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Abstract

Background: The public health has been always concerned of the immediate environment of human as causal
factors for different diseases and health outcomes. Epidemiology, as one of the fundamental basis of public health,
is concerned of how diseases are distributed in terms of geographical, chronological, and human population
characteristics and employees the descriptive nature of such spread to draw conclusion on the etiology of health or
disease utcome for further policy making on prevention of disease or promotion of health. Methods: In this paper,
we present the importance of GIS technology in epidemiology from both descriptive and etiologic standpoints
and elaborate how this technology can stand in the forefront of disease and health outcome measures in the
coming decades. The paper will address the history of geo-related health and disease issues. The mapping tool
as a traditionally strong resource in the public health will be explored. The advances in Information Technology
and one of its best utilized offshoot, GIS, in Health and disease will be discussed. How the huge repository of
generated or ever generating geo-related data and information is utilized to address etiology of diseases or to
help public health authorities in making informed policy making decisions are explored. Results: The utilization
of GIS technology in diseases with intermittent host such as malaria, yellow fever, or other parasitic diseases
has already been well established. The GIS technology and its utilization in chronic and degenerative diseases
such as cancer, diabetes, and aging are under development and new frontiers are discovering. The limitation of
GIS technology in addressing host environment interaction in micro-environment (at the molecular biology and
tissue pathogenicity level) and gene—environment interaction (at the individual level) will further be discussed.
Conclusion: We then distress on the efficient use of GIS both in the etiologic investigation of diseases and
health events as well as the utilization of the GIS technology as a administrative tool in the help of public health
authorities and policy makers in strategic management of health of a community or emergency management of
man-made or technological disasters (e.g., wars) or naturally occurring disasters (e.g., earthquake and floods).

Keywords: Epidemiology- GIS- Iran- public health

Asian Pac J Cancer Care, 2 (1), 1-5 Submission Date: 12/14/2016 ~ Acceptance Date: 01/25/2017

Introduction seen in the incidence of disease and prevalence of
exposure to potential or known hazards across different

In order to address the diverse features of disease  geographic boundaries. Notwithstanding striking
outbreakings, scientists have continually been  advances in cellular and molecular technology dealing
seeking out different aspects of an epidemic from cell ~ with disease pathogenicity has occurred, the notion of
proliferation at the microenvironment of the disease  discoveries of new frontiers in fighting diseases relays
pathogenicity to large-scale diversities and variations  on the development of new thoughts, assumptions and,
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in scientific words, hypotheses. The starting point of
scientific discovery is the formation of a hypothesis
generated by the observation of a series of events and
heuristically examination of these events against the
established body of scientific facts in order to advance
the frontier of discerning a biological or physiological
phenomenon.

Epidemiology, as the science of population and health
study at the macro-environment level, develops and
challenges hypotheses for all aspects of public health
concerns include disease prevention and health promotion.
Descriptive epidemiology,the portrayal of disease or
any health event at the three dimensions of place, time
and human population, has been the pillar of hypothesis
formation ever since John Snow hypothesized that cholera
is a waterborne disease with employing map as a tools to
visualize the cholera distribution across urban geographic
scale [1].

In this paper, we portray the importance of GIS
technology in epidemiology from both descriptive and
etiologic prospects and illustrate how this technology
can stand in the forefront of disease and health outcome
measures. Geography and Health Place, in general term or
Geography in real life term as one of the triad of descriptive
epidemiology (place, time, Human biology), is used to
indicate a mixture of lifestyle, physical environment,
and genetic factors (common genetic pool). While there
is no exact definition of what a place is, the political
boundaries at the international level and the administrative
boundaries at the national level make the core practicalities
of a place where disease variation can be measured or
described. The disease incidence is mainly measured on
the administrative boundaries where population counts are
available. The purpose of any study exploring the variation
of disease incidences across geographical definition or
boundaries (or, as it is loosely called, place) is to identify
the possible causes in order to explain the variation in
disease occurrence for further understanding of disease
etiology or prevention related policy making strategies. In
public health, the study of geographic ariation has a broad
unitization and they are done in different scales, from
variation seen at the continent level, to variation seen in
urban areas and clusters of diseases cases around some
sources of hazards [2-5].

The introduction of information technology and
utilization of geographic information systems (GIS)
have provided valuable opportunities in describing these
geographic variations and furthering the development
of hypotheses regarding the etiology of diseases [6].
Geographic variation in cancer (as a disease of modern era)
occurrence is seen in almost all geographic scales. There
are distinct patterns of site-specific cancer occurrence in
the developed versus the developing countries.

