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Foreword

An old joke had it that an epidemiologist was a physician who could count.
Nowadays epidemiology has changed; no longer the province of a few dedicated
physicians, it has evolved into a distinct research discipline. Like many other
disciplines, epidemiology demands of its aspiring students years of advanced
training if state-of-the-art proficiency is to be achieved. During the past 20 years,
the principles that underlie the conduct and interpretation of epidemiologic re-
search have developed rapidly from a set of loosely understood common-sense
rules of thumb into a body of logically related formal concepts that offer a co-
herent theory to guide the planming and interpretation of epidemiologic work.
Whereas intuition and experience formerly dominated epidemiologic thinking,
now a more clearly defined set of principles has been crystallized. These prin-
ciples can steer the epidemiologist through the tangled problems of research with
human populations. Common sense and experience may still be reliable re-
sources for a researcher, but science progresses by formalizing understanding.
In this regard the progress of epidemiology over the last two decades has been
remarkable.

What is seen clearly to be common sense by experienced scientists may not
be perceived in the same way by those new to a field. Students who inherit a set
of formal ideas as the foundation for learning have the privilege of developing
an advanced understanding of concepts without needing to repeat the mistakes
of others. Unfortunately, many of the concepts of modern epidemiology have
not, until recently, found their way into introductory books.

The publication in 1984 of this lucid monograph by Anders Ahlbom and Staf-
fan Norell corrected that deficiency. Here, clearly put forth, are the core ideas
that a beginner to the field will encounter and need to master. The presentation
of newer concepts has been smoothly woven into the existing dogma, enabling
a deeper level of understanding for the reader than was previously possible at
the introductory level. For example, when I first studied epidemiology, my class-
mates and I were taught to distinguish between incidence and prevalence, but
we never heard about the fundamental distinction between the two types of in-
cidence measures, incidence rate and cumulative incidence. The use of stratifi-
cation in data analysis to control confounding was presented to us then only in
an advanced course. In this small volume, Ahlbom and Norell have put forth for
the first time at the introductory level a clear description of these and related
concepts.



Counting is still important in epidemiology, but understanding and interpreting
the epidemiologic studies appearing in today’s medical and public-health jour-
nals require a bit more. This new edition preserves the clarity and conciseness
of the first edition. The biggest changes are in the chapters on study design, the
basic principles of data analysis, and stratified data analysis. These topics have
been expanded in keeping with the notion that a clear understanding of methods
to control confounding in the analysis of epidemiologic data is essential even for
an introductory grasp of epidemiologic research principles. The revised text re-
mains true to its original purpose — a concise description of the core ideas
underlying epidemiologic research. It will be a valuable springboard as well as
a useful reference for those who desire to acquaint themselves with modern ep-
idemiology.

Kenneth J. Rothman
Editor, Epidemiology
February, 1990



Preface

This introductory text covers material that was developed, for the most part,
during the last two decades. To a large extent this development was inspired by
the work of the Department of Epidemiology of the Harvard School of Public
Health. Although many of the building blocks were at hand already, we believe
that the conceptual framework became much better defined in the course of that
work, and also that a consistent theoretical framework and methodological struc-
ture was created that had not been available before. In our view it seems justified
to refer to the theoretical and methodological system so developed as a new
paradigm replacing the “‘person, place and time™ paradigm.

This textbook was first published in Swedish; in Sweden it has been used
mainly in medical schools, but also in some other introductory classes. The book
has been well received by reviewers and students who appreciated our attempt
at a concise and precise format.

We discussed the ideas behind the book with Kenneth Rothman and Nancy
Dreyer, who told us that there was a niche for this kind of text in English as well
as Swedish, and they suggested that the book be translated. We have enjoyed
working on this project and we are grateful to Drs. Rothman and Dreyer for their
encouragement and support during the process; without them this book would
never have been published.

