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Abstract
Background: Variation in gaining accessibility to public hos-
pitals in Makkah, Saudi Arabia, has not been investigated be-
fore. Good access to public health facility will lead to im-
provements in the population’s health. Maps and geograph-
ical information system (GIS) technology can provide 
assistance to address public health coverage issues. Aims: 
This study aimed to use GISs to identify spatial accessibility 
to hospitals in Makkah, based on the radius and drive-time 
analysis technique. Method: Using Quantum GIS (QGIS), a 
geodatabase was created to include 8 public hospitals’ loca-
tions and data of population distribution across the city. Buf-
fer zones at 2.5, 5, 7, and 10 km radius from the public hospi-
tals were identified and examined. Results: The findings re-
vealed that most of the health facilities across the suburbs of 
Makkah were located in urban areas, while rural and remote 
areas were neglected. Conclusion: Public health facilities 
were distributed relative to high population density. One-
third of the city’s population does not have proper access to 
healthcare services. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Hospitals are an essential pillar of health care. Fair 
distribution of healthcare facilities is one of the main 
goals of any health system. The optimal allocation of 
medical resources aims to match healthcare provision 
with social and economic demands by improving access 
to healthcare services, reducing waiting time, satisfying 
the population’s medical and health needs, and enhanc-
ing the overall quality of life [1]. An important consid-
eration for decision-makers, planners, and healthcare 
systems is to investigate and examine the spatial rela-
tionship between healthcare service locations and geo-
graphic accessibility to those services [2–4]. The most 
appropriate location of healthcare services is crucial to 
meet the population’s health needs. The location of new 
health services should be targeted to ease the inequality 
of health resources.

Several researchers have argued that healthcare ac-
cessibility tends to be far from equal across urban, sub-
urban, and rural areas in the Kingdom of Saudi Arabia 
(KSA) [5–9]. However, there has been little detailed in-
vestigation of the spatial characteristics of healthcare 
services in Makkah’s districts, specifically geographic 
patterns and accessibility. This research aimed to offer 
an overview of the spatial distribution of healthcare ser-
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vices and to investigate the relationship between health-
care facility locations and the population size of 
Makkah’s districts.

Methods

Makkah, otherwise known as Mecca, is a city in the western 
region of the KSA and is one of the country’s most important eco-
nomic and cultural centres. As shown in Figure 1, Makkah is ap-
proximately 70 km from Jeddah and 450 km south of Medina. 
Makkah is known for its religious importance for Muslims. This is 
why millions of Muslims travel to the city on a regular basis. Hajj 
and Umrah, for example, is one of the religious journeys that drive 
vast amounts of traffic to this Saudi Arabian city every year. In 
2019, the total number of pilgrims reached 2.5 million [10].

According to data provided by the Saudi General Authority for 
Statistics, the city is inhabited by around 1.535 million people [11]. 
On the other hand, the UN in its report has estimated that the city’s 
population now stands at around 2.042 million [12]. The differ-
ences in data are because the official governmental data were col-
lected in 2011 and have not been updated. A new census was 
planned in 2020, but due to the impact of COVID-19, the Saudi 
General Authority for Statistics has decided to postpone the census 
until further notice [13].

Modern geographical information system (GIS) techniques are 
used for their analytical capabilities to explore healthcare service 
delivery and examine whether there is a significant variation 
among districts in public health provision and accessibility. Eight 
public hospitals in Makkah were mapped against the population 
distribution, using a GIS-based method. These hospitals are (1) 
Ajyad Hospital, (2) King Faisal Hospital, (3) King Abdul Aziz Hos-
pital, (4) Al Noor Specialist Hospital, (5) Hira Hospital, (6) Mater-
nity and Children Hospital, (7) King Abdullah Medical City, and 
(8) Ibn Sena Hospital. The longitude- and latitude-based address-
es for each of the identified hospitals in Makkah city were obtained 
from the Ministry of Health website. The study was limited to these 
8 hospitals as they are all public health facilities, owned and con-
trolled by the Ministry of Health. The location of the public hospi-
tals and their respective areas of coverage were mapped according 
to the location of the areas within the city with the highest levels of 
population density (i.e., the biggest population clusters).

To effectively use GISs in displaying the area of coverage for 
each of the identified Makkah city hospitals in relation to the city’s 
population clusters, random points were used, where 1 point rep-
resents 100 people and 2 points represent 200 people. Quantum 
GIS (QGIS) was used to place the population dots on the map, 
combined with the pinpointed location of the Makkah city public 
hospitals, and the 8 public hospitals’ respective levels of accessibil-
ity were evaluated on 4 radiuses. Around each hospital, a buffer 
zone was drawn with a specified radius. The main differentiating 

Map legend
■ Saudi Arabia
■ Makkah
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Fig. 1. A map of Saudi Arabia with the location of Makkah.
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Fig. 2. 2.5 km buffer zone.

One point per 100
people
Hospitals
5 km buffer zone
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Fig. 3. 5 km buffer zone.
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factor between these 4 levels of accessibility was their distance from 
the population clusters (the blue dots in the GIS-generated maps).

Buffer zones at 2.5 km (Fig. 2), 5 km (Fig. 3), 7 km (Fig. 4), and 
10 km (Fig. 5) radius from the public hospitals were identified and 
examined. The hospital to population ratio was also ascertained by 
using the census data. The population data were obtained from the 
Saudi General Authority for Statistics. This was complemented by 
GIS data from Google Maps. All the data for this analysis were ex-
tracted from the integrated database in QGIS and imported to Mi-
crosoft Excel for processing.

