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ABSTRACT Geographic information systems (GIS) analysis has not been widely used in underdeveloped countries 
to ensure that vulnerable populations have accessibility to primary health-care services. This study applied GIS 
methods to analyse the spatial accessibility to urban primary-care centres of the population in Kermanshah city, 
Islamic Republic of Iran, by age and sex groups. In a descriptive-analytical study over 3 time periods, network 
analysis, mean centre and standard distance methods were applied using ArcGIS 9.3. The analysis was based on a 
standard radius of 750 m distance from health centres, walking speed of 1 m/s and desired access time to health 
centres of 12.5 mins. The proportion of the population with inadequate geographical access to health centres 
rose from 47.3% in 1997 to 58.4% in 2012. The mean centre and standard distance mapping showed that the 
spatial distribution of health centres in Kermanshah needed to be adjusted to changes in population distribution.

إمكانية وصول السكان إلى المراكز الصحية الحضرية في كرمنشاه، جمهورية إيران الإسلامية: تحليل لنظم المعلومات الجغرافية
سهيلا رشادات، شهرام سعيدي، علي رضا زنجنه، السيد رامين قاسمي، نادر رجبي جيلان، علي كرباسي، الهه باوندبور

الخلاصــة: إن تحليــل نظــم المعلومــات الجغرافيــة لم يســتخدم عــى نطــاق واســع في البلــدان الناميــة للتأكــد مــن إمكانيــة وصــول الفئــات الضعيفــة 
مــن الســكان إلى خدمــات الرعايــة الصحيــة الأوليــة. إن هــذه الدراســة طبقــت طــرق نظــم المعلومــات الجغرافيــة لتحليــل إمكانيــة الوصــول 
ــك  ــلامية، وذل ــران الإس ــة إي ــاه بجمهوري ــة كرمنش ــون في مدين ــن يعيش ــكان الذي ــبة للس ــة بالنس ــة الحضري ــة الأولي ــة الصحي ــز الرعاي إلى مراك
بحســب الفئــات العمريــة والجنــس. ففــي دراســة وصفيــة تحليليــة عــى مــدى 3 فــرات زمنيــة تــم تطبيــق طريقــة تحليــل الشــبكات وطريقــة 
المركــز الوســطي وطريقــة المســافة القياســية باســتخدام نظــام ArcGIS 9.3. وكان التحليــل يســتند إلى دائــرة ذات نصــف قطــر قيــاسي يبعــد 750 
مــراً عــن المراكــز الصحيــة، وسرعــة مــي تبلــغ 1 مــراً واحــداً لــكل ثانيــة، وزمــن وصــول منشــود إلى المراكــز الصحيــة مقــداره 12.5 دقيقــة. 
إن نســبة الســكان الذيــن يصعــب عليهــم الوصــول الجغــرافي إلى المراكــز الصحيــة ارتفعــت مــن 47.3 % في عــام 1997 إلى 58.4 % في عــام 2012. 
ولقــد أظهــر رســم خرائــط المركــز الوســطي والمســافة القياســية أن التوزيــع المــكاني للمراكــز الصحيــة في كرمنشــاه يحتــاج إلى تعديــل يتناســب 

مــع التغــرات في توزيــع الســكان.

Accessibilité spatiale de la population aux centres de santé urbains à Kermanshah (République islamique 
d'Iran) : analyse des systèmes d'information géographique 

RÉSUMÉ L'analyse des systèmes d'information géographique n'a pas été très utilisée dans les pays en 
développement pour garantir que les populations vulnérables ont accès aux services de soins de santé primaires. 
La présente étude a appliqué des méthodes des systèmes d'information géographique pour analyser l'accessibilité 
spatiale aux centres de soins de santé primaires urbains pour la population de la ville de Kermanshah (République 
islamique d'Iran) par tranche d'âge et par sexe. Dans une étude analytique-descriptive sur trois périodes, une 
analyse des réseaux et des méthodes de mesure des distances moyenne et standard jusqu'aux centres ont été 
appliquées à l'aide du logiciel d'information géographique ArcGIS 9.3. L'analyse reposait sur un rayon standard 
de 750 mètres de distance à partir des centres de soins, à une vitesse de marche d'un mètre par seconde et un 
temps d'accès souhaité aux centres de soins de santé de 12,5 minutes. La proportion de la population ayant un 
accès géographique inadéquat aux centres de soins a augmenté, passant de 47,3 % en 1997 à 58,4 % en 2012. La 
cartographie de la distance moyenne et standard jusqu'aux centres a révélé que la répartition spatiale des centres 
de soins de santé à Kermanshah devait être ajustée aux changements dans la répartition de la population.
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Introduction

