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ABSTRACT
Background: Primary healthcare facilities are essential to provide healthcare to individuals and the society closer to

home. Fast, timely, and affordable access to these centers is important in each society. This is especially crucial to
prevent and control the epidemics of non-communicable diseases that are highly affecting populations in urban
settings. This study aimed to assess spatial accessibility to primary healthcare facilities in Yazd city (Iran), using a
Geographic Information System (GIS).

Methods: In this descriptive-analytical study, which was conducted cross-sectionally in 2022, locational information
related to primary healthcare centers, population distribution, and urban zoning of Yazd city were collected and
recorded in Excel format. Then, distribution maps of each of the studied uses were determined. Then, the existing
indicators and standards regarding the uses were determined through documentary studies, and a geographic
database was formed through the GIS software collection. Data were analyzed using indicators and models such as
hot spot analysis, Thiessen's polygons algorithm, access model based on the two-step floating catchment area, and
the average distance model of the nearest neighbor.

Results: The results indicated that the comprehensive health centers in Yazd city are located next to each other with
a scattered distribution pattern, and are away from each other by an average distance of 1131 meters. Also, the
distance of urban health posts from each other is 1045 meters on average, and are randomly located next to each
other. The main concentration of the distribution of primary health care facilities is observed in the central and
traditional regions of the city, which, according to the hot spot analysis, are among the cold and low population
density spots. In addition, the access score of the regions indicates that the distribution of these facilities is not
according to the population density, and the highest functional pressure of comprehensive health centers as well as
urban health posts is observed in the regions where there is the least access to these facilities.

Conclusion: There is a disparity between the distribution of primary healthcare facilities and population density in
Yazd city, Iran. This study provides significant evidence to local health policymakers and urban planners to design
more efficient actions related to equal development of health infrastructure by using the GIS.
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Introduction health (1); and poor access to this care can affect

Primary Health Care (PHC) is known as an people's lives and survival (2). The optimal

important  facilitator of overall population allocation of health resources is achieved to match
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the provision of healthcare with social and
economic needs through improving access to PHC
services, reducing waiting time, meeting the health
and treatment needs of the population, and
increasing the overall quality of life (3). It is also
very important for the provision and distribution of
healthcare and the general objective of universal
health coverage (4).

In addition, sufficient access to PHC is one of the
vital elements for having an advanced society (5).
The World Health Organization (WHO), under the
concept of human rights, defines access to
healthcare as physical, safe, and reasonable
availability for all people, especially the vulnerable
and marginalized groups, ethnic minorities and
indigenous people, women, children, elderly groups
and people with disabilities (5). The level of access
to healthcare services depends on many factors
including the unigue topography of each city, its
spatial pattern, and planning or lack of planning.
This makes the level of access to healthcare services
is variable across cities (6).

Four dimensions of accessibility have been
identified, including (a) availability, (b)
geographical dimension that is related to the
physical location, (c) acceptability and (d)
affordability. The first two dimensions of
access are related to geographic or spatial
accessibility (7). Healthcare access problems
include assessing the adequacy of the number of
healthcare facilities and the appropriate distribution
of these facilities to ensure easy and immediate
access to a healthcare center for every patient who
needs it, affordability, and therefore access to
quality healthcare for all patients (4, 8).

Since the 1980s, the use of spatial accessibility to
healthcare services has become prominent.
Healthcare access can be defined as the capacity of
a person or population to enter the health system,
which has spatial, organizational, and financial
dimensions (9). Spatial dimensions of access such
as healthcare capacity (e.g., quality and quantity of
medical equipment, doctors, or patient beds),
patient socioeconomic aspects (e.g., status,
income, age, and gender), and population
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demand (7).

Spatial accessibility is defined as the location of
healthcare facilities regarding the location of the
people who need them. It also refers to the relative
ease with which people can access healthcare
facilities from a given location. The distance a
person must travel to get to healthcare facilities is a
key factor that should be considered when
measuring spatial accessibility (7, 10).

Geospatial techniques are widely used in various
fields of health service studies to maximize
geographic access to healthcare services. Analysis
of access to healthcare based on GIS is a logical
method that can be used to evaluate the level of
equitable access (11, 12).

At the global level, since GIS has analytical
capabilities and dynamic image display, it is
considered a widely used technology in health
system planning (13-15). GIS is designed for
storing, managing, and displaying spatial data and
helping the analysis and interpretation of these
data (16). These systems have important tools that
can help the planning of healthcare services and
decision-making processes. These tools include
database management, planning, risk assessment,
service area mapping, location identification and
access tools (4).

