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Abstract

Objective: The objective of this review is to determine the scope of spatial modelling approaches used
to evaluate geographic access to health and care services in rural Canada.

Introduction: Canada’s health and social policy agenda has made the requirement for equal access to
primary and secondary health setvices for rural populations a key priority. Most rural health research
in Canada has focused on measuring patterns of health outcomes or modelling geographic access to a
natrow range of services, health conditions, or within specific regions. This scoping review will provide
an in depth look at the spatial modelling currently being used to evaluate the barriers and facilitators
for access to health and care services and will provide direction for further research.

Inclusion criteria: This review will consider studies that include any person accessing health and care
services in Canada, focusing on those who reside in rural or remote communities, or access health
services in those areas.

Methods: Published primary studies, reviews, opinion papets, repotts, theses, and dissertations pub-
lished in English or French across all dates will be searched in databases including CINAHL via EB-
SCO, PubMed, ProQuest, Scopus, Web of Science and Dissertations and Theses Global. Following
the search, all titles and abstracts will then be assessed against the inclusion criteria for the review.
Potentially relevant papers will be assessed in detail against the inclusion criteria. The data extracted
will include geographic location, service under study, analytic methodology, data included, and specifics
of the spatial models employed.
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1. Introduction

The rising cost of providing health care services and inability for services to meet the
population demand in 215t Century Canada was predicted by economists and health research-
ers decades ago (1). Difficulty in ensuring equal access to health and care services is tied to
the geographic nature of the country, which is dominated by rural and remote regions with
diverse settlements spread over vast geographic areas. While the majority of Canada’s popu-
lation resides in urban areas, about 18% of Canadians reside in rural regions (2). Canada is
unique compared to its peers, in that it is the only Group of Seven (G7) country where the
rural population is increasing, although rural growth is highest for less-remote communities.
Like its G7 counterparts, rural Canada is faced with an aging rural population; 22.7% of the
rural population is aged 65 years and older, compared to 17.7% of the urban population,
further highlighting need for additional health and care services in the coming decades (3,4).
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While the impacts of demographic change are felt in health services Canada-wide, rural
hospitals are seeing impacts ahead of their urban counterparts, with media regularly reporting
rolling closures of rural emergency, surgical and obstetrical services. The mounting impacts
on rural communities have revived interest in rural health and care service delivery and the
complexity of local health systems (5—7). The undetlying reasons for health service shortages
are multiple and span a wide range of professions including physicians, nurses, dentists, psy-
chologists, and the full range of allied health professionals. (8).

Many rural residents are long distances from the health services they require, and avail-
able services are often limited in comparison to those in urban communities. Combined with
the unique health needs of rural residents, this results in unique challenges for service provi-
sion for rural communities (9). There are consistent disparities in the health of rural Canadian
populations compared to urban populations (4). Although almost 20% of Canadians live in
rural areas, only 12.8% of family physicians and 2.2% of specialist physicians are considered
rural health professionals. However, the number of family physicians per capita is likely in-
flated; Shah et al. (10) highlights that just over 2/3 of primary care physicians wete actively
providing care according to a 2014 /15 estimate. In Ontario, there were 9.58 family physicians
listed per 10,000 people, however only 6.03 per 10,000 capita actively had patients enrolled.

A key priority to meet Canada’s health and social policy agenda is the requirement for
equitable access to primary and secondary health services for rural populations (11). Most
rural health research in Canada has focused on measuring patterns of health outcomes or
modelling access to a narrow range of services, health conditions, or within specific regions
(12,13). However, access is a multifaceted concept, and understanding individual barriers de-
pends highly on locational context, including community socioeconomic conditions, eco-
nomic and employment patterns, policy environments, and transport availability — all of which
can vary geographically between communities and regions (14,15). Importantly, rural areas
are not all the same and there is variation both within and between rural regions and rural com-
munities. As such, we conceptualize access to health and care services as primarily a geo-
graphic problem, where space and place must be explicitly included in analytic and modelling
approaches.

