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Abstract

Aim Availability of and accessibility to health services are critical factors to maintain the wellbeing of any society. This study
aims to investigate the spatial patterns and accessibility levels of urban and rural residents to health centers—i.e., hospitals—in
the case of Kermanshah Province located at the western part of Iran.

Subject and methods The study employs a spatial analysis technique as the methodological approach. Datasets were obtained
from the latest population statistics—i.e., the 2011 Population and Housing Census—and public and private hospitals in the
Kermanshah Province. Access levels to health centers were calculated in a geographical information system environment with
network analysis capability.

Results The results revealed that: (a) spatial distribution of health centers in the Kermanshah Province follows a random pattern,
(b) health centers are mainly concentrated in the Kermanshah Township, (c) there is a clear inequality in terms of access to health
centers in the Kermanshah Province, (d) children, women, and the elderly residing in rural areas are found to be the most
vulnerable groups.

Conclusion The bipolar status of the rural population’s access to healthcare compared with those residing in the Kermanshah
Township clearly underlines an unequal structure of the health system in the Kermanshah Province. There is, hence, a need for
effective interventions of policymakers and health managers in the province to eliminate this disparity.

Keywords Accessibility to health centers - Healthcare inequality - Urban and rural disparity - Geographic information systems
(GIS) - Kermanshah - Iran

Introduction

Global organizations, including the World Health Organization
(WHO), regard the right to healthcare as one of the major
objectives of any society. Besides, enjoyment of health is seen
as the basis for sustainable development and is one of the main
pillars of social justice (Van Lerberghe 2008). Hence, provision
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of health services should be seen as one of the indispensable
components of social development, with clear goals, policies,
and programs (Brabyn and Skelly 2002). In this regard, elim-
inating spatial inequity in access to health services is one of the
objectives of health systems. Health policymakers in many
countries have strived to improve the health status of their
residents and facilitate access to health services—along with
increasing the use of health facilities. However, access to
healthcare still remains as a challenging issue in many places
around the world (Fox 2017; Reshadat et al. 2014).

The literature suggests that healthcare services have signif-
icant effects on health outcomes, and poor physical access
lowers the use of health services—Ileading to increased
health-related hazards (Reshadat et al. 2015a, b). Studies in
the field have shown that demographic characteristics alone
do not account for mortality rates, but in many cases they
result from different levels of access to health services and
facilities (Hare and Barcus 2007). Typically, patients prefer
to visit health centers in the vicinity of their place of residence,
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but in some cases, patients require special care and need to
visit specialized medical centers (Masoodi and Rahimzadeh
2015). The literature also suggests that access to general
health services, such as primary care physicians, nurses,
pharmacists, pathologists, and cardiac rehabilitation, at
the right time is essential when aiming to optimize the
prevention of potentially lethal incidents (World Health
Organization 2010). As earlier research found, the lack of
access to treatment centers has increased the relative share
of out-of-hospital mortalities, especially in younger popu-
lations, and 90% of all fatalities associated with acute cor-
onary incidents occur outside hospitals. Research has also
revealed that access to healthcare plays a major role in
acute cardiac incidents (Dudas et al. 2011).

Distance and time are two decisive factors of access.
According to WHO, travel time should be used instead of
distance to evaluate the level of geographical access. The ex-
istence of big differences in infrastructure and transport avail-
ability and quality among the developed and developing coun-
tries has created many challenges in terms of comparing dis-
tances to healthcare centers (World Health Organization
2001). In this regard, one of the key solutions to strategic
planning and policymaking relating to the distribution of
health and other facilities is the use of geographic information
systems (GIS) (Baum et al. 2010; Teimouri and Yigitcanlar
2018), and advances in GIS have led to the effective analysis
of assessing health needs, access to this type of service, its
geographical diversity, identification of inequalities among
different groups, and planning and provision of support and
decision-making towards equal provision of health services
(Radcliff et al. 2016). GIS has also enabled researchers to
visualize the trends and relationships of health in space and
time, with the aim of monitoring the performance of health
policymakers in reducing health inequalities (Higgs 2004;
Reshadat et al. 2018). Furthermore, analyzing and locating
these challenges have led to the effectiveness of executed
interventions towards improving access to health centers, es-
pecially when the inequalities were encountered in deprived
areas (Hewko et al. 2002).