Since one of the criteria of sustainable urban
development and social justice is to pay attention to
the balanced distribution of urban services and
facilities, the distribution of services in the city
should therefore be in a way that establishes the best
relationship with the discussion of social justice.
Planners try to optimize the distribution of service
centers in cities, and this distribution is proportional
to the distribution of the population and the amount
of demand in various parts of the city (17).

Previous studies have proven that spatial barriers
between people and healthcare facilities reduce
access to healthcare and the use of preventive
services (1, 2, 8, 12, 15, 18). The rational
distribution of healthcare facilities ensures equal
access to the public to benefit from essential
services, thereby eliminating spatial polarization
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and reducing spatial differentiation, which is
significant for wurban development (2). The
existence of available healthcare facilities is vital
for service quality and public satisfaction.
Therefore, it is important to examine the
distribution and availability of PHC facilities in
cities and consider the importance and necessity of
equal access of people to healthcare services, in
creating a healthy population, which is one of the
signs of countries development, this study aimed
to assess spatial accessibility to PHC facilities in
Yazd city (Iran), using GIS.

Materials and Methods

In this descriptive-analytical study, which was
conducted in 2022, all PHC facilities in Yazd city
were studied. Yazd city is the second "crude clay"
and "historic" city in the world, which is the capital
of Yazd province in the center of Iran. The
population of Yazd city was 557,634 people in
2020. Yazd city has 5 municipal regions, which are
shown on the map below (Figure 1).

Primary healthcare services in Yazd city is provided
through fifty-nine centers (19 comprehensive health
center and 40 urban health post). To collect the
required data, the information related to the
addresses of all the mentioned users was obtained
from the health deputy of the Yazd University of
Medical Sciences and Yazd Municipality and
recorded in an Excel form. Then, using the available
information, the distribution maps of each of the
PHC centers were determined. Afterward, through
documentary studies, the existing indicators and
standards regarding the uses were determined, and
then the geographic database was formed through
the GIS software collection. Then, the data were
analyzed using indicators and models such as hot
spot analysis, Thiessen's polygons algorithm, access
model based on the Two-step floating catchment
area, and the average distance model of the nearest
neighbor.

- Spatial accessibility to health care facilities

The models and methods used in this study to
analyze the current situation and the standard status
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of healthcare uses are as the followings:
A) Euclidean distance (Distance Egladian) (19)

It represents the direct distance between two points
without considering complications. In other
words, this distance considers the distance between
two complications without considering the
communication network, which is also called direct
distance or spatial or aerial distance
(Figure 2).

B) Thiessen's polygons algorithm (19)

From among the important criteria for measuring
access, we can refer to the number of user
population for each healthcare facility. That is, how
much is the per capita population for each
healthcare facility. Using Thiessen's polygons
algorithm (irregular polygonal surfaces), first, the
functional radius of each healthcare use was
obtained separately, and then the population located
in each polygon was calculated. Finally, while using
the population statistics of each region and
determining the proportion of each use, the
calculated values of the population using healthcare
uses were normalized.

C) Model accessibility (19)

In previous studies, various methods have been used
to analyze spatial accessibility. These methods can
be classified into three categories:

a) Access based on the distance between the
population and the facilities

b) Access based on the service radius of the facility
and the population covered by each service

¢) Access based on the number of facilities available
to people

In each stage, different methods and models have
been proposed by researchers to calculate the
amount of access. But each of these methods has
advantages and disadvantages. Their main
disadvantage is that access is a combination of
various methods, whereas the mentioned methods
have only paid attention to one aspect of it, they
therefore, lack comprehensiveness. For this reason,
models based on the "Two-step floating catchment
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area" model (Wang & Luo, 2005) have been
presented, in which spatial accessibility to services
is considered as a function of the following factors:

- The number of populations using the facility: if the
number is more, there is less opportunity for the
population to use the facility and vice versa.

- The distance from the facilities: the smaller the
distance between the users and the source of the
facility, the easier and better it will be for people to
access services.

- Selection options: If people have more selection
options regarding the use of facilities, they will
certainly have better access.

In this study, according to the type of variables and
values available for each of them, a method called
ACCESS was used, which is based on ARC GIS
software. For this purpose, the functional radius and
privacy of each of the PHC facilities in Yazd city
were determined on the network. This value was
determined based on existing standards. Then, it
was measured whether the population area is
located within the boundaries of multiple PHC
facilities or in other words, it has appropriate access
to several PHC facilities. After that, the distance of
each population area to the nearest PHC facilities
around it was calculated and using the following
relationship, the access score of each population
area to each of the PHC facilities was obtained:

ACCESS = ¥i&'2
ri: Is also obtained from the following relation:
ri= n;/p;

di: The average network distance between the
population of each range and the facility options that
can be selected for it:

ni: Number of facilities use choices for the
population of each range

pi: Number of populations in each range

To calculate this index, the required information
was stored in two separate layers with the names of
the healthcare uses layer by their type and the
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population blocks layer in the geographic
information system database, and the access scores
were conducted for each of the demographic blocks
within the framework of six steps as the followings:

First step: Considering the existing standards about
the distance of each person to PHC facilities
according to their type. For this reason, many
sources and previous studies were used.