Modelling access to rural health services in Canada is hampered by incomplete availabil-
ity of essential geographic and attribute data (16), and rural geography is often poorly consid-
ered in the literature, usually treated as a dichotomous variable or masked by data aggregation
(17). Due to the methods of data collection and comparatively small populations, rural com-
munities are either grouped together with urban centres for data collection or combined with
other types of rural areas and treated as a homogeneous whole. Incomplete data sources in-
clude such basic information as locations and travel time to hospitals, locations and attributes
of primary care physicians, or number of long-term care beds in approved facilities. Addi-
tionally, there are significant methodological issues with the use of inappropriate geographic
units of analysis, such as the well-documented (18) limitations in using Postal Codes to geo-
graphically locate individuals and facilities (usually the only geographic variable on administra-
tive files) (4).

As highlighted, there is limited understanding of the spatial modelling approaches used
in this research setting in Canada, and this scoping review aims to identify these modelling
practices, and develop a profile of the methods used, definitions of rurality used, data included
in the analysis, and categorize the types of care, diseases included, and populations studied in
the current body of literature.

A preliminary search of PROSPERO, MEDLINE, the Cochrane Database of System-
atic Reviews, and JBI Evidence Synthesis was conducted and no current or in-progress scoping
reviews or systematic reviews on the topic were identified. A recent review was conducted in
Australia (19), however our scoping review will be unique as there are no current reviews of
models used to measure access to rural health and care services in a Canadian context. Addi-
tionally, the Australian review did not categorise the data sources used or summarize the sta-
tistical calculations used in the various methods. Conducting this review will help us under-
stand the modelling approaches to analyse potential access barriers for rural health services
used by rural researchers in Canada and elsewhere.

2. Review Question

What spatial analytic models are used to examine geographic access to rural health and
care services in Canada?
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3. Inclusion Criteria

Participants

This review will consider studies that evaluate access to health and care services in Can-
ada, focusing on those who reside in rural or remote communities, or access health services
in those areas.

Concept

This review will examine spatial and geographic models used to analyze access to rural
health and care services in rural or remote Canada. Those who study rural issues are familiar
with the lack of agreement on the definition of “rural” and there are several definitions em-
ployed in Canada, not all of which are comparable. Researchers often start with the “rural and
small town” definition of rurality which defines urban centres as those with a population of
10,000 or more, and the rural population as those living in towns and municipalities outside
the commuting zone of an urban centre (20). In comparison, the Canadian Census defines
urban areas as those with a population size of at least 1,000 and population density of 400 or
more people per kilometre, while rural areas are the sparsely populated lands outside urban
areas (20). Metropolitan area and census agglomeration Influenced Zones (MIZ) were created
using aspects of the “rural and small town” and census “rural areas” definitions. However, as
urban centre boundaries are expanded to include outlying rural areas for administrative pur-
poses, there are continuity and accuracy issues with this definition.

Recently, Statistics Canada developed a more refined measure of rurality via Index of
Remoteness (IOR), which is a continuous measure of the relative remoteness of Canadian
communities (Census Subdivisions) based on size and proximity to service and population
centers (21). Using the IOR scale, a rurality index was developed for the purposes of data
analysis, by systematically dividing the IOR into an ordinal variable (16,21).

No matter the definition of rurality employed, recognising differences between and within
rural and remote communities is essential. In this regard, Stark et al. (22) recognise the neces-
sity of combining technical (geographic) definitions with social distinctions in order to con-
struct a more accurate portrayal of the different types of rurality in Canada and how those
populations experience our health care system. In this review, we will further identify the
various definitions of rurality and the methods used to quantify them.

Context

This review will consider studies that focus on the Canadian population, and which pay
particular attention to residents of rural or remote settings, whether on their own or within a
broader context.

Types of Sources

This scoping review will consider quantitative, qualitative, and mixed methods study de-
signs for inclusion. In addition, systematic reviews, theses, and dissertations will be considered
for inclusion in the proposed scoping review.

4. Methods

Search Strategy

The search strategy will aim to locate published primary studies, reviews, reports, theses,
and dissertations. A specialist research librarian and primary reviewer completed an initial
limited search of PubMed and CINAHL to develop the search strategy. The text words con-
tained in the titles and abstracts of relevant articles and the index terms used to describe the
articles were used to develop a full search strategy PubMed (see Table 1). The search strategy,
including all identified keywords and index terms, will be adapted for each included infor-
mation source. The reference lists of articles selected for review will be screened for additional
articles to include.

