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PREFACE TO SECOND EDITION

Some observers appear to believe that epidemiology is no more than the
application of statistical methods to the problems of disease occurrence and cau-
sation. But epidemiology is much more than applied statistics. It is a scientific
discipline with roots in biology, logic, and the philosophy of science. For epidem-
iologists, statistical methods serve as an important tool but not a foundation.
My aim in this book is to present a simple overview of the concepts that are
the underpinnings of epidemiology, so that a coherent picture of epidemiologic
thinking emerges for the student. The emphasis is not on statistics, formulas, or
computation but on epidemiologic principles and concepts.

For some, epidemiology is too simple to warrant serious attention, and for oth-
ers it is too convoluted to understand. I hope to persuade the reader that nei-
ther view is correct. The first chapter illustrates that epidemiology is more than
just applying “common sense,” unless one has uncommonly good common sense.
Although it is unusual to begin an epidemiology text with a presentation of con-
founding, I believe that the problem of confounding exemplifies why we need to
understand epidemiologic principles lest we fall victim to fallacious inferences. At
the other extreme, those who believe that epidemiology is too complicated might
think differently if they had a unifying set of ideas that extended across the many
separate topics within epidemiology. My goal in this book has been to provide
that unifying set of ideas.

The second chapter, new to this second edition, adds a historical perspective
for the reader who is new to epidemiology, in the form of capsule profiles of
pioneers in epidemiology and public health. The chapter illustrates the deep his-
torical roots of epidemiology, highlighting important contributions from trailblaz-
ers such as Avicenna, Graunt, Nightingale, and Lane-Claypon. Chapter 3 lays a
conceptual foundation by elucidating a general model of causation and discussing
the process of causal inference. All too often, these concepts are skipped over
in scientific education. Nevertheless, for epidemiologists they are bedrock con-
cerns that belong in any introduction to the field. Chapter 4 continues with a
description of the basic epidemiologic measures, and Chapter 5 covers the main
study types. An important thread for the student is the emphasis on measurement
and how to reduce or describe measurement error. Chapter 6, also new to the
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second edition, presents a capsule summary of the key ideas in infectious disease
epidemiology.
The next two chapters deal with measurement error. Systematic error, or bias,

is treated first, in Chapter 7, and random error in Chapter 8. Chapter 9 intro-
duces the basic analytic methods for estimating epidemiologic effects; these meth-

ods are extended in Chapter 10 to stratified data. Chapters 11 and 12 address the

more advanced topics of interaction and regression modeling, These are subjects

to be explored in detail in more advanced courses, but their presentation here in
elementary terms lays the groundwork for advanced study. It also draws a bound-
ary between the epidemiologic approach to these topics and nonepidemiologic

approaches that can take the analysis in the wrong direction. The final chapter

deals with clinical epidemiology, a branch of epidemiology that continues to grow

in scope and importance.

Epidemiologic concepts are evolving, as any comparison of this volume with
earlier texts will reveal. To complement the book, the publisher has graciously

agreed to host a Website that will support reader participation in dlSCussmg,
extending, and revising points presented in the book. The Website will post con-

tributed answers to the questions raised at the end of each chapter in the te.xt.

Interested readers can find this site at www.oup.com/us/epi/.
Along the way I have received invaluable feedback from many students and
colleagues. I am especially grateful to Kristin Anderson, Georgette Baghdady, Dan

Brooks, Robert Green, Sander Greenland, Tizzy Hatch, Bettie Nelson, Ya-Fen

Purvis, Igor Schillevoort, Bahi Takkouche, and Noel Weiss. Cristina Cann pro-

vided unflagging and generous encouragement; now that she is no longer here

to continue advising me, she is sorely missed. Katarina Bilter deserves special

mention for her careful reading of the manuscript and patient, helpful criticisms.

Finally, I am indebted to my colleague Janet Lang, who gently prodded me at the
right time and was an inspiration throughout.

Kenneth J. Rothman

Newton, Massachusetts

July, 2011
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Introduction to
Epidemiologic Thinking

This book presents the basic concepts and methods of epidemiology, which is
the core science of public health. Epidemiology has been defined as “the study
of the distribution and determinants of disease frequency,” or even more simply
as “the study of the occurrence of illness:™

The principles of epidemiologic research appear deceptively simple. This appear-
ance seduces some people into believing that anyone can master epidemiology
just by applying some common sense. In a way that view is correct, but it is
nevertheless an oversimplification. The problem is that the kind of common sense
that is required may be elusive without training in epidemiologic concepts and
methods. As a means of introducing epidemiologic thinking, I shall illustrate this
point with some examples of the fundamental epidemiologic concept known as
confounding. Confounding is described in greater detail in Chapter 7. Here I aim
only to demonstrate the kind of problem that epidemiology deals with routinely.
I will also point out some basic fallacies, the kind that can be found in the news-
papers on a regular basis and that occur commonly among those who are not well
versed in epidemiologic thinking.

