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Summary

Epidemiology concerns the study of health and disease in populations and is a central
discipline in both clinical medicine and public health. It is the study of the distribution,
frequency, and determinants of health-related conditions in populations and the
application of this study to control disease. Although some basic notions concerning
epidemiology have a long history, epidemiology as a defined discipline is quite recent
and its methods and uses have been rapidly evolving, especially since about 1980.
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Epidemiology provides essential concepts and tools needed to understand the causes
and underlying contributing factors to disease such that the most effective methods for
promoting health and preventing or treating disease can be achieved.

To solve the many issues of public health requires the interaction of epidemiology with
many disciplines including the clinical sciences, bio-statistics, economics, and the social
sciences. This article takes a broad view of the boundaries of epidemiological methods
and tools. Much of the demand for new epidemiological tools and stronger
epidemiological evidence for action derives from the broad array of forces that are
driving health sector reform throughout the globe.

The role of epidemiology in the health sciences is manifold. It provides the vocabulary
and central concepts to describe the pattern of health and disease in a population and its
changes over time. It provides the basis for defining and measuring the health status and
the burden of disease within a community and the consequences that ensue. Disease
states must be defined, classified, and counted. Knowledge of frequency, duration, and
consequences of disease in terms of morbidity and mortality are required. An adequate
description must include the who, when, and where and how these factors change over
time and in response to what.

Epidemiological methods have been the principal means to help understand causes of
diseases and the factors that may influence their outcome. “Cause” is a term that has
many levels of meaning in epidemiology. To have a rational basis for preventing or
intervening in the development of disease, an understanding of the cause or risk factors
of the disease is essential.

Another major domain of epidemiology is interventions and systems of interventions
directed at safeguarding and promoting health and preventing or overcoming disease
and its consequences. Epidemiological methods are needed for assessment of new
vaccines for prevention, and treatments for curing a disease. Epidemiology is vital in
guiding and evaluating health planning, resource allocation, and health policy decisions.
This article reviews the concepts and methods of epidemiology as used for these many
purposes and points to some of the new directions the discipline is taking.

1. What is Epidemiology?

Epidemiology, consisting of the principles and methods for the study of health and
disease in populations, is a central discipline in public health. A widely used definition
is that epidemiology is the study of the distribution, frequency, and determinants of
health-related states or events in specified populations and the application of this study
to control health problems[1]. Although important approaches to measuring the health
of populations have roots dating back many centuries, epidemiology as a defined
discipline is quite recent and has been rapidly evolving in its methods and uses,
especially since the early 1980s. Epidemiology provides essential concepts and tools for
understanding the causes and underlying contributing factors to disease such that the
most effective methods for promoting health and preventing or treating disease can be
achieved.
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Public health is usually viewed in somewhat broader terms than epidemiology; the
United States Institute of Medicine’s 1988 report The Future of Public Health defined
public health as a mission, “the fulfillment of society’s interest in assuring the
conditions in which people can be healthy” and stated that the substance of public health
consisted of “organized community efforts aimed at the prevention of disease and the
promotion of health”[2]. There has been some controversy as to the exact role
epidemiology as a scientific discipline plays in public health so defined. But there
should be no controversy that to solve the many issues of public health requires the
interaction of epidemiology with many disciplines including the clinical sciences, bio-
statistics, economics, and the social sciences. This article takes a very broad view of the
boundaries of epidemiological methods and tools including the use of epidemiology and
its methods in the planning, managing, and assessment of health care provision. Indeed
much of the demand for new epidemiological tools and stronger epidemiological
evidence for action derives from the broad array of forces that are driving health sector
reform throughout the globe.

2. Purposes of Epidemiology

All epidemiology can be divided into three parts:

1. Epidemiology provides the vocabulary and central concepts to describe the pattern
of health and disease in a population and its changes over time. What is the burden
of disease within a community and what is the best way to express it? In order to
discuss these issues one must have clear definitions of health and disease and of the
population in which they occur. Disease states must be defined, classified, and
counted. Knowledge of frequency, duration, and consequences of disease in terms of
morbidity and mortality are required. And an adequate description must include the
who, when, and where and how these factors change over time and in response to
what. How is infection transmitted from one person to another? What is the natural
history and prognosis of disease? These issues are discussed in Section 3. Defining
and Measuring Health and Disease and Section 4. Descriptive Epidemiology.