All articles published in English and French, which are the only languages expected to
be used in this context, will be included. Articles published from database inception the pre-
sent will be included as the literature on this topic is limited and there is no benefit to nar-
rowing the date range of the search. The databases to be searched include CINAHL via EB-
SCO, PubMed, ProQuest, Scopus, Web of Science and Dissertations and Theses Global.
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Source of Evidence Selection

Following the search, all identified records will be collated and uploaded into reference
management software and duplicates removed. Following a pilot test, titles and abstracts will
then be screened by at least 2 independent reviewers for assessment against the inclusion
criteria for the review. Potentially relevant papers will be retrieved in full, and their citation
details imported into Covidence (24). The full text of selected citations will be assessed in
detail against the inclusion criteria by 2 independent reviewers. Reasons for exclusion of full-
text papers that do not meet the inclusion criteria will be recorded and reported in the scoping
review. Any disagreements that arise between the reviewers at each stage of the selection
process will be resolved through discussion or with a third reviewer. The results of the search
will be reported in full in the final scoping review and presented in a Preferred Reporting
Items for Systematic Reviews and Meta-analyses for Scoping Reviews (PRISMA-ScR) flow
diagram (25).

Table 1. Search strategy. Retrieval results from PubMed (via NLM) on Dec. 12, 2022.

Search Query Records retrieved
#1 “geospatial ’[All Fields] OR “spatial”[All Fields] OR “model”’[All Fields] OR “GIS”[All Fields] 3,427,832
OR “map”[All Fields] OR “travel”’[All Fields] OR “distance”[All Fields]
H2 "models, spatial interaction"[MeSH Terms| OR "Spatial Analysis"[MeSH Terms] OR 53,430
"Travel"[MeSH Terms] OR "Geographic Information Systems"[MeSH Terms|
#3 #1 OR #2 3,435,548
H4 "rural"[All Fields] OR "ruralities"[All Fields] OR "rurality"[All Fields] OR "rurally"[All Fields] OR 2,381,289
"ruralness"[All Fields] OR "rurals"[All Fields] OR "rural*"[All Fields] OR "remote"[All Fields]
OR "remotely"[All Fields] OR "remoteness"[All Fields] OR "remotes"[All Fields] OR "iso-
lated"[All Fields] OR "isolation"[All Fields] OR "rural"[Title/Abstract] OR "remote"[Title/Ab-
stract] OR "isolated"[Title/Abstract] OR "non-urban"[Title/ Abstract]

#5 "Rural Population"[MeSH Terms] OR "Rural Nursing"[MeSH Terms] OR "Rural Health Ser- 104,794

vices"[MeSH Terms|] OR "Rural Health"[MeSH Terms|] OR "hospitals, rural"[MeSH Terms] OR

"Rural Population"[Mesh]

#6 #4 OR #5 2,381,289
#7 "access*"[Title/ Abstract] OR "availab*"[Title/ Abstract] OR "access"[All Fields] OR "ac- 12,284,057

cessed"[All Fields] OR "accesses"[All Fields] OR "accessibilities"[All Fields] OR "accessibility"[All
Fields] OR "accessible"[All Fields] OR "accessing"[All Fields] OR "barrier*" [All Fields] OR

"measur*"[Title/ Abstract] OR "analys*"

#8 "Health Services Accessibility"[Mesh] OR "health care quality, access, and evaluation"[MeSH 8,563,411
Terms|

