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ABSTRACT

Introduction: The floating catchment area (FCA) method has
emerged as the most comprehensive and accurate method
for quantifying the spatial accessibility of health care
services. There were variants of the FCA-based method that
was continuously improvised by the researchers to suit
specific local contexts and the different nature of healthcare
service delivery. This scoping review identifies factors
associated with the spatial accessibility of healthcare
services that were specifically measured using the FCA-
based method.

Materials and Methods: This scoping review was performed
through electronic databases (PubMed and ScienceDirect)
using keywords: ‘spatial accessibility’, ‘floating catchment
area’ and ‘factors’. Google Scholar and Mendeley Network
were also used as additional sources to obtain relevant
studies.

Results: A total of 32 articles were included in this review.
Factors identified can be distinguished into two broad
categories, which are spatial and non-spatial factors. Spatial
factors were remoteness or distance from the urban centre,
areas in close proximity to main roads, and some specific
geographical characteristics such as mountainous and
deltaic regions, whereas non-spatial factors were the degree
of urbanisation, population density and various
demographic profiles of the population such as socio-
economic status, health need, and minority ethnic
composition.

Conclusion: This study adds to the body of literature
pertinent to the factors associated with spatial accessibility
to healthcare services. These findings could give insight for
researchers to consider and incorporate those additional
variables to further improve the FCA-based method
calculations.
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INTRODUCTION

Accessibility is a huge concept, which comprises four main
elements:  geographical  accessibility,  availability,
affordability and acceptability.! Spatial accessibility
encompasses geographic accessibility and availability due to
its association with geographical location and is influenced
by the spatial impedance between the service and the user,
subject to the availability of the services in a specified
location. Measuring the spatial accessibility contributes to
evidence-based health policies and planning for a better
understanding of the performance of the healthcare delivery
system.” There were several methods for measuring spatial
accessibility, such as nearest distance, provider-to-population
ratio and the number of services within a specific threshold
distance from the population.® Besides that, due to
advancements in geographical information systems (GIS)
and its application in health-related fields, the floating
catchment area (FCA)-based method has emerged since the
last decade** and is now widely used to measure the spatial
accessibility.

In short, the FCA-based method is basically a two-step process
as it considers the: (i) service catchment area and (ii)
population catchment area. The first step is assigning an
initial supply-demand ratio for each service location; this is
calculated by dividing the number of services, with the
number of people that reside within the service catchment
area. The second step is the summation of all services that
were located within the population catchment area (the
threshold distance of the population to travel to seek care).
The summation will result in a numerical score, which is the
spatial accessibility score, where a higher score indicates
better access. Details of the calculation were described
elsewhere by Wang and his associates.”” There were various
FCA-based methods that existed, which were the evolution
and originated from the two-step FCA (2SFCA) method by
Wang & Luo circa 2004.° The variants were mainly due to the
improvements made to the original 2SFCA as well as
modifications made specifically to cater to their health care
and local context,*® such as integrating other components
into the formula, the use of multiple modes of transport,
variable catchment size, depending on data availabilityand
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are still constantly being improvised to suit specific local
contexts and/or healthcare services.

In the theoretical framework of access, various external
factors from the population characteristics and
macroenvironments were often associated with the
accessibility of healthcare services in general.”” However,
there is still a lack of knowledge in relation to the factors
associated specifically with the spatial component of
accessibility. By incorporating those factors in the calculation
of the method, a better understanding of the association of
the external factors could contribute to establishing a more
comprehensive and accurate quantification of the spatial
accessibility than available FCA-based methods. Thus, this
scoping review was conducted with the intention to
summarise existing literature, using a scoping review
framework to identify factors associated with the spatial
accessibility of healthcare services that were specifically
measured using the FCA-based method, as well as exploring
what factors can be incorporated into the current available
FCA-based method to provide a better measure of spatial
accessibility.