2. Epidemiological methods have been the principal means to help understand causes,
risk factors, and contributing or predisposing conditions that influence disease.
Knowledge of how an infection is transmitted from one person to another is central
to knowing how to reduce transmission of many diseases. Much of epidemiology is
devoted to understanding the etiology of disease. “Cause” is a term that has many
levels of meaning in epidemiology that are discussed further in Section 5.
Epidemiological Approaches to Understanding Causal Relations. Factors are said
to be necessary causes if a specific factor is always present before disease initiation,
but it may not be sufficient. For example, pulmonary tuberculosis requires infection
with Mycobacteria tuberculosis, but many are infected with M. tuberculosis without
having disease. On the other hand, a factor may be sufficient if disease always
occurs when it is present, but it may not be necessary if disease can also occur in its
absence. An example is severe iron deficiency that will always result in anemia, but
anemia may be “caused” by many other factors even when iron levels are normal.
To have a rational basis for preventing or intervening in the development of disease,
an understanding of the cause or risk factors of the disease is essential.

3. The third major domain of epidemiology is interventions and systems of
interventions directed at safeguarding and promoting health and preventing or
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overcoming disease and its consequences. Epidemiological methods are required for
assessment of new interventions or combinations of intervention programs through
clinical and field trials, which are discussed in Section 6. Experimental
Epidemiology: The Randomized Trials. Further epidemiological methods and
information are important in guiding and evaluating health planning, resource
allocation, and public health policy decisions, particularly as tools making use of
composite indicators that combine measures of morbidity and mortality are
developed. These measures can provide a common denominator for comparing the
impact that different diseases may have on populations. New approaches to
managing health programs also are requiring new ideas and methods to measure and
assure that health program interventions are indeed being carried out according to
evidence-based guidelines and that they are being applied equitably to all who
would benefit from receiving them (see Section 7. Epidemiology for Health
Systems: Use in Policy, Planning, and Assessment).

3. Defining and Measuring Health and Disease

The first step towards understanding the basis of epidemiology is to agree on definitions
for health and disease. In its charter in 1948, the World Health Organization (WHO)
defined health as not merely the absence of disease, but rather in positive terms as “A
state of complete physical, mental and social well-being and not merely the absence of
disease or infirmity.” Although this is an important ideological conceptualization, it has
not been operationally useful. For most epidemiological purposes, objectives of health
programs are more readily defined in terms of prevention or treatment of disease.

Disease has been defined in many ways. Generally illness, sickness, and disease are
used interchangeably, but some make distinctions. For example, Susser[3] recommends
that disease represents a physiological or psychological dysfunction, while illness is a
subjective state of the person who is experiencing a state of not feeling well, and
sickness is a state of social dysfunction that the individual assumes when not feeling
well. But for purposes of defining and measuring disease in general, a broad definition
may be most useful. Disease is anything that an individual (or population) experiences
that causes, literally, “dis-ease” (i.e. anything that leads to discomfort, pain, distress,
disability, or death constitutes disease for any reason including injuries or psychiatric
disabilities).

Epidemiological notions and tools are used to elucidate the natural history of disease.
Most specific diseases have a characteristic pattern from onset through progression of
the disease process to termination of the process either through recovery or death. There
is wide variation in the patterns of disease evolution. The onset of disease usually will
be dated from the start of symptoms or signs as determined by the individual afflicted, a
family member, a medical practitioner, or as the result of a lab test. Figure 1 illustrates
healthy life lost from disability and from premature death due to typical cases of
cirrhosis, polio, and multiple sclerosis in terms of onset, extent, and duration of
disability and termination. The conclusion of the disease process depends on a host of
factors from correct diagnosis to appropriate treatment. Possible outcomes include
clinical recovery with complete disappearance of clinical signs and symptoms, recovery
from the acute phase of disease but with residual effects such as paralytic polio, or death

©Encyclopedia of Life Support Systems (EOLSS)



GLOBAL PERSPECTIVES IN HEALTH - Vol. 1 - Epidemiology: Health and Disease in Populations - Richard H. Morrow

primarily as a result of the disease. The latter includes death directly caused by the
disease and that indirectly brought about as a result of complication such as heart
disease as a complication of diabetes. Termination of a disease state may also be
marked by recovery followed by progression to another disease such as cirrhosis
following hepatitis infection.

