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Abstract

Introduction: Unfair distribution of healthcare services is one of the most important issues
all over the world. The present study aimed to determine the distribution pattern of available
hospital beds and the accessibility pattern to hospitals in Shiraz.

Methods: This was an analytical study. At first, spatial distribution pattern of available
hospital beds was determined using Moran’s Index (Moran’s I). Then, the accessibility pattern
to hospitals was determined using Euclidean distance and network travel distance metrics. All
of the analyses were conducted using Arc GIS (10.3) software.

Results: The results revealed that available hospital beds had a random and unbalanced
distribution pattern in Shiraz based on Moran’s I (Moran’s I=-0.05). Besides, according the
achieved standard service areas for the existing hospitals, calculated by using Network analysis
tools, 65.47% of Shiraz population was underserved in terms of accessibility. Furthermore,
assessment of accessibility patterns resulted from both types of applied distances, indicating
that in most cases hospitals were located in the central parts of the city.

Conclusion: According to the results of the present study, distribution of hospitals in Shiraz
was unfair. Therefore, policymakers are suggested to plan in order to increase the number of
Shiraz hospitals. They are also recommended that they should give priority to establishing
new hospitals in areas without standard accessibility over areas with standard accessibility
based on the results of the present study.
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Introduction

nadequate access to healthcare services is one

of the various determinants of social health

inequities (1). Thus, equity in healthcare can be
measured using the concept of accessibility (2). One
of the most prominent dimensions of accessibility
to health services is geographical accessibility (3, 4).
In fact, distribution of healthcare services affects
the individuals’ accessibility level, and unequal
accessibility levels can lead to unequal utilization
of healthcare services (5). Geographical accessibility
and disparities in access between different population
groups can be described and understood using
Geographical Information System (GIS) (6). In this
context, geographical accessibility can be measured
by indicators, such as distance and travel time or
travel cost to a resource (7, 8). Distance and travel
time are the most common indicators for defining
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geographical accessibility (9). Rosero-Bixby have used
distance metric in order to evaluate spatial access to
health care and its equity. They found that half of
the Costa Ricans reside in less than 1 km away from
an outpatient care facilities and 5 km away from a
hospital; they also revealed substantial improvements
in access and equity to outpatient care between 1994
and 2000. (10). Kalogirou and Mostratos have used
distance metric for determining population access
to Greek public hospitals. They found that almost
two thirds of all people living in Greece have good
accessibility (they are residing within 5 km straight
distance from the nearest hospital). They also
revealed that there are great inequalities between
population age groups. People aged 65 and over are
rather underserved than the total population in
terms of accessibility to public hospitals (11). Pedigo
and Odoi have used travel time metric in order to
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investigate disparities in geographic accessibility to
emergency stroke and myocardial infarction care in
East Tennessee. They found that approximately 8%
and 15% of the study population did not have timely
geographic accessibility to emergency stroke and
MI care, respectively; also, underserved people in
terms of access were living in rural areas (12). Up to
now, different types of distance measures have been
used in health researches. Euclidean distance is the
most commonly used metric because of the ease of
its calculations, while network travel distance (road
travel distance) is the most reliable distance metric
(13, 14) by considering real road infrastructure.
Euclidean distance has been defined as the length of
the straightline connecting two points, while network
travel distance refers to the length of the shortest
road connecting two points(15). Network analysis is a
spatial analysis technique that calculates the distance
between two points or nodes using network data, such
as roads, railways, and rivers networks (16). Arc GIS
network analyst tool is also a powerful extension help
to model realistic network conditions by considering
turn restrictions, speed limits, height restrictions,
and traflic conditions (17).

Saving patients’ traveling time to healthcare
facilities in emergency situations, reducing
traveling costs, and improving equity in health are
some of the advantages of better accessibility to
healthcare facilities. Therefore, equity in access to
healthcare services plays a vital role in quality of life.
Population growth, in turn, increases the demand
for establishing new healthcare services. According
to Iran’s last census report (2011), Shiraz, the capital
of Fars province, is the sixth most populous city in
Iran and the main destination for immigrants from
Fars and other provinces. Considering the fact that
most individuals who migrate to Shiraz inhabit in
the marginal parts of the city, the population of these
parts is growing increasingly. Considering these
problems, health policymakers should be aware of the
distribution pattern of the existing health facilities
in the city. Recognizing underserved population
helps the policymakers to decide where to establish
new health facilities in a rational and equal manner.
Therefore, the present study aimed to determine the
distribution pattern of available hospital beds and the
accessibility pattern to hospitals in Shiraz.