Common sense tells us that residents of Sweden, where the standard of living
is generally high, should have lower death rates than residents of Panama, where
poverty and more limited health care take their toll. Surprisingly, however, a
greater proportion of Swedish residents than Panamanian residents die each year.
This fact belies common sense. The explanation lies in the age distribution of the
populations of Sweden and Panama. Figure 1-1 shows the population pyramids
of the two countries. A population pyramid displays the age distribution of a pop-
ulation graphically. The population pyramid for Panama tapers dramatically from
younger to older age groups, reflecting the fact that most Panamanians are in the
younger age categories. In contrast, the population pyramid of Sweden is more
rectangular, with roughly the same number of people in each of the age catego-
ries up to about age 60 years and some tapering above that age. As these graphs
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Introduction to Epidemiologic Thinking

Table 1-1 Risk oF DEATH 1IN A 20-YEAR PERIOD
AMONG WOMEN 1IN WHICKHAM, ENGLAND,
ACCORDING TO SMOKING STATUS AT THE

BEGINNING OF THE PEriop*

Smoking
Vital Status
Dead
Alive
Total
Risk (Dead/Total)

*Data from Vanderpump et al.*

nonsmokers died during the follow-up period. Does this difference indicate that
women who were smokers fared better than women who were not smokers? Not
hecessarily. One difficulty that many researchers quickly spot is that the smoking

ormation was obtained only once, at the start of the follow-up period. Smoking
habits for some women will have changed during the follow-up. Could those
changes explain the results that appear to confer an advantage on the smokers? It
is theoretically possible that all or many of the smokers quit soon after the survey
and that many of the nonsmokers started smoking. Although this scenario is pos-
sible, it is implausible; without evidence for these changes in smoking behavior,
this implausible scenario is not a reasonable criticism of the study findings. A
more realistic explanation for the unusual finding becomes clear if we examine
the data within age categories, as shown in Table 1-2. (The risks for each age
group are calculated by dividing the number who died in each smoking group by
the total number of those dead or alive.)

Table 1-1 combines all of the age categories listed in Table 1-2 into a single
table, which is called the crude data. It is obtained by adding together, or collaps-
ing, the data for each age category in Table 1-2. The more detailed display of
the same data in Table 1-2 is called an age-specific display, or a display stratified
by age. The age-specific data show that in the youngest and oldest age categories
there was little difference between smokers and nonsmokers in risk of death. Few

died among those in the youngest age categories, regardless of whether they were
sSmo s Oor

not, whereas among the oldest women, almost everyone died dur-
ing the 20 years of follow-up. For women in the middle age categories, however,
there was a consistently greater risk of death among smokers than nonsmokers,
a pattern contrary to the impression gained from the crude data in Table 1-1.
Why did the nonsmokers have a higher risk of death in the study population
as a whole? The reason is evident in Table 1 A much greater proportion of
the nonsmoking women were in the highest age categories, the categories that
contributed a proportionately greater number of deaths. The difference in age dis-
tribution between smokers and nonsmokers reflects the fact that, for most people,
lifelong smoking habits are determined early in life. During the decades preceding
the study in Whickham, there was a trend for increasing proportions of young
women to become smokers. The oldest women in the Whickham study grew up
during a period when few women became smokers, and they tended to remain
nonsmokers for the duration of their lives. As time went by, a greater proportion
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Table 1-2 Risk oF DeaTs N A 20-YEar PERIOD AMONG
WoMEN IN WHICKHAM, ENGLAND, ACCORDING TO SMOKING
STATUS AT THE BEGINNING OF THE PERIOD, BY AGE

Smoking
Age Vital Status Yes No Total
18-24 Dead 2 1 3
Alive 53 61 114
Risk 0.04 0.02 0.03
25-34 Dead 3 5 8
Alive 121 152 273
Risk 0.02 0.03 0.03
35-44 Dead 14 7 21
Alive 95 114 209
Risk 0.13 0.06 0.09
45-54 Dead 27 12 39
Alive 103 66 169
Risk 0.21 0.15 0.19
55-64 Dead 51 40 91
Alive 64 81 145
Risk 0.44 0.33 0.39
65-74 Dead 29 101 130
Alive 7 28 35
Risk 0.81 0.78 0.79
75+ Dead 13 64 77
Alive 0 0 0
Risk 1.00 1.00 1.00

of women who were passing through their teenage or young adult years became
smokers. The result was strikingly different age distributions for the female smok-
ers and nonsmokers of Whickham. Were this difference in the age distribution
ignored, one might conclude erroneously that smoking was not related to a higher
risk of death. In fact, smoking is related to a higher risk of death, but confounding
by age has obscured this relation in the crude data of Table 1-1. In Chapter 10,
I will return to these data and show how to calculate the effect of smoking on
the risk of death after removal of the age confounding.