Primary health care is essential for im-
proving and maintaining the health of 
the population. It has the potential to 
accelerate achievement of the Millen-
nium Development Goals and fulfil the 
call for “Health for All” in the Alma-Ata 
Declaration. Adequate provision of 
primary health services is one of the 
essential components of social devel-
opment (1,2) and the assessment of 
accessibility to health services provides 
unambiguous quality-of-life and social 
welfare indices (3). Understanding the 
performance of a health system from 
a geographical perspective is therefore 
important for improved health planning 
and evidence-based policy develop-
ment (4).

One of the major problems con-
fronted by health-care managers, es-
pecially in underdeveloped countries, 
is the uneven distribution of health-
care centres in urban regions (5). This 
imbalanced geographical distribution 
can lead to inefficiency in the offered 
services and inequalities in access to ser-
vices (6,7), since the necessity to travel 
long distances to reach health-care ser-
vices inhibits patients’ use of the services 
and leads to increases in inequalities 
in health (8–10). Accessibility refers 
to the relative ease of access to a given 
location (11). As a general rule, previous 
studies have identified 2 criteria—avail-
ability of services and accessibility to 
services—as the components of the 
overall spatial accessibility of people to 
services (12).

Medical geographers have the abil-
ity to assess the spatial distribution 
and accessibility of health services us-
ing geographic information systems 
(GIS). GIS analysis can be used in 
a variety of ways to visually display 
health-service utilization and to take 
into account the many factors related 
to location that may limit an individ-
ual from acquiring proper health care. 
Location-allocation models are used 
to identify how gaps in health services 

among specific communities can be 
reduced. Mapping existing health ser-
vices along with the road networks is 
used to identify and facilitate patient 
travel (4). Nowadays, GIS analysis is 
increasingly applied in health-related 
fields (13–15) and has turned into a 
valuable tool to ensure that vulnerable 
and underprivileged populations have 
accessibility to hospitals (16–19), pal-
liative care centres (20) and primary 
health-care services (21–23). Using 
GIS techniques offers great promise 
for improving the distribution of 
health resources, identifying service 
gaps and allowing policy-makers to 
better assess potential risk factors and 
prevent disease especially with regard 
to at-risk age and sex groups (3).

Political pressures and growing 
disparities in health services have com-
pelled many health-care administra-
tors to re-evaluate their health-care 
systems to accommodate population 
needs (4). In the Islamic Republic of 
Iran, although some traditional epi-
demiological studies have been done 
concerning health management, there 
have been few studies applying GIS 
analysis in public health. The study 
reported here is the first to use GIS 
methods in a health management 
context to analyse spatial accessibil-
ity of the population to urban primary 
health-care centres in Kermanshah 
city by age and sex groups. Kerman-
shah was targeted for this study due to 
reports of migration of the residents 
from the centre of the city to suburban 
areas, due to informal settlements, inef-
ficient communication networks and 
damaged infrastructure in the central 
areas (24).

Methods

Study setting and data sources
Kermanshah province is one of the 31 
provinces of the Islamic Republic of 
Iran and is located in the western half 
of the country. The city of Kermanshah 

lies in the eastern half of the province 
and covers an area of more than 100 00 
hectares. The population in 2012 was 
851 405, served by 34 health-care cen-
tres. The data used in this research were 
based on the statistic database of the 
population clusters from Kermanshah 
for 3 years (1997, 2007 and 2012) 
which were prepared by the Statistical 
Centre of Iran in Tehran. The names 
and addresses of the health-care centres 
were provided by the Health Promo-
tion Research Centre in Kermanshah.

Study tools
This was a descriptive-analytical study. 
The ArcGIS program, version 9.3 was 
used to map the network of urban 
streets and health-care centres of the 
region under study. The topology and 
the spatial relationships among the 
routes were created in the environment 
of ArcCatalog. The ArcGIS Network 
Analyst extension was used to calculate 
the mean centre and standard distance 
of the health-centre network.