This paper places a region from Iran, namely the
Kermanshah Province, under investigation to determine the
spatial pattern and access of urban and rural residents to health
centers. Kermanshah Province consists of 14 townships, 30
districts, 29 cities, 85 hamlets, and 3163 villages. The results
of earlier studies have shown that the distribution of health
centers in Kermanshah, which is the capital city, does not fit
the needs of its citizens, as there is injustice in terms of access
to medical treatment and health centers in the center of the
province (Reshadat et al. 2015a, b). In addition, there have
been high levels of migration to Kermanshah (Clark and
Costello 1973), thereby giving rise to the phenomenon of
informal and irregular settlements and the spread of economic,
social, and cultural inequalities among the residents of the city
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(Rostaei et al. 2012). The results of earlier studies confirmed
the growing level of disease occurrences (Reshadat et al.
2015a, b; Khademi et al. 2017; Khademi et al. 2016;
Reshadat et al. 2016a, b), traffic accidents, and mortality rates
(Zangeneh et al. 2018) in the province. This worsening situa-
tion has made it necessary to carry out new studies to better
address the increasing healthcare access problems in the prov-
ince. This study aims to investigate the spatial patterns and
accessibility levels of urban and rural residents to health cen-
ters—i.e., hospitals—in the case of Kermanshah Province lo-
cated at the western part of Iran.

Methods

In this cross-sectional study, the access of all residents from
both urban and rural areas of Kermanshah to medical care in
health centers—specifically hospitals—was investigated. In
this regard, the latest population statistics of the Population
and Housing Census (conducted in 2011) published by the
Statistics Center of Iran were obtained. Additionally, datasets
related to all public and private hospitals in the Kermanshah
Province collected by the Kermanshah University of Medical
Sciences were acquired.

As the methodological approach, spatial analysis tech-
niques were adopted. For spatial analysis, modeling in a GIS
environment—i.e., Arc/GIS—was undertaken to evaluate ac-
tual access levels through network analysis. For this purpose,
the base map of the province, including the digital map (urban
areas, villages, and roads), was utilized, whereby the network
of roads in the province and the medical centers (hospitals)
based in the area under study were digitized. Then, the topol-
ogy and spatial relationships between roads were developed in
the environment of the ArcCatalog geo base administration
application. Moreover, the boundaries of health centers were
established in terms of access of residents to these areas in
real-time using network analysis extension of the GIS pack-
age. Furthermore, the number of people with and without
access to health services was calculated in terms of gender
(male and female) and age ranges (children: 0-14 years old,
adults: 15-64 years old, the elderly: 65 years old and over)
(Reshadat et al. 2015a, b).

Following the suggestions of WHO, travel time was used
in the present study to evaluate access to health centers
(Bissonnette et al. 2012; World Health Organization 2010;
Knowlton et al. 2017). The calculation and measurement of
the geographic access to healthcare services are often done
through the estimation of travel time using GIS (Higgs
2004). Moreover, estimating travel time to access health ser-
vices by vehicles has become commonplace in studies. In the
present research, as in other studies, travel times of 15, 30, and
60 min by car were considered (Brabyn and Skelly 2002;
Masoodi and Rahimzadeh 2015).
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To identify the spatial deployment patterns of health cen-
ters, the following models were used:

Mean Center: the mean of latitude and longitude coordi-
nates of all features within the scope of the study. Required for
following up changes both in the spatial distribution of fea-
tures and in their comparisons. The mean center is calculated
as in Eq. 1 below (Reshadat et al. 2015a, b):

> xi > yi
- =l = =l

Where x; and y; are the coordinates of feature 7, and n is
equal to the total number of features.

Standard Distance: a method for examining the level of
concentration or dispersion of geographic features around
the mean center, calculated as in Eq. 2 below (Reshadat et
al. 2015a, b):

+ (2)

Where x; and y; are the coordinates of feature i, {X, Y }
represents the mean center of the features, and n is equal to the
total number of features.