3.1. Disease Nomenclature and Classification

Healthy Life Lost (e.q., cirthosis)

et
birth onset death expec‘laﬁon“::
Healthy Life | ost (e.q., polio)
disability
birth onsst expectation
of life
Healthy Life | ost {e.q., multiple sclerosis)

intermittent
dizability
, expectation
birth onset desth = 7

of life

Figure 1. Patterns of healthy life lost
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Diagnosis and classification of specific diseases is central in determining what health
intervention programs would be most useful. Understanding the pathogenesis of the
disease process and defining (classifying, categorizing, and/or diagnosing) disease is
critical to understand and classify “causes” so that the most effective prevention and
treatment strategies for reducing the effects of a disease or risk factor can be selected.

The nomenclature and classification of diseases undergo continuing change as our
understanding of disease processes and their causes advances. In general, diagnostic
classification is based upon two general, quite different, characterizations of disease.
The first is a description of the pathological features of the disease process. Examples
include pneumonitis (inflammation of the lung) or pancreatic carcinoma. The second
depends upon the underlying causal factor. Examples include influenza and cholera.
Often a diagnosis will include descriptive terms combined with a causal factor such as
meningococcal meningitis or rheumatic heart disease.

The International Statistical Classification of Diseases and Related Health Problems
(ICD) is the most widely used classification system. It is published by WHO in a book
that is revised every 10 years or so by an internationally representative committee of
experts that meets regularly and reviews advances in the understanding of diseases. It is
now in its tenth edition (ICD-10), which came into effect in 1993 exactly 100 years after
the original. Every disease entity is assigned an alphanumeric code number in a
hierarchical arrangement; there are now 21 major disease divisions and each has a series
of subdivisions. Some of the divisions are based on etiology, such as Chapter | (AQO-
B99): Certain Infectious and Parasitic Diseases; some on body organ systems, such as
Chapter VI (G00-G99): Diseases of the Nervous System; and others on classes of
conditions, such as Chapter XIX (S00-T98): Injury, Poisoning and Certain Other
Consequences of External Causes. The classification is now increasingly used for death
certification and for hospital inpatient discharge coding. When properly used, it is a
very valuable tool for epidemiological studies.

3.2. Counting Disease

Counting the frequency of disease can be done in several ways; it is important to
understand what these different methods of counting actually mean. The most useful
way may depend upon the nature of the disease and upon the purpose for which it is
being counted. The starting point for any counting must be a clear definition of the
disease or event that is to be counted as discussed above. Further, it is important to be
clear whether the number of cases refers to individuals or episodes or attendances. For a
particular disease a person may have several separate attacks in one year and may attend
a clinic two or three times for each attack. Only one person has been ill but has had
several episodes and attended a health service several times for each episode.

The three basic measures of disease occurrence are the incidence density, often simply
termed the incidence rate; the cumulative incidence; and the prevalence.

Incidence is the fundamental building block for epidemiological inference. Incidence is

a measure of events (i.e. transition from a non-diseased to a diseased state) and can be
considered as a measure of risk. This risk can be looked at in any population group,
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defined by age, sex, place, time, socio-demographic characteristics, occupation, or
indeed, for example, by exposure to a toxin or any suspected causal factor.

The incidence rate (incidence density) is defined as the number of new cases of disease
onset per person-time. There are three critical components: a definition of the onset of
the event, a defined population, and a particular period of time. The essential point is
new cases of disease—the disease develops in a person who did not have the disease
previously. The numerator is the number of new cases of disease (the event) and the
denominator is the number of person-time units at risk for developing the disease.
Everyone included in the denominator must have the potential to become part of the
group that is counted in the numerator. To calculate incidence of prostate cancer, the
denominator must include only men, because women are not at risk of developing
prostate cancer. The third component is the period of time or time-unit. Any time-unit
can be used so long as all those counted in the denominator are followed for the same
period as those who are counted as new cases in the numerator. Incidence density
directly incorporates time into the denominator and it is generally the most useful
measure of disease frequency, often expressed as new events per person-year or per
1000 person-years. For a variety of reasons, including loss to follow-up, individuals in
the denominator may not be followed for the full time period specified, so that different
individuals are observed for different lengths of time. In such situations, an incidence
rate uses a denominator consisting of the sum of the different times each individual was
at risk expressed as person-years.

Cumulative incidence or incidence proportion is the number of new cases of a disease
that occur in a population at risk for developing the disease during a specified period of
time (during which all of the individuals are at risk). It is the proportion of people who
develop new disease in a specific period of time.