Confounding is a problem that pervades many epidemiologic studies, but it is
by no means the only issue that bedevils epidemiologic inferences. One day, read-
ers of the Boston Globe opened the paper to find a feature story about orchestra
conductors. The point of the article was that conducting an orchestra is salubrious,
as evinced by the fact that so many well-known orchestra conductors have lived
to be extremely old. Common sense suggests that if the people in an occupation
tend to live long lives, the occupation must be good for health. Unfortunately,
what appeared to be common sense for the author of the article is not very sen-
sible from an epidemiologic point of view. The long-lived conductors who were
cited in the article were mentioned because they lived to be old. Citing selected
examples in this way constitutes anecdotal information, which can be extremely
misleading. For all we know, the reporter searched specifically for examples of
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elderly conductors and overlooked other conductors who might have died at an
earlier age. Most epidemiologists would not even classify anecdotal information
as epidemiologic data at all.

Furthermore, the reporter’s observation had problems that went beyond the
reliance on anecdotes instead of a formal evaluation. Suppose that the reporter
had identified all orchestra conductors who worked in the United States during
the past 100 years and studied their longevity. This approach avoids relying on
hand-picked examples, but it still suffers from an important problem that leads
to an incorrect answer. The problem is that orchestra conductors are not born
as orchestra conductors. They become conductors at a point in their careers
when they may have already attained a respectable age. If we start with a group
of people who are 40 years old, on the average they are likely to survive to an
older age than the typical person who was just born. Why? Because they have a
40-year head start; if they had died before age 40, they could not have been part
of a group in which everyone is 40 years old. To determine whether conduct-
ing an orchestra is beneficial to health, one should compare the risk of death
among orchestra conductors with the risk of death among other people who have
attained the same age as the conductors. Simply noting the average age at death
of the conductors gives the wrong answer, even if all orchestra conductors in a
population are studied.

Here is another example that makes this point clearly. Suppose that we study
two groups of people over a period of 1 year, and we look at the average age at
death among those who die during that year. Suppose that in group A the aver-
age age at death is 4 years and in group B it is 38 years. Can we say that being a
member of group A is riskier than being a member of group B? We cannot, for
the same reason that the age at death of orchestra conductors was misleading.
Suppose that group A comprises nursery school students and group B comprises
firefighters. It would be no surprise that the average age at death of people who
are currently firefighters is 38 years or that the average age at death of people
who are currently nursery school students is 4 years. Still, we suspect that being
a firefighter is riskier than being a nursery school student and that these data on
the average age at death do not address the issue of which of these groups faces
a greater risk of death. When one looks at the average age at death, one looks
only at those who actually die and ignores all those who survive. Consequently,
the average age at death does not reflect the risk of death but only expresses a
characteristic of those who die.

In a study of factory workers, an investigator inferred that the factory work
was dangerous because the average age at onset of a particular kind of cancer was
lower in these workers than among the general population. But just as for the
nursery students and firefighters, if these workers were young, the cancers that
occurred among them would have to be occurring in young people. Furthermore,
the age at onset of a disease does not take into account what proportion of peo-
ple get the disease. It may have been that the number of workers who developed
the cancer was no greater, or was even smaller, than the number expected to do
50 based on the risk of cancer in the general population. Looking at the age at
which cancer develops among those who get cancer cannot address the question
of risk for cancer.

These examples reflect the fallacy of comparing the average age at which death
or disease strikes, rather than comparing the risk of death between groups of the
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same age. In later chapters, 1 will explore the proper way to make epidemiologic . REFERENCES
comparisons. The point of these examples is to illustrate that what may appear g
to be a commonsense approach to a simple problem can be overtly wrong until |. MacMahon B, Pugh TE. Epidemiology: Principles and Methods. Boston: Little,
we educate our common sense to appreciate better the nature of the problem. Brown; 1970:137-198,175-184. '
Any sensible person can understand epidemiology, but without considering the b 2. Gaylord Anderson, as cited in: Cole P, The evolving case-control study. | Chron Dis.
principles outlined in this book, even a sensible person using what appears to be I; 1979;32:15-27. . .
common sense is apt to go astray. By mastering a few fundamental epidemiologic \E 3. Appleton DR, French JM, Vanderpump MPJ. Ignoring a covariate: an example of
principles, it is possible to refine our common sense to avoid these traps. 1 Simpson's paradox. Am Statistician. 1996;50:340-341.

4. Turnbridge WMG, Evered DC, Hall R, et al. The spectrum of thyroid disease in a
i community. Clin Endocrinol. 1977;7:481-493.

QUESTIONS 5 5. Vanderpump MP], Turnbridge WMG, French JM, et al. The incidence of thyroi.d
disorders in the community: a twenty-year follow-up of the Whickham survey. Clin
1. Age is a variable that is often responsible for confounding in epidemiol- Endocrinol. 1995;43:55-69.

ogy, in part because the occurrence of many diseases changes with age. The
change in disease risk with age is often referred to as the effect of age. Does
it make sense to think of age as having an effect on disease risk, or is it
more sensible to think that the effect of age is itself confounded by other
factors?

2. More people in Los Angeles die from cardiovascular disease each year
than do people in San Francisco. What is the most important explanation
for this difference? What additional factors would you consider to explain
the difference in the number of deaths?

