context on long term illness and premature
mortality: an illustration of multi-level analysis. Reg. Stud. 1994.29:327-44.

48. Gould M, Jones K. Analysing perceived limiting long term illness using the UK
census microdata. Proc. 6th Int. Med. Geogr. Symp. Vancouver; 1994.

49. Shouls S, Congdon P, Curtis S. Modelling inequality in reported long term
illness in the UK: combining individual and area characteristics. J. Epidemiol. Community
Health. 1996.50:366—74.

76



50. Congdon P, Shouls S, Curtis S. A multi-level perspective on small area health
and mortality: a case study of England and Wales. Int. J. Popul. Geogr. 1997.3:243-63.

51. Haynes R, Bentham CG, Lovett A, Eimermann JR. Effect of labour market
conditions on reporting of limiting long term iliness and permanent sickness in England
and Wales. J. Epidemiol. Community Health. 1997.51:282-8.

52. Johnston RJ. A Question of Place: Exploring the Practice of Human
Geography. London: Basil Blackwell; 1991.

53. Jones K, Moon G. Medical geography: taking space seriously. Prog. Hum.
Geogr. 1993.17:515-24.

54. Kearns RA. Place and Health: Towards a Reformed Medical Geography*. Prof.
Geogr. Blackwell Publishing Ltd; 1993.45:139-47. Available from:
http://dx.doi.org/10.1111/j.0033-0124.1993.00139.x

55. Diez Roux A V. Bringing context back into epidemiology: variables and fallacies
in multilevel analysis. Am. J. Public Health. 1998.88:216-22.

56. Macintyre S, Ellaway A, Cummins S. Place effects on health: how can we
conceptualise, operationalise and measure them? Soc. Sci. Med. 2002.55:125-39.

57. McLafferty S. Placing substance abuse: geographical perspectives on
substance use and addiction. In: Thomas YF, Richardson D, Cheung |, editors. Geogr.
Drug Addict. New York: Springer; 2008.

58. Pearson M. Medical geography: genderless and colorblind. Contemp. Issues
Geogr. Educ. 1989.3:9-17.

59. Dyck |, Davis Lewis N, McLafferty S. Why geographies of women’s health. In:
Dyck I, Davis Lewis N, McLafferty S, editors. Geogr. Women'’s Heal. London: Routledge;
2001. p. 1-20.

60. Kerner C, Bailey AJ, Mountz A, Miyares I, Wright RA. “Thank God she”s not
sick’: health and disciplinary practice amongst Salvadoran women in northern New Jersey.
In: Dyck I, Davis Lewis N, McLafferty S, editors. Geogr. Women’s Heal. London:
Routledge; 2001.

61. Manderson L, Kirk M, Hoban E. Walking the talk: research partnerships in
women’s business in Australia. In: Dyck |, Davis Lewis N, McLafferty S, editors. Geogr.
Women’s Heal. London: Routledge; 2001.

62. Moss P, Dyck I. Material bodies precariously positioned: women embodying
chronic illness in the workplace. In: Dyck I, Davis Lewis N, McLafferty S, editors. Geogr.
Women’s Heal. London: Routledge; 2001. p. 231-47.

63. Pope C. Babies and borderlands: factors that influence Sonoran women’s
decisions to seek prenatal care in southen Arizona. In: Dyck I, Davis Lewis N, McLafferty
S, editors. Geogr. Women'’s Heal. London: Routledge; 2001.

64. Tripathi S. Differing access to social networks: ruran and urban women in India
with reproductive tract infections and sexually transmitted diseases. In: Dyck |, Davis
Lewis N, McLafferty S, editors. Geogr. Women'’s Heal. London: Routledge; 2001. p. 159—
76.

65. Williams A. Home care restructuring at work: the impact of policy

77



transformation on women'’s labour. In: Dyck |, Davis Lewis N, McLafferty S, editors. Geogr.
Women’s Heal. London: Routledge; 2001.

66. Allison M, Harpham T. Southern African perspectives on the geography of
health. Heal. Place. 2002.8:223-6.

67. Gesler WM, Kearns RA. Culture/Place/Health. London: Routledge; 2002.

68. Wiliams A. Changing geographies of care: employing the concept of
therapeutic landscapes as a framework in examining home space. Soc. Sci. Med.
2002.55:141-55.

69. Panelli R, Gallagher LM. “It’s your whole ways of life really’: negotiating work,
health and gender. Heal. Place. 2003.9:95-105.

70. Weston HJ. Public honour, private shame and HIV: issues affecting sexual
health service delivery in London’s South Asian communities. Heal. Place. 2003.9:109—
17.

71. Parr H. Medical geography: critical medical and health geography? Prog. Hum.
Geogr. 2004.28:246-57. Available from: http://phg.sagepub.com/content/28/2/246.short

72. Golledge RG. Geography and the disabled: a survey with special reference to
vision impaired and blind populations. Trans. Inst. Br. Geogr. 1993.18:63-85.

73. Imrie R. Disability and the City: International Perspectives. London: Paul
Chapman; 1996.

74. Smith G. Reflections on a journey: geographical perspectives on disability. In:
Jones M, Marks L, editors. Disabil. Divers. Leg. Chang. The Hague: Kluwer Law
International; 1997.

75. Fitzpatrick R, Hinton J, Newman S, Scambler G, Thompson J. The Experience
of lliness. London: Tavistock; 1984.

76. Helman C. Culture, Health and lliness. Bristol: Wright; 1984.

77. Hillier S, Kelleher D. Researching Cultural Differences in Health. London:
Routledge; 1997.

78. Scambler G. Sociology as Applied to Medicine. London: W.B. Saunders; 1997.

79. Golledge RG. Designing a person guidance system to aid navigation without
sight: progress on the GIS component. Int. J. GIS. 1991.5:373-95.

80. Jacobson RD, Kitchin R. GIS and people with visual impairment or blindness:
exploring the potential for education, orientation and navigation. Trans. GIS. 1997.2:315—-
31.

81. Foley R. Accessing the applicability of GIS in a health and social care setting:
planning services for informal carers in East Sussex, England. Soc. Sci. Med. 2002.55:79—
96.

82. Kistemann T, Munzinger A, Dangendorf F. Spatial patterns of tuberculosis
incidence in Cologne, Germany. Soc. Sci. Med. 2002.55:7-19.

83. Lovett A, Haynes R, Sunnerberg G, Gate S. Car ravel time and accessibility by
bus to GP services: a study using patient registers and GIS. Soc. Sci. Med. 2002.55:97—

78



111.

84. Matthews H, Beale L, Picton P, Briggs D. Modelling access with GIS in urban
systems (MAGOS): capturing the experiences of wheelchair users. Area. 2003.34:34-45.

85. Kearns RA. Medical geography: making space for difference. Prog. Hum.
Geogr. 1995.19:251-9.

86. Rosenberg M. Medical or health geography? Popul. people places.
1998.Internatio.

87. Dorn ML, Keirns CC, Del Casino Jr VJ. Doubting dualisms. A companion to
Heal. Med. Geogr. 2010.:55.

88. Mayer JD. Medical Geography. In: Tim Brown and Graham Moon SM, editor.
A companion Med. Heal. Geogr. John Wiley & Sons, Ltd; 2010.

89. Phillimore P, Morris D. Discrepant legacies: premature mortality in two
industrial towns. Soc. Sci. Med. 1991.33:139-52.

90. Ben-Shlomo Y, White I, Marmot M. Does the variation in the socioeconomic
characteristic of an area affect mortality? Br. Med. J. 1996.312:1013-4.

91. Curtis S, Riva M. Health geographies |: complexity theory and human health.
Prog. Hum. Geogr. 2010.34:215-23. Available from:
http://phg.sagepub.com/content/34/2/215.abstract

92. Schwartz SM. The fallacy of the ecological fallacy: the potential misuse of a
concept and the consequences. Am. J. Public Health. 1994.84:819-24.

93. Susser S. The logic in ecological: the logic of analysis. Am. J. Public Health.
1994.84:825-9.

94. Blane DB. The meaning of social class differences in health: people’s
experiences of risk factors. Radic. Community Med. 1987.Spring:31-7.

95. Mayer JD, Meade MS. A reformed medical geography reconsidered. Prof.
Geogr. Taylor & Francis Ltd; 1994.46:103. Available from:
http://proxy.lib.sfu.ca/login?url=http%3a%2f%2fsearch.ebscohost.com%2flogin.aspx%o3f
direct%3dtrue%26db%3daph%26AN%3d9410061032%26site%3dehost-live

96. Entrikin JN. The Betweenness of Place: Towards a Geography of Modernity.
Baltimore: John Hopkins University Press; 1991.