Note that the expression rate in biology or physics generally refers to time in terms of
how fast a process occurs and usually is expressed per instant of time. In epidemiology,
rate is often loosely used to express a proportion and to provide a denominator of the
population in which new cases are occurring during a period of time, as in cumulative
incidence rates above. Use of rate as in incidence density is closer to its more general
meaning of how fast new cases are arising and can indeed be expressed as per instant of
time, often referred to as the force of mortality or morbidity.

Occasionally, time may be implicitly rather than explicitly specified. In acute epidemics
of very limited duration such as most food poisoning outbreaks, most cases occur within
a few hours or days after exposure. Cases that may develop months later are not
considered part of the same outbreak. But in most situations in which current knowledge
of the biology and natural history of the disease does not clearly define a time frame,
time must be stated explicitly.

Prevalence is a measure of present status—the number of people who currently have the
disease—rather than of newly occurring disease. It measures the proportion of people
who have defined disease at a specific time. Thus it is a composite measure made up of
two factors: the incidence of the disease that has occurred in the past that continues to
the present or to some specified point in time, that is, prevalence equals incidence rate
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of the disease times the average duration of the disease. For most chronic diseases
prevalence rates are more commonly available than are incidence rates.

3.3. Severity of Disease

Measures of disease frequency are central for epidemiological investigations concerning
etiology. To understand the importance of a disease in a population, however, it is
necessary to consider not only the frequency of the disease but also its severity as
indicated by the extent of disability and premature mortality that it causes. Premature
mortality is defined as death before the expectation of life at the age of death, had the
disease not occurred.

TO ACCESS ALL THE 34 PAGES OF THIS CHAPTER,
Visit: http://www.eolss.net/Eolss-sampleAllChapter.aspx

Bibliography

Gordis L. (2000). Epidemiology, 2nd edn., 308 pp. Philadelphia: Saunders. [This is the best basic
introductory text on general epidemiology for graduate level.]

Last J.M., ed. (1995). A Dictionary of Epidemiology, 3rd edn., 180 pp. New York: Oxford University
Press. [Very useful guide to the complicated terminology in the evolving world of epidemiology. It can
serve as the glossary of terms in this article.]

MacMahon B. and Trichopoulus D. (1996). Epidemiology: Principles and Methods, 2nd edn., 347 pp.
Boston: Little, Brown. [An excellent text, updated from the first modern epidemiology textbook for
graduate-level epidemiology.]

Nelson K.E., Williams C.M., and Graham N.M.H. (2001). Infectious Disease Epidemiology: Theory and
Practice, 748 pp. Gaithersburg, Md.: Aspen. [In-depth and up-to-date reference text on methods and
descriptive epidemiology of infectious diseases.]

Rothman K.J. and Greenland S., eds. (1998). Modern Epidemiology, 2nd edn., 737 pp. Philadelphia:
Lippincott-Raven. [An exceptionally lucid text on advanced epidemiological methods and their
underlying philosophy.]

Smith P.S. and Morrow R.H., eds. (1996). Field Trials of Health Interventions in Developing Countries:
A Toolbox, 2nd edn., 362 pp. London: Macmillan. [Firmly based on rigorous, randomized study design
principles, this “toolbox” provides comprehensive and highly practical methods for the conduct of trials
for assessing the new interventions to be applied in the special circumstances of developing countries.]

Szklo M. and Nieto F.J. (2000). Epidemiology: Beyond the Basics, 495 pp. Gaithersburg, Md.: Aspen.
[For those who wish to pursue epidemiological methods in more depth.]

Vaughan J.P. and Morrow R.H., eds. (1989). Manual of Epidemiology for District Health Management,
198 pp. Geneva: World Health Organization. [A manual designed for practical applications of
epidemiology to the management of primary health care in district-based health systems.]

Wilkinson R.G. (1996). Unhealthy Societies: The Afflictions of Inequality, 255 pp. London: Routledge. [A
clearly written exposition of social and economic determinants of health in different societies, frequently
challenging conventional epidemiological thinking and methodology and pointing to new directions to

©Encyclopedia of Life Support Systems (EOLSS)


https://www.eolss.net/ebooklib/sc_cart.aspx?File=E1-14-02

GLOBAL PERSPECTIVES IN HEALTH - Vol. 1 - Epidemiology: Health and Disease in Populations - Richard H. Morrow

investigate.]
References cited in text

[1] Last J.M., ed. (1995). A Dictionary of Epidemiology, 3rd edn., 180 pp. New York: Oxford University
Press.

[2] Institute of Medicine. Committee for the Study of the Future of Public Health (1988). The Future of
Public Health. Washington, D.C.: National Academy Press.

