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ABSTRACT

Medical researches as well as the study of the Earth’s surface, better still, geography are interlinked with each other; their relationship dates from antiquity.
The science of Geographic Information Systems and, by extension, Geomatics engineering belongs to a discipline which is constantly developing at a global
level. This sector has many applications regarding medical / epidemiological research and generally, the social sciences. Furthermare, this discipline may
act as a decision making tool in the healthcare sector and it might contribute to the formulation of policies into the healthcare sector. The use of GIS so as
to solve public health issues has an exponential increase and has been vital to the understanding and treatment of health problems in different geographic

areas. In recent years, the use of various information technology services and software has lead health professionals to work more effectively.
Key words: Geographic Information Systems, applications, medical research, public health.

1. INTRODUCTION

Medical researches as well as the study of the Earth’s sur-
face, better still, geography are interlinked with each other;
their relationship dates from antiquity. Hippocrates was the
first to describe the relationship between the geographical
characteristics of a place and the inhabitants’ health. Hip-
pocrates described all these in his treatise “On Air, Water and
Places”. [1] As the time goes by, it has become increasingly
apparent that the mapping and the geographic information
might be both very useful and vital not only for research but
also for understanding the processes of diseases. The study
of the English Physician John Snow in 1854 was a milestone
towards this direction. It led to the detection of the source
of infection in a cholera epidemic that broke out in London.
Having mapped the locations of those individuals who were
affected, he concluded that contaminated water was the cause
of the outbreak. [2] This research laid the foundations for both
cartographic and geographic applications as a tool in medical
science. Nowadays, the rapid development of technology has
resulted, among other things, in the creation and deploy-
ment of new disciplines that cooperate with both the science
of medicine and medical research. The science of Geographic
Information Systems and, by extension Geomatics belongs to
a discipline which is constantly developing at a global level.
This sector has many applications regarding medical / epide-
miological research and generally, the social sciences.

2. PURPOSE
The purpose of this study is to highlight Geographic In-
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formation Systems as technology and the various applications
that they find in the field of medicine, either epidemiological
or social research and health care, in general. Furthermore,
this discipline may act as a decision making tool in health
care and it might contribute to the formulation of policies re-
garding the health sector.

3. MATERIAL AND METHODS

The method of literature review was used in this study. It
also included articles and publications that are related to the
theme. What is more, this study has drawn information on re-
searches and publications that are taken from databases such as
HEAL-LINK, Google Scholar, Pub-med material. The Key
words that were used in the search were: Geographic Infor-
mation Systems, Applications, Medical research, and public
health.

The literature review was conducted between March and
August 2014. Finally, 32 articles and publications were chosen
from the initial 187 articles and publications. That happened
after sorting out the material which was mainly based on ab-
stracts and their content.

4. DEFINITION OF GEOGRAPHIC INFORMATION
SYSTEMS
The first maps were made due to the fact that people needed
to classify the special elements of the earth’s surface. These
elements relate to spatial distribution as well as the demand
for specialized maps regarding the earth’s surface. The rapid
development of information technology and the extension of
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the concept of data have led to the need for the creation of
electronic maps. Geographic Information Systems came as a
natural evolution of cartography.

Geographic Information Systems (GIS) are spatial data
management systems. These data are associated with respec-
tive geographic features. They are digital systems that can
integrate, store, adjust, analyze and arrange geographically-
referenced information. Generally, they could be described as
smart maps that offer a simulation of the real world to their
users. They can also generate interactive spatial or descriptive
questions (research that has been created by the user), analyze
spatial data, adapt and adopt them in analogue (prints maps
and diagrams) or digital media (records of spatial data, inter-
active maps on the Internet). [3]

The function of GIS is based on a database which may be
used by different users in order to meet various information
needs. This database consists of a series of information layers,
which refer to the same geographical area. Each of these layers
contains either raw data such as topographic or satellite data
or thematic data such as health services. All these are strictly
oriented towards a common geographic system so as the com-
bination among some of them to be possible according to the
user’s needs. Geographic Information Systems can convert
spatial data into the Geographic or Cartographic or Cartesian
coordinate system. A key feature is that spatial data are re-
lated to descriptive data. For example, a group of points that
represent different areas of different cities that are connected
by a table, in which each record except for the exact location,
contains information such as name, population etc. Such sys-
tems provide pieces of information regarding the data that
are associated with the location for their collection, manage-
ment, storage, processing, analysis and visualization in a dig-
ital environment. These data are usually called cartographic,
geographic or spatial ones. Moreover, they may be associated
with a series of descriptive data which characterize them as
unique. [4-6]