MATERIALS AND METHODS

The scoping review was performed according to the five-stage
Arksey and O’Malley framework of a scoping review: (i)
identifying the research question; (ii) identifying relevant
studies; (iii) study selection; (iv) charting the data and (v)
collating, summarising and reporting the results.”

Stage One: the Research Question

The review was guided by the following research questions: (i)
to what extent has the FCA-based method been used to
quantify the spatial accessibility to various healthcare
services?; (ii) what are the factors and how is it associated
with the spatial accessibility to the specific health care
services? and (iii) how those factors can be incorporated into
the FCA-based calculation to further improve the method?.

Stage Two: Identifying Relevant Studies

The three-step method by the Joanna Briggs Institute (JBI)"
was applied. In the first step, the articles were identified
through searching the public domain PubMed and
ScienceDirect bibliographic electronic databases. The
searches were performed on 25th January 2022. The
keywords for the searches include: (spatial accessibility) AND
(floating catchment area) AND (factors), based on the title or
abstract. Searches only include full-text articles published
from 2000 onwards, in English, and related to the healthcare
field. In second step, articles were screened using search term
‘health’ through the text, title and abstract in the included
databases, to the ensure the relevance for eligibility of the
selected articles only resolve around factors associated with
the spatial accessibility to health care services as the primary
outcome of interest. Screening was done by two investigators
(JAH and MH)]) independently and any discrepancies that
arose were resolved by consensus. In the third step, reference
list of the identified articles was also searched to identify
additional papers. In addition, related documents were also
examined and identified through Google Scholar searches
and the Mendeley network to supplement the searches
through electronic databases.
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Stage Three: Study Selection

Articles or studies that did not deliberate on factors associated
with the spatial accessibility score or when the spatial
accessibility score for the specific health services was not the
main outcome (as the dependent variable) of the study were
excluded. Only studies with an ecological cross-sectional
design were included. Studies on any types of healthcare
services (primary care, inpatient care, and any specialised
care) and any types of users were included. The full-text
screening was conducted by two investigators (JAH and MH]J)
and discrepancies were resolved by consensus. Figure 1
depicts the study selection process and additional details on
excluded studies.

Stage Four: Charting the Data

Data were extracted by JAH and MH]J, including authors,
title, year of publication, location (including country), types
of health care services, outcomes on reported significant
factors associated with the spatial accessibility score to the
specified health services, the study design (with level of
spatial aggregation), population (basically is the potential
user of the services) as well as the grant involved in the
respective study. Information for each of the included study is
charted in Table I.

Stage Five: Collating, Summarising and Reporting the Results
Studies were then grouped based on types of health care
services, tabulated against identified factors (which were
organised thematically according to similar characteristics;
which are either spatial or non-spatial factors) as shown in
Table II, summarising findings addressing the first two
research questions. The third research question was discussed
accordingly after collating all the findings from the included
studies.

RESULTS

Of the 53 records obtained, a total of 21 were excluded, where
5 were excluded upon screening at the title and abstract level
and 16 records were further excluded after assessing the full
text of the articles due to being outside the focus of this study.
This was illustrated in the PRISMA-ScR (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses extension
for Scoping Reviews)' flowchart of the literature included in
the study (Figure 1).

A total of 32 articles were reviewed, where notable findings
on identified factors associated with the respective studied
healthcare services are listed in Table I. The FCA-based
method has also been widely used across several healthcare
services, such as primary care (14 articles),>”*** in-patient
care (8 articles),>** maternal care (2 articles),*** elderly care
(2 articles)*** and other specialised services (6 articles).***
Factors associated with those studies can be identified based
on the general spatial pattern of the calculated accessibility
score across the map, often visualised using choropleth maps,
supplemented by geostatistical analysis such as Moran'’s I
index or Getis-ord-Gi* or using regression analysis.