Methods

This is an analytical study conducted in Shiraz (2016).
Shiraz, the capital of Fars province, is located in the
southwest of Iran. According to the vice chancellor of
treatment of Shiraz University of Medical Sciences, in

1395 Shiraz had 34 hospitals in total (20 governmental
hospitals and 14 non-governmental hospitals). One of
these hospitals was excluded from this study because
it provided services to prisoners.

The applied data were prepared by collaboration
of the Municipality Organization of Shiraz. The
ethical commitment was given to the Municipality
Organization of Shiraz for providing them with a
copy of the results. Furthermore, confidentiality and
privacy of information were also maintained in all
steps of the study. Data were arranged in geographical
layers and shape file format.

In this study, at first, in order to determine the
distribution pattern of available hospital beds, we
calculated the global Moran’s Index (Moran’s I), using
Arc GIS 10.3. Moran’s I developed by Patrick Alfred
Pierce Moran is a measure of spatial autocorrelation
(18, 19). This kind of autocorrelation is characterized
by a correlation in a signal among nearby locations
in space (20, 21). Spatial autocorrelation is a multi-
dimensional and multi-directional autocorrelation
and is consequently more complex compared to
one-dimensional autocorrelation (20). Moran’s I is

defined as:
j—_ N YiXjwi; (4G -X)(X-X) (1)
i X jwij Lix:i-X)?

Where N is the number of spatial units indexed
by iand j, X is the statistical variable of interest, Xis
the statistical mean of X, and Wy; is a spatial weights
matrix element.

Moran’s I can range from -1 to +1, with -1,
0, and +1, indicating dispersed, random, and
clustered distribution patterns, respectively (22).
Moran’s I can be interpreted by Z-score, too. In
this way, the null hypothesis states that there is no
spatial autocorrelation between the spatial units.
The variance can be calculated using the following

eauation:
- (EM)? @
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Ss=(N? — N)S;-2NS,+6(X; X; w; j-)2 8)

In the present study, considering the Arc GIS
software default, P value (significant level) was
considered equal 0.73.

Then, in order to determine the accessibility
pattern to hospitals, we calculated the network travel
distance and Euclidean travel distance, using Arc GIS
software. The travel distance shows the distance that a
patient must travel to a hospital. In order to calculate
the network travel distance, we used GIS-based
network analysis process. In this method, considering
road network, the radius of 1500m around the
center of every hospital (standard service area) was
determined. The service areas were considered as the
served areas, while other areas located out of these
radiuses were considered as underserved areas. In the
latter method, Euclidean distances of all residential
land-uses from the nearest hospital were calculated,
using GIS. Shorter distance indicates better
accessibility; therefore, accessibility was divided
into five levels based on the calculated distances,
including very high (<1500m), high (1500m-3000m),
middle(3000m-4500m), low(4500m-6000m), and
very low(>6000m).

The Euclidean distance between the points q and
p refers to the length of the straight line connecting
them (gp). The distance is defined as:

d(p, 9=d(q, p)=
V@ —p1)? + (@2 —p2)%+ -+ (@n—pn)*

JEE (@ —p)? ©

In equation (9), p=(p,, p,» -.» p,) and q=(q,, q,> ---»
q,) are two points in a n-dimensional space where (i,
j> ..., n) indicates the dimension’s number.

Results

The results of the calculation of Moran’s I are
presented in Table 1. Accordingly, Moran’s I (-0.05)
was approximately equal to zero. Thus, available
hospital beds are dispersed randomly and in an
unbalanced manner in Shiraz. P value and Z-score
also approved the determined pattern.