3. In Table 1-2, which age group would you say shows the greatest effect
of smoking on the risk of death during the 20-year interval? How have you
defined “greatest effect”? What other way could you have defined it? Does
your answer depend on which definition you use?

4. On a piece of graph paper, use the data in Table 1-2 to plot the 20-year
risk of death against age. Put age on the horizontal axis and the 20-year risk
of death on the vertical axis. Describe the shape of the curve. What biologi-
cal forces account for the shape?

5. A physician who was interested in jazz studied the age at death of jazz
musicians, whom he identified from an encyclopedia of jazz. He found that
the average age at death of the jazz musicians was about the same as that in
the general population. He concluded that this finding refuted the prevail-
ing wisdom that jazz musicians tended to live dissolute lives and therefore
experienced greater mortality than other people. Explain his error.

6. A researcher determined that being left-handed was dangerous, because he
found that the average age at death of left-handers was lower than that of
right-handers. Was he correct? Why or why not?

T
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7. What is the underlying problem in comparing the average age at death,
or the average age at which a person gets a specific disease, between two
populations? How should you avert this problem?




Pioneers in Epidemiology and _t:i
Public Health

Throughout human history, the major problems of health that men have
faced have been concerned with community life, fo;' instance, the control of
tmnsmfssibk disease, the control and improvement of the physical environ-
merft (sanitation), the provision of water and food of good quality and in
sufficient supply, the provision of medical care, and the relief of disability and
destitution. The relative emphasis placed on each of these problems has varied

from time to time, but they are all closely related, and from them has come
public health as we know it today.

GEORGE ROSEN, A History of Public Health, 1958

ORIGINS OF PUBLIC HEALTH

_Public health may be defined as the community effort to protect, maintain, and
improve the health of a population by organized means, including preventive pro-
grams, hy_giene, education, and other interventions. Preventive medicine and health
care are important components of public health, but the reach of public health
extends beyond medicine to clean water, sanitation, housing, sex education, and
other areas that affect the health of communities. Among the fields that contrib-
ute to public health, epidemiology plays a crucial role, but many other disciplines
are ima‘.oived. Public-health efforts may involve contributions from fields as diverse
as engineering, architecture, biology, social science, ecology, and economics.

The origin of public health dates from the first aggregation of small clans into
larger, settled communities. Some basic needs, such as provision of potable water
and disposal of bodily waste, were best addressed as community concerns. Public
wells that provided clean water for drinking and aqueducts that transported water
from molunta'm springs or creeks into towns, cities, and agricultural fields were
community efforts that had obvious health benefits. Fountains, public baths,

Ploneers in Epidemiology and Public Health 9

and water delivery systems supplying individual homes were features of ancient
civilizations in the Indus River valley, Mesopotamia, Persia, Troy, and China.

Treatment of drinking water in settling basins and purification with chemicals
was practiced in many early civilizations. Sanitary removal of human and ani-
mal waste is a fundamental public-health concern, one that became more chal-
lenging as settlements increased in size. The construction of sewers to remove
waste materials was also common in antiquity. In ancient Rome, water delivery
and sanitation were sophisticated engineering feats. Roman aqueducts brought
mountain water from sources as far away as 100 km or more to the city, using
trenches, arched bridges, walls, tunnels, and siphons to traverse varied landscapes.
The water supplied a few wealthy homes, public baths, and public fountains, from
which it overflowed to flush the streets. Excess water collected into a remarkable
sewer system, culminating in the cloaca maxima (literally, “greatest sewer”), which
conveyed effluent from the city into the Tiber River, facilitating hygiene for the
city, though at the expense of polluting the river. Parts of the cloaca maxima are
still connected to the Roman sewage system in the 21st century. Water supply
and sanitation remain essential concerns for large communities and rank as top
priorities for public health today. Among those still afflicted by poverty, and with
the planet facing continued population growth and mounting environmental con-
cerns, the basic public-health needs of clean water and sanitation are unlikely to
recede in importance.

Another basic public-health priority has been control of transmissible diseases.
Historically, community efforts to prevent the spread of communicable disease
were often hampered by inadequate understanding of effective means to control
transmission. The microbial origin of many transmissible diseases became evi-
dent only during the latter part of the 19th century. Nevertheless, concern about
disease transmission and measures to control it has deep roots. In the Middle
Ages, the growth of cities in Europe was accompanied by epidemics of leprosy,
plague, and other scourges that stirred frightened populations into drastic actions,
not often successful. The Black Death was a pandemic of what is believed to be
bubonic plague that swept Europe in the mid-14th century. Although its cause
was not clear to medieval populations, who tended to see epidemics as divine
wrath, it was considered transmissible, which led communities to bar entry to
foreigners from plague-ridden areas and to isolate patients and all their contacts.
During periods when plague threatened Venice, an important shipping port, all
vehicles, goods, and travelers were isolated for a period of time. This procedure,
today called quarantine (from the Italian phrase quaranta dei, meaning “40 days”),
is still invoked occasionally. It was used to notable advantage during the outbreak
of severe acute respiratory syndrome (SARS) in 2003" (see Chapter 6).