4.1. Brief historical retrospect

As it was mentioned above, the human need for informa-
tion about spatial distribution as well as the demand for spe-
cialized maps relating to the earth’s surface has led to the de-
velopment of GIS. The maps which were created to meet this
need were the first form of GIS. Over time, the methods for
the creation of soil maps are enriched with the aerial photog-
raphy, remote sensing images and their analysis. As a result,
there seems to be more detailed mapping that offers not only a
huge potential towards research but also a significant increase
in accuracy of the results arising from it to the scientific com-
munity. [7]

As the time goes by, and during the 60s and 70s in the
U.S.A, several designers, architects and generally, scientists
whose work was inextricably linked with the ground tried
systematically to use cartographic data. In fact, they led to
the conclusion that data that are obtained by primary research
can be unified and combined with transparent maps on light
sources. Additionally, Howard T. Fisher, in 1963, was the first
man who created SYMAP (Synagraphic Mapping System)
and thus, he attempted to introduce geographic / carto-
graphic data in the H/ Y. This program was able to reproduce
maps and it could also print them. The progress in the field

of information technology has led to the continuous creation
of advanced programs regarding this field. So, programs such
as GRID and IMGRID were designed after the creation of
the SYMAP program in order to reach the recent generation
of programs which is called Geographic Information Systems
(GIS). Those systems are able to analyze and present informa-
tion from various geographical areas. These programs have
been used by scientists of different fields that are constantly
rising. [7-8]

4.2. Features and applications

The development of GIS over time is proportional to the
wide general development of the computer science. The de-
velopment of Geographic Information Systems has advanced
the geographical information systems as we know them today.
Geographic Information Systems (GIS) are a set that consists
of equipment, software, databases which contain a satisfac-
tory collection, storage, information, management, analysis
and presentation of all types of geographic information. GIS
could be used as decision-making tools for various problems
involving spatial data. GIS can be applied in various sectors
such as transport, telecommunications, public utilities, envi-
ronmental design, and health services; additionally, domains
such as Country Planning, Geology, and Soil and Forest sci-
ence may utilize GIS. [9, 10]

4.3. Geographic Information Systems (GIS) and public health

The public health sector is a very complex and controversial
field. Professionals who are interested in this domain should
have critical understanding as regards the correlation amongst
factors that affect health. In recent years, the work of health
professionals is constantly becoming more and more effective
owing to the use of both various information technology ser-
vices and software. There are much more problems and chal-
lenges in relation to the public health sector than Dr. Snow
faced in 1854 when he introduced mapping in medical re-
search. Recently, the use of GIS and spatial representation of
various health issues make professionals arrive at conclusions
in a faster and better way in the field of both public health and
decision-making. [11]

The use of these systems has a wide impact on the public
health and lots of studies are based on them. Prediction as
well as simulation models rely on these systems. Addition-
ally, risk assessment models in relation to the contamination
of drinking water in London are based on them. [12] Aside
from this, other researches that focus on Hepatitis c and intra-
venous drug use have been displayed with the aid of GIS. [13]

Besides, GIS can contribute to public health in many ways
due to the fact that they can provide information on many is-
sues and support correctly the decision making process. They
can provide information regarding the distribution of health
services. Thus, any growing disparities might be eliminated.
Also, policy-makers would make right decisions. Health pro-
fessionals can easiiy identify the difficulties and disparities re-
garding the accessibility to health services; and so, they are
able to cope with the current situation. Generally, the plan-
ning of health and social care is of major importance since it
is a fundamental issue. At the dawn of the 21 century, in the
midst of remodeling the entire health care system, the use of
new approaches relating to health issues may become useful

ACTA INFORM MED. 2014 DEC 22(6): 402-405 / REVIEW

403



404

Health Based Geographic Information Systems (GIS) and their Applications

tools for the providers of these services. The use of GIS so
as pubiic health issues to be solved has grown exponentially.
Those systems have been vital to both the assessment and
treatment of health problems that relate to different areas of
land. [14]

As it was mentioned above, epidemiology was one of the
fields, in which maps was firstly used on health research. It is
essential we be able to understand a disease and how it spreads
through human-to-human transmission.