[3] Susser M.W. (1973). Causal Thinking in the Health Sciences, 181 pp. New York: Oxford University
Press.

[4] Omran A. (1971). The epidemiologic transition: a theory of the epidemiology of population change.
Milbank Memorial Fund Quarterly 49, 509-538.

[5] Feachem R.G.A. et al., eds. (1992). The Health of Adults in the Developing World, 350 pp. New York:
Oxford University Press.

[6] Kaplan R.M. (1990). The general health policy model: an integrated approach. Quality of Life
Assessment in Clinical Trials (ed. B. Spilker). New York: Raven.

[7] Murray C.J.L. and Chen L.C. (1992). Understanding morbidity change. Population and Development
Review 18(3), 481-503.

[8] Murray C.J.L. and Lopez A.D., eds. (1996). The Global Burden of Disease: A Comprehensive
Assessment of Mortality and Disability from Diseases, Injuries, and Risk Factors in 1990 and Projected
to 2020, 990 pp. Cambridge, Mass.: Harvard School of Public Health, on behalf of the World Health
Organization and the World Bank.

[9] Mathers C., McCallum J., and Robine, J.-M., eds. (1994). Advances in Health Expectancies
(Proceedings of International Network on Health Expectancy, Canberra, Australia, 1994), 450 pp.
Canberra: Australian Institute of Health and Welfare.

[10] Ghana Health Assessment Project Team (1981). A quantitative method of assessing the health
impact of different diseases in less developed countries. International Journal of Epidemiology 10, 73—
80.

[11] Hyder A.A., Rotlant G., and Morrow R.H. (1998). Measuring the burden of disease: healthy life
years. American Journal of Public Health 88(2), 196-202.

[12] Jamison D.T. et al, eds. (1993). Investing in Health 1993 (World Development Report). New York:
Oxford University Press on behalf of the World Bank.

[13] Morrow R.H. (1984). The application of a quantitative approach to the assessment of the relative
importance of vector and soil transmitted diseases in Ghana. Social Science and Medicine 19, 1039-1049.

[14] Torrence G.W. (1986). Measurement of health state utilities for economic appraisal: a review.
Journal of Health Economics 5, 1-30.

[15] Morrow R.H. and Bryant J.H. (1995). Health policy approaches to measuring and valuing human
life: conceptual and ethical issues. American Journal of Public Health 85, 1356-1360.

[16] Morrow R.H. (2001). The epidemiology and control of malaria. Infectious Disease Epidemiology
Theory and Practice (ed. K.E. Nelson, C.M. Williams, and N.M.H. Graham), pp. 675-710. Gaithersburg,
Md.: Aspen.

[17] Rothman K.J. and Greenland S., eds. (1998). Modern Epidemiology, 2nd edn., 737 pp. Philadelphia:
Lippincott-Raven.

[18] Rothman K.J. (1981). Induction and latent periods. American Journal of Epidemiology 114, 253—
259.

[19] Gordis L. (2000). Epidemiology, 2nd edn., 308 pp. Philadelphia: Saunders.

[20] Smith P.S. and Morrow R.H., eds. (1996). Field Trials of Health Interventions in Developing
Countries: A Toolbox, 2nd edn., 362 pp. London: Macmillan.

©Encyclopedia of Life Support Systems (EOLSS)



GLOBAL PERSPECTIVES IN HEALTH - Vol. 1 - Epidemiology: Health and Disease in Populations - Richard H. Morrow

Biographical Sketch

Richard H. Morrow, M.D., M.P.H., F.A.C.P., is professor of international health, Division of
Community Health and Health Systems, Johns Hopkins University School of Hygiene and Public Health,
Baltimore, Maryland, USA.

He obtained his B.A. in economics at Swarthmore College, his M.D. at Washington University, St. Louis,
his M.P.H. at Harvard School of Public Health, is board certified in Internal Medicine and a Fellow of the
American College of Medicine and Member of the American College of Epidemiology. He has worked
extensively in clinical and epidemiological research in Ghana, Uganda, and globally with the United
Nations Development Programme, the World Health Organization, and the World Bank Special Program
in Research and Training in Tropical Diseases (TDR) and served as a member of the faculty at Makerere
University Medical School, University of Ghana Medical Faculty, and Harvard University School of
Public Health before Johns Hopkins. He now has a special interest in the application of epidemiological
methods to health policy and planning in developing countries.

©Encyclopedia of Life Support Systems (EOLSS)