FROM HIPPOCRATES TO SNOW AND THE MODERN DAY

Although public health has its origins in antiquity and epidemiology is considered
by many to be the fundamental science of public health, epidemiology did not
develop noticeably as a scientific discipline until the 20th century. Nonetheless,
certain signal contributions to public health and epidemiology represented
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long-lasting, important increments to our outlook and understanding. Here we

review highlights from some of the key contributors to the foundation of public
health.

Hippocrates (~460-370 Bc)

Hippoi:rates was a Greek physician who had a profound influence on the pﬂé— '
tice of medicine as well as on public health. Scholars believe that many of the .l
surviving writings that are nominally attributed to Hippocrates were authored |
by others, probably his students. Nevertheless, these writings were undoubtedly
influenced by Hippocrates and reflect a revolutionary approach to health and
disease that Hippocrates helped to bring about. The prevailing view in the time .
of Hippocrates was that disease was the result of demonic possession or divine
displeasure. Hippocrates turned attention to earthly causes. Greek physicians in
Hippocrates’ day were itinerant. Hippocrates advised these physicians to consider
what environmental factors in each community might affect locally occurring dis-
eases. For example, in Airs, Waters, and Places, the influence of the environment
on disease occurrence was stressed for the first time in a scholarly treatise®:

Whoever wishes to investigate medicine properly; should proceed thus: in the first place to consider.
the seasons of the year, and what effects each of them produces for they are not at all alike, but differ
much from themselves in regard to their changes. Then the winds, the hot and the cold, especially
such as are common to all countries, and then such as are peculiar to each locality. We must also
consider the qualities of the waters, for as they differ from one another in taste and weight, soalso
do they differ much in their gualities. In the same manner, when one comes into a city to-which
he is a stranger, he ought to consider its situation, how it lies as to the winds and the rising of the
sun; for its influence is not the same whether it lies to the north or the south, to the rising or to
the setting sun. These things one ought to consider most attentively, and concerning the waters
which the inhabitants use, whether they be marshy and soft, or hard, and running from elevated and
rocky situations, and then if saltish and unfit for cooking; and the ground, whether it be naked and :
deficient in water, or wooded and well watered, and whether it lies in 2 hollow, confined situation, o
or is elevated and cold; and the mode in which the inhabitants live, and what are their pursuits, 180
whether they are fond of drinking and eating to excess, and given to indolence, or are fond of 5
exercise and labor, and not given to excess in eating and drinking... 3 A

And in particular, as the season and the year advances, he can tell what epidemic diseases :
will attack the city, either in summer or in winter, and what each individual will be in danger of
experiencing from the change of regimen. For knowing the changes of the seasons, the risings
and settings of the stars, how each of them takes place, he will be able to know beforehand what -
sort of a year is going to ensue. Having made these investigations, and knowing beforehand the
seasons, such a one must be acquainted with each particular, and must succeed in the preservation
of health, and be by no means unsuccessful in the practice of his art.

lMan}r of the specific theories espoused in the writings that are attributed to
Hippocrates would seem strange to modern readers. He believed it important to
study astrology, with each astrological sign being associated with a part of the b
body. He also embraced the theory of humors, which held that when one of b
ti}e four humors (black bile, phlegm, yellow bile, and blood) was out of balance,
dl@e resulted. Although such theories are not in accord with modern views
of disease, Hippocrates fostered a sea change away from mysticism and religion
toward observation and reason as means of understanding the causes of disease.

Pioneers in Epidemiology and Public Health 1

Avicenna (Ibn Sina) (980-1037)

Avicenna, or Ibn Sina, a Persian philosopher, scientist, and physician, lived dur-
ing the time that Europe was plodding through the Dark Ages, with science in
full retreat. But in the Islamic world, it was a golden age of knowledge, to which
Avicenna was a major contributor. A prolific genius, he wrote on many topics,
foremost among them medicine and health. He is not identified specifically with
public health, but, like Hippocrates, his contributions to the understanding of dis-
ease causation and his emphasis on empirical evidence had an enormous influence
on both medicine and public health. His 14-volume Canon of Medicine is perhaps
the most renowned textbook of medicine ever written. It was translated into Latin
in 1187 and had a long-lasting influence in both the East and the West. In Europe,
it was the primary medical text for centuries and was still in use as late as 1650.

Avicenna emphasized the need for bringing experimentation and quantifica-
tion into the study of physiology and medicine. He inferred from his observations
that some infectious diseases were spread by contagion, and he suggested the
use of quarantine to limit their spread. The following excerpt from the introduc-
tion to Avicenna’s Canon of Medicine shows the influence of Hippocrates and his
embrace of scientific study: In it, one can easily see the foreshadowing of modern
epidemiologic theory*:

The knowledge of anything, since all things have causes, is not acquired or complete unless itis
known by its causes. Therefore in medicine we ought to know the causes of sickness and health.
And because health and sickness and their causes are sometimes manifest, and sometimes hidden
and not to be comprehended except by the study of symptoms, we must also study the symptoms
of health and disease. Now it is established in the sciences that no knowledge is acquired save
through the study of its causes and beginnings, if it has had causes and beginnings; nor completed
except by knowledge of its accidents and accompanying essentials. ... These are the subjects of the
doctrine of medicine; whence one inquires concerning the disease and curing of the human body.
One ought to attain perfection in this research; namely, how health may be preserved and sickness
cured. And the causes of this kind are rules in eating and drinking, and the choice of air, and the
measure of exercise and rest; and doctoring with medicines and doctoring with the hands. All this
with physicians is according to three species: the well, the sick, and the medium of whom we have
spoken.