Average Nearest Neighbor Index: an indexing approach
that measures the average distance of features to the nearest
neighbor and used to determine the convergence and diver-
gence of different features. The purpose of this kind of analy-
sis is to determine the type of distribution pattern (clustered,
random, or uniform). The nearest neighbor is calculated. In
other words, the nearest neighbor index is expressed as the
mean of the observed distance divided by the expected dis-
tance (calculated through analyzing the quantity of Z). If Z is
between 1.96 and — 1.96, there is no significant difference
between the observed and random distributions. Otherwise,
the distribution will be clustered, random, or uniform
(Khademi et al. 2016).

The Average Nearest Neighbor Index is calculated as in Eq.
3 below:

ANN =22 (3)

Where Dy is the observed mean distance between each
feature and its nearest neighbor (see Eq. 4), and Dy is the
expected mean distance for the features given in a random
pattern (see Eq. 5):

5. _ 05
=
V'

In the above equation, d; equals the distance between fea-
ture 7 and its nearest neighboring feature, n corresponds to the
total number of features, and A is the area of a minimum
enclosing rectangle around all features, or its user-specified
value.

The average nearest neighbor z-score for the statistic is
calculated as in Egs. 6 and 7 below:

(5)

DD

Z
SE (6)
o 0.26136 ™)
112/
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Results

Mean center, standard distance, and standard
deviational ellipse of hospital centers

The results of mean center and standard distance models in-
dicated that the mean center of all hospital centers was located
in Kermanshah and most of the hospital centers were concen-
trated in the township. In other words, there was a cumulative
distribution of treatment centers within the city. Moreover, the
results were indicative of the western—eastern direction of the
standard deviational ellipse of hospital centers (Fig. 1).

Nearest neighbor index

The calculated values of the nearest neighbor index and Z-
score of the distribution of hospitals in the Kermanshah
Province measured 0.911 and —0.81 respectively. The Z-
score was also statistically significant since it was between
1.65 and —1.65. These findings were indicative of the fact that
the spatial distribution of hospitals in the Kermanshah
Province followed a random pattern, and the formation and
construction of hospitals in the province were accidental, and
not planned (Fig. 2).

The kernel density estimation test
The results of the Kernel density estimation test also showed

that hospital centers were concentrated in the Kermanshah
Township (Fig. 3).

@ Springer



522

J Public Health (Berl.): From Theory to Practice (2019) 27:519-529
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Assessment of access to health centers through travel
time by car

The results showed that, out of the total population of
1,941,715 inhabitants living in urban and rural areas of the
Kermanshah Province, 30.71% (596,303 people), 26.34%
(511,599 people) and 19.82% (384,787 people) respectively
lacked access to health centers within 15, 30, and 60 min of
driving. However, in terms of rural inhabitants’ access to health
centers within 15, 30, and 60 min of driving, 90% (527,967
people), 76.22% (447,161 people) and 56.11% (329,198 peo-
ple) respectively lacked access (Fig. 4 and Table 1).
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In terms of female age groups’ access to healthcare centers
within 60 min of driving, the results showed that 58.29% of
children, 55.65% of adults, and 51.22% of the elderly residing
in rural areas lacked access to healthcare centers, as opposed
to only 4.45% of children, 3.89% of adults, and 3.15% of the
elderly in urban areas. In terms of male age groups’ access to
healthcare centers within 60 min of driving, the results re-
vealed that 58.60% of children, 56.09% of adults, and
50.36% of the elderly residing in rural areas lacked access to
healthcare centers, as opposed to only 4.86% of children,
4.14% of adults, and 3.08% of the elderly in urban areas
(Fig. 4 and Table 1).
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Fig. 2 Distribution of health
services in Kermanshah
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Given the z-score of -0.8146468845, the pattern does not appear to be significantly different than random.