A Geographic Information System can play an important
role as regards the surveillance, management and analysis of
diseases. There seem to be important tools for analysis and
visualization of epidemiological data. Furthermore, trends
and correlations would be difficult to be understood with
traditional ways of processing and imaging of these data.
[15] Public health services, diseases, and any information
regarding health can be displayed on a map and correlated
amongst many pieces of information such as environmental
data, elements of health concern and social information.

Thus, it is created a means of monitoring and management
of both diseases and health programs. It is necessary we be
able to understand, monitor and emphasize on the reasons
that may be correlated to the development of a disease. Some
of these factors could be the environment, conduct and the
socioeconomic level of an area. Should the “source” of a dis-
ease is identifiable and its development and transmission are
known, health administrators will able to deal effectively
with pandemic outbreaks. [15, 16] A GIS is a tool with great
potential that might also contribute to the assessment of envi-
ronmental risks and people’s exposure to them.

4.4, Geographic Information Systems and mental health

Mental disorders appear to be spreading across all coun-
tries, societies and nations regardless of the population’s so-
cioeconomic level. It is estimated that 20-25% of the popu-
lation will face a mental illness at some point in their lives.
[17] In Greece, mental disorders are common and according
to epidemiological studies, which are carried out regarding
the general population, pinpoint that 14 to 16% of individ-
uals suffers from a mental disorder; stress is the most frequent
one. [18, 19] Mental disorders are one of the most common
causes of disability among all diseases. Moreover, they have
enormous socioeconomic impacts. In recent years, there ap-
pear to be new mental diseases and a high rate of them usu-
ally appears to specific populations such as the elderly. Some
of these mental illnesses are quite intertwined with environ-
mental changes or disasters and changes in land-use such as
urbanization. [20] It is manifested that the geographical rep-
resentation of these data would be a valuable tool for health-
care professionals to both treat and prevent mental illness.
The accessibility of mental health services as well as general
health is one of the most common types of research that is
based on GIS. Geographical factors such as the distance may
have an influence over the use of mental health services and
the long distance between healthcare systems and patients re-
duces the rate that patients used to visit to these departments.
GIS can analyze and portray accurately the distribution of
mental health services and they could explain the reasons why
the accessibility in healthcare services is affected. More often
than not, people who suffer from a serious mental illness are
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forced to relocate to areas that provide mental health services
which are more accessible to them. On the other hand, such
changes alone have a huge impact on mental health and the
course of the disease. Therefore, the right and accurate ar-
rangement of these services helps in order accessible services
to each and every person to be both developed and designed.
[21] Except for the geographical distribution, other studies on
mental health have also used GIS to correlate mental health
and geographical variables such as the individual’s residence.
[22] Mental health data regarding accessibility, mental ill-
nesses, ethnicity and educational level of the population using
these services can be joined together by GIS. Thus, all the
pieces of information and all the data above are shown on a
map. [23] All in all, it is obvious that Geographic Informa-
tion Systems lead us to understand various aspects that relate
to mental health and its maintenance. Additionally, it helps
networks that provide mental health services to be designed.
These networks must be equally accessible to the majority of
the population. It is vital all health systems around the world
decrease health inequalities.

4.5. GIS and healthcare services

The planning of domiciliary care provision is one of the
most active applications of GIS. A Geographic Information
System is able to organize all the routes that a health care pro-
fessional has to follow and it can take into account other pa-
rameters, too. On the other side, private health services could
arrange their extension plan and promote their services. They
even make predictions about some services that are in great
demand in specific locations. Generally, GIS application areas
might be applied towards Strategic Planning, Research and
Evaluation, emergency preparedness and both response and
location of health care services, too. [24] Geographic Infor-
mation Systems provides a tremendous convenience for health
care providers as regards the organization and the manage-
ment of these services. Hence, the organization and coordi-
nation of various services would be easier and more efficient.
The healthcare provider may direct quickly and efficiently the
patient to suitable health care services. [15] Geographic Infor-
mation Systems provide us with the exact location of specific
medical equipment and how somebody may gain the fastest
access to it. It is important an insurance institution, when it is
requested by the insured, know the nearby location where the
insured could gain access to a CT scanner. [24]

4.6. The application of GIS in environmental health management

The use of GIS in environmental issues is widespread. These
systems can be used as small and simple applications such as a
map analysis as well as decision-making tools to more com-
plex issues.