Data collection
For the technical calculations of 
transport, the velocity of a person’s 
movement while walking in normal 
mode was assumed to be between 
0.75 and 1.25 m/s (25). According 
to the standard accessibility radius of 
750 m for health-care centres (26,27) 
and taking the velocity of a person’s 
movement as 1 m/s, a walking dura-
tion of 12 minutes 30 seconds for each 
individual from their house to the near-
est health centre formed the basis of 
the present research. Using network 
analysis, borders were created for the 
areas where services were supplied by 
the health-care centres in terms of the 
citizens’ accessibility to these areas in 
a real time and using the actual routes. 
Then, by using the intersect and sym-
metric difference tools, the number of 
people who were deprived of spatial ac-
cessibility was calculated by sex (males 
and females) and age group [0–14 
years old (children), 15–64 years old 
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(adults) and > 65 years old (elderly)] 
(28,29).

To compare the spatial deploy-
ment pattern of the health-care ser-
vices in Kermanshah over the 3 time 
periods (1997, 2007 and 2012), the 
mean centre and standard distance 
were calculated. The mean centre is the 
mean of the geographical latitude and 
longitude coordinates of all features in 
the scope of study. The mean centre is 
calculated with the following equation 
(30).

Where Xi and Yi of the coordinates 
of the areas of (i) and (n) equal the 
total number of features and areas.

The standard distance (SD) is a 
method for examining the level of con-
centration or dispersion of features 
around the mean centre. The standard 
distance is calculated with the follow-
ing equation (30): SD = √(ΣDi2/n), 
where (Di) is the distance between 2 
points, the mean centre and n points.

Results

Table 1 shows the total population 
and the number and percentage of 
the population with and without ac-
cessibility to a health-care centre in 
the years 1997, 2007 and 2012. The 
total population of Kermanshah city 
increased over the study period. In 
1997 Kermanshah had a population 
of 693 157 served by 29 health-care 
centres, in 2007 the population was 
794 863 with 33 health-care centres, 

and in 2012 the population was 
851 405 in 2012 served by 34 health-
care centres. Based on a maximum 
duration of walking for each individ-
ual citizen of 12.5 minutes, the results 
demonstrated that the percentage of 
the total population with accessibility 
to a health centre decreased across the 
3 time periods and the percentage of 
the population without such acces-
sibility increased. In 1997 47.3% of the 
population were deprived of proper 
accessibility, in 2007 this had risen 
to 55.7% and in 2012 it was 58.4% 
(Table 1). The number of people 
with appropriate spatial accessibility 
to the health centres also decreased 
from 365 445 in 1997 to 354 236 in 
2012. This decrease in the numbers 
and proportions of the population 
with accessibility was seen despite the 
fact that the number of health-care 
centres in Kermanshah rose over the 
same time period, from 29 health-care 
centres in 1997 to 34 centres in 2012.

Table 2 shows the population 
without accessibility to a health centre, 
by sex and age group in 1997, 2007 
and 2012. The time-trend analysis by 
age showed different patterns of acces-
sibility in different age groups. In 1997 
38.6% of children (aged 0–14 years 
old) were deprived of accessibility to 
a health centre; this reduced to 23.0% 
in 2007 and again dropped to 20.5% 
in 2012. In contrast, in the adult age 
group (15–64 years old) 56.6% were 
deprived of accessibility in 1997 and 
this rose to 70.5% in 2007 and reached 
74.8% in 2012. In the elderly age group 
(> 65 years old), 4.8% of the popula-
tion were deprived of accessibility in 

1997 and this increased to 6.5% in 
2007 and decreased to 4.8% in 2012.

The location of the health-care 
centres in Kermanshah and the spe-
cific regions that were underserved 
in the time period of our study are 
shown in Figure 1. This shows that 
during the 3 time periods of the study 
the health centres were concentrated 
in the central part of the city but that 
the expansion of the city outside the 
border areas meant that the suburban 
housing estates were beyond the range 
of walking accessibility to health-care 
services and thus the residents in bor-
der and suburban areas were more 
deprived in this regard.  

The results from the analysis of 
mean centre and standard distance 
of the urban health-centre network 
in Kermanshah demonstrated that 
the health centres were concentrated 
in the geographical centre of the city. 
Compared with 1997–2007 the 
standard distance in 2012 moved to-
wards the western south side of the 
city, consistent with the population 
distribution and the establishment of 
2 new health centres in that area during 
2007–2012 (Figure 2).