Table 1: Distribution pattern of the hospital beds in Shiraz

Moran’s Index -0.05
Z-score -0.3404
P value 0.7335

The accessibility patterns obtained from both
applied distances indicated that the existing hospitals
covered the central parts of the city more as compared
to the marginal areas (Figure 1). In other words, the
accessibility level got lower by moving towards the
marginal parts of the city.

Considering the determined service areas, the
hospitals with ID=27 covered the largest population
(2.8% of total Shiraz population) compared to other
hospitals. On the other hand, the hospitals with ID=3
covered the smallest population compared to other
hospitals because it was not located in a residential
area (Table 2).

Considering the hospitals’ average Euclidean
distance from all residential land-uses in the city, the
hospitals with ID=19 had the highest accessibility
level (Table 3).
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Figure 1: The accessibility pattern to Shiraz hospitals
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Table 2: The population and area covered by the hospitals’ standard service areas

ID Hospital Name Covered Area (HA) Covered population Municipality zone
1 Army 167.61 14004 1
2 Ibn Sina 124.94 16502 3
3 Ordibehesht 18.47 0 1
4 Iran NAJA 86.78 12274 2
5 Ami oncology 327.38 17269 6
6 Besat 160.87 24317 6
7 Pars 138.48 13997 1
8 Jannat 194.89 24689 4
9 Rajaei 11.41 218 1
10 Hafez 65.57 11693 1
11 Zeinab 97.42 17598 2
12 AliAsqar 71.49 5617 1
13 Khodadost 412.42 30417 1
14 Khalili 72.68 5677 1
15 Az-Zahra 247.25 39913 2
16 Mir-Hoseini 84.18 9727 3
17 Mir 250.49 20622 1
18 Dena 24.54 9265 1
19 Shafa 194.89 4985 1
20 Shahryar 119.07 10914 2
21 Beheshti 210.64 30748 3
22 Chmaran 393.88 8174 1
23 Dastgeib 104.33 13953 3
24 Faqihi 30.61 3581 1
25 Alavi 210.64 30000 3
26 Farahmand 43.59 6164 1
27 Qotb-Oddin 255.63 40461 2
28 Kosar 413.84 17212 6
29 Algadir 68.8 456 3
30 Shoshtary 188.4 30192 1
31 Markazy 182.87 12571 1
32 Moslemin 92.81 9982 2
33 Namazi 145.9 11283 1
Discussion which parts of the city are more underserved in terms

Hospitals provide the policymakers and those in
charge of the reform in healthcare services with many
challenges (23). One of such challenges is people’s
accessibility to health services and its equity. Health
policymakers should be aware of the distribution
pattern of the existing health facilities. Fast and easy
access is one of the most important criteria in selecting
hospital location (24). Recognizing underserved
population helps the policymakers to decide where
to establish new health facilities equitably when
they intend to establish new hospitals. The findings
of the present study can help the policymakers to
recognize the pattern of the distribution of available
beds in Shiraz, and to know which parts of the city are
underserved in terms of access to hospitals. Population
growth in Shiraz is on increase. Population growth,
in turn, increases the demand for establishing new
healthcare services. Thus, it is important to know

of access to hospital services.

In the present study, based on the calculated
Moran’s I, available hospital beds were dispersed in
an unbalanced manner in Shiraz. This unbalanced
distribution can lead to disparities and inequity in the
accessibility level of individuals who live in different
parts of the city.

Considering the determined network-based
accessibility pattern (Figure 1-A), four zones (5,
7, 9, 10) were located in underserved areas and
they were completely deprived from accessibility
to hospitals. Additionally, 6 zones (1-4, 6, 8) were
partly deprived from accessibility. Overall, 34.57%
of Shiraz population had standard accessibility and
65.47% of the population was completely deprived.
Based on Euclidean distance (Figure 1-B), the lowest
accessibility level was related to northwest, south,
southeast, and southwest of Shiraz. Large parts
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Table 3: The hospitals’ Euclidean distance from the residential land-uses in Shiraz