Fracastoro (1478-1553)

The Renaissance physician and poet Fracastoro, from Verona, extended the con-
cept of contagion by suggesting a theory about how contagious disease spreads.
In his master work, De contagione et contagiosis morbis et curatione, which was pub-
lished in 1546, he described many diseases, such as plague, typhus, and syphilis,
that were transmitted from person to person, and he suggested a theory that dis-
ease was spread through self-replicating particles. He postulated that these par-
ticles, which he called seminaria, or seeds, were too small to see and were specific
for each disease. His theory was the forerunner of the germ theory, although he
had no concept that the seminaria were alive. He suggested that seminaria could
infest an environment and could spread disease by direct person-to-person con-
tact, by indirect contact with articles he called fomites (a term still in use for con-
taminated articles), and by transmission at a distance (eg, through air or water).
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When any one dies, then, either by tolling, or ringing of a Bell, or by be speaking of a Grave of the
Sexton, II{!‘ same is known to the Searchers, corresponding with the said Sexton.

Th chers hereupon (who are antient Matrons, sworn to their Office) repair to the place,
where the dead Corps lies, and by view of the same, and by other enquiries, they ex e by what
Disease, or Casualty the Corps died. Hereupon they make their Report to the Parish-Clerk, and he,
every Tuesday night, in an Accompt of all the Burials, and Christnings, hapning that Week, to
the Clerk of the Hall. On Wednesday the ral Accompt is made up, and Printed, and on Thursdays
pul.\lishs:d and dispersed to the 1l Families, who will pay four shillings per Annum for them.

The classification of deaths in the Bills of Mortality would seem strange to the
modern eve. For example, categories of death included “Suddenly,” “Killed by
y : lents” and “Found Dead in the Streets” Nevertheless, Graunt’s con-

n about possible misclassification of the events that were tabulated in the Bills

Mortality was very modern. He suspected, for example, that plague deaths were

ertained, because in years that had more plague deaths, there were also
more deaths from other causes. He inferred that about 20% of plague deaths were
mistakenly recorded as deaths attributable to other causes and on that basis pro-
duced a refined estimate of mortality from the plague. This was the first recorded
example of correction for misclassification error. He also considered the reasons
for misclassification of deaths. The matrons who served as searchers could recog-
nize a corpse as well as anyone and could easily establish whether a death should
be attributed to hanging, leprosy, drowning, or other obvious causes. But some
causes of death were more difficult to ascertain. With respect to consumption

(ie, tuberculosis), he noted® that

. all dying thereof so emaciated and lean (their Ulcers disappearing upon Death) that the Old-
women Searchers after the mist of a cup of Ale, and the bribe of a two-groat fee, instead of one, given
them, cannot tell whether this emaciation, or leanness were from a Phthisis, or from an Hectic Fever,

Atrophy, &c or from an Infection of the Spermatfick parts.

Graunt’s work provides several lessons that still apply to good epidemiologic

work.® Among these are the following:

. He was succinct. His short work contained many original findings and yet
had an ample description of methods and results.

. He provided clear explanations for his reasoning, for example with the
calculations showing the underestimation of plague deaths.

. He subjected his theories and novel findings to repeated tests. For exam-
ple, he estimated the population of London to be 384,000, but he derived
this figure using five different approaches.

. He invited readers to criticize his work, to “correct my Positions, and raise
others of their own: For herein I have, like a silly Scholeboy, coming to
say my Lesson to the World (that Peevish, and Tetchie Master) brought
a bundle of Rods wherewith to be whipt, for every mistake I have
committed.”® Such humility is less common nowadays.

. He described how he had revised his opinions in the light of new data.

5. He relied on estimation, a quantitative approach to his subject matter rather

than a qualitative approach, such as the presence or absence of statistical

h infests much of today’s research (see Chapter 8).
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Farr occupied himself with many of the same issues that Graunt addressed.
He studied demographic issues of population size, sex ratio at birth, fecundity,
and time trends. He tested the theories that had been proposed by Malthus on
population growth. He constructed actuarial tables, examined infant mortality,
and, following in the footsteps of Ramazzini, studied the relation between specific
occupations and mortality. He was famously engaged in a series of analyses of
the cholera epidemics that struck London in the mid—19th century, in which he
determined that local and comparatively small changes in altitude were strongly
related to mortality from cholera. At first, he attributed the effect of altitude to
atmospheric influences, consistent with the then-popular theory that foul air was
the medium by which cholera was spread. In this; he was in conflict with John
Snow, who attributed the spread of cholera to contaminated water (see next sec-
tion). But eventually his own data persuaded Farr to change his mind, and he
became a champion of Snow’s theory that sewage contaminated with excreta from
cholera victims perpetuated the epidemics.