97. Britton M. Geographic variation in mortality since 1920 for selected causes. In:
Britton M, editor. Mortal. Geogr. a Rev. mid-1980s Engl. Wales. London: HMSO; 1990.

98. Britton M, Fox A, Gloldblatt P, Jones D, Rosato M. The influences of
socioeconomic and environmental factors on geographic variation in mortality. In: Britton
M, editor. Mortal. Geogr. a Rev. mid-1980s Engl. Wales. London: HMSO; 1990. p. 57-78.

99. Giddens A. The Constitution of Society: Outline of a Theory of Structuration.
Cambridge: Polity; 1984.

100. Giddens A. The Consequences of Modernity. Cambridge: Polity; 1991.

101. Jones IR, Curtis S. Health. In: Pacione M, editor. Britain’s Cities Geogr. Div.
Urban Britain. London: Routledge; 1997.

79



102. Bell D, Valentine G. Consuming Geographies. London, UK: Routledge; 1997.

103. Dorn M. Social theory, body politics, and medical geography: Extending
Kearns'’s invitation. Prof. Geogr. Taylor & Francis Ltd; 1994.46:106. Available from:
http://proxy.lib.sfu.ca/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=
aph&AN=9410061033&site=ehost-live

104. Kearns R, Joseph A. Space in its place: developing the link in medicinal
geography. Soc. Sci. Med. 1993.37:711-7.

105. Koch T. Disease Maps: Epidemics on the Ground. Chicago: University of
Chicago Press; 2011.

106. Schuurman N. Databases and bodies: a cyborg update. Environ. Plan. A.
2004.36:1337-40.

107. Sui DZ. GIS, cartography, and the “third culture”: geographic imaginations in
the computer age. Prof. Geogr. 2004.56:62—72.

108. Monmonier M. Cartography: uncertainty, interventions, and dynamic display.
Prog. Hum. Geogr. 2006.30:373-81.

109. Schuurman N. Critical GIScience in Canada in the new millennium. Can.
Geogr. 2009.53:139-44.

110. Moretti F. An Atlas of the European Novel: 1800-1900. New York: Verso;
1998.

111. Berke O. Exploratory disease mapping: kriging the spatial risk function from
regional count data. Int. J. Health Geogr. 2004.3:18. Available from: http://www.ij-
healthgeographics.com/content/3/1/18

112. Rytkénen MJP. Not all maps are equal: GIS and spatial analysis in
epidemiology. 2004. 2004. Available from:
http://www.circumpolarhealthjournal.net/index.php/ijch/article/view/17642

113. Rinner C, Taranu J. Map-Based Exploratory Evaluation of Non-Medical
Determinants of Population Health. Trans. GIS 10(4). 2006.:633-49.

114. Pouliou T, Elliott SJ. An exploratory spatial analysis of overweight and obesity
in Canada. Prev. Med. (Baltim). 2009.48:362—7.

115. Bennett D. Replacing positivism in medical geography. Soc. Sci. &amp; Med.
2005.60:2685-95. Available from:
http://www.sciencedirect.com/science/article/pii/S0277953604005441

116. Gatrell AC. Complexity theory and geographies of health: a critical
assessment. Soc. Sci. Med. 2005.60:2661-71. Available from:
http://www.sciencedirect.com/science/article/pii/S0277953604005428

117. Elliot P, Wartenberg D. Spatial epidemiology: current approaches and future
challenges. Environ. Health Perspect. 2004.112:998-1006.

118. Koch T. 1831: the map that launched the idea of global health. Int. J.
Epidemiol. 2014.43:doi: 10.1093/ije/dyu099.

119. Verhasselt Y. Geography of health: Some trends and perspectives. Soc. Sci.
Med. 1993.36:119-23. Available from:

80



http://www.sciencedirect.com/science/article/pii/027795369390203G

120. Elliot P, Wakefield J, Best N, Briggs D. Spatial Epidemiology: Methods and
Applications. New York: Oxford University Press; 2001.

121. Ostfeld RS, Glass GE, Keesing F. Spatial epidemiology: an emerging (or re-
emerging) discipline. Trends Ecol. Evol. 2005.20:328-36. Available from:
http://www.sciencedirect.com/science/article/pii/S0169534705000716

122. Pfeiffer DU, Robinson TP, Stevenson M, Stevens KB, Rogers DJ. Spatial
Analysis in Epidemiology. New York: Oxford University Press; 2008.

123. Miller HJ. Tobler’s first law and spatial analysis. Ann. Assoc. Am. Geogr.
2004.94:284-9.

124. Brown JR, Thornton JL. Pervicall Pott (1714-1788) and chimney sweepers’
cancer of the scrotum. Br. J. Ind. Med. 1957.14.:68-70.

125. Azike JE. A review of the history, epidemiology and treatment of squamous
cell carcinoma of the scrotum. Rare Tumors. 2009.1:10.4081/rt.2009.e17.

126. McLeod KS. Our sense of Snow: the myth of John Snow in medical
geography. Soc. Sci. Med. 2000.50:923-35.

127. Johnson S. The Ghost Map: The Story of London’s Most Terrifying Epidemic,
and how it Changed Science, Cities, and the Modern World. New York: Riverhead; 2007.

128. Snow J. On the mode of transmission of cholera (2nd ed.). London: Churchill;
1855.

129. Schuurman N. GIS: a Short Introduction. Malden: Blackwell; 2004.

130. Yiannakoulias N, Svenson LW, Schopflocher DP. An integrated framework
for the geographic surveillance of chronic disease. Int. J. Health Geogr. 2009.8:69.

131. Rothman KJ. Epidemiology: an Introduction. New York: Oxford University
Press; 2012.

132. Ghetian CB, Parrot R, Volkman JE, Lengerich E. Cancer registry policies in
the United States and geographic information systems applications in comprehensive
cancer control. Health Policy (New. York). 2008.87:185-93.

133. Parrott R, Volkman JE, Lengerich E, Ghetian CB, Chadwick AE, Hopfer S.
Using geographic information systems to promote community involvement in
comprehensive cancer control. Health Commun. 2010.25:276-85.

134. Volkman JE, Parrott R, Hopfer S, Lengerich E. A national survey of state
comprehensive cancer control managers: implications of geographic information systems.
J. Cancer Educ. 2010.25:55-60.

135. Fobil JN, Levers C, Lakes T, Loag W, Kraemer A, May J. Mapping urban
malaria and diarrhea mortality in Accra, Ghana: evidence of vulnerabilities and
implications for urban health policy. J. Urban Heal. 2012.89:977-91.

136. Cuadros D, Awad S, Abu-Raddad L. Mapping HIV clustering: a strategy for
identifying populations at high risk of HIV infection in sub-Saharan Africa. Int. J. Health
Geogr. 2013.12:28. Available from: http://www.ij-healthgeographics.com/content/12/1/28

81



137. Hay SI, Battle KE, Pigott DM, Smith DL, Moyes CL, Bhatt S, et al. Global
mapping of infectious disease. Philisophical Trans. R. Soc. B Biol. Sci.
2013.368:doi:rsth.2012.0250.

138. Brabyn L, Wilkins D. Mapping health events - a comparison of approaches.
Health Informatics J. 2001.7:207—-13. Available from: http://jhi.sagepub.com/content/7/3-
4/207.abstract

139. Nakaya T, Fotheringham AS, Brunsdon C, Charlton M. Geographically
weighted Poisson regression for disease association mapping. Stat. Med. John Wiley &
Sons, Ltd.; 2005.24:2695-717. Available from: http://dx.doi.org/10.1002/sim.2129

140. Brewer CA. Basic mapping principles for visualizing cancer data using
geographic information systems (GIS). Am. J. Prev. Med. 2006.30:525-36.

141. Rezaeian M, Dunn G, St Leger S, Appleby L. Geographical epidemiology,
spatial analysis and geographical information systems: a multidisciplinary glossary. J.
Epidemiol. Community Heal. England: B M J PUBLISHING GROUP; 2007.61:98-102.
Available from:
http://sfu.summon.serialssolutions.com/link/0/eLvHCXMwY2BQSEpOTEwGdixSkw3SjB
MtTUXTktOSgN3mMIJQKSINLIMWXSKW5myhDqJtriLOHLvQeANOKI2ALQNfcOtQ80OSkxy
CAWNCc3Y2MzMIDEx1dACdNBVikFymjmojZxinpZsZJ5sZpJimpmYWSeZpJgalZsYgms_
FIlsDcUYeBNB68XzSsD7ylL4hD_NW723z2n7ynT29Dd1b

142. Shi X, Miller S, Mwenda K, Onda A, Reese J, Onega T, et al. Mapping disease
at an approximated individual level using aggregate data: a case study of mapping New
Hampshire birth defects. Int. J. Environ. Res. Public Health. 2013.10.