The distribution of accessibility scores was generally
unequally distributed across the study areas of the included
studies. Several factors were reported to be associated with
spatial accessibility scores (calculated using the FCA-based
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Source: Tricco et al., 2018

n1= PubMed and ScienceDirect bibliographic electronic database
n2 = Manual searches through Google Scholar and Mendeley network

Fig. 1: PRISMA-ScR flowchart for eligible articles included

method) for healthcare services. In summary, the associated
factors that contribute to the variation of spatial accessibility
can be either spatial or non-spatial factors. Spatial factors are
often related to the remoteness or distance from the main
urban centre or some specific geographical locations (such as
mountainous regions). Non-spatial factors, such as degree of
urbanisation, socio-economic demographic profiles, health
needs and socio-cultural factors were also reported by those
studies. Table II shows the factors associated with the spatial
accessibility scores for studied healthcare services.

Spatial Factors

High spatial accessibility scores for healthcare services often
occur at the main city or urban centre, as well as its
surrounding areas,”'*'¢*+?62%33 while lower accessibility scores
are often seen in the periphery region, inclined outwards or
further from the urban centre.>”'*'*** Remote areas are often
associated with lower accessibility scores,*'**'#%% but one
study” found otherwise. The study found that spatial
accessibility to Family Medicine Specialist (FMS) in particular
was better in the remote areas due to the fewer potential users
(patients) in the area, as remote areas are mostly inhabited
by the elderly population, hence fewer health needs
specifically for the FMS, while the FMS were fairly
distributed.” The accessibility score was also often reported to
be higher in areas with higher road density and for those
populations who live nearby or along the main roads."*** In
terms of specific geographical characteristics, deltaic” and
mountainous® regions also reported low accessibility scores.

Non-Spatial Factors

The spatial accessibility score to health care services can also
be associated with non-spatial factors. Urban areas or areas
with a higher degree of urbanisation were mostly reported to
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be positively associated with higher accessibility scores.>'*"*-
21252627,31333537% I addition to that, denser populated areas are
also commonly reported to be positively associated with
higher accessibility scores.'®2227:37

Some studies found that a high accessibility score is
associated with a population with higher socio-economic
status (SES) and its related parameters such as education and
household income®’*?*%3%34 glthough Wang & Roisman
(2011)" found no correlation between the accessibility score
and socio-economic variables. Theoretically, SES (such as
income, house ownership, vehicle ownership, education
level) could be positively associated with spatial accessibility
as it relates to the capability or affordability of the individual
to access health care (such as cost of services or travel). Those
with disadvantaged SES (e.g. lower income and lack of
education) generally had lower spatial accessibility scores.>*

Studies have found that areas with higher healthcare needs,
such as a higher percentage of elderly population, are
associated with low accessibility scores.*'** Lower
accessibility scores were also associated with socio-culture
disadvantages, such as social deprivation”® or higher
proportion of non-natives, ethnic minorities, aborigines or
immigrants.***%% Table II summarises our findings on
commonly reported factors associated with the spatial
accessibility score for specific healthcare services.

DISCUSSION

This scoping review has mapped out several factors that are
commonly associated with the spatial accessibility of various
healthcare services, which could be further divided into
spatial or non-spatial-related factors as aforementioned. Of
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the 32 studies included in this review, most of the studies were
conducted in high-income and developed nation settings,
such as Americas®’*617192228353840  gnd  European
countries,®**?*' qs well as from China.!*273%333% Most
studies have shown similar associations among the studied
factors, although only a few contradictory results were found.
This review not only includes studies that were conducted
primarily to search for the associated factors or affirm their
findings through statistical significance. The association
between factors could also be indirectly reported based on the
spatial pattern observed when mapped (such as surrounding
the city center and mountainous areas).