The environmental impact on human health is important.
According to WHO, environmental hazards are responsible
for about 25% of the total burden of disease worldwide and
nearly 35% applies for Africa. What’s more, according to
WHO 13 million deaths would have been avoided if our en-
vironment had been healthier. Some environmental problems
that affect human health and, in which GIS could have been
used are:

Studies have shown that cardiovascular events, including
heart and stroke deaths are associated with gaseous pollutants
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and especially with air pollution. GIS can display gaseous pol-
lutants and particulates and even their dispersion and trans-
port.

Water, heavy metals and other chemicals pollute the
drinking water worldwide. Thus, serious health problems
are caused due to the fact that the water can carry a number
of microorganisms which put equally the public health at
risk. Similarly, the applications of GIS, here, can depict the
drinking water by region. Also, these applications could pro-
vide some additional information about the texture of the
water.

The ground as well as soil contamination might also cause
serious health problems within a population. It is very impor-
tant the soil texture with all the additional chemical infor-
mation be recorded. This is another field in which GIS have
found application. [25; 27]

There seem to be lots of examples that may be employed;
they vary from simple forest imaging to complex depictions
of air and water quality. Many agencies, which supervise the
environment as well as environmental changes and disasters
that have impact on population’s health, use primarily GIS so
as to understand their repercussions and promote health of the
population. These agencies promote the use of such systems
to operate effectively regarding monitoring, restoration and
planning policies in development even in safeguarding the en-
vironment. As time goes by, a lot of environmental researches
have been carried out using GIS in fields such as disease map-
ping, investigation of epidemics like cholera; areas under in-
vestigation where appear high rates of spontaneous diseases.
Also, studies regarding accessibility to clean drinking water
or even mortality rates by region may be explored. [28-32]

5. CONCLUSIONS

Technological advances keep up with medical advances.
Their common and consistent goal is to secure human exis-
tence. We can say with absolute certainty that Geographic
Information Systems are important tools in relation to the
investigation of health sciences and they have many appli-
cations. These systems enable health-related information to
be displayed. Hence, the multidisciplinary work is more ef-
ficient. Geographic Information Systems enable the visual-
ization and monitoring of infectious diseases. Additionally,
these systems record and display the health care needs of the
community as well as the available resources and materials.

CONFLICT OF INTEREST: NONE DECLARED.

REFERENCES

1. Hippocrates. On Airs, Waters, and Places ed. E. Littre, Oeuvres completes
d’Hippocrate, vol. 2. Paris: Bailliere, 1840.

2. McLeod KS. Our sense of Snow: the myth of John Snow in medical ge-
ography. Social Science & Medicine 2000; 50: 923-935.

3. Koutsopoulos K. Geographic information systems and spatial analyses.
Papasotiriou Publishing. Athens 2002.
4. Department of Economic and Social Affairs, Statistics Division, Studies in

Methods. Handbook on geographic information systems and digital map-
ping. United Nations. New York, 2000.

5. Maniatis G. Geographic information systems: land registry. Zitis. Thes-
saloniki 2006.

6.  Abbott L.T., Argenati C.D. GIS: a new component of public services.
The Journal of Academic Librarianship 1995; 251K6.

7. Crampton J. The history of distributed mapping. Cartographic Perspec-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

tives 2001; 35:48—65.

Cooke D.L. Topology and TIGER: the Census Bureau’s contribution.
History of Geographic Information Systems: Perspectives from the Pio-
neers 1998 (ed. T. Foresman).

Koutsopoulos K. Geographic information systems and spatial analyses
2nd Edition . Papasotiriou Publishing. Athens 2005.

Koutsopoulos K. Applications of ArcGIS 9x in common words.. Papas-
otiriou Publishing. Athens 2005.