143. Shah SA, Neoh HM, Rahim SS, Azhar ZI, Hassan MR, Safian N, et al. Spatial
analysis of colorectal cancer cases in kuala lumpur. Asian Pacific J. Cancer Prev.
2014/03/13. 2014.15:1149-54.

144. Anderson TK. Kernel density estimation and K-means clustering to profile
road accident hotspots. Accid. Anal. Prev. 2009.41:359-64. Available from:
http://www.sciencedirect.com/science/article/pii/S0001457508002340

145. Schuurman N, Cinnamon J, Crooks VA, Hameed SM. Pedestrian injury and
the built environment: an environmental scan of hotspots. BMC Public Health. 2009/07/16.
2009.9:233. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19602225

146. Bell N, Schuurman N. GIS and injury prevention and control: history,
challenges, and opportunities. Int. J. Environ. Res. Public Health. 2010/07/10.
2010.7:1002-17. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20617015

147. Rushton L. How much does the environment contribute to cancer? Occup.
Environ. Med. 2003.60:150-6.

148. Cockings S, Dunn CE, Bhopal RS, Walker DR. Users’ perspectives on
epidemiological, GIS and point pattern approaches to analysing environment and health
data. Heal. Place. 2004.10:169-82. Available from:
http://www.sciencedirect.com/science/article/pii/S1353829203000649

149. Joyce K. “To me it’s just another tool to help understand the evidence”: Public
health decision-makers’ perceptions of the value of geographical information systems
(GIS). Heal. &amp; Place. 2009.15:831-40. Available from:

82



http://www.sciencedirect.com/science/article/pii/S1353829209000112

150. Frank LD, Andresen MA, Schmid TL. Obesity relationships with community
design, physical activity, and time spent in cars. Am. J. Prev. Med. 2004/07/21.
2004.27:87-96. Available from:
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation
&list_uids=15261894

151. Cinnamon J, Schuurman N, Crooks V. A method to determine spatial access
to specialized palliative care services using GIS. BMC Health Serv. Res. 2008.8:140.
Available from: http://www.biomedcentral.com/1472-6963/8/140

152. Schuurman N, Bérubé M, Crooks VA. Measuring potential access to primary
health care physicians using a modified gravity model. Can. Geogr. 2010.54:29-45.

153. Korte C, Grant R. Traffic Noise, Environmental Awareness, and Pedestrian
Behavior. Environ. Behav. 1980.12:408-20. Available from:
http://eab.sagepub.com/content/12/3/408.abstract

154. Walker BB, Schuurman N. The Pen or the Sword: A Situated Spatial Analysis
of Graffiti and Violent Injury in Vancouver, British Columbia. Prof. Geogr. 2014.0:1-12.
Available from: http://www.tandfonline.com/doi/abs/10.1080/00330124.2014.970843

155. Schribner RA, McKinnon DP, Dwyer JH. Alcohol outlet density and motor
vehicle crashes in Los Angeles County cities. J. Stud. Alcohol. 1994.55:447-53.

156. Scribner R, MacKinnon DP, Dwyer JH. The Risk of Assaultive Violence and
Alcohol Availability in Los Angeles County. Am. J. Public Health. 1995.85:335—-40.

157. Scribner R, Cohen D, Kaplan S, Allen SH. Alcohol Availability and Homicide
in New Orleans: Conceptual Considerations for Small Area Analysis of the Effect of
Alcohol Outlet Density. J. Stud. Alcohol. 1999.60:310-6.

158. Norstrom T. Outlet density and criminal violence in Norway, 1960-1995. J.
Stud. Alcohol. 2000.61:907-11.

159. Escobedo LG, Ortiz M. The relationship between liquor outlet density and
injury and violence in New Mexico. Accid. Anal. Prev. 2002.34:689-94.

160. Zhu L, Gorman DM, Horel S. Alcohol Outlet Density and Violence: A
Geospatial Analysis. Alcohol Alcohol. 2004.39:369-75.

161. Livingston M. Alcohol outlet density and assault: a spatial analysis. Addiction.
2008.103:619-28.

162. Flahaut B, Mouchart M, Martin ES, Thomas |. The local spatial autocorrelation
and the kernel method for identifying black zones: A comparative approach. Accid. Anal.
Prev. 2003.35:991-1004. Available from:
http://www.sciencedirect.com/science/article/pii/S0001457502001070

163. Spooner PG, Lunt ID, Okabe A, Shiode S. Spatial analysis of roadside Acacia
populations on a road network using the network K-function. Landsc. Ecol. Springer
Netherlands; 2004.19:491-9. Available from:
http://dx.doi.org/10.1023/B:LAND.0000036114.32418.d4

164. Yang D-H, Goerge R, Mullner R. Comparing GIS-Based Methods of
Measuring Spatial Accessibility to Health Services. J. Med. Syst. Kluwer Academic

83



Publishers-Plenum Publishers; 2006.30:23-32. Available from:
http://dx.doi.org/10.1007/s10916-006-7400-5

165. Dai D, Taquechel E, Steward J, Strasser S. The impact of built environment
on pedestrian crashes and the identification of crash clusters on an urban university
campus. West. J. Emerg. Med. 2010.11:294-301.

166. Kingsley BS, Schmeichel KL, Rubin CH. An update on cancer cluster
activities at the centers for disease control and prevention. Environ. Health Perspect.
2007.115:165-71.

167. Andrienko G, Andrienko N, Demsar U, Dransch D, Dykes J, Fabrikant Sl, et
al. Space, time and visual analytics. Int. J. Geogr. Inf. Sci. Taylor & Francis;
2010.24:1577-600. Available from: http://dx.doi.org/10.1080/13658816.2010.508043

168. Cusimano M, Marshall S, Rinner C, Jiang D, Chipman M. Patterns of urban
violent injury: a spatio-temporal analysis. PLoS One. 2010.5:1-9.

169. Kulldorff M, Heffernan R, Hartman J, Assuncdo RM, Mastashari F. A space-
time permutation scan statistic for the early detection of disease outbreaks. PLoS Med.
2005.2:216-24.

170. Kulldorff M, Information Management Services Inc. SaTScan v8.0: Software
for the spatial and space-time scan statistics. 2009. Available from:
http://www.satscan.org/

171. Chen J, Roth R, Naito A, Lengerich E, MacEachren A. Geovisual analytics to
enhance spatial scan statistic interpretation: an analysis of U.S. cervical cancer mortality.
Int. J. Health Geogr. 2008.7:57. Available from: http://www.ij-
healthgeographics.com/content/7/1/57

172. Chen J, MacEachren AM, Lengerich E. Visual Analytics of Spatial Scan
Statistic Results. GIScience 2008. Park City, Utah; 2008.

173. Bailey PE, Keyes EB, Parker C, Abdullah M, Kebede H, Freedman L. Using
a GIS to model interventions to strengthen the emergency referral system for maternal
and newborn health in Ethiopia. Int. J. Gynecol. &amp; Obstet. 2011.115:300-9. Available
from: http://www.sciencedirect.com/science/article/pii/S0020729211004607

174. Fritz CE, Schuurman N, Robertson C, Lear SA. A scoping review of spatial
cluster analysis techniques for point-event data. Geospat. Health. 2013.7:183-98.

175. Katayama K, Yokoyama K, Yako-Suketomo H, Okamoto N, Tango T, Inaba
Y. Breast cancer clustering in kanagawa, Japan: a geographic analysis. Asian Pacific J.
Cancer Prev. 2014/02/18. 2014.15:455-60.

176. Sherman RL, Henry KA, Tannenbaum SL, Feaster DJ, Kobetz E, Lee DJ.
Applying spatial analysis tools in public health: an example using SaTScan to detect
geographic targets for colorectal cancer screening interventions. Prev. Chronic Dis.
2014/03/22. 2014.11:E41.

177. Campbell NC, Elliott AM, Sharp L, Ritchie LD, Cassidy J, Little J. Rural and
urban differences in stage at diagnosis of colorectal and lung cancers. Br. J. Cancer.
2001.84:910-4. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11286470

178. McLafferty SL. GIS and Health Care. Annu. Rev. Public Health. 2003.24:25—-

84



42. Available from:
http://www.annualreviews.org/doi/abs/10.1146/annurev.publhealth.24.012902.141012

179. Comber A, Brunsdon C, Radburn R. A spatial analysis of variations in health
access: linking geography, socio-economic status and access perceptions. Int. J. Health
Geogr. 2011.10:44. Available from: http://www.ij-healthgeographics.com/content/10/1/44

180. Khan AA, Bhardwaj SM. Access to Health Care: A Conceptual Framework
and its Relevance to Health Care Planning. Eval. Heal. Prof. 1994.17:60—76. Available
from: http://ehp.sagepub.com/content/17/1/60.abstract

181. Penchansky R, Thomas JW. The concept of access: definition and
relationship to consumer satisfaction. Med. Care. 1981.19:127-40.