Most studies have reported a positive association or a higher
spatial accessibility score of various health care services in
the city centre and its surroundings. This is also directly
related to the higher degree of urbanisation. This is because
the health facilities and services are commonly concentrated
in the urban areas and city centres.*** This also could be the
reason for higher population density positively associated
with accessibility score, because urban areas are often
classified based on areas with higher population density as
compared to rural areas. Rural areas are also often associated
with inferior availability of a wide range of infrastructures
and build environments,*> and a lack of these can serve as
barriers to accessing health care. For example, road density
was also positively associated with spatial accessibility to
healthcare services, as demonstrated by a few published
studies,***** indicating that areas with scarce road networks
had lower spatial accessibility scores.

Geographical characteristics certainly play a role in affecting
spatial accessibility. Disadvantageous features such as non-
flat areas or ground, mountainous and deltaic areas often
had negative associations with the spatial accessibility score.
This could be attributed to the nature of scarce resources and
less productive plains for population economic activities and
suitability for development.® Remote areas are typically
negatively associated with the accessibility score. However, in
some instances, the spatial accessibility score in remote areas
is even better for certain healthcare services. This is
commonly due to the demand-supply imbalance of the
population and services. Having a decent distribution of
resources, coupled with low demand for that specific health
care areaq, results in a higher accessibility due to a lack of
competition and congestion.?*

Non-spatial-related factors refer to population characteristics.
This study found that SES-related variables of the population
were frequently reported to be associated with spatial
accessibility. Populations with certain characteristics, such as
low income, lack of education or ethnic minority, frequently
had negative associations. Although it might not be the
direct cause of having a low spatial accessibility score to the
services, the consequences could be detrimental to those
vulnerable populations.

Considering the fact that ensuring equitable access according
to health needs is the ultimate goal towards universal health
coverage, it is fairly important to know how the health needs
of the population can be quantified and incorporated into
the calculation of the spatial accessibility score.* The health
needs of the population can be quantified using proxy

Med ] Malaysia Vol 78 No 1 January 2023
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variables such as age, proportion of the elderly population,
children and female population.® Later studies followed
similar attempts to incorporate the health need into the
calculation of the FCA-based method** with the basis that
areas with higher population health needs would have
reduced access due to competition as the consequence of
higher service utilisation. The SES of the population could
also be incorporated into the FCA-based method with the
basis that those with SES disadvantageous theoretically have
some sort of financial barrier (affordability) to access health
care, particularly for those fees-for-services. Such findings
could provide the researchers with a basis for further
improvement of the FCA-based method by incorporating
non-spatial factors.”

This study has summarised the factors associated and their
relationships, specifically for spatial accessibility to several
healthcare services, from the existing literature. The
limitation of this study is that most of the studies included in
this review originated from high-income countries, and the
scenario could differ in middle- and low-income countries
(LMIC), as the accessibility could be very context-specific.
Nonetheless, a few LMIC studies in this review did show
similar findings in high-income countries. Another limitation
is that this study only looks at studies that use FCA-based
methods to measure spatial accessibility. In fact, the spatial
accessibility could also be measured using other methods,
such as using the nearest distance to services® or population
coverage. The FCA-based method is the most accurate
method for measuring spatial accessibility (compared to
other methods aforementioned) because of its
comprehensiveness and closer to real-world setting.****

CONCLUSION

The spatial accessibility to healthcare services was best
determined using the FCA-based method, and the method
has continuously evolved and enriched since it was last
introduced, with growing interest among the researchers.
This study collates and identifies factors that are specifically
associated with the spatial component of accessibility to
healthcare services, which can be distinguished from spatial
or non-spatial-related factors. Some of these factors can be
quantified and incorporated into the current available FCA-
based method to provide a better measure of spatial
accessibility of health care services.

ACKNOWLEDGEMENTS

The study was registered under the National Medical
Research Register (NMRR-18-837-39750) and approved by the
Medical Research and Ethics Committee (MREC), Ministry of
Health Malaysia [KKM/NIHSEC/ P18-1491 (11)]. This study is
funded by Putra Grant - Postgraduate Initiative scheme
(GP/IPS/2018/9640600). We thank the Director General of
Health Malaysia for his permission to publish this article.