Anders Ahlbom
Staffan Norell
Stockholm
February, 1984



Preface to the Second Edition

After only five years it has become clear that this text needs revision, a result,
at least in part, of the continuing rapid development of epidemiologic theory.
That development together with a growing concern about public health continues
to make epidemiology a highly interesting and challenging area.

The first six chapters of the book have undergone smaller, cosmetic changes,
while the last chapters, on study design and data analysis, have seen major face
lifts. In the study design chapters the changes reflect an increasing comprehen-
sion of the similarities rather than the differences between the cohort and the
case-control study. In the data analysis chapters the development of personal
computers and epidemiologic software has been important for the new text.

As with the previous edition we wish to thank Nancy Dreyer and Kenneth
Rothman for encouragement and valuable criticism. We are also in debt to
Sander Greenland for extensive and constructive criticism and to Gunilla Ahl-
bom for translating the Swedish edition into English.

Anders Ahlbom
Staffan Norell
Stockholm,
December 1989
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1. what Is Epidemiology?

Epidemiology is the science of occurrence of diseases in human populations.
Disease occurrence is measured and related to different characteristics of indi-
viduals or their environments. (The word epidemiology consists of the Greek
words epi = among, demos = people, and logos = doctrine, and thus means
the doctrine of what is among or happening to people.) Investigation of disease
occurrence is not a new phenomenon. The development of epidemiologic theory
and methods in recent decades, however, has opened new possibilities and stim-
ulated interest within many fields of application.

For a long time the predominant interest in epidemiology was the area of
infectious diseases. The occurrence of highly contagious infectious diseases var-
ied in obvious ways, and often increased dramatically during so-called epidem-
ics. It was found that individuals who had been in contact with sick people often
became ill themselves and that those who recovered seldom got sick again. Such
epidemiologic observations became the basis of theories about infectiousness
and immunity—and suggested effective means to prevent diseases—even before
microorganisms and antibodies were discovered. One well known example is the
classic study on cholera in London that was conducted by John Snow in 1854
(Snow 1855).

Early epidemiologic observations were not limited to infectious diseases; other
diseases also displayed variation in their occurrence. The distribution of different
malnutritive diseases was studied early in this century and related to certain
characteristics of food composition. Even before essential nutrients, such as cer-
tain vitamins, had been identified, theories about the causes of malnutritive dis-
eases were formulated, preventive means undertaken, and sick people success-
fully treated. Studies on the distribution of pellagra undertaken by Goldberger
between 1915 and 1926 (Terris 1964) form a good example of this process.

During the last few decades increasing attention has focused on the epide-
miology of malignant diseases. Epidemiologic studies contributed decisively to
understanding the role of cigarette smoking in the occurrence of lung cancer.
Other studies have shown that there is an association between exposure to some
types of ionizing radiation and certain forms of cancer. Many epidemiologic
studies have demonstrated the connection between exposure to certain chemical
substances and some kinds of malignant tumors. Although knowledge about the
etiologic mechanisms for these diseases is still rudimentary, epidemiologic in-



vestigations occasionally have provided a sufficient lead for the implementation
of preventive measures.

Another current field of application of great importance is cardiovascular dis-
ease. In this century myocardial infarction has become a leading cause of death
in the industrialized world. One plausible explanation for this increase is the
profound change in what has come to be known as “lifestyle.” The role of
various components of lifestyle is not clear, however. We still lack fundamental
knowledge on the relative importance of factors such as stress, limited physical
activity, smoking, high intake of calories and high proportion of saturated fats,
and we do not know what the relation is between these characteristics and ele-
vated blood pressure, serum cholesterol and triglycerides (blood fats). In recent
years, a large number of epidemiologic studies have evaluated the role of these
and other characteristics in causing myocardial infarction to clarify ways in
which the disease can be prevented. With similar questions in mind, other vas-
cular diseases such as stroke have also been studied.