182. Luo W, Wang F. Measures of spatial accessibility to health care in a GIS
environment: synthesis and a case study in the Chicago region. Environ. Plan. B.
2003.30:865-84.

183. Rosero-Bixby L. Spatial access to health care in Costa Rica and its equity: a
GIS-based study. Soc. Sci. Med. 2004.58:1271-84. Available from:
http://www.sciencedirect.com/science/article/pii/S0277953603003228

184. Wang F, Luo W. Assessing spatial and nonspatial factors for healthcare
access: towards an integrated approach to defining health professional shortage areas.
Heal. Place. 2005.11:131-46. Available from:
http://www.sciencedirect.com/science/article/pii/S1353829204000085

185. McGrail MR, Humphreys J. The index of rural access: an innovative
integrated approach for measuring primary care access. BMC Health Serv. Res.
2009.9:124. Available from: http://www.biomedcentral.com/1472-6963/9/124

186. McGrail MR, Humphreys JS. Measuring spatial accessibility to primary care
in rural areas: Improving the effectiveness of the two-step floating catchment area method.
Appl. Geogr. 2009.29:533-41. Available from:
http://www.sciencedirect.com/science/article/pii/S0143622809000034

187. Guagliardo MF. Spatial accessibility of primary care: concepts, methods and
challenges. Int. J. Health Geogr. 2004.3:3.

188. Phibbs CS, Luft HS. Correlation of travel time on roads versus straight line
distance. Med. Care Res. Rev. 1995/11/01. 1995.52:532—-42.

189. Fortney J, Rost K, Warren J. Comparing Alternative Methods of Measuring
Geographic Access to Health Services. Heal. Serv. Outcomes Res. Methodol. Kluwer
Academic Publishers; 2000.1:173-84. Available from:
http://dx.doi.org/10.1023/A%3A1012545106828

190. Nattinger AB, Kneusel RT, Hoffmann RG, Gilligan MA. Relationship of
distance from a radiotherapy facility and initial breast cancer treatment. J. Natl. Cancer
Inst. 2001.93:1344-6.

191. Miranda ML, Dolinoy DC, Overstreet MA. Mapping for prevention: GIS models
for directing childhood lead poisoning prevention programs. Environ. Health Perspect.
2002.110:947-53.

192. Noor AM, Amin AA, Gething PW, Atkinson PM, Hay SI, Snow RW. Modelling

85



distances travelled to government health services in Kenya. Trop. Med. Int. Heal.
Blackwell Science Ltd; 2006.11:188-96. Available from: http://dx.doi.org/10.1111/j.1365-
3156.2005.01555.x

193. Okabe A, Satoh T, Furuta T, Suzuki A, Okano K. Generalized network
Voronoi diagrams: Concepts, computational methods, and applications. Int. J. Geogr. Inf.
Sci. Taylor & Francis Ltd; 2008.22:965-94. Available from:
http://proxy.lib.sfu.ca/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=
aph&AN=33158224&site=ehost-live

194. Blanford JI, Kumar S, Wei L, MacEachren AM. It's a long, long walk:
accessibility to hospitals, maternity and integrated health centers in Niger. Int. J. Health
Geogr. BioMed Central; 2012.11:24-38. Available from:
http://proxy.lib.sfu.ca/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=
aph&AN=84423713&site=ehost-live

195. Alvarez J, Gil R, Hernandez V, Gil A. Factors associated with maternal
mortality in Sub-Saharan Africa: an ecological study. BMC Public Health. 2009.9:462.
Available from: http://www.biomedcentral.com/1471-2458/9/462

196. Smith GJ, Naipospos TS, Nguyen TD, de Jong MD, Vijaykrishna D, Usman
TB, et al. Evolution and adaptation of HSN1 influenza virus in avian and human hosts in
Indonesia and Vietnam. Virology. 2006.350:258—68.

197. Janies D, Hill AW, Guralnick R, Habib F, Waltari E, Wheeler WC. Geonomic
analysis and geographic visualization of the spread of avian influenza (H5N1). Syst. Biol.
2007.56:321-9.

198. Pfeiffer DU, Minh PQ, Martin V, Epprecht M, Otte MJ. An analysis of the
spatial and temporal patterns of highly pathogenic avian influenza occurrence in Vietham
using national surveillance data. Vet. J. 2007.174:302-9.

199. Wallace RG, Fitch WM. Influenza A H5N1 immigration is filtered out at some
international borders. PLoS One. 2008.3:e1697.

200. Wang J, Vijaykrishna D, Duan L, Bahl J, Zhang X, Webster R, et al.
Identification of the progenitors of Indonesian and Vietnamese avian influenza A (H5N1)
viruses from southern China. J. Virol. 2008.82.

201. Zhao Z, Shortridge K, Garcia M, Guan Y, Wan X. Genotype diversity of H5SN1
highly pathogenic avian influenza viruses. J. Gen. Virol. 2008.89:2182-93.

202. Liang L, Xu B, Chen Y, Liu Y, Cao W, Fang L, et al. Combining spatial-
temporal and phylogenetic analysis approaches for improved understanding on global
H5N1 transmission. PLoS One. 2010.5:e13575.

203. Athas WF, Adams-Cameron M, Hunt WC, Amir-Fazli A, Key CR. Travel
distance to radiation therapy and receipt of radiotherapy following breast-conserving
surgery. J. Natl. Cancer Inst. 2000/02/03. 2000.92:269—-71.

204. Celaya MO, Rees JR, Gibson JJ, Riddle BL, Greenberg ER. Travel distance
and season of diagnosis affect treatment choices for women with early-stage breast
cancer in a predominantly rural population (United States). Cancer Causes Control.
2006.17:851-6.

205. Higgs G. A Literature Review of the Use of GIS-Based Measures of Access

86



to Health Care Services. Heal. Serv. Outcomes Res. Methodol. Kluwer Academic
Publishers; 2004.5:119-39. Available from: http://dx.doi.org/10.1007/s10742-005-4304-7

206. McGrail M. Spatial accessibility of primary health care utilising the two-step
floating catchment area method: an assessment of recent improvements. Int. J. Health
Geogr. 2012.11:50.

207. Basu J, Friedman B. Preventable illness and out-of-area travel of children in
New York counties. Health Econ. 2001/02/17. 2001.10:67-78.

208. Shi L, Starfield B. The effect of primary care physician supply and income
inequality on mortality among blacks and whites in US metropolitan areas. Am. J. Public
Health. 2001/08/14. 2001.91:1246-50.

209. Basu J, Friedman B, Burstin H. Primary care, HMO enrollment, and
hospitalization for ambulatory care sensitive conditions: a new approach. Med. Care.
2002/11/30. 2002.40:1260-9.

210. Teach SJ, Guagliardo MF, Crain EF, McCarter RJ, Quint DM, Shao C, et al.
Spatial accessibility of primary care pediatric services in an urban environment:
association with asthma management and outcome. Pediatrics. 2006/06/17.
2006.117:S78-85.

211. Fortney J, Rost K, Zhang M, Warren J. The Impact of Geographic
Accessibility on the Intensity and Quality of Depression Treatment. Med. Care. 1999.37.
Avalilable from: http://journals.lww.com/lww-
medicalcare/Fulltext/1999/09000/The_Impact_of Geographic_Accessibility_on_the.5.as

px
212. Guagliardo MF, Huber WA, Quint DM, Teach SJ. Does spatial accessibility of

pharmacy services predict compliance with long-term control medications? J. Asthma.
2007/12/22. 2007.44:881-3.

213. Crooks VA, Schuurman N, Cinnamon J, Castleden H, Johnston R. Refining
a location analysis model using a mixed-methods approach: community readiness as a
key factor in siting rural palliative care services. J. Mix. Methods Res. 2011.5:77-95.

214. Fortney JC, Booth BM, Blow FC, Bunn JY. The effects of travel barriers and
age on the utilization of alcoholism treatment aftercare. Am. J. Drug Alcohol Abuse.
1995/08/01. 1995.21:391-406.

215. Goodman DC, Fisher ES, Little GA, Stukel TA, Chang CH. Are neonatal
intensive care resources located according to need? Regional variation in neonatologists,
beds, and low birth weight newborns. Pediatrics. 2001/08/03. 2001.108:426-31.

216. Stafford D, Szczys R, Becker R, Anderson J, Bushfield S. How breast cancer
treatment decisions are made by women in North Dakota. Am. J. Surg. 1998.176:515-9.