ID Distance to the nearest residential Distance to the farthest residential Average distance to all residential land-
land-use(m) land-use(m) uses of the city(m)
1 89.67 1669.22 846.31
2 54.88 3723.66 2059.91
3 186.84 1740.80 920.01
4 25.10 618.42 321.24
5 27.20 2100.78 1129.19
6 118.58 11075.61 5792.53
7 19.73 841.67 386.35
8 56.93 5717.99 2288.69
9 102.12 1454.04 660.13
10 49.76 1658.09 526.93
11 87.79 11380.13 4667.31
12 17.28 878.29 386.06
13 13.97 2204.28 1009.01
14 22.89 565.20 284.46
15 96.01 5750.87 2539.22
16 17.50 901.38 360.78
17 15.40 2729.90 1287.53
18 435.22 1816.31 1263.37
19 25.27 671.16 279.69
20 43.00 606.81 319.66
21 63.50 1241.72 574.65
22 243.57 1747.43 1074.47
23 99.10 1671.82 708.29
24 96.65 1572.84 716.35
25 16.85 9425.04 2785.31
26 55.28 2060.51 695.92
27 23.81 5778.32 2298.77
28 284.50 2546.60 14296.17
29 1833.11 3758.59 2872.66
30 34.58 3967.95 1583.29
31 60.34 932.78 534.51
32 36.38 1236.32 659.84
33 167.48 1626.77 756.36

of five zones (2, 5, 7, 9, 10) were located in these
deprived areas. Overall, 33.49% of the residential
land-uses had standard accessibility, while 66.51%
had no standard accessibility. In details, 33.49% of
the residential land-uses had very high (standard)
accessibility, 28.92% had high accessibility, 17.54%
had middle accessibility, 7.15% had low accessibility,
and 12.86% had very low accessibility. Considering
the average Euclidean distance of the hospitals from
all residential land-uses in the city, the hospital with
ID=19 had the highest accessibility level. This hospital
was located in zone 1 in the central part of the city.
On the other hand, the hospital with ID=28 that was
located in zone 6 had the lowest accessibility level.
Generally, using different accessibility metrics can
yield different results (9). Hence, developing accurate
accessibility metrics is important in health researches.
One of the most commonly used metrics (Euclidean

distance) and one of the most accurately used metrics
(network travel distance) in health researches were
applied in this study. Euclidean distance metric does
not take topographic considerations such as rivers,
railway or barriers which can influence the people’s
ability to access a facility into account. However,
network distance metric takes such barriers into
account (25). In the present study, based on the two
applied methods, four zones (5, 7,9, 10) were identified
as areas with the least accessibility level using both
methods. The present study findings revealed no
equity in accessibility to hospital services in Shiraz.
Various studies have also revealed that inequity in
health services is a major problem in America (26,
27), Taiwan (28), India (29, 30), Italy (31), and Mexico
(32, 33). Although inequity in utilization of health
servicesis a global issue, several studies have indicated
improvements in accessibility to health services in
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some countries, such as China (34, 35) and Costa Rica
(10). Accordingly, policymakers are recommended
to pay attention to underserved areas. The present
study results can help healthcare policymakers make
more efficient decisions because its findings indicated
which parts of Shiraz were underserved in terms
of access to hospitals. Saving the patients’ traveling
time to healthcare facilities in emergency situations,
reducing traveling costs, and improving equity in
healthcare are some of the advantages of better
accessibility to healthcare facilities.

Study limitations and strengths

Although geographical accessibility is so essential,
it is not the only factor to assess accessibility to health
facilities in a community. Accessibility is a complex
conceptand encompasses many dimensions, including
availability, ethnicity acceptability, geographical
accessibility, cultural accessibility, etc. However,
it was not possible to evaluate all these aspects in
this research. We hope to evaluate other aspects of
accessibility to health facilities in other studies.

Conclusion

The present study findings revealed no equity
in accessibility to hospital services in Shiraz.
Distribution of health services in Shiraz was unfair
and according to the existing hospital standard
service areas, 65.47% of Shiraz population was
underserved in terms of accessibility. The present
study recommends policymakers to give priority to
establishing new hospitals in areas without standard
accessibility over areas with standard accessibility
when policy makers intend to establish new hospitals,
based on Figure 1. Probably, policymakers can steer
public participation in the direction of helping people
residing in underprivileged areas if people intend to
endow a piece of land to establish new hospitals.