Discussion

Evaluation of access to health centers in residential areas pro-
vides health policymakers with valuable information, thereby
enabling them to focus their efforts on addressing health in-
equalities. This is an issue which has so far been neglected in
the Kermanshah Province (Reshadat et al. 2015a, b).
Therefore, the study reported in this paper aimed to investigate
the spatial patterns and accessibility levels of urban and rural
residents to health centers—i.e., hospitals—in the case of
Kermanshah Province located at the western part of Iran.
The results demonstrated that the formation and construc-
tion of hospitals in the Kermanshah Province followed a ran-
dom pattern. This finding was another confirmatory factor
indicative of the weakness in the management system and
policies related to the construction of hospitals in the province
based on previous evidence (Reshadat et al. 2016a, b). This is
consistent with the results of other studies conducted in Iran,
in which the organic growth and lack of planning in the coun-
try accounted for the said random pattern (Ebrahim Zadeh et
al. 2010). This evidence is indicative of the existence of health
inequalities in the province, and confirms the need for a policy
shift in this field from the current random pattern to a uniform

development, as also found in other similar studies (Reshadat
et al. 2016a, b; Ahadnejad et al. 2015).

The present study was also able to demonstrate the concen-
tration of hospital centers in Kermanshah in comparison with
other townships in the Kermanshah Province. This finding
was consistent with the results of other studies in Iran that
confirmed the aggregation of healthcare centers in the town-
ship centers (Reshadat et al. 2016a, b; Ahadnejad et al. 2015).
The reason for this, as stated in other studies, could be a lack
of policies in addressing inequalities in Iran’s health system
(Reshadat et al. 2015a, b). In this regard, health policymakers
should design and implement effective interventions and eval-
uate them continuously to achieve the goals of providing,
maintaining, and improving the health of people from all
walks of life (Damari et al. 2011).

This study was able to show that access to health centers in
urban areas was higher than that in rural areas, which was con-
sistent with the results of other similar studies (Apparicio et al.
2008). Research suggests that inequality in access to healthcare
services affects the health of inhabitants, which leads to a waste
of time and imposition of economic costs on families (Casey et
al. 2001). According to the results of the previous studies con-
ducted in the Kermanshah Province, there has been a large
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population migration to the Kermanshah metropolis, which is
probably due to inequalities in accessing healthcare in urban
and rural areas of the province (Clark and Costello 1973).
Based on the results of the present study, rural children
lacked adequate access to treatment centers, which was con-
sistent with the results of other similar studies (Dong et al.
2014). It should be noted that inadequate access of children
to healthcare will result in a lack of timely diagnosis and
treatment of acute and chronic diseases and injuries, and also
inadequate access to preventive care in this age group
(Newacheck et al. 2000). In addition, the results of the present
study demonstrated that 0—14 year-olds were more deprived
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of access to health centers than other age groups in the city,
thereby making the elimination of this inequality more crucial
considering the sensitivity of this age group.

The findings also demonstrated that rural women lacked
adequate access to treatment centers, which has also been
expressed in other similar studies (Casey et al. 2001).
Numerous other studies have confirmed that women’s inade-
quate access to healthcare services leads to the ineffective pre-
vention of diseases, increased congenital mortality, inadequate
inoculation of girls, poor treatment of women and girls’ ane-
mia, lack of general care provided to women, deficient prenatal
and postnatal care (Gulliford et al. 2002), consumption of
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Fig.4 Network analysis model of 550000 600000
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unsafe medication, and insufficient attention to diseases such
as breast cancer (Vedadayer et al. 2008).

Furthermore, the results indicated that women’s and men’s
access to health centers was the same at the village level.
Similarly, the same situation was observed for women and
men at the city level. We were also able to show that the
elderly living in rural areas did not have adequate access to
health centers, which was in agreement with the results of
other studies (Brabyn and Skelly 2002). Furthermore, the fac-
tors that make the need for serious interventions more notice-
able are the elderly’s lack of timely access to health care cen-
ters due to aging, changes in the epidemiological pattern of

diseases in middle age and the tendency toward chronic dis-
eases, and on the other hand the healthy elderly who are still,
however, in need of healthcare support (Eckardt et al. 2017).
Accordingly, as the elderly population increases and life ex-
pectancy is extended, preventive and therapeutic policies
should be aimed at maintaining and improving the health of
the elderly population, and life-threatening and protecting fac-
tors should be identified in their lives (Hemingway et al.
1997); all of these are issues which have been overlooked in
the area under study so far. It should be noted that inequality in
access to healthcare in the adult age group was also evident in
the present study at village level in comparison with cities.