Farr’s work defined the field of vital statistics and had a lasting influence on
epidemiology and public health. He was a dispassionate scientist, but he also
saw the harsh social burden of industrialization and was an ardent reformer as
well as a member of the sanitary movement. On the fundamental role of epi-
demiology in public health, Farr remarked, “Diseases are more easily prevented
than cured and the first step to their prevention is the dis ry of their exciting

n10

causes.

John Snow (1813-1858)

Esteemed for his meticulous research on cholera as well as his pioneering work
in the use of anesthetic gases, John Snow is considered the founding father of
both epidemiology and anesthesiology. His renown as an anesthetist stems from
his study of anesthetic gases, the design of inhalers to control the flow of these
gases, and the sensational administration of chloroform to Queen Victoria dur-
ing delivery. His renown as an epidemiologist stems from his investigation of the
London cholera epidemics in the mid-19th century and his famous persuasion
of the Board of Guardians of Saint James’ Parish to remove the pump handle
from the Broad Street pump in Golden Square, so as to contain the epidemic of
cholera that raged there in the summer of 1854.

The popularization of the dramatic vignette of the pump handle has Snow’s
intervention stopping the epidemic cold. As I describe in Chapter 4, however, the
epidemic was already waning when the pump handle was removed, and it is not
clear that any cholera cases were prevented by its removal. On the other hand,
it is possible that removal of the handle may have prevented a second outbreak.
The likely index case of the outbreak was an infant who lived near the pump
and whose mother soaked the soiled diapers of the infant in pails and dumped
them into a cesspool near the pump. Later investigation showed that the brick-
work around the pump was defective and water from the cesspool could enter
the pump. The infant’s father developed cholera the that the pump handle

was removed and therefore might have ignited a second epidemic had the pump

still been in operation.'""?
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rate we
birth at home rather than risk being assigned to the first clinic.

Semmielweis investigated a theory that doctors themselves were the source of
disease for their patients. In the first clinic, when a woman died with puerperal

\s so high in the first clinic that women y could afford to do so gave

fever, students and their teachers would conduct an autopsy, and from there they
would prucecd back to the clinic to examine other patients. Semmelweis noted
that when he left Vienna for a sabbatical, puerperal fever deaths in the first clinic
declined, but they rose again after his return. He also noted that a colleague who
nicked himself with a scalpel during an autopsy died of a disease that resembled
puerperal fever. From these and other observations, Semmelweis theorized that
the source of disease, the “morbid matter,” was being spread by doctors and stu-
dents from cadavers in the morgue to patients on the ward. Semmelweis insti-
tuted a policy of washing hands in a chlorinated lime disinfectant before returning
to the wards, and the risk of puerperal fever in the first clinic was reduced to the
same level as in the second clinic.

Unfortunately, the germ theory of disease was not yet accepted. Most physi-
cians believed that miasmas, or bad air, were the source of communicable dis-
ease. Semmelweis was also handicapped by his own personality. He was slow to
publish, loath to accept criticism, quick to anger, and dogmatic.” Consequently,
he was not effective in persuading others to take his theory seriously, despite the
remarkable evidence that he assembled. After a series of professional setbacks, he
died young and ignominiously while hospitalized in a mental institution, and his
work was forgotten. Eventually, the English surgeon Joseph Lister, influenced by
Pasteur, introduced antiseptic technique to surgery practice, and from there it was
carried over to maternity clinics. All this happened without any influence from
Semmelweis, whose reputation rose only after his work was rediscovered.

Florence Nightingale (1820-191

Nightingale is best known for her contribution to nursing, but she also was an
accomplished epidemiologist and statistician who made major contributions to
the field of public health.'*** Born to a wealthy family, she entered the nursing
profession as a calling to work for the public good, facing parental opposition and
societal roadblocks. Her early profi nal efforts were aimed at caring for people
in poverty, helping to improve medical care available to the poor, and working
to reform the Poor Law of the United Kingdom. In 1854, she was asked by the
British Secretary of War to go to the British front where the Crimean war was
being waged. She went with a staff of trained volunteer nurses and discovered that
poor nutrition and hygiene, lack of medicines, and indifference were responsible
for more deaths among so s than battlefield injuries. She instigated improve-
ments such as better sewage and ventilation. Death rates soon dropped in the
military field hospital.

Nightingale’s efforts in the Crimea brought her fame and with it a mandate to
continue her efforts in public health. She wrote a treatise on health conditions
in the Crimea, for which she invented a diagram now known as a polar-area dia-
gram or coxcomb (Fig. 2-1). It plotted monthly deaths attributable to preventable
and unpreventable causes (deaths were proportional to area, not to radius); the
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her attention to both systematic and random error. She excluded sick infants to
prevent confounding, and she wrote about possible confounding by social class,
a factor that was not controlled and could affect the data she reported.