Acknowledgement

This manuscript was extracted from the first author’s
M.Sc. thesis in Medical Informatics (Project No. 94-
01-07-10074), which was financially supported by
the vice — chancellore of research and technology at
Shiraz University of Medical Sciences, Shiraz, Iran.
Hereby, the authors would like to thank the Center
for Development of Clinical Research of Nemazee
Hospital for their cooperation in the research. Thanks
also go to Ms. A. Keivanshekouh at the Research
Improvement Center of Shiraz University of Medical
Sciences for improving the use of English in the
manuscript. The authors also would like to thank the
Municipality Organization of Shiraz for cooperating

in data gathering.

Funding/Support

This study was supported by the vice — chancellery
of research and technology at Shiraz University of
Medical Sciences, Shiraz, Iran

Conflict of Interest: None declared.

References

1. Dahlgren G, Whitehead M. Concepts and
Principles for Tackling Social Inequities in
Health: Levelling Up. Kebenhavn: WHO
Regional Office for Europe; 2006.

2. Culyer AJ, Wagstaff A. Equity and equality
in health and health care. J Health Econ.
1993;12(4):431-57. doi: 10.1186/1475-9276-10-37
Brabyn L, Skelly C. Modeling population access
to New Zealand public hospitals. International
journal of health geographics. 2002;1(1):3.

3. Brabyn L, Skelly C. Modeling population access
to New Zealand public hospitals. International
journal of health geographics. 2002;1(1):3.

4. LoveD,LindquistP. The geographical accessibility
of hospitals to the aged: a geographic information
systems analysis within Illinois. Health Serv Res.
1995;29(6):629-51.

5. Rice N, Smith PC. Ethics and geographical equity
in health care. ] Med Ethics. 2001;27(4):256-61.
doi: 10.1136/jme.27.4.256.

6. McLafferty SL. GIS and health care. Annu Rev
Public Health. 2003;24:25-42. doi: 10.1146/
annurev.publhealth.24.012902.141012

7. Clark R, Coffee N. Why measuring accessibility
is important for public health: a review from the
Cardiac ARIA project. Public Health Bulletin of
South Australia. 2011;8(1):3-8.

8. Dever GA, Champagne F. Epidemiology in health
services management: Jones & Bartlett Learning;
1984.

9. Apparicio P, Abdelmajid M, Riva M, Shearmur R.
Comparing alternative approaches to measuring
the geographical accessibility of urban health
services: Distance types and aggregation-error
issues. International journal of health geographics.
2008;7:7. doi: 10.1186/1476-072X-7-7

10. Rosero-Bixby L. Spatial access to health care in
Costa Rica and its equity: a GIS-based study. Soc
Sci Med. 2004;58(7):1271-84. doi: 10.1016/S0277-
9536(03)00322-8

11. Kalogirou S, Mostratos N, editors. Geographical
Acces to Health: modelling population access
to Greek public hospitals. 7th Panhellenic

] Health Man & Info, July 2018, 5(3) 109



Rahimi et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Geografical Conference of the Hellenic
Geographical Society Physical Geography and
the Environment-Sustainable Development and
Planning; 2004: HGS Mytilene, Greece.

Pedigo AS, Odoi A. Investigation of disparities in
geographic accessibility to emergency stroke and
myocardial infarction care in East tennessee using
geographic information systems and network
analysis. Ann Epidemiol. 2010;20(12):924-30. doi:
10.1016/j.annepidem.2010.06.013

Shahid R, Bertazzon S, Knudtson ML, Ghali
WA. Comparison of distance measures in
spatial analytical modeling for health service
planning. BMC Health Serv Res. 2009;9:200. doi:
10.1186/1472-6963-9-200

Boscoe FP, Henry KA, Zdeb MS. A Nationwide
Comparison of Driving Distance Versus Straight-
Line Distance to Hospitals. The Professional
geographer : the journal of the Association
of American Geographers. 2012;64(2). doi:
10.1080/00330124.2011.583586

Deza MM, Deza E. Encyclopedia of distances.
Encyclopedia of Distances: Springer; 2009. p.
1-583.