Second step: At this step, the nearest facility for
each demographic block and its distance were
determined. In other words, at this step, it was
determined which facilities the demographic block
is close to and how far they are from it. The layer
resulting from this process was named the "distance
to facilities" layer.

Third step: The demographic information related to
each block was linked to the "distance to facilities"
layer using the “JOIN” command. The result of this
process was the creation of a new layer in which the
distance to the nearest facilities and the population
of each block was determined.

Fourth step: The layer created in the third step was
linked to the functional radius layer of PHC
facilities (the result of the first step) using the join
Spatial command to determine that each
demographic block is within the functional radius of
multiple uses. As a result of this step, a new layer
was produced, in which, in addition to the
population of each block and its distance to the
nearest facilities, the number of selected options to
access PHC facilities was also determined.

Fifth step: The r index was obtained by dividing the
number of facilities columns into the block
population column.

Sixth step: Finally, the access index value of each
region to each of the PHC centers was obtained
through the ratio of the r index of each region to its
distance to the nearest facilities.

- Non-spatial accessibility to health care
facilities:

Average Nearest Neighbor Distance (19):

The average nearest neighbor distance was used to
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investigate the effective factors in the establishment
of PHC facilities. The introduction of this method is
presented below:

In this method, the nearest neighbor is calculated
based on the average distance from each
complication to its nearest neighbor’s complication.
Then the average of all nearest neighbor distances is
calculated. If the average distance is less than the
average, the distribution of complications will be
clustered and classified. But if the average distance
is greater than the average, the complications have
a scattered settlement pattern. This model is
obtained through the ratio of the observed distance
to the expected distance. The expected distance is
the average distance between neighbors with a
random distribution. If this index is less than one, it
indicates a cluster pattern, but if it is more than one,
the pattern will be scattered. Therefore, as a result

1:12000
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of using this model, the studied complications and
phenomena are divided in terms of settlement in a
spectrum between cluster and scattered models. By
cluster pattern we mean the complications follow
each other in the form of a cluster and are located
together. On the other hand, the scattered pattern
indicates the opposite situation, that s,
complications and phenomena are not related to
each other in terms of the settlement (Figure 3).

This research was approved by the ethics committee
of Shahid Sadoughi University of Medical Sciences
in Yazd based on the approval
of IR.SSU.SPH.REC.1400.010. Administrative
permissions access to the databases for the study
were required by the formal request from the
Research & Technology Deputy of Shahid
Sadoughi University of Medical Sciences.

Figure 1. Demarcation map of the five regions of Yazd municipality
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Figure 3. Scattered and clustered pattern

Results
This study indicates that there is a concentration of
PHC facilities in the historical and central regions
of Yazd city. Diagram 1 illustrates the distribution
of PHC facilities according to different urban
regions.

The hot spot analysis map indicates that the
historical region where the PHC facilities are
most concentrated is one of the cold spots with
low population density. (Figure 4)

Figure 5 indicates the location and density of PHC
facilities. The findings indicate that the average
direct distance of each comprehensive health
center to the nearest similar center is 1131 meters
and the average direct distance of each urban
health post to the other nearest center is 1045
meters.

The functional range of PHC facilities in different
urban regions is indicated in Figure 6. As can be
seen, the highest amount on functional pressure of
comprehensive healthcare centers is in the first,
third and fourth regions of Yazd city, and the
highest amount of functional pressure on urban

health posts is in most parts of the first, second and
third regions.

Figure 7 indicates that there is an overlap of access
radius in comprehensive health centers in all regions
of Yazd city. all points have similar conditions in
terms of access radius, and these facilities cover all
regions. Also, the highest overlap of urban health
posts in Yazd city is observed in the first and fourth
as well as the historical regions.

Diagram 2 indicates the distribution pattern of PHC
facilities in Yazd city. As can be seen, the
distribution pattern of comprehensive health centers
is scattered. But the distribution pattern of urban
health pots is random.

According to Figure 8, the highest level of access to
comprehensive health centers is in the traditional
and central regions of the city, and the lowest level
of access is seen in other regions. Also, the highest
level of access to urban health posts can be seen in
the fourth regions as well as the historical region,
and the lowest level of access is found in most of the
areas in these regions.

Finally, according to the results of this model in
different regions of Yazd city, it can be said that,
except for the central and the traditional regions, the
access score to the PHC facilities is extremely low
in other regions, and other regions have no
particular difference in terms of access to the PHC
facilities.