REFERENCES

1. Peters DH, Garg A, Bloom G, Walker DG, Brieger WR, Hafizur
Rahman M. Poverty and access to health care in developing
countries. Ann N Y Acad Sci 2008; 1136: 161-71.

2. Ranga V, Panda P. Spatial access to in-patient health care in
northern rural India. Geospat Health 2014; 8(2): 545-56.

115



Systematic / Narrative Review Article

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Apparicio P, Gelb ], Dubé AS, Kingham S, Gauvin L, Robitaille E.
The approaches to measuring the potential spatial access to
urban health services revisited: Distance types and aggregation-
error issues. Int ] Health Geogr 2017; 16(1): 1-24.

Mcgrail MR. Spatial accessibility of primary health care utilising
the two step floating catchment area method: an assessment of
recent improvements. Int | Health Geogr 2012; 11(1): 1-12.
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(2): 131-
46.

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 Plan Des 2003; 30(6): 865-84.

Luo W, Qi Y. An enhanced two-step floating catchment area
(E2SFCA) method for measuring spatial accessibility to primary
care physicians. Health Place 2009; 15(4): 1100-7.

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(4): 533-41.

Derose KP, Gresenz CR, Ringel ]S. Understanding disparities in
health care access—and reducing them—through a focus on
public health. Health Aff 2011; 30(10): 1844-51.

Arksey H, O’Malley L. Scoping studies: Towards a methodological
framework. Int ] Soc Res Methodol Theory Pract 2005; 8(1): 19-32.
Peters MDJ, Godfrey CM, Khalil H, McInerney P, Parker D, Soares
CB. Guidance for conducting systematic scoping reviews. Int |
Evid Based Healthc 2015; 13(3): 141-6.

Tricco AC, 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; 169(7): 467-
73.

Bauer |, Miiller R, Briiggmann D, Groneberg DA. Spatial
accessibility of primary care in england: A cross-sectional study
using a floating catchment area method. Health Serv Res 2018;
53(3): 1957-78.

Shah TI, Bell S, Wilson K. Spatial accessibility to health care
services: Identifying under-serviced neighbourhoods in canadian
urban areas. PLoS One 2016; 11(12): e0168208.

Hu R, Dong §, Zhao Y, Hu H, Li Z. Assessing potential spatial
accessibility of health services in rural China : a case study of
Donghai county. Int | Equity Health 2013; 12(35): 1-11.

Ngui AN, Apparicio P. Optimizing the two-step floating
catchment area method for measuring spatial accessibility to
medical clinics in Montreal. BMC Health Serv Res 2011; 11(166):
1-12.

Wang L, Roisman D. Modeling spatial accessibility of
immigrants to culturally diverse family physicians. Prof Geogr.
2011; 63(1): 73-91.

Jamtsho S, Corner R, Dewan A. Spatio-temporal analysis of
spatial accessibility to primary health care in Bhutan. ISPRS Int |
Geo-Information 2015; 4: 1584-604.

Wan N, Zou B, Sternberg T. A three-step floating catchment area
method for analyzing spatial access to health services. Int ]
Geogr Inf Sci 2012; 26(6): 1073-89.

Dewulf B, Neutens T, De Weerdt Y, Van De Weghe N.
Accessibility to primary health care in Belgium: An evaluation of
policies awarding financial assistance in shortage areas. BMC
Fam Pract 2013; 14(1): 1-13.

Subal ], Paal P, Krisp JM. Quantifying spatial accessibility of
general practitioners by applying a modified huff three-step
floating catchment area (MH3SFCA) method. Int ] Health Geogr
2021; 20(1): 1-14.

Naylor KB, Tootoo ], Yakusheva O, Shipman SA, Bynum JPW,
Davis MA. Geographic variation in spatial accessibility of U.S.
Healthcare providers. PLoS One 2019; 14(4): 1-15.

116

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Wang, Yang H, Duan Z, Pan ]. Spatial accessibility of primary
health care in China: A case study in Sichuan Province. Soc Sci
Med 2018; 209: 14-24.