Cancer in certain sites, such as the stomach and
esophagus [51], are generally more common in the
low-resource countries in Asia (except for Japan, which
has a high incidence of stomach cancer although it is
considered a developed country), cervix in Latin America
and the Indian subcontinent and cancers of breast, prostate
and colon are more common in the affluent countries of

North America and Europe [7, 8]. Along with the variation
seen on scales as large as continents and countries, there
is variation in cancer occurrence within a country and
sometimes in distances as small as 100 kilometers. Such
small places with distinct patterns of cancer, termed as
hot spots, are seen in Europe, exemplified in esophageal
cancer in France or Iran, or other parts of the world
[9]. There are very diverse methodologies to study the
variation of any disease in different places. Most of these
methodologies are based on the incidence and mortality
rates, where incidence is defined using some arbitrary
boundaries or census tracts, depending on the availability
of information about the population or enominator. New
techniques, such as GIS and remote sensing technologies
with complex analytical procedures have been used to
draw hypotheses on the etiology of different diseases,
including cancer across geographic scales [10]. The tools
in hands of geographer has brought promising prospect
for complicated techniques of disease cluster detection as
well as addressing geographic variations at smaller scales.

The sources of data available to address geographic
variation of diseases (cancer as example) To address
geographical aspect of health and diseases, one needs the
information and data as well as the tools to interpreted
information or to analyze the data. While each disease
or event of health yields its own repository or sources of
geo related data, available data to ancer epidemiologist
will be presented hereto address how the new tools such
as GIStechnology can be utilized in the services of public
health. In addition to several ad hoc resources available to
the cancer epidemiologist to address geographic ariations,
there are two important sources with a vast repository of
data. The most useful resource is the Cancer Incidence
in Five Continents (CI5), published by the International
Agency for Research on Cancer.

Currently, with eight volumes published thus far, the
CI5 reports the data of cancer registries from around the
world that have met the high standards of completeness
and validity. Since the CI5 publication is centrally
managed, its published data are comparable, making it
a very valuable resource for epidemiologists interested
in geographical variation in cancer incidence across the
globe. The CI5 provides incidence data for more than 30
site-specific cancers by age group and sex [11] .

The second main source of this type of cancer
information is the WHO mortality database. This
database also has the benefit of comparability in
terms of the coding system used, because mortality
around the world is reported using different ICD
(International Classification of Diseases) coding versions.
However, mortality data is always subject to issues of
validity at the point of establishment of cause of death in
the death certificate. The practice of establishing cause of
death varies from country to country, depending on autopsy
rate and other influencing factors. In addition, the fact that
mortality data is highly dependent on the quality of health
care delivery and screening programs, interpretation of the
mortality data across the different geographical regions
could be misleading, especially when it comes to drawing
conclusions on the etiologic aspect of cancer.
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Tools available to explore geographical variation of
disease, GIS and disease mapping Maps have long been
a tool to describe the distribution of disease based on
geographical scales. While the very first epidemiologic
investigation of cholera by Jon Snow is based on the
geographic distribution of mortality from cholera, the
first maps or atlases of disease frequency were published
in 1930, describing the geographic variation in cancer
mortality in England and Wales [12]. A survey of resources
in disease mapping in 1991 revealed approximately 49
international, national, and regional disease atlases [13].

Maps convey instant visual information on the spatial
distribution of diseases and can identify subtle patterns,
which may be missed in tabular presentation. They usually
portray variation in the occurrence of disease morbidity or
mortality mainly related to underlying sociodemographic
indicators. Nonetheless, the map is the basic tool of
visualization used to formulate hypotheses ranging from
the disease etiology to the effect of service delivery,
survival as well as mortality [14].

While disease mapping has the benefit of visualizing
differences in the distribution of diseases across a given
area of interest, the degree of differentiation is based
on visual perception, which is influenced by various
features of the map such as the plotting symbols used
(types of shading, simple boundary maps, and so forth).
Considerable caution is required regarding to avoid
over-interpretation when dealing with disease maps.
An empirical study has found that the way a map presents
data has much more effect on observer perception of the
spatial variation as would the actual differences existing in
the data [ 15]. Another important issue in mapping disease
occurrence is the choice of summary measure presented
and visualized in the maps. In any case, since maps and
visualization carry the main notion of comparing some
measure of disease frequency, caution must be taken
regarding the choice of summary measure, which two
categories are available for mapping disease occurrence.
The first is descriptive measures of frequency, incidence,
mortality, prevalence, as well as relative frequency,
and the second includes measures of associations such
as standard incidence ratio, standard mortality ratios,
proportionate mortality and morbidity ratios. When a
measure of association is used to map disease data, each
segment of the map is presented as a ratio of a standardized
rate in that segment to a reference rate in a population
or place, and the choice of reference population has to
be carefully considered, especially when the variation
across the mapping area is not very large. Geographic
information systems (GIS) capture, store, retrieve,
analyze and display spatial data in an automated manner
[16]. GIS treats spatial data as unique since it is linked
to a geographic map. The main components of GIS, in
addition to a database, include spatial or map information
and tools that link and perform spatial analyses of disease
or any health-related event. The GIS provide unique
tools to perform three general types of spatial analysis
tasks: visualization, exploratory data analysis, and model
building [17].