217. Meden T, St John-Larkin C, Hermes D, Sommerschield S. Relationship
between travel distance and utilization of breast cancer treatment in rural northern
Michigan. JAMA. 2002/01/12. 2002.287:111.

218. Schroen AT, Brenin DR, Kelly MD, Knaus WA, Slingluff CL. Impact of patient
distance to radiation therapy on mastectomy use in early-stage breast cancer patients. J.
Clin. Oncol. 2005.23:7074-80.

87



219. Boscoe FP, Johnson CJ, Henry KA, Goldberg DW, Shahabi K, Elkin EB, et
al. Geographic proximity to treatment for early stage breast cancer and likelhood of
mastectomy. The Breast. 2011.20:324-8.

220. Wheeler SB, Kuo TM, Durham D, Frizzelle B, Reeder-Hayes K, Meyer A-M.
Effects of distance to care and rural of urban residence on receipt of radiation therapy
among North Carolina Medicare enrollees with breast cancer. N. C. Med. J. 2014.75:239—
46.

221. Cetnar JP, Hampton JM, Williamson AA, Downs T, Wang D, Owen JB, et al.
Place of residence and primary treatment of prostate cancer: examining trends in rural
and nonrural areas in Wisconsin. Urology. 2013.81:540-6.

222. Hunter DJ. Gene-environment interactions in human diseases. Nat. Rev.
Genet. 2005.6:287-98.

223. Lichtenstein P, Holm N V, Verkasalo PK, lliadou A, Kaprio J, Koskenvuo M,
et al. Environmental and heritable factors in the causation of cancer: analyses of cohorts
of twins from Sweden, Denmark, and Finland. N. Engl. J. Med. 2000.343:78-84.

224. Rushton G. Public health, GIS, and spatial analytic tools. Annu. Rev. Public
Health. Annual Reviews Inc.; 2003.24:43. Available from:
http://proxy.lib.sfu.ca/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=
aph&AN=9688361&site=ehost-live

225. McGuinn LA, Ghazarian AA, Ellison GL, Harvey CE, Kaefer CM, Reid BC.
Cancer and environment: definitions and misconceptions. Environ. Res. 2012.112:230-4.

226. Wild CP. The exposome: from concept to utility. Int. J. Epidemiol. 2012/02/03.
2012.41:24-32. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22296988

227. Colditz GA, Sellers TA, Trapido E. Epidemiology: identifying the causes and
preventability of cancer? Nat. Rev. Cancer. 2006.6:75-81.

228. Warnakulasuriya S. Areca nut use following migration and its consequences.
Addict. Biol. 2002.7:127-32.

229. Petersen PE. Strengthening the prevention of oral cancer: the WHO
perspective. Community Dent. Oral Epidemiol. 2005.33:397-9.

230. Kleinsmith LJ. Principles of Cancer Biology. San Francisco: Pearson
Benjamin Cummings; 2006.

231. Pytynia KB, Dahlstrom KR, Sturgis EM. Epidemiology of HPV-associated
oropharyngeal cancer. Oral Oncol. 2014/01/28. 2014. Available from:
http://mwww.ncbi.nim.nih.gov/pubmed/24461628

232. Sturgis EM, Cinciripini PM. Trends in head and neck cancer incidence in
relation to smoking prevalence: an emerging epidemic of human papillomavirus-
associated cancers? Cancer. 2007/08/29. 2007.110:1429-35. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17724670

233. Conway DI, McMahon AD, Smith K, Black R, Robertson G, Devine J, et al.
Components of socioeconomic risk associated with head and neck cancer: a population-
based case-control study in Scotland. Br. J. Oral Maxillofac. Surg. 2010.48:11-7.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/19481316

88



234. Corsi DJ, Chow CK, Lear SA, Subramanian SV, Teo KK, Boyle MH. Smoking
in context: a multilevel analysis of 49,088 communities in Canada. Am. J. Prev. Med.
2012.43:601-10.

235. Corsi DJ, Subramanian S V, Lear SA, Chow CK, Teo KK, Boyle MH. Co-
variation in dimensions of smoking behaviour: A multivariate analysis of individuals and
communities in Canada. Heal. Place. 2013.22:29-37. Available from:
http://www.sciencedirect.com/science/article/pii/S1353829213000361

236. Doll R, Peto R. The causes of cancer: quantitative estimates of avoidable
risks of cancer in the United States today. J. Natl. Cancer Inst. 1981/06/01. 1981.66:1191—
308.

237. McNally RJ, Alexander FE, Birch JM. Space-time clustering analyses of
childhood acute lymphoblastic leukaemia by immunophenotype. Br. J. Cancer.
2002.87:513-5.

238. Guidry JJ, Torrence W, Herbelin S. Closing the divide: diverse populations
and cancer survivorship. Cancer. 2005/11/01. 2005.104:2577-83. Available from:
http://www.ncbi.nim.nih.gov/pubmed/16258930

239. Freedman ND, Abnet CC, Leitzmann MF, Hollenbeck AR, Schatzkin A.
Prospective investigation of the cigarette smoking-head and neck cancer association by
sex. Cancer. 2007/08/29. 2007.110:1593-601. Available from:
http:/imwww.ncbi.nim.nih.gov/pubmed/17724671

240. Guha N, Boffetta P, Wunsch Filho V, Eluf Neto J, Shangina O, Zaridze D, et
al. Oral health and risk of squamous cell carcinoma of the head and neck and esophagus:
results of two multicentric case-control studies. Am. J. Epidemiol. 2007/09/01.
2007.166:1159-73. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17761691

241. Settle K, Posner MR, Schumaker LM, Tan M, Suntharalingam M, Goloubeva
O, et al. Racial survival disparity in head and neck cancer results from low prevalence of
human papillomavirus infection in black oropharyngeal cancer patients. Cancer Prev. Res.
2009.2:776-81. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19641042

242. Wheeler DC, Waller LA, Cozen W, Ward MH. Spatial-temporal analysis of
non-Hodgkin lymphoma risk using multiple residential locations. Spat Spat. Epidemiol.
2012/06/12. 2012.3:163-71.

243. Conway DI, Brenner DR, McMahon AD. Estimating and explaining the effect
of education and income on head and neck cancer risk: INHANCE consortium pooled
analysis of 31 case-control studies from 27 countries. Int. J. Cancer. 2014.ePub
ahead:doi: 10.1002/ijc.29063.

244. Galster G, Hanson R, Wolman H, Coleman S, Freihage J. Wrestling Sprawl
to the Ground: Defining and Measuring an Elusive Concept. Washington, D.C.: Fannie
Mae Foundation; 2000.

245. Turcotte M. The city/suburb contrast: how can we measure it? Can. Soc.
Trends. 2008.85:11-008—XWE 85 2008001.

246. Lopez R, Hynes H. Sprawl in the 1990s: measurement, distribution, and
trends. Urban Aff. Rev. 2003.38:325-55.

247. Ewing R, Pendall R, Chen D. Measuring Sprawl and its Impact. Washington,

89



D.C.: Smart Growth America; 2002.

248. Linteau P. Canadian suburbanization in a North American context: does the
border make a difference? J. Urban Hist. 1987.13:252—-74.

249. Brueton L. Complete communities: moving from academic rhetoric to action.
University of British Columbia; 1997.

250. Ley D, Lynch N. Divisions and Disparities in Lotus-Land: Socio-Spatial
Income Polarization in Greater Vancover, 1970-2005. Toronto, Canada; 2012.

251. Armstrong C, Nelles H. Suburban street railway strategies in Montreal,
Toronto, Vancouver, 1896-1930. In: Selter G, Artibise A, editors. Power Place Can. Urban
Dev. North Am. Context. Vancouver, Canada: University of British Columbia Press; 1986.
p. 187-218.

252. Bumstead J. Home sweet suburb: from Don Mills to Paradise Crescent. The
great post-war migration. Beaver. 1992.72:26-34.

253. Carley M, Dalziel R, Dargan P, Laird S. Edinburgh New Town: a Model City.
Stroud, UK: Amberley; 2015.

254. Muller PO. Transportation and Urban Form - Stages in the Spatial Evolution
of the American Metropolis. Geogr. Urban Transp. 2004. p. 59-85.

255. Muller PO. Transportation and urban growth: the shaping of the urban
metropolis. Focus (Madison). 1986.2:8-17.

256. Jacobs J. The Death and Life of Great American Cities. New York: Random
House; 1961.

257. O'Mara MP. Uncovering the city in the suburb. In: Kruse KM, Sugrue TJ,
editors. New Suburb. Hist. Chicago, USA: University of Chicago Press; 2006. p. 57—79.

258. Ley D, Frost H. The inner city. Can. Cities Transit. New Dir. Twent. Century.
Toronto, Canada: University of Toronto Press; 2006. p. 192-210.