Wang X, Pan ]. Assessing the disparity in spatial access to
hospital care in ethnic minority region in Sichuan Province,
China. BMC Health Serv Res 2016; 16(1): 1-11.

Pan ], Zhao H, Wang X, Shi X. Assessing spatial access to public
and private hospitals in Sichuan, China: The influence of the
private sector on the healthcare geography in China. Soc Sci Med
2016; 170: 35-45.

[zumi K, Kawatsu L, Ohkado A, Uchimura K, Kato S. Evaluating
the impact of health resource reconstruction on improving
spatial accessibility of tuberculosis care 2016; 20: 1501-8.

Pan ], Liu H, Wang X, Xie H, Delamater PL. Assessing the spatial
accessibility of hospital care in Sichuan Province, China. Geospat
Health 2015; 10(2): 261-70.

Delamater PL. Spatial accessibility in suboptimally configured
health care systems: A modified two-step floating catchment
area (M2SFCA) metric. Heal Place 2013; 24: 30-43.

Jin M, Liu L, Tong D, Gong Y, Liu Y. Evaluating the spatial
accessibility and distribution balance of multi-level medical
service facilities. Int J Environ Res Public Health 2019; 16(7):
1150.

Ma L, Luo N, Wan T, Hu C, Peng M. An improved healthcare
accessibility measure considering the temporal dimension and
population demand of different ages. Int ] Environ Res Public
Health 2018; 15(11): 2421.

Gao F, Kihal W, Le Meur N, Souris M, Deguen S. Assessment of
the spatial accessibility to health professionals at French census
block level. Int ] Equity Health 2016; 15(1): 1-14.

Vadrevu L, Kanjilal B. Measuring spatial equity and access to
maternal health services using enhanced two step floating
catchment area method (E2SFCA) - A case study of the Indian
Sundarbans. Int | Equity Health 2016; 15(1): 1-12.

Cheng Y, Wang ], Rosenberg MW. Spatial access to residential
care resources in Beijing, China. Int ] Health Geogr 2012; 11(1):
32.

Luo J, Chen G, Li C, Xia B, Sun X, Chen S. Use of an E2SFCA
method to measure and analyse spatial accessibility to medical
services for elderly people in wuhan, China. Int ] Environ Res
Public Health. 2018; 15(7): 1503.

Eberth JM, Eschbach K, Morris JS, Nguyen HT, Hossain MM,
Elting LS. Geographic disparities in mammography capacity in
the south: A longitudinal assessment of supply and demand.
Health Serv Res 2014; 49(1): 171-85.

Zahnd WE, McLafferty SL, Sherman RL, Klonoff-Cohen H, Farner
S, Rosenblatt KA. Spatial Accessibility to Mammography Services
in the Lower Mississippi Delta Region States. | Rural Heal 2019;
35(4): 550-9.

Cao Y, Stewart K, Wish E, Artigiani E, Sorg M. Determining
spatial access to opioid use disorder treatment and emergency
medical services in New Hampshire. ] Subst Abus Treat 2019;
101: 55-66.

Bozorgi P, Eberth ], Eidson ], Porter D. Facility attractiveness and
social vulnerability impacts on spatial accessibility to opioid
treatment programs in Sough Carolina. Int ] Environ Res Public
Health 2021; 18: 4246.

Lin BC, Chen CW, Chen CC, Kuo CL, Fan I chun, Ho CK, et al.
Spatial decision on allocating automated external defibrillators
(AED) in communities by multi-criterion two-step floating
catchment area (MC2SFCA). Int ] Health Geogr 2016; 15(1): 1-14.
Shah TI, Milosavljevic S, Bath B. Measuring geographical
accessibility to rural and remote health care services: Challenges
and Considerations. Spat Spatiotemporal Epidemiol 2017; 21: 87-
96.

Med ] Malaysia Vol 78 No 1 January 2023