Discussion
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Our study analyzed the spatial accessibility to PHC
facilities in Yazd city using GIS. The results
indicate that there is unbalanced distribution and
concentration of PHC facilities in the central and
traditional regions of the city as well as unequal
access to these facilities. Comprehensive health
centers in Yazd city are located next to each other
with a scattered distribution pattern and are 1131
meters away from each other on average. Also, the
distance of urban health posts from each other is
1045 meters on average and are randomly located
next to each other. The main concentration of the
distribution of PHC facilities is observed in the
central and traditional regions of the city, which
according to the hot spots analysis, these regions are
among the cold and low population density spots.
Although the overlapping radius of access to basic
healthcare facilities exists in almost all regions of
the city, the access score of the regions indicates that
the distribution of these facilities is not proportional
to the population density, and the most functional
pressure on comprehensive health centers and urban
health posts is observed in the regions where there
is the least access to these facilities. So, the results
indicate unbalanced distribution and unfair access to
PHC facilities in Yazd. One of the reasons for the
excessive concentration of PHC facilities in the
central and the traditional regions of the city is
related to the specific topology of the city. During
the past decades, most of the city's population
density has formed in the traditional and central
regions of the city, and therefore, to provide better
services to the citizens, most of the public
organizations, including PHC centers, have been
located in the city center. Also, the settlement of
doctors' offices and centers such as clinics and
hospitals in the central regions of the city has led to
the concentration of other services such as
pharmacies, laboratories, physiotherapy centers,
radiology centers and other medical services in this
region of the city and has led to an unbalanced
distribution of these services in the city (20).
Currently, migration to the city has spread due to the
industrialization of Yazd city, and also due to the
spread of drought. All these, along with residential
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and commercial constructions and the expansion of
higher education centers in the marginal areas of the
city, have led to the rapid development of the city.
At the same time, many people living in the central
regions of the city also migrated to the new urban
regions, away from the traffic and pollution of the
city center, to have a better life and more peace in
the new urban regions. This caused a decrease in the
population density in the traditional and central
region of the city and an increase in the population
density in the new urban regions, but at the same
time as the population growth rate in the marginal
regions of the city, healthcare facilities did not grow
rapidly. All this, along with the rapid growth of land
prices in new urban regions, has led to the lack of
balanced expansion of PHC facilities in the new
urban regions and, as a result, reduced access of
residents of these regions to PHC facilities
compared to the central regions of the city. The
results of this study are in line with many previous
studies that have reported unbalanced and unequal
distribution of healthcare facilities as well as a lack
of proper access to these facilities (1, 2, 5, 14, 15,
18, 20-32).

Health policymakers and urban planners must
increase the number of PHC facilities in regions
with the highest population density and highest
operational  pressure, while  simultaneously
improving road infrastructure and public
transportation to make healthcare more accessible to
people in suburban regions. It is vital to use the
capacity of the private sector and strengthen public
participation to ensure that residents can access
these facilities and services at a minimum distance.
This in turn improves the delivery of quality
healthcare services and hence ensures a healthier
society.

One of the most important limitations of this study
is that residents' preferences and socio-economic
factors of citizens in access to healthcare facilities
are not considered, and the results may have
deviated from the residents' actual access to
healthcare services.
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Figure 4. Population distribution in Yazd city regions based on the hot spot analysis
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Figure 8. Access score to primary healthcare facilities in Yazd city

Conclusion

This study evaluated the spatial accessibility to PHC
facilities in Yazd city using GIS. The results
indicated that access to PHC facilities is different in
distinctive regions of the city. However, access to
these facilities is limited in many marginal regions.

This study can help health policymakers as well as
urban planners to design effective measures to

improve access to PHC, especially for the marginal
regions of the city. Whereas Yazd acts as a small
part of Iran that has an unbalanced distribution of
PHC facilities, and the problems and solutions
related to access and inequality in healthcare
services in Yazd are probably similar to other
regions of Iran, and other parts of the country can
also adopt the approach used in this research.
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This study has focused on the improvement of
accessibility as a very important issue. In this
regard, this study shows the need to improve the
construction of healthcare facilities in Iran, which
will reduce the effects of poverty and inequality and
will help the improvement of accessibility and
benefit. Also, this provides significant evidence to
local health policymakers, enriches our knowledge
of healthcare infrastructure, and provides a
reference for policymakers and urban planners to
take more effective measures using the geographic
information system in the field of sustainable
development of health infrastructures. We
understand that access to healthcare is far beyond
the availability of healthcare facilities and services;
hence it is vital to establish social justice and social
protection mechanisms toward universal health
coverage to improve health and promote well-being.
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