Discussion

In this study the spatial accessibility of 
the population to primary health-care 
centres located in Kermanshah and the 
spatial coverage of the services were 
examined in a real model based on the 
maximum span of 12.5 minutes walk-
ing. Over the 3 time periods of 1997, 
2007 and 2012 the population with 
accessibility to a health-care centre 

Table 1 Population with and without spatial accessibility to a health centre in Kermanshah in the study years 1997, 2007 and 
2012

Year Total population Population with accessibility Population without accessibility

No. No. % No. %

1997 693 157 365 445 52.7 327 712 47.3

2007 794 863 352 476 44.4 442 387 55.7

2012 851 405 354 236 41.6 497 169 58.4

XiX = ∑ N

N

i = 1

YiY = ∑
N

N

i = 1
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showed a downward trend. Measures 
of supply and demand, in the form of 
areas of coverage and citizens’ accessi-
bility respectively, enabled us to better 
understand the causes of poor per-
formance in the health management 
systems. In addition, it enabled us to 
realistically analyse and identify possi-
ble obstacles and facilitating factors in 
citizens’ spatial accessibility to primary 
health-care services. Methods such 
as these may be useful for improving 
the policies and planning concerning 
health care, especially in developing 
countries such as the Islamic Republic 
of Iran.

The results of this research indi-
cated that over the 15 years of the 
study, the percentage of the population 
of Kermanshah with adequate spatial 
accessibility to a health-care centre 
showed a significant downward trend. 
The percentage with accessibility to a 
health-care centre was only 52.7% in 
1997 and this had decreased to 41.6% 
by 2012. The decrease in spatial acces-
sibility occurred in spite of an increase 
in the number of health centres from 
29 in 1997 to 34 in 2012. Three points 
need to be considered to explain this. 
First, the total population of Kerman-
shah city increased from 693 000 in 

1997 to 851 000 in 2012. Secondly, 
the spatial distribution of the health 
centres across the city was not equita-
ble, as according to our analysis of the 
mean centre and standard distance, 
health centres were concentrated in 
the central part of the city; residents of 
the suburban housing estates therefore 
did not have adequate accessibility to 
such facilities. Thirdly, it is likely that 
displacement and migration of the 
population residing in the central part 
of the city to the newly established sub-
urban housing estates was responsible 
for a reduction in the population resid-
ing in areas with the highest number of 
health centres.

Another interesting point to 
note in this study was that not only 
did the percentage of the population 
with adequate spatial accessibility to 
health-care centres decline during 
the time period studied, the number 
of people with accessibility also de-
creased, from 365 000 to 354 000. A 
possible reason for this finding is that 
there was an over-supply of health cen-
tres concentrated in the centre of the 
city. The city centre of Kermanshah 
suffers from outdated infrastructure, 
informal neighbourhoods, inefficient 
communication networks and lack of 

proper equipment and facilities (24). 
There have also been changes in these 
neighbourhoods from residential to 
commercial-administrative usage. Ker-
manshah has therefore seen a reduc-
tion in the population concentrated 
in the city centre as people migrate to 
other areas. In cities like Kermanshah, 
where there are ethnic differences 
among the population in different lo-
calities, switching the concentration 
of services between certain areas can 
worsen the effects of inequalities. As 
a result, the human and natural eco-
logical structure of a healthy city can 
be disrupted and the system of urban 
health management will still encounter 
inefficiencies event when adequate 
funding is allocated for health care.

Comparing the percentage of the 
age groups deprived of spatial accessi-
bility to the health centres indicated that 
the proportion of children without ac-
cessibility to health centres experienced 
a downward trend from 38.6% to 20.5%, 
while the proportion of adults without 
accessibility to the health centres rose 
from 56.6% to 74.8% and the propor-
tion of the elderly age group without 
accessibility to the health centres were 
at similar levels in 1997 and 2012. This 
downward trend in the percentage of 

Table 2 Population without spatial accessibility to a health centre, by sex and age group in the study years 1997, 2007 and 
2012