259. Ley D, Smith H. Relations between deprivation and immigrant groups in large
Canadian cities. Urban Stud. 2000.37:37-62. Available from:
http://usj.sagepub.com/content/37/1/37.abstract

260. Ghosh S. Everyday Lives in Vertical Neighbourhoods: Exploring Bangladeshi
Residential Spaces in Toronto’s Inner Suburbs. Int. J. Urban Reg. Res. 2014.38:2008-24.
Available from: http://doi.wiley.com/10.1111/1468-2427.12170

261. Preston V, Lo L. “Asian theme” malls in suburban Toronto: land use conflict
in Richmond Hill. Can. Geogr. 2000.44:182-90. Available from:
http://doi.wiley.com/10.1111/j.1541-0064.2000.tb00701.x

262. Hutton T. The New Economy of the Inner City: Regeneration and Dislocation
in the 21st Century Metropolis. New York, USA: Routledge; 2008.

263. Teixeira C, Li W. The Housing and Economic Experiences of Immigrants in
US and Canadian Cities. Toronto: University of Toronto Press; 2015.

264. Harris R. Using Toronto to explore three suburban stereotypes, and vice
versa. Environ. Plan. A. Pion Limited; 2015.47:30-49.

90



265. Walks R. Economic Restructuring and Trajectories of Socio-spatial
Polarization in the Twenty-first-century Canadian city. In: Bourne L, Hutton T, Shearmur
R, Simmons J, editors. Can. Urban Reg. Trajectories Growth Chang. Toronto: Oxford
University Press; 2011.

266. Preston V, Murnaghan AM, Murdie R, Logan J, Wedlock J, Agrawal S, et al.
Seeking affordable home ownership in the suburbs: a case study of immigrants in York
Region. Can. Issues. 2010.3:40.

267. Hiebert D. Newcomers in the Canadian housing market. Can. Issues2.
2010.3:8-15.

268. Ross NA, Nobrega K, Dunn J. Income segregation, income inequality and
mortality in North American metropolitan areas. GeoJournal. Springer; 2001.53:117-24.

269. Larsen K, Gilliland J. Mapping the evolution of “food deserts” in a Canadian
city: supermarket accessibility in London, Ontario, 1961-2005. Int. J. Health Geogr.
BioMed Central; 2008.7:16. Available from:
http://www.ncbi.nim.nih.gov/pubmed/18423005

270. Smoyer-Tomic KE, Spence JC, Amrhein C. Food deserts in the prairies?
Supermarket accessibility and neighborhood need in Edmonton, Canada*. Prof. Geogr.
Taylor & Francis; 2006.58:307-26.

271. Walker RE, Keane CR, Burke JG. Disparities and access to healthy food in
the United States: A review of food deserts literature. Health Place. 2010.16:876—-84.

272. Garasky S, Morton L, Greder K. The Food Environment and Food Insecurity:
Perceptions of Rural, Suburban, and Urban Food Pantry Clients in lowa. Fam. Econ. Nutr.
Rev. 2004.16:41-8.

273. Powell LM, Slater S, Mirtcheva D, Bao Y, Chaloupka FJ. Food store
availability and neighborhood characteristics in the United States. Prev. Med. (Baltim).
2007.44:189-95. Available from: http://www.ncbi.nlm.nih.gov/pubmed/16997358

274. Apparicio P, Cloutier M-S, Shearmur R. The case of Montréal’s missing food
deserts: evaluation of accessibility to food supermarkets. Int. J. Health Geogr. 2007.6:4.
Available from: http://www.ncbi.nIm.nih.gov/pubmed/17295912

275. Frank LD, Stone B, Bachman W. Linking land use with household vehicle
emissions in the central puget sound: methodological framework and findings. Transp.
Res. Part D Transp. Environ. 2000.5:173-96.

276. Kay J. Asphalt Nation: How the Automobile Took Over America and How We
Can Take it Back. Berkeley, USA: University of California Press; 1997.

277. Kneebone E, Berube A. Confronting Suburban Poverty in America.
Washington, D.C., USA: Brookings; 2013.

278. Koslowsky M, Kluger A, Reich M. Commuting Stress: Causes, Effects, and
Methods of Coping. New York, USA: Springer; 1995.

279. Stokols D, Novaco RW. Transportation and well-being: An ecological
perspective. In: Altman I, Wohlwill J, Everett P, editors. Transp. Behav. Plenum; 1983. p.
85-130.

280. Platt FN. Heart rate measurements of drivers with the highway systems

91



research car. Ind. Med. Surg. 1969.38:339-48. Available from:
http://www.ncbi.nim.nih.gov/pubmed/5260381

281. Burns NM, Baker CA, Simonson E, Keiper C. Electrocardiogram changes in
prolonged automobile driving. Percept. Mot. Skills. 1966.23:210. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/5962762

282. Tomasini M. [Current knowledge of cardiological changes in motor vehicle
drivers]. Med. Lav. 1979.70:90-6. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/470817

283. Kleinman JC, DeGruttola VG, Cohen BB, Madans JH. Regional and urban-
suburban differentials in coronary heart disease mortality and risk factor prevalence. J.
Chronic Dis. Elsevier; 1981.34:11-9. Available from:
http://linkinghub.elsevier.com/retrieve/pii/0021968181900771

284. Bowman SA, Vinyard BT. Fast Food Consumption of U.S. Adults: Impact on
Energy and Nutrient Intakes and Overweight Status. J. Am. Coll. Nutr. Routledge;
2013.23:163-8.

285. Richardson AS, Boone-Heinonen J, Popkin BM, Gordon-Larsen P.
Neighborhood fast food restaurants and fast food consumption: a national study. BMC
Public Health. 2011.11:543. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21740571

286. Powell LM, Bao Y. The Availability of Fast-Food and Full-Service Restaurants
in the United States: Associations with Neighborhood Characteristics. Am. J. Prev. Med.
2007.33:S240-5.

287. Lin S, Munsie J, Hwang S, Fitzgerald E, Cayo M. Childhood asthma
hospitalization and residential exposure to state route traffic. Environ. Res. 2002.88:73—
81.

288. van Vliet P, Knape M, de Hartog J, Janssen N, Harssema H, Brunekreef B.
Motor vehicle exhaust and chronic respiratory symptoms in children living near freeways.
Environ. Res. 1997.74:122-32.

289. Gauderman WJ, Gilliland GF, Vora H, Avol E, Stram D, McConnell R, et al.
Association between air pollution and lung function growth in southern California children:
results from a second cohort. Am J Respir Crit Care Med. Am Thoracic Soc; 2002.166:76—
84. Available from:
http://mwww.ncbi.nim.nih.gov/pubmed/12091175\nhttp://www.atsjournals.org/doi/pdf/10.11
64/rccm.2111021

290. Stieb DM, Chen L, Eshoul M, Judek S. Ambient air pollution, birth weight and
preterm birth: A systematic review and meta-analysis. Environ. Res. Elsevier;
2012.117:100-11. Available from:
http://www.sciencedirect.com.ezproxy.lib.bbk.ac.uk/science/article/pii/S00139351120017
64

291. Woodruff TJ, Grillo J, Schoendorf KC. The relationship between selected
causes of post neonatal infant mortality and particulate air pollution in the United States.
Environ. Health Perspect. National Institute of Environmental Health Science;
1997.105:608—612.

92



292. McMichael AJ, Woodruff RE, Hales S. Climate change and human health:
present and future risks. Lancet. Elsevier; 2006.367:859—69. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S0140673606680793\nhttp://www.ncbi.nim.nih.
gov/pubmed/16530580

293. Patz JA, Campbell-Lendrum D, Holloway T, Foley JA. Impact of regional
climate change on human health. Nature. Nature Publishing Group; 2005.438:310-7.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/16292302

294. Furgal C, Seguin J. Climate Change, Health, and Vulnerability in Canadain
Northern Aboriginal Communities. Health Perspect. JSTOR; 2006.114:1964—70.

295. Fan Y, Song Y. Is Sprawl Associated with a Widening Urban-Suburban
Mortality Gap? J. Urban Heal. Springer US; 2009.86:708-28. Available from:
http://link.springer.com/10.1007/s11524-009-9382-3

296. Eberhardt MS, Pamuk ER. The importance of place of residence: examining
health in rural and nonrural areas. Am. J. Public Heal. 2004.94:1682-6. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15451731

297. Sturm R, Cohen DA. Suburban sprawl and physical and mental health. Am.
J. Public Health. 2004.118:488-96.

298. Chaturvedi AK, Anderson WF, Lortet-Tieulent J, Curado MP, Ferlay J,
Franceschi S. Worldwide trends in incidence rates for oral cavity and oropharyngeal
cancers. J. Clin. Oncol. 2013.31:4550-9.