Comber A, Brunsdon C, Green E. Using a GIS-
based network analysis to determine urban
greenspace accessibility for different ethnic and
religious groups. Landscape and Urban Planning.
2008;86(1):103-14.

Kumar P, Kumar D. Network analysis using
GIS techniques: A case of Chandigarh city.
International Journal of Science and Research.
2016;5(2):409-11.

Moran PA. Notes on continuous stochastic
phenomena. Biometrika. 1950;37(1-2):17-23. doi:
10.2307/2332142.

Li H, Calder CA, Cressie N. Beyond Moran’s
I: testing for spatial dependence based on the
spatial autoregressive model. Geographical
Analysis. 2007;39(4):357-75. doi: 10.1111/j.1538-
4632.2007.00708.x

Panigrahi N. Computing in geographic
information systems. Florida: CRC Press; 2014.
Maciejewski R. Data representations,
transformations,andstatisticsforvisualreasoning.
Synthesis Lectures on Visualization. 2011;2(1):1-
85. doi: 10.2200/500357ed1v01y201105vis002.
Nazaripour H, Dostkamiyan M, Alizadeh S.
The spatial distribution patterns of temperature,
precipitation, and humidity using geostatistical
exploratory analysis (case study: Central Area
of Iran). Journal of Earth and Space Physics.
2015;41(1):99-117. Persion.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

McKee M, Healy J. The role of the hospital in a
changing environment. Bull World Health Organ.
2000;78(6):803-10.

Rahimi F, Goli A, Rezaee R. Hospital location-
allocation in Shiraz using Geographical
Information System (GIS). Shiraz E Med ].
2017;18(8). doi: 10.5812/semj.57572.

Mizen A, Fry R, Grinnell D, Rodgers SE.
Quantifying the Error Associated with
Alternative GIS-based Techniques to Measure
Access to Health Care Services. AIMS
public health. 2015;2(4):746-61. doi: 10.3934/
publichealth.2015.4.746.

Satcher D, Rust G. Achieving health equity in
America. Ethn Dis. 2006;16(2 Suppl 3):S3-8-13.
Beedasy J. Rural designations and geographic
access to tertiary healthcare in Idaho. Online |
Rural Res Policy. 2010;5(2):1. doi: 10.4148/ojrrp.
v5i2.191.

Kreng VB, Yang CT. The equality of resource
allocation in health care under the National
Health Insurance System in Taiwan. Health
Policy.  2011;100(2-3):203-10.  doi:  10.1016/j.
healthpol.2010.08.003.

Kumar N. Changing geographic access to and
locational efficiency of health services in two
Indian districts between 1981 and 1996. Soc
Sci Med. 2004;58(10):2045-67. doi: 10.1016/j.
socscimed.2003.08.019.

Balarajan Y, Selvaraj S, Subramanian SV. Health
careandequityinIndia. Lancet.2011;377(9764):505-
15. doi: 10.1016/S0140-6736(10)61894-6.

Masseria C, Giannoni M. Equity in access to
health care in Italy: a disease-based approach. Eur
J Public Health. 2010;20(5):504-10. doi: 10.1093/
eurpub/ckq029.

Barraza-Llorens M, Bertozzi S, Gonzalez-Pier F,
Gutierrez JP. Addressing inequity in health and
health care in Mexico. Health Aff (Millwood).
2002;21(3):47-56. doi: 10.1377/hlthaff.21.3.47.
Gutierrez JP, Garcia-Saiso S, Dolci GF, Hernandez
Avila M. Effective access to health care in
Mexico. BMC Health Serv Res. 2014;14:186. doi:
10.1186/1472-6963-14-186.

Liu GG, Zhao Z, Cai R, Yamada T, Yamada T.
Equity in health care access to: assessing the
urban health insurance reform in China. Soc Sci
Med. 2002;55(10):1779-94. doi: 10.1016/s0277-
9536(01)00306-9.

Liu W, Liu Y, Twum P, Li S. National equity of
health resource allocation in China: data from
2009 to 2013. Int ] Equity Health. 2016;15:68. doi:
10.1186/512939-016-0357-1.

110

J Health Man & Info, July 2018, 5(3)