Year/Sex Age groups

Total 0–14 years 15–65 years > 65 years

No. % No. % No. % No. %

1997

Female 160 959 49.1 61 580 38.3 92 310 57.4 7 069 4.4

Male 166 753 50.9 64 820 38.9 93 244 55.9 8 689 5.2

Total 327 712 100.0 126 400 38.6 185 554 56.6 15 728 4.8

2007

Female 215 101 48.6 50 418 23.4 154 551 71.9 10 132 4.7

Male 227 286 51.4 51 201 22.5 157 339 69.2 18 746 8.2

Total 442 387 100.0 101 619 23.0 311 890 70.5 28 878 6.5

2012

Female 247 769 49.8 49 038 19.8 186 908 75.5 11 823 4.8

Male 249 400 50.2 52 591 21.1 184 800 74.2 12 009 4.8

Total 497 169 100.0 101 629 20.5 371 708 74.8 23 832 4.8
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children deprived of accessibility in rela-
tion to the 2 other age groups, could be 
due to the decreasing rate of population 
growth in Islamic Republic of Iran over 
recent years. The spatial organization 
and the pattern of capital investment 
in health services should be in such a 
manner that meets the needs of the 
population residing in specific localities 
and takes account of gender and age 
differences, otherwise there is a risk of 
ignoring the needs of vulnerable groups 
among the less-privileged residents.

Our results indicate that the sub-
urban areas had lower potential spatial 
accessibility to health services than the 
other parts of the city especially com-
pared with the city centre (Figure 1). 
This unequal distribution of resources 
between the centre and outlying areas is 
similar to Ruishan’s study in rural China 
(18).

Our figures showing only 41.6% of 
the population having adequate spatial 
accessibility in 2012 are lower than an-
other study in the Islamic Republic of 
Iran, in Miandoab city, which found that 
67% of the community had access to the 
national health-care services (31). On 
the other hand the findings were more 
consistent with a similar study done in 
Isfahan, in which only one-third of the 
community had adequate geographi-
cal access to the national health-care 
centres (32%) (32). In a study in the 
western province of Rwanda, 3 different 
travel scenarios utilized by the popula-
tion to attend the nearest primary health 
facility were analysed and defined with a 
maximum travelling time of 60 minutes: 
scenario 1 (walking), scenario 2 (walk-
ing and cycling) and scenario 3 (walking 
and public transportation). The lowest 
level of accessibility was observed in sce-
nario 1 (walking), in which the network 
covered only 26.6% of the population. 
As in our study, the authors concluded 
that a majority of the population in the 
province did not have access to the exist-
ing primary health facility network (33).

Social justice in health is a multifac-
torial issue. Inequity in health is more Fi
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common in underdeveloped countries 
than more developed ones. This issue 
has been demonstrated before by other 
studies in the Islamic Republic of Iran. 
Karimi et al.’s comparative research on 
equity in access to health services in de-
veloping countries based on strategies 
and policies applied showed that ineq-
uity was caused by mismanagement of 
the insurance systems in the Islamic Re-
public of Iran compared with developed 
countries (10). Tahari Mehrjardi et al. 
investigated and ranked the provinces of 
the Islamic Republic of Iran in terms of 
access to health sector indicators based 
on TOPSIS [technique for order prefer-
ence by similarity] analysis and Shan-
non indices to determine the degree 
of development (34). The taxonomy 
technique in their study showed that 
12, 9 and 9 Iranian provinces could be 
classified as developed, semi-developed 

and undeveloped respectively. Kerman-
shah was classified as a semi-developed 
province. In a similar study Taghvaei 
and Shahivandi assessed the level of 
accessibly and spatial distribution of 
health-care services in the Islamic Re-
public of Iran by Granahan’s model and 
cluster analysis (35). Granahan’s model 
is designed to analyse and diagnose de-
velopment, based on socioeconomic as-
pects of populations and their locations. 
They found that 90% of Iranian prov-
inces were deprived in this regard and 
their ranking of the provinces showed 
that Kermanshah was one of the more 
deprived provinces.

Conclusion

The present research shows that a 
large proportion of the population 

of Kermanshah lives outside the 
maximum travel time on foot of 12.5 
minutes to a public health-care centre. 
Over the 15-year time period of the 
study, the population with spatial ac-
cessibility to health centres tended to 
decrease.

The spatial organization and the 
pattern of capital investment in health-
care centres should be adjusted to meet 
the needs of the population residing in 
specific localities. Health-care manag-
ers therefore need to revise their poli-
cies with the aim of promoting access 
to health-care services especially in the 
suburban areas.
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