In the past, attention has been focused mainly on diseases with short duration
(e.g., acute infectious diseases), while in more recent years the focus has been
increasingly on chronic diseases. Chronic diseases are of great importance be-
cause they represent longstanding suffering for many people and a considerable
burden to the health-care system. An example is joint disease, such as rheuma-
toid arthritis. Even after corrections for differences in the age and sex distribu-
tion, substantial differences remain in the frequency of rheumatoid arthritis be-
tween different populations. Epidemiologists are now asking, ‘“Which
characteristics among the individuals (e.g., genetic) or their environment (e.g.,
exposure to infectious agents) explain these differences in morbidity from rheu-
matoid arthritis?”’ Another example is intestinal diseases such as ulcerative co-
litis and Crohn’s disease. What affects the occurrence of these diseases and the
risk of complications (e.g., colon cancer)? Other epidemiologic studies have
focused on variations in the frequency of birth defects and the impact of factors
such as smoking, alcohol consumption, drug use, and infections during preg-
nancy.

Sometimes the starting point for an epidemiologic study is a certain charac-
teristic or exposure rather than a disease. In studies of occupational hazards the
starting point often is a characteristic of the occupational environment or work
place; the effect of the exposure can be evaluated by measuring the health status
or the frequency of disease occurrence in the occupational group and comparing
it with a suitable reference group. For instance, how does exposure to asbestos
in certain occupations affect the occurrence of diseases such as asbestosis, me-
sothelioma, and lung cancer? What is the relation of irregular working hours or
occupational stress to health? What are the health hazards associated with mer-
cury pollution from industries or use of insecticides in agriculture? In studies of



side-effects of drugs the starting point again is a certain characteristic (drug ex-
posure) rather than a disease.

These examples of fields of application suggest a close connection between
epidemiology and preventive medicine. Prevention programs are rarely imple-
mented for an entire population; therefore, prevention programs may be planned
to enable studies of the effect of the intervention on the disease frequency in the
population by comparing disease rates among those receiving the preventive pro-
gram with rates among those who do not. In this way there is usually an oppor-
tunity to evaluate preventive measures that have been undertaken, using exper-
imental epidemiology.

In recent years the value of information about disease distribution for planning
the delivery of health care has become more apparent. In several studies disease
occurrence has been related to health-care need, demand, and supply. There is
also an increasing interest in studying the effectiveness of the health-care system
and/or of different treatments.

The common basis for these different applications of epidemiology is the study
of disease occurrence and its relation to various characteristics of individuals or
their environment.
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2. Measures of Disease Occurrence

The previous chapter indicated that the objective of epidemiologic studies is
to learn about the occurrence of diseases. Measures of disease occurrence are
therefore central to all epidemiologic activity. Such measures can be formulated
in a variety of ways.

Absolute numbers and numbers related to
size of the population

To start with, measures of disease occurrence should generally be independent
of the size of the population. To accomplish this, the number of cases of disease
is related to the number of individuals in the population. For some administrative
purposes the absolute number of cases may be relevant, but for most analytical
purposes the size of the population that gives rise to the cases has to be taken
into account.

Example: In a campaign aimed to encourage the use of life vests, some epide-
miologic data were provided. Out of 125 people who drowned, only 11 used life
vests, while 114 did not. These data were presumed to suggest an association
between use of life vests and risk of drowning. The comparison, however, in-
volves two absolute numbers of cases; the sizes of the two populations that gave
rise to these drowning victims, those who wore life-vests and those who did not,
have not been taken into account. The observed discrepancy might well reflect
only that the size of the population of life-vest users is small compared with the
size of the population of non-users.

Incidence and prevalence

Measures of disease occurrence can describe either the pool of existing cases,
or the occurrence of new cases. Measures of prevalence describe what propor-
tion of the population has the disease in question at one specific point in time.
Measures of incidence, on the other hand, describe the frequency of occurrence
of new cases during a time period. It is useful to think of each individual as
being in one of two ‘“‘states”: diseased or disease-free. In this framework the
prevalence measure describes the proportion of the population that is in the dis-
cased state at a specific time. The incidence measure describes the rate of flow
from the disease-free state to the diseased state.