@ Springer
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In the previous studies performed in Iran, only a simple
buffering method has been used to assess access to hospital
centers (Reshadat et al. 2016a, b; Damari et al. 2011). The
buffering and functional radius methods can be useful in sim-
ple analyses and providing general views (Cromley and
McLafferty 2011). However, in the network analysis method
(Pitot et al. 2006; Yigitcanlar et al. 2007), which was the basis
of our research and used for the first time in Iran, the status of
access to health centers was evaluated similarly to other stud-
ies in a real model through real journeys (Hare and Barcus
2007; Knowlton et al. 2017). Hence, this could be regarded as
one of the strengths of the present study compared to others
conducted in Iran. Additionally, the present study is the first in
Iran in which access to health centers—i.e., hospitals—is
evaluated using travel time in cities and villages and due to
its incomparability in terms of the scope of objectives and the
population under study. Its successful implementation can be
an efficient and appropriate model for conducting studies on
access to health centers through travel time for researchers in
other developing countries.

Given that the in-depth examination of reasons behind this
inequality was not covered in this study, it is recommended
that such a detailed investigation should be addressed in fur-
ther studies. The results of many studies have shown that time
is a key factor in the survival of multi-traumatic patients, and
the shorter the interval between occurrence of the incident and
commencement of surgery, the more significantly the survival
rate of the patient increases (Garner et al. 2015). This period is
ideally less than 10 min (Oliver et al. 2017). For instance, the
proper interval between infarction and the administration of
streptokinase is less than 30 min (Writing et al. 2000).
Therefore, if the treatment of patients occurs shortly after the
onset of symptoms, disease and mortality rates can be signif-
icantly reduced (Zerwic et al. 2003).

The results of the study revealed that 76.22% of the
population residing in rural areas lacked access to
healthcare centers within 30 min. This situation for chil-
dren and the elderly living in villages was even more acute.
According to some studies, the appropriate time for injured
children in urban and suburban areas should not exceed 10
and 15 min respectively (Panahi et al. 2007). In the present
study, 89.51% and 89.64% of 0—14 year-old girls and boys,
respectively, lacked access to healthcare centers within
15 min. Comparing the golden time to revive patients with
the access time of rural residents in the Kermanshah
Province to emergency services emphasises the significant
imbalance and difficulties that rural residents of the
Kermanshah Province are faced with.

Needless to say, the study reported in this paper has
some limitations. For example, traffic congestion, traffic
lights, car parking, and travel time, which were different
and influenced by factors such as day and night hours and
climate, were not controlled in the present study, nor in

other studies (Jenelius and Koutsopoulos 2013). In addi-
tion, no distinction was made between populations with
and without vehicles. In other words, given that those with-
out vehicles use public transportation, access to health cen-
ters may be further reduced (Yang et al. 2006). Some other
factors that were not addressed in the present study includ-
ed the subjects’ socio-economic status (e.g., income, edu-
cation) and its effects on access to health care, waiting
times, and the cost of using services. It is worth noting that
these limitations have been also mentioned in other similar
studies (Ngui and Vanasse 2012).

Conclusion

As stated by Gudes et al. (Gudes et al. 2010), the need to
develop sound community-level planning and to overcome
the fracturing of knowledge bases provides an incentive for
the uptake of new and novel data analysis and presentation
approaches. GIS is a sound platform that can address both
concerns. This paper, by using various spatial analysis tech-
niques with GIS, provides insights for health managers and
policymakers and useful information for planning medical
care, which is generally of benefit in decision-making for
health policies. The random pattern of constructing hospitals
should be changed into uniform patterns in the future. To this
end, the aim of the presented model was to display reality in
such a way that the conflict between city and villages would
be revealed in terms of access to health centers based on our
findings, and highlighting inadequate access for children,
women, and the elderly to healthcare services, which are es-
pecially poor in villages and townships compared to provin-
cial centers.
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