299. Johnson S, McDonald JT, Corsten M, Rourke R. Socio-economic status and
head and neck cancer incidence in Canada: a case-control study. Oral Oncol.
2010.46:200-3.

300. Auluck A, Hislop G, Poh C, Zhang L, Rosin MP. Areca nut and betel quid
chewing among South Asian immigrants to Western countries and its implications for oral
cancer screening. Rural Remote Health. 2009.9:1118.

301. Vogel DWT, Zbaeren P, Thoeny HC. Cancer of the oral cavity and
oropharynx. Cancer Imaging. 2010.10:62-72.

302. Canadian Cancer Society’s Advisory Committee on Cancer Statistics.
Canadian Cancer Statistics 2013. Toronto, Canada: Canadian Cancer Society; 2013.

303. Conway DI, McKinney PA, McMahon AD, Ahrens W, Schmeisser N,
Benhamou S, et al. Socioeconomic factors associated with risk of upper aerodigestive
tract cancer in Europe. Eur. J. Cancer. 2010.46:588-98.

304. Mehanna H, Beech T, Nicholson T, El-Hariry I, McConkey C, Paleri V, et al.
Prevalence of human papillomavirus in oropharyngeal and nonoropharyngeal head and
neck cancer: systematic review and meta-analysis of trends by time and region. Head
Neck. 2013.35:747-55.

305. Robinson KL, MacFarlane GJ. Oropharyngeal cancer incidence and mortality
in Scotland: are rates still increasing? Oral Oncol. 2003.39:31-6.

306. McDonald JT, Johnson-Obaseki S, Hwang E, Connell C, Corsten M. The
relationship between survival and socio-economic status for head and neck cancer in
Canada. J. Otolaryngol. - Head Neck Surg. 2014.43:2.

93



307. Collins PA, Hayes M V, Oliver LN. Neighbourhood quality and self-rated
health: a survey of eight suburban neighbourhoods in the Vancouver Census Metropolitan
Area. Heal. Place. 2009.15:156-64.

308. Kneebone E, Garr E. The Suburbanization of Poverty: Trends in Metropolitan
America, 2000 to 2008. Metrop. Oppor. Ser. Washington, D.C., USA: Brookings; 2010.

309. Harris R. Creeping Conformity: How Canada Became Suburban. Toronto,
Canada: University of Toronto Press; 2004.

310. Allard SW, Roth B. Strained Suburbs: The Social Service Challenges of
Rising Suburban Poverty. Metrop. Oppor. Ser. Washington, D.C., USA: Brookings; 2010.

311. Fiedler R, Schuurman N, Hyndman J. Hidden homelessness: An indicator-
based approach for examining the geographies of recent immigrants at-risk of
homelessness in Greater Vancouver. Cities. 2006.23:205-16. Available from:
http://www.sciencedirect.com/science/article/pii/S0264275106000266

312. Goodchild MF. Assertion and authority: the science of user-generated
geographic content (proceedings of the Colloquium for Andrew U. Frank’s 60th Birthday).
Geoinfo 39. Vienna: Vienna University of Technology; 2008.

313. Kawachi I, Kennedy BP. Health and social cohesion: why care about income
inequality? BMJ Br. Med. J. 1997.314:1037-40.

314. Leslie E, Saelens B, Frank LD, Owen N, Bauman A, Coffee N, et al.
Residents’ perceptions of walkability attributes in objectively different neighbourhoods: a
pilot study. Heal. Place. 2005.11:227-36.

315. Mahoney MC, LaBrie DS, Nasca PC, Wolfgang PE, Burnett WS. Population
density and cancer mortality differentials in New York State, 1978-1982. Int. J. Epidemiol.
1990/09/01. 1990.19:483-90.

316. Howe HL, Keller JE, Lehnherr M. Relation between population density and
cancer incidence, lllinois, 1986-1990. Am. J. Epidemiol. 1993/07/01. 1993.138:29—36.

317. Pritchard C, Evans B. Population density and cancer mortality by gender and
age in England and Wales and the Western World 1963-93. Public Health. 1997/07/01.
1997.111:215-20.

318. Auluck A, Hislop G, Bajdik C, Poh C, Zhang L, Rosin M. Trends in
oropharyngeal and oral cavity cancer incidence of human papillomavirus (HPV)-related
and HPV-unrelated sites in a multicultural population. Cancer. 2010.116:2635—44.

319. Bell N, Schuurman N, Oliver L, Hayes M V. Towards the construction of place-
specific measures of deprivation: a case study from the Vancouver metropolitan area.
Can. Geogr. 2007.51:444-61.

320. Boing AF, Antunes JL, de Carvalho MB, de Gois Filho JF, Kowalski LP,
Michaluart Jr. P, et al. How much do smoking and alcohol consumption explain
socioeconomic inequalities in head and neck cancer risk? J. Epidemiol. Community
Health. 2010/08/21. 2011.65:709-14.

321. Statistics Canada. Immigration and Ethnocultural Diversity in Canada .
Ottawa, Canada: Statistics Canada; 2013.

322. Scully C, Bedi R. Ethnicity and oral cancer. Lancet Oncol. 2000.1:37—42.

94



323. Nakamura N, lalomiteanu A, Rehm J, Fischer B. Prevalence and
characteristics of substance use among Chinese and South Asians in Canada. J. Ethn.
Subst. Abuse. Routledge; 2011.10:39-47. Available from:
http://www.tandfonline.com/doi/abs/10.1080/15332640.2011.547794

324. Guha N, Warnakulasuriya S, Vlaanderen J, Straif K. Betel quid chewing and
the risk of oral and oropharyngeal cancers: A meta-analysis with implications for cancer
control. Int. J. Cancer. 2014.135:1433-43. Available from:
http://dx.doi.org/10.1002/ijc.28643

325. Zhang X, Reichart PA. A review of betel quid chewing, oral cancer and
precancer in Mainland China. Oral Oncol. 2007/01/30. 2007.43:424-30.

326. Howard AF, Bottorff JL, Balneaves LG, Grewal SK. Punjabi immigrant
women’s breast cancer stories. J. Immigr. Minor. Heal. 2007.9:269-79. Available from:
http://mwww.ncbi.nim.nih.gov/pubmed/17345153

327. Gupta B, Johnson NW, Kumar N. Global Epidemiology of Head and Neck
Cancers: A Continuing Challenge. Oncology. 2016.

328. Scoggins JF, Fedorenko CR, Donahue SMA, Buchwald D, Blough DK,
Ramsey SD. Is Distance to Provider a Barrier to Care for Medicaid Patients With Breast,
Colorectal, or Lung Cancer? J. Rural Heal. Blackwell Publishing Inc; 2012.28:54—-62.
Available from: http://dx.doi.org/10.1111/j.1748-0361.2011.00371.x

329. Holmes JA, Carpenter WR, Wu Y, Hendrix LH, Peacock S, Massing M, et al.
Impact of Distance to a Urologist on Early Diagnosis of Prostate Cancer Among Black and
White Patients. J. Urol. Elsevier; 2012.187:883-8. Available from:
http://dx.doi.org/10.1016/j.juro.2011.10.156

330. Crawford SM, Sauerzapf V, Haynes R, Forman D, Jones AP. Social and
geographical factors affecting access to treatment of colorectal cancer: a cancer registry
study. BMJ Open. 2012.2. Available from:
http://bmjopen.bmj.com/content/2/2/e000410.abstract

331. Stitzenberg KB, Thomas NE, Dalton K, et al. Distance to diagnosing provider
as a measure of access for patients with melanoma. Arch. Dermatol. 2007.143:991-8.
Available from: http://dx.doi.org/10.1001/archderm.143.8.991

332. Wan N, Zhan FB, Zou B, Wilson JG. Spatial access to health care services
and disparities in colorectal cancer stage at diagnosis in Texas. Prof. Geogr.
2013.65:527-41.

333. Huang B, Dignan M, Han D, Johnson O. Does Distance Matter? Distance to
Mammography Facilities and Stage at Diagnosis of Breast Cancer in Kentucky. J. Rural
Heal. Blackwell Publishing Inc; 2009.25:366-71. Available from:
http://dx.doi.org/10.1111/j.1748-0361.2009.00245.x

334. Lamont EB, Hayreh D, Pickett KE, Dignam JJ, List MA, Stenson KM, et al. Is
Patient Travel Distance Associated With Survival on Phase Il Clinical Trials in Oncology?
J. Natl. Cancer Inst. 2003.95:1370-5. Available from:
http://jnci.oxfordjournals.org/content/95/18/1370.abstract

335. Higgs G. A literature review of the use of GIS-based measures of access to
health care services. Heal. Serv. Outcomes Res. Methodol. 2005.5:119-39.