#9 #7 OR #8 16,515,981

#10 "Canada"[MeSH Terms] 178,389

#11 "canad*"[Title/Abstract] OR "British Columbia"[Title/Abstract] OR "Colombie Britannique"[Ti- 197,783

tle/ Abstract] OR "alberta*"[Title/ Abstract] OR "Saskatchewan"[Title/ Abstract] OR "mani-

toba*"[Title/ Abstract] OR "Ontatio"[Title/ Abstract] OR "Quebec"[Title/ Abstract] OR "Nou-
veau Brunswick"[Title/Abstract] OR "New Brunswick"[Title/Abstract] OR "Nova Scotia"[Ti-
tle/ Abstract] OR "Nouvelle Ecosse"[Title/ Abstract] OR "Prince Edward Island"[Title/ Abstract]
OR "Newfoundland"[Title/ Abstract] OR "Labrador"[Tite/Abstract] OR "Nunavut"[Title/Ab-
stract] OR "NWT"[Title/ Abstract] OR "Northwest Territoties"[Title/ Abstract] OR "Yukon"[Ti-
tle/ Abstract] OR "Nunavik"[Title/ Abstract] OR "Inuvialuit"[Title/Abstract]

H#12 #10 OR #11

268,016

#13 #3 AND #6 AND #9 AND #12

2,582

Scoping Review Protocol Spatial Determinants of Health Lab



Spatial Models in Rural Research 5o0f 6

Data Extraction

Data will be extracted from papers included in the scoping review by independent re-
viewers using Covidence software. The data extracted will include specific details relevant to
the review question including geographic location, service under study, diseases or conditions
included, population studied, analytic methodology, data included, and specifics of spatial
models employed. Any disagreements that arise between the reviewers will be resolved
through discussion or with a third reviewer. Authors of papers will be contacted to request
missing or additional data where required.

Data analysis and Presentation

A PRISMA flowchart of the study selection process will be completed based on the
selection criteria of the study. First, duplicates will be removed, then studies that do not meet
the study population, context and criteria based on the abstract will be excluded, then studies
that do not meet these requirements based on the full text of the article will be removed. In
the end, articles that are selected will be manually reviewed for other potential studies. We
will summarise these studies by year, topic (type of care or disease group), Aboriginal consid-
eration, categorisation of methods used (barriers, accessibility, or diseases), and data (spatial,
health, socio-demographic) used. As this topic is focussed on spatial models, we will also
integrate evidence mapping tools into outputs. This includes geographic mapping of included
study locations (Province, Region, or Community) by condition, population studied, and set-
vices considered.
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T.M., and P.P.; funding acquisition, P.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Ontario Ministry of Health (Canada), through an Ontario Early
Researcher Award (ERA) number ER18-14-064, Patient Experiences of High Health System Users in Rural
Canada;, Carleton University, Research Development Grant number 29521, Evaluation of evidence on bar-
riers to rural healtheare access in Canada and creation of a rural accessibility index.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the
design of the study; in the collection, analyses, or interpretation of data; in the writing of the manu-
script; ot in the decision to publish the results.

References

1. Brimacombe GG, Antunes P, Mclntyre J. The Future Cost of Health Care in Canada, 2000 to 2020: Balancing Affordability
and Sustainability. Ottawa, Ontario: Conference Boatd of Canada,

2. Population growth in Canada’s rural areas, 2016 to 2021 [Internet]. Ottawa, Ontario: Statistic Canada; 2016. Available from:
https://www12.statcan.gc.ca/census-recensement/2021 /as-sa/98-200-x/2021002/98-200-x2021002-eng.cfm

3. Bakhtiar Moazzami. Strengthening Rural Canada: Fewer & Older : the Coming Demographic Crisis in Rural Ontario [Internet].
Ottawa, Ontatio: Essential Skills Ontario; 2016 [cited 2022 Sep 20]. Available from: https://books.scholarspot-
tal.info/uti/ebooks/ ebooks0/gibson_cppc/2016-02-25/1/248308

4. Lavergne MR, Kephart G. Examining variations in health within rural Canada. Rural Remote Health. 2012 Feb 29;12:1848.

5. Misra V, Sedig K, Dixon DR, Sibbald SL. Prioritizing coordination of primary health care. Can Fam Physician. 2020;66:399—
403.

6.  Petrie S, Peters P. Untangling complexity as a health determinant. Health Sci Ing. 2020 Aug 10;11(1):131-5.

7. Hussey AJ, Sibbald SL, Ferrone M, Hergott A, McKelvie R, Faulds C, et al. Confronting complexity and supporting transfor-
mation through health systems mapping: a case study. BMC Health Serv Res. 2021 Dec;21(1):1146.