Results

The results obtained from the QGIS for the current 
study are summarized in Table 1. The number of people 
captured in this GIS-based analysis of healthcare service 
accessibility in Makkah, at the most generous level of ac-
cessibility (a 10-km radius from the nearest publicly 
funded hospital), was around 1.34 million (Fig. 5). The 
population of Makkah at the time was 1.53 million (as of 
2011). In theory, this leaves around 170,000 individuals 
living in the city who, based on the most generous level of 
accessibility standards used in this study (a 10-km radius) 
(Fig. 5), live too far away from the nearest publicly fund-
ed city hospital for it to be considered accessible.

With a distance of a 7-km radius, 125,2700 individuals 
have access to healthcare service (Fig. 4). This will leave 
around 261,700 people out of healthcare service coverage.

The number of populations captured with a level of 
accessibility of 5 km radius is 117,1800 individuals, with 
nearly 342,600 people without healthcare service cover-
age (Fig. 3). Five kilometres can be considered a relative-
ly accessible distance from a person’s place of residence 
to the nearest public hospital within the city. Although 
the 2.5-km radius is considered a small distance, more 
than half the population in Makkah lives in this buffer 
zone (Fig. 2), with a total number of 795,400 individuals.

0 5 10 km

One point per 100
people
Hospitals
7 km buffer zoneFig. 4. 7 km buffer zone.

Table 1. Population distribution in each buffer zone

Distance/km Population/100

2.5 7,954
5 11,718
7 12,527

10 13,433

Total 15,144
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Discussion

Several researchers have argued that healthcare acces-
sibility tends to be far from equal across urban, suburban, 
and rural areas in the KSA [5–9]. The current study fo-
cuses on the accessibility of healthcare services in the city 
of Makkah in the KSA using GIS-based methods. Using 
the model that was developed, in which there are 8 pub-
licly funded city hospitals and 1.51 million people who 
have to be serviced, the ratio between hospitals and the 
number of people who should be served stands at 189,300. 
On the positive side, since most of the city’s public hospi-
tals are located in the city’s urban core, 52% of the people 
living in the city live in an area that has a high level of 
healthcare service accessibility. On the negative side, this 
means that one-third of the city’s population does not 
have proper access to healthcare services, as shown by the 
GIS-generated maps and map data. Therefore, the ideal 
scenario for these 8 hospitals, where the level of access to 
healthcare services is equal among the 1.51 million inhab-
itants of the city, is that they should be able to serve a 
population of 189,300 each. In reality, some publicly 
funded city hospitals are not placed ideally in relation to 
the population, as some are located close to each other.

A healthcare system that satisfies the availability and 
affordability requirements would be useless if a small 
number of people could access healthcare services [14]. 
Access to health care is critical to achieving a relatively 
stable state of health at both the individual and commu-
nity levels. However, there are many barriers to health-
care accessibility, both for governments and citizens [15]. 
In the case of the KSA, where the government subsidizes 
the cost of health care, the barriers to healthcare accessi-
bility tend to be much more pronounced in rural and re-
mote areas than in urban and centrally located areas [16]. 
These barriers affect both the government entities who 
are trying to deliver the healthcare services where they are 
most required and the population who are trying to reach 
the subsidized public hospitals that can provide them 
with the medical and healthcare services they need.

There are a limited number of studies that have inves-
tigated the accessibility to public hospitals in the KSA. 
Similarly, few studies have investigated the accessibility 
to public hospitals and primary healthcare centres in oth-
er different cities, such as Jeddah and Riyadh [17, 18]. 
Only 1 study conducted in Makkah investigated the pa-
tient flows, catchment area, patient profile, and patient 
distribution models of 1 primary healthcare centre (Ru-

One point per 100
people
Hospitals
10 km buffer zone
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Fig. 5. 10 km buffer zone.
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saifa Medical Centre) that provides its services to 20,975 
people living in 4 surrounding neighbourhoods [19]. The 
outcome revealed that health resource of the existing ser-
vices did not match with the demand. However, the scope 
of this study was relatively narrow, being primarily con-
cerned with 1 primary healthcare centre and with differ-
ent aims and methods. This makes it hard to compare the 
results obtained from the current study with previous 
study results. Therefore, further research in this field 
would be of great benefit to better assess the accessibility 
to public health services in Makkah.

The most important limitation of the current study is 
that it was based on population data from 10 years ago, 
and it is unclear how changes in population numbers 
might affect the results. Therefore, more recent data are 
required to accurately assess the variations in access to 
public hospitals in Makkah. The public hospital located 
near the city’s western border also reaches a much small-
er number of people than those located in the city centre. 
The government of the KSA and the city of Makkah could 
focus their efforts on building more hospitals to service 
the north, south, and southwestern regions of the city.

Conclusions

This study sought to analyze variations in access to 
public hospitals by using the spatial distribution of hos-
pitals in relation to the population density in Makkah. 
Based on the GIS-based maps that were generated and the 
governmental population estimates for the city of Makkah, 
most of the public hospitals are located in the urban core 
and central areas, providing an adequate level of access to 

health services for most people. Policymakers should 
consider the use of GIS techniques to identify the most 
appropriate locations when planning for new hospitals; 
this will contribute to an appropriate and more equitable 
geographic distribution of health services.
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