Used in new ways to explore data from traditional

statistical analyses, visualization shows variation in values
over an area by the locations of outlier and influential
values on maps, thereby enhancing epidemiologic
research. Although such tools are being developed and
explored, they would benefit greatly from a closer and
more seamless link between the statistical packages and
GIS. Visualization has been a basic tool of presenting
and summarizing data either through a simple graph
or complex and overlying maps. Exploratory spatial
analysis, as the second class of GIS methods, lets the
analyst intelligently search the spatial data, identify spatial
patterns of interest, especially spatial clusters of disease,
and prepare hypotheses to direct research. The third class
of spatial analysis, modeling, uses procedures that test
hypotheses regarding the etiology and transmission of
disease.

By integrating standard statistical and epidemiologic
techniques, the GIS produce data to use in epidemiologic
models. Statistical analysis results are shown and
modeling processes can then be displayed over space.

GIS technology and geospatial tools have been used
at the United States’ National Cancer Institute to: ” 1)
identify and display the geographic patterns of cancer
incidence and mortality rates in the US and their change
over time, 2) create complex databases to study cancer
screening, diagnosis and survival at the community level,
3) assess environmental exposure using satellite imagery,
4) model spatial statistics in order to estimate cancer
incidence, prevalence and survival for each US state, 5)
communicate local cancer information to public health
professionals and the public at large using interactive
web-based tools, 6) identify health disparities at the local
level by comparing cancer results across demographic
subgroups, and 7) develop new methods of presenting
geospatial data to communicate unambiguously to the
public and to allow researchers to examine complex
multivariate data”.

GIS technology has opened a new window to
the art of exploratory data analysis and visualizing
the differences in disease frequency rates across large
geographic areas. However, very often the building
blocks of maps and the units of analysis in the GIS are the
polygons comprising certain geographic or administrative
boundaries. The measures of disease frequency rely on
the incidence of disease in a defined population, which in
turn depends on the boundaries drawn for administrative
purpose, giving rise to enormous limitations in spatial
modeling analysis which will be discuss in the following
section.

Interpreting geographical variations Geographical
variation seen in diseases occurrence is dependent upon
the geographical scale in which the occurrence is observed.
For example, interpretation of the observed variation in
the geographical distribution of cancer frequency depends
on three main components, including the geographical
scale, the summary measures used in the analysis, and
the technology and statistical complexity employed.

The geographical scale is an issue that brings
precision to the interpretation of the observed variation.
The differences in the incidence and pattern of cancer
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occurrence at the continental scale has already established
the frequency of cancers at different socioeconomic
scales; the cancers of lung, colon, breast, endometrium and
ovary are frequent cancers among relatively prosperous
Europeans and North Americans and the cancers of
esophagus, cervix, and stomach are the cancers seen
mostly in the relatively poor countries [6]. The continental
scale is so large that it includes a socioeconomic gradient
with certain cancer frequencies across the globe, the
interpretation of which is too broad and ambiguous and
has very low value from the aspects of cancer control
and etiology. Large scale geographical variation must
be interpreted cautiously as such variation could be
attributed to a range of factors, such as the differences seen
in the patterns of cancer and magnitudes of occurrence
between European and African countries that may be
attributed to race, ethnicity, socioeconomic status and
lifestyle as well as environmental hazards. Further
classification of rates at this large scale may render it
impossible to draw conclusions or generate hypotheses
and is subject to difficulty and ambiguity. While it will be
very hard to define a very large or very small geographical
scale, the smaller the geographical scale the more refined
the assessment of the etiologic attribute. For example,
variations seen in the incidence of esophageal cancer
in Linxian (China) and Gonbad (Iran) [18]has resulted
in the generation of several hypotheses that have been
tested and evaluated in order to understand the etiology of
esophageal cancer.

Small-scale geographical entities, which include
more homogeneous populations in terms of ethnicity,
culture, lifestyle and nutritional habits, make evaluation
and assessment of the etiology behind a variation less
subject to ambiguity and ecological fallacy.

Another important factor in interpreting geographical
variation is the summary measures that are used to
describe or scale the magnitude of variations. As it is
wellestablished, the incidence measures, when adjusted
for influencing factors such as age and gender distribution,
are the best measures for assessing geographical
variations. Other measures, such as prevalence, PMR
and MOR, are subject to certain comparability problems
that may distort interpretation and terminate to wrong
conclusions. The last factor in the interpretation of
geographical variation studies is the use of the new
technologies, statistical modeling and complexities to
draw conclusions. One of the techniques used in the
study of cancer, especially childhood cancers, has been
the investigation of possible case clustering around
certain environmental hazards such as landfills or nuclear
reactors. The investigation of a cluster is, in fact, another
way of describing smallscale geographical variation.
This depends on a statistical model that incorporates a
great deal of assumption. While the detection of cancer
clusters are very important to epidemiologists looking at
the etiology of cancer, detected clusters must be examined
carefully, and the result of certain clusters requires other
means of investigation to address the etiology behind the
cluster [19].

The geography and health are two interrelated entities

which the former complement the latter. The GIS, as
a new technology, will provide ample opportunities for
epidemiologists to understand the underlying factors
affecting the health of people and for policy makers to
draw better policy making strategies at the community
level. This utilization of GIS is, in fact, an informative
origin for challenging process of etiologic investigation
and policy making of disease and health outcomes without
misuse or over utilization of the technology.
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