The magnitude of disease prevalence obviously depends on incidence, since
a greater rate of occurrence of new cases will tend to increase the number of
existing cases; but it also depends on the duration of the disease. Thus, a change
in prevalence may be an effect either of a change in incidence or a change in
duration of the disease. The duration in turn depends upon the time it takes to
get well or the survival time with the disease.

In epidemiologic studies where the aim is to explore causal theories or to
evaluate effects of preventive means, the interest is focused on the rate of flow
of cases from the disease-free state to the diseased state. The relevant measure
of disease occurrence, therefore, is incidence. Measures of prevalence may be
relevant in connection with the planning of health services or in assessing the
need for medical care in a population. Occasionally, the choice between inci-
dence or prevalence is made for pragmatic reasons. For example, studies of
chronic diseases such as rheumatoid arthritis or diabetes, in which the point
of transition from non-diseased to diseased occurs gradually, and the definition
of disease is arbitrary, generally employ prevalence measures, whereas studies
on cancer or myocardial infarction generally use incidence measures.

Three measures of disease occurrence

Three specific measures of disease occurrence will be presented. The first is
a prevalence measure and the other two are incidence measures.

Prevalence:
The prevalence measure is called simply the “prevalence™ (P) (other terms in
use include prevalence rate and prevalence proportion). The prevalence is de-
fined as:
number of individuals having the disease
at a specific time

number of individuals in the population
at that point in time

The prevalence corresponds to the proportion of the population that has the

disease at a certain point in time. Like all proportions it is dimensionless and
can never take values less than O or greater than 1.
Example: A sample including 1,038 women age 70-74 years was selected from
the population of Stockholm (Allander 1970). After examination, 70 were clas-
sified as having the diagnosis of rheumatoid arthritis. The prevalence of rheu-
matoid arthritis was

P = —— = 0.07 for women age 70-74.



Cumulative Incidence:
The next measure to be defined is called the ““cumulative incidence™ (CI) (other
terms are cumulative incidence rate and incidence proportion). The definition is

number of individuals who get the discase

ol during a certain period

number of individuals in the population
at the beginning of the period

Both numerator and denominator include only those individuals who at the
beginning of the period are free from the disease and therefore at risk to get
it. The cumulative incidence is, therefore, the proportion of individuals in the
disease-free state at the beginning of the period that move to the disease state
during the period. That is, the numerator is a subset of the denominator. Simply
stated, the cumulative incidence is the proportion of healthy individuals who get
the disease during a certain period. Alternatively, it can be viewed as the average
risk for the individuals in the population to get the disease during that period.
Being a proportion, the cumulative incidence is dimensionless and can only take
numeric values in the range from O to 1. (Occasionally the cumulative incidence
is defined in a theoretical way with a slightly different numerator, namely the
estimated number of individuals who would have developed the disease if no-
body had died during the interval from other diseases.)

In some studies different subgroups of the study population are considered at
risk of getting the disease during different periods of time and individuals are
considered at risk for periods of varying lengths. This variation in the risk period
derives from the fact that different individuals enter the study at different points
in time or that some migrate during the observation period. In such situations
the cumulative incidence may not be directly calculable from the data. The
length of the observation period directly affects the cumulative incidence: the
longer the period, the greater the cumulative incidence. An extreme example
would be the study of total mortality among newborn infants over, say, the en-
suing 115 years. The cumulative incidence would always be 100% although the
timing of the deaths could vary considerably between populations. The length
of the period at risk must therefore always be reported along with the cumulative
incidence and taken into account in interpreting any reported value of cumulative
incidence. The mortality from other, competing, causes of death also influences
the cumulative incidence as defined here; some of those dying from other causes
would have been expected to develop the disease under study had they not died.

Example: The Swedish census from 1960 showed there were 3,076 males age
20-64 who were employed as plastic workers. According to the Swedish Cancer
Environment Registry, Il of those workers developed brain tumors during the