8. Peters PA. Commentaries Broadening the narrative on rural health: from disadvantage to resilience [Internet]. Vol. 96, UTM]J.
2019.

9. Whitehead ], Pearson AL, Lawrenson R, Atatoa-Carr P. Framework for examining the spatial equity and sustainability of
general practitioner services. Aust | Rural Health. 2018;26(5):336—41.

10.  Shah TI, Clark AF, Seabrook JA, Sibbald S, Gilliland JA. Geographic accessibility to primaty care providers: Comparing rural
and urban areas in Southwestern Ontatio. Can Geogr. 2020;64(1):65-78.

11.  Wilson DR, Larsen-Soles DT, de Klerk DB, Lawrence DK, Lemire DF, Smith-Windsor DT. The Rural Road Map for Action-

Ditections [Internet]. Mississauga, ON: The Canadian Collaborative Taskforce; 2017 [cited 2022 Sep 20] p. 8. (Advancing
Rural Family Medicine). Available from: https://www.cfpc.ca/ CFPC/media/Resources/Rural-Practice/Rural-Road-Map-Di-
rections-ENG.pdf

Scoping Review Protocol Spatial Determinants of Health Lab



Spatial Models in Rural Research 6 of 6

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

Sibley LM, Weiner JP. An evaluation of access to health care setvices along the rural-urban continuum in Canada. BMC Health
Serv Res. 2011 Dec;11(1):20.

Pong RW, DesMeules M, Lagacé C. Rural-urban dispatities in health: How does Canada fare and how does Canada compare
with Australia? Aust ] Rural Health. 2009 Feb;17(1):58—64.

Shah T1, Milosavljevic S, Bath B. Measuring geographical accessibility to rural and remote health care services: Challenges and
considerations. Spat Spatio-Temporal Epidemiol. 2017 Jun 1;21:87-96.

Connor RA, Kralewski JE, Hillson SD. Measuring Geographic Access to Health Care in Rural Areas. Med Care Rev. 1994
Oct;51(3):337-77.

Alessandro Alasia, Frédéric Bédard, Julie Bélanger, Eric Guimond, Christopher Penney. Measuring remoteness and accessibil-
ity - A set of indices for Canadian communities. Ottawa, Ontatio: Statistics Canada; 2017 May p. 43.

Higgs G. A Literature Review of the Use of GIS-Based Measures of Access to Health Cate Services. Health Serv Outcomes
Res Methodol. 2004 Jun;5(2):119-39.

TLankila T, Laatikainen T, Wikstrom K, Linna M, Antikainen H. Association of travel time with mental health service use in
primary health care according to contact type — a register-based study in Kainuu, Finland. BMC Health Serv Res. 2022 Nov
30;22(1):1458.

Shukla N, Pradhan B, Dikshit A, Chakraborty S, Alamri AM. A Review of Models Used for Investigating Barriers to Healthcare
Access in Australia. Int ] Environ Res Public Health. 2020 Jun;17(11):4087.

Du Plessis V, Beshiri R, Bollman RD, Clemenson H. Definitions of “Rural”.pdf. Ottawa, Ontario: Statistics Canada; 2002
Dec. (Agriculture and Rural Working Paper Series). Report No.: 61.

Subedi R, Shirin Roshanafshar, Greenberg TL. Developing meaningful categories for distinguishing levels of remoteness in
Canada. Ottawa, Ontario: Statistics Canada; 2020 Aug.

Stark FM, Gravel S, Robinson D. Rurality and Northern Reality. North Rev. 2014;38:175-98.

Aromataris E, Munn Z. JBI manual for evidence synthesis [Internet]. [Internet]. Adelaide: JBI; 2020 [cited 2022 Nov 16].
Awvailable from: https://synthesismanual.jbi.global

Covidence systematic review software [Internet]. Melbourne, Australia: Veritas Health Innovation; Available from: www.cov-
idence.or

Tricco Aé Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews (PRISMA-
ScR): Checklist and Explanation. Ann Intern Med. 2018 Oct 2;169(7):467-73.

Scoping Review Protocol Spatial Determinants of Health Lab