Her seminal work came in 1926 with the publication of results from the first
modern case-control study, which was aimed at evaluating risk factors for breast
cancer.l’ She selected 500 cases and an equal number of controls from hospitals
in London and Glasgow. Exposure information was obtained by interview using
a questionnaire designed for the study. Her analyses laid the groundwork for
breast cancer epidemiology, establishing the relation of age at first pregnancy, age
at menopause, number of children, and surgically induced menopause to breast
cancer risk. Although it was not recognized at the time, this study introduced a
novel study design that has since become a hallmark of modern epidemiology.
Lane-Claypon seemed well aware, however, of the strengths and weaknesses of the
method. She discussed the possibility of recall bias, long considered an important
source of error in case-control studies that rely on interviews to gather data. She
also acknowledged possible problems stemming from the facts that cases were
survivors and that cases and controls were drawn from a set of hospitals. Many
decades before the principles of epidemiologic study design were codified and
discussed, Lane-Claypon had the insight to describe many of the important issues
in both cohort and case-control studies.'*"

Wade Hampton Frost (1880-1938)

Wade Hampton Frost was the first professor of epidemiology in the first univer-
sity department of epidemiology, at the Johns Hopkins School of Hygiene and
Public Health (now known as the Johns Hopkins Bloomberg School of Public
Health).2 After graduating with a degree in medicine from the University of
Virginia in 1903, Frost chose to pursue a career in public health. (One specula-
tive view suggests that Frost chose a career in public health because he contracted
tuberculosis while a student and was consequently advised to avoid working in
general practice.) At the start of the 20th century, the germ theory of disease
was still new, and the control of disease spread by infectious agents was in its
infancy. Soon after graduation, Frost was called to New Orleans to investigate
an outbreak of yellow fever. The role of the mosquito vector, Aedes aegypti, in
the transmission of yellow fever had only recently been established. Frost and
a team of colleagues spent weeks eliminating breeding spots for the mosquito
and eventually stopped the outbreak after 459 people had died. It marked the
first time that a yellow fever outbreak in the United States was halted before
the arrival of winter, and it was also the last epidemic of yellow fever in the
United States.

Frost's subsequent work and teaching were influenced by the classic investi-
gations by William Budd on typhoid fever and by Snow on cholera. His later
work focused on typhoid, poliomyelitis, meningococcal meningitis, tuberculosis,
and influenza. His studies on polio led to the understanding that paralytic cases
constitute only a small proportion of those infected by the virus and that child-
hood infection with the virus confers lasting immunity. His influenza research
documented the spread of the global pandemic of 1918-1919, showed that the
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ALSO NOTEWORTHY
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independent effort. Today, collection of ad hoc epidemiologic data is expen-
sive and often requires collaborative efforts and substantial funding that must
be approved in a peer-review process. It appears that peer review, had it been
necessary, might have been an obstacle to Snow and Semmelweiss. Give
arguments listing the strengths and weaknesses of a system of peer review
for funding of scientific research.

ADDITIONAL READING

Buck C, Llopis A, Néjera E, Terris M. The Challenge of Epidemiology: Issues and
Selected Readings. Pan American Health Organization Scientific Publication No. 505.
Geneva: World Health Organization, 1988.
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What Is Causation?

The acquired wisdom that certain conditions or events bring about other
conditions or events is an important survival trait. Consider an infant whose first
experiences are a jumble of sensations that include hunger, thirst, color, light,
heat, cold, and many other stimuli. Gradually, the infant begins to perceive pat-
terns in the jumble and to anticipate connections between actions such as crying
and effects such as being fed. Eventually, the infant assembles an inventory of
associated perceptions. Along with this growing appreciation for specific causal
relations comes the general idea that some events or conditions can be considered
causes of other events or conditions.

Thus, our first appreciation of the concept of causation is based on our own
observations. These observations typically involve causes with effects that are
immediately apparent. For example, changing the position of a light switch on the
wall has the instant effect of causing the light to go on or off. There is, however,
more to the causal mechanism for getting the light to shine than turning the light
switch to the on position. If the electric lines to the building are down because
of a storm, turning on the switch will have no effect. If the bulb is burned out,
manipulating the switch also will have no effect. One cause of the light going
on is having the switch in the proper place, but along with it'we must include a
supply of power to the circuit, a working bulb, and intact wiring: When all other
factors are in place, turning the switch will cause the light to go on, but if one
or more of the other factors is not playing its causal role, the light will not go
on when the switch is turned. There is a tendency to consider the Switch'as the
unique cause of turning on the light, but we can define a more intricate causal
mechanism in which the switch is one component of several The tendency to
identify the switch as the unique cause stems from its usual role as the final fac-
tor that acts in the causal mechanism. The wiring can be considered part of the
causal mechanism, but after it is installed, it seldom warrants further attention.
The switch is typically the only part of the mechanism that needs to be acti-
vated to turn on the light. The effect usually occurs immediately after turning
the switch, and as a result, we tend to identify the switch as a unique cause. The
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