95



336. Aday LA, Andersen RM. Equity of access to medical care: a conceptual and
empirical overview. Med. Care. 1981.19:4-27.

337. Conway DI, Petticrew M, Marlborough H, Berthriller J, Hashibe M,
MacPherson LMD. Socioeconomic inequalities and oral cancer risk: A systematic review
and meta-analysis of case-control studies. Int. J. Cancer. 2008.122:2811-9.

338. Walker BB, Schuurman N, Auluck A, Lear SA, Rosin M. Suburbanisation of
oral cavity cancers: evidence from a geographically-explicit observational study of
incidence trends in British Columbia, Canada, 1981-2010. BMC Public Health.
2015.15:758. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4528809&tool=pmcentrez&re
ndertype=abstract

339. Ward E, Jemal A, Cokkinides V, Singh GK, Cardinez C, Ghafoor A, et al.
Cancer Disparities by Race/Ethnicity and Socioeconomic Status. CA. Cancer J. Clin. John
Wiley & Sons, Ltd.; 2004.54:78-93. Available from:
http://dx.doi.org/10.3322/canjclin.54.2.78

340. Shavers VL, Brown ML. Racial and Ethnic Disparities in the Receipt of Cancer
Treatment. J. Natl. Cancer  Inst. 2002.94:334-57. Available  from:
http://jnci.oxfordjournals.org/content/94/5/334.abstract

341. Woods LM, Rachet B, Coleman MP. Origins of socio-economic inequalities
in cancer survival: a review. Ann. Oncol. 2006.17:5-19. Available from:
http://annonc.oxfordjournals.org/content/17/1/5.abstract

342. Byers TE, Wolf HJ, Bauer KR, Bolick-Aldrich S, Chen VW, Finch JL, et al.
The impact of socioeconomic status on survival after cancer in the United States. Cancer.
Wiley Subscription Services, Inc., A Wiley Company; 2008.113:582—-91. Available from:
http://dx.doi.org/10.1002/cncr.23567

343. Mandelblatt JS, Yabroff KR, Kerner JF. Equitable access to cancer services.
Cancer. John Wiley & Sons, Inc.; 1999.86:2378-90. Available from:
http://dx.doi.org/10.1002/(SIC1)1097-0142(19991201)86:11<2378::AlD-
CNCR28>3.0.CO;2-L

344. Athanasakis K, Souliotis K, Kyriopoulos E-J, Loukidou E, Kritikou P,
Kyriopoulos J. Inequalities in access to cancer treatment: an analysis of cross-regional
patient mobility in Greece. Support. Care Cancer. Springer-Verlag; 2012.20:455-60.
Available from: http://dx.doi.org/10.1007/s00520-011-1093-0

345. Mackillop WJ, Zhang-Salomons J, Groome PA, Paszat L, Holowaty E.
Socioeconomic status and cancer survival in Ontario. J. Clin. Oncol. 1997.15:1680-9.

346. Klein-Geltink JE, Pogany LM, Barr RD, Greenberg ML, Mery LS. Waiting
times for cancer care in Canadian children: Impact of distance, clinical, and demographic
factors. Pediatr. Blood Cancer. Wiley Subscription Services, Inc., A Wiley Company;
2005.44:318-27. Available from: http://dx.doi.org/10.1002/pbc.20156

347. Bell N, Hayes M V. The Vancouver Area Neighbourhood Deprivation Index
(VANDIX): a census-based tool for assessing small-area variations in health status. Can.
J. Public Heal. 2012/01/01. 2012.103:528-32.

348. Halm EA, Lee C, Chassin MR. Is volume related to outcome in health care?

96



A systematic review and methodologic critique of the literature. Ann. Intern. Med.
2002.137:511-20. Available from: http://www.ncbi.nlm.nih.gov/pubmed/12230353

349. Raval M V, Bilimoria KY, Talamonti MS. Quality improvement for pancreatic
cancer care: is regionalization a feasible and effective mechanism? Surg. Oncol. Clin. N.
Am. 2010.19:371-90. Available from: http://www.ncbi.nim.nih.gov/pubmed/20159520

350. Amato L, Colais P, Davoli M, Ferroni E, Fusco D, Minozzi S, et al. [Volume
and health outcomes: evidence from systematic reviews and from evaluation of Italian
hospital data]. Epidemiol. Prev. 37:1-100. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23851286

351. Finley C, Schneider L, Shakeel S, Akhtar-Danesh N, Elit L, Dixon E, et al.
Approaches To High-Risk, Resource Intensive Cancer Surgical Care In Canada. 2015.
Available from:
http://lwww.cancerview.ca/idc/groups/public/documents/document/high_risk_resource_ful
|_report_en.pdf

352. Nattinger AB, Kneusel RT, Hoffmann RG, Gilligan MA. Relationship of
distance from a radiotherapy facility and initial breast cancer treatment. J. Natl. Cancer
Inst. 2001/09/06. 2001.93:1344-6.

353. Campbell NC, Elliott AM, Sharp L, Ritchie LD, Cassidy J, Little J. Rural factors
and survival from cancer: analysis of Scottish cancer registrations. Br. J. Cancer.
2000.82:1863-6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/10839303

354. Baldwin L-M, Cai Y, Larson EH, Dobie SA, Wright GE, Goodman DC, et al.
Access to Cancer Services for Rural Colorectal Cancer Patients. J. Rural Heal. Blackwell
Publishing Inc; 2008.24:390-9. Available from: http://doi.wiley.com/10.1111/j.1748-
0361.2008.00186.x

355. Du XL, Lin CC, Johnson NJ, Altekruse S. Effects of individual-level
socioeconomic factors on racial disparities in cancer treatment and survival. Cancer. Wiley
Subscription Services, Inc., A Wiley Company; 2011.117:3242-51. Available from:
http://doi.wiley.com/10.1002/cncr.25854

356. Singh GK, Miller BA, Hankley BF, Edwards BK. Area Socioeconomic
Variations in U.S. Cancer Incidence, Mortality, Stage, Treatment, and Survival, 1975—
1999. Bethesda, USA; 2003.

357. Riaz SP, Lichtenborg M, Jack RH, Coupland VH, Linklater KM, Peake MD,
et al. Variation in surgical resection for lung cancer in relation to survival: population-based
study in England 2004-2006. Eur. J. Cancer. 2012.48:54-60. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21871792

358. Launoy G, Le Coutour X, Gignoux M, Pottier D, Dugleux G. Influence of rural
environment on diagnosis, treatment, and prognosis of colorectal cancer. J. Epidemiol.
Community Heal. 1992.46:365-7. Available from:
http://jech.bmj.com/cgi/doi/10.1136/jech.46.4.365

359. Campbell NC, Elliott AM, Sharp L, Ritchie LD, Cassidy J, Little J. Impact of
deprivation and rural residence on treatment of colorectal and lung cancer. Br. J. Cancer.
2002.87:585-90. Available from: http://www.ncbi.nlm.nih.gov/pubmed/12237766

360. Coory MD, Baade PD. Urban-rural differences in prostate cancer mortality,

97



radical prostatectomy and prostate-specific antigen testing in Australia. Med. J. Aust.
2005.182:112-5. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15698354

361. Kruse KM, Sugrue TJ. The New Suburban History. Chicago, USA: University
of Chicago Press; 2006.

362. Greenberg MR. Urbanization and cancer mortality: the United States
experience 1950-1975. New York NY/Oxford England Oxford University Press 1983.;
1983.

363. Schuurman N, Peters PA, Oliver LN. Are Obesity and Physical Activity
Clustered? A Spatial Analysis Linked to Residential Density. Obesity. 2009.17:2202-9.
Available from: <Go to 1SI>://000272091200013

364. Strand T-E. More emphasis on resection rates! J. Thorac. Oncol.
2012.7:1067-8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22706606

365. Thorsteinsson H, Alexandersson A, Oskarsdottir GN, Skuladottir R, Isaksson
HJ, Jonsson S, et al. Resection rate and outcome of pulmonary resections for non-small-
cell lung cancer: a nationwide study from Iceland. J. Thorac. Oncol. 2012.7:1164-9.
Available from: http://www.ncbi.nim.nih.gov/pubmed/22592213

366. Boyle P, Parkin DM. Cancer registration: principles and methods. Statistical
methods for registries. IARC Sci. Publ. 1991.:126-58. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/1894318

367. Doll R. Urban and rural factors in the aetiology of cancer. Int. J. Cancer. Wiley
Subscription Services, Inc., A Wiley Company; 1991.47:803-10. Available from:
http://doi.wiley.com/10.1002/ijc.2910470602

98