Hanchette, C.L. Geographic Information Systems. In P.W. O’Carroll,
Y.A. Yasnoff, M.E. Ward, L.H. Ripp, and E.L. Martin (Ed.), Public
Health Informatics 2003; pp. 431-466. New York, NY: Springer.
Taylor J., Biddulph P., Davies M., Lai K. Predicting the microbial expo-
sure risks in urban floods using GIS, building simulation and microbial
models. Environment International 2013; 51:182—195.

Trooskin S., Hadler J., St. Louis T., Navarro V. Geospatial analysis of hep-
atitis C in Connecticut: a novel application of a public health tool. Public
Health 2005; 119(11): 1042—7.

Foley R. Assessing the applicability of GIS in a health and social care set-
ting: planning services for informal carers in East Sussex, England. Social
Science & Medicine 2002; 55:79—96.

Najafabadi AT. Applications of GIS in Health Sciences. Shiraz E-Medical
Journal.2009; 10(4):221-230.

Ezatti M., Utzinger J., Cairncross S., Cohen A. J., Singer BH. Environ-
mental risks in the developing world: exposure indicators for evaluating
interventions, programmes and policies. Journal of Epidemiology and
Community Health 2005; (59):15-22.

World Health Organization (WHO). The World Health Report 2001:
Mental Health: New Understanding, New Hope. Geneva: World Health
Organization, 2001.

Statharou A., Papathanasiou I., Gouva M., Masdrakis B., Burke A., Nta-
ragiannis D., Kotrotsiou E. Investigation of burden in caregivers of the
mentally ill. Interdisciplinary Health Care 2011; 3 (2): 59-69.

Lionis Ch. Prevalence of mental disorders in primary health care and the
Role of the General and Family Doctor: Experiences from Greece. Psy-
chiatry 2003, 1:20-23, NIV.

Albrecht G., Sartore G., Connor L., Higginbotham N, Freeman S., Kelly
B., Stain H., Pollard G. Solastalgia: the distress caused by environmental
change. Australasian Psychiatry 2007; 15(1):95-98.

Lépez-L., Cumbrera M., Diaz-Cuevas MP. Improving territorial accessi-
bility of mental health services: The case of Spain. Eur. J. Psychiat 2012;
26(4): 227-235.

Zhang W., Chen Q., McCubbin H., McCubbin L., Foley S. Predictors of
mental and physical health: Individual and neighborhood levels of educa-
tion, social well-being, and ethnicity. Health &Place 2011; 17:238-247.
Foley R., Platzer H. Place and provision: Mapping mental health advo-
cacy services in London. Social Science & Medicine 2007; 64:617—632.
Smith M.J., Goodchild M.F., Longley P.A. Geospatial Analysis — The
comprehensive guide to principles, techniques and software tools. We-
bversion (Oct. 2007), accessed from http://www.spatialanalysisonline.
com/on 05/08/2014.

Briggs D. Environmental Health Hazard Mapping for Africa Commis-
sioned by WHO-AFRO, Harare, Zimbabwe. WHO 2000.

Fecht D., Beale L., Briggs D. A GIS-based urban simulation model for en-
vironmental health analysis. Environmental Modeling & Software 2014;
58:1-11

Joseph M., Wang F., Wang L. GIS-based assessment of urban environ-
mental quality in Port-au-Prince, Haiti. Habitat International 2014;
41:33-40.

Glass G., Aron J., Ellis H., Yoon S. Applications of GIs Technology to
Disease Control. The Johns Hopkins University. Baltimore 1993.
Be’darda Y., Gosselinb P., Rivesta S., Proulxa M., Nadeaua M., Lebelc
G., Gagnonc M. Integrating GIS components with knowledge discov-
ery technology for environmental health decision support. International
Journal of Medical Informatics 2003; 70: 79-94.

Glass G., Schwartiz B., Moigan J., Johnson D. Environmental Risk Fac-
tors for Lyme Disease Identified with Geographic Information Systems.
American Journal of Public Health 1995; 85(7):944-948.

Vine M., Degnan D., Hanchette C. Geographic Information Systems:
Their Use in Environmental Epidemiologic Research. Environmental
Health Perspectives 1997; 105(6):598-605.

McLafferty S. Gis And Health Care. Annu Rev Public Health 2003;
24:25—42.

ACTA INFORM MED. 2014 DEC 22(6): 402-405 / REVIEW

405



