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Preface

Introductory epidemiology courses are often referred to as "methods"” courses, and many students
come to them hoping to learn the methods that have made epidemiology so important. Certainly
methods are an essential aspect of the field, and this text covers the usual complement. But
especially for the newcomer, the critical need is to learn how epidemiologists think about health and
the factors that affect it, and how epidemiologists approach studying them. Very few methods are
unique to epidemiology. "Epidemiologic thinking™ is its essence. Therefore, for me the central
objective of an introductory course has been to explain the concepts and perspectives of the field.

For nearly 20 years | have had the privilege of teaching the introductory epidemiology course for
epidemiology majors at the University of North Carolina School of Public Health and the special
pleasure that derives from teaching students who have sought epidemiology out rather than come to
learn it only as a school requirement. | have also had the honor of being entrusted by my colleagues
with the responsibility for introducing our students to epidemiologic concepts and methods.

Over the years | have written out extensive lecture notes, initially in response to requests from
course participants and subsequently to develop my own understanding. Not all course participants
have appreciated them, but | have received sufficient positive feedback and expressions of interest
from graduates who have gone on to teach their own epidemiology courses that | have decided to
recast them as an "evolving text". | use the term "evolving" because | continue to clarify, develop,
refine, correct, and, | hope, improve.

Regarding it as an evolving text is also my excuse for the fact that the material is not ready for
formal publication. Moreover, unlike a published text, this volume does not claim to be
authoritative — nor even thoroughly proofread. As an evolving work, its further development Has

always taken priority over appearance — and, it must be admitted, occasionally also over accuracy.

Although the word processing is nearly all my own, the content is certainly not. Besides the
extensive development and exposition of epidemiologic concepts and methods from courses and
publications by others, 1 have had the good fortune to study with and learn from outstanding
epidemiologists and biostatisticians, among them the late John Cassel, Gerardo Heiss, Barbara
Hulka, Michel Ibrahim, Sherman James, Bert Kaplan, David Kleinbaum, Gary Koch, Lawrence
Kupper, Hal Morgenstern, Abdel Omran, the late Ralph Patrick, Dana Quade, David Savitz, Carl
Shy, the late Cecil Slome, H.A. Tyroler, and Edward Wagner.

*

Important errata, as | learn about them, are posted on a site on the World Wide Web (http://www.epidemiolog.net/).
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My thinking and this text have also greatly benefited from interactions with other colleagues and
teachers, co-instructors, teaching assistants, collaborators, associates, research staff, fellows, and
students. | must particularly acknowledge the assistance of Charles Poole, who has generously
shared his expertise with me through his advanced methods course and frequent consultations. He
has even made the ultimate sacrifice — reading this text and sitting through my lectures! The content
(errors excepted!) and to some extent the exposition, therefore, represent the knowledge, ideas,
examples, and teaching skills of many people, to a much greater extent than the specific attributions,
citations and acknowledgements would indicate.

Acknowledgements are of greater interest to authors than to readers, and I ask your forgiveness for
including several more. | received my own introduction to epidemiology from the late John Cassel -
- intellectual pioneer, inspiring lecturer, and humanist -- and Bert Kaplan -- quintessential scholar,
supporter, and friend, whose colleagueship, breadth of knowledge, depth of wisdom, dedication to
the ideals of the academy, and personal warmth have enriched the lives of so many. | would also
like to express my gratitude to colleagues, staff, secretaries (especially Pat Taylor, Edna Mackinnon
Lennon, and Virginia Reid), students, administrators, and family for inspiration, stimulation,
feedback, opportunity, advice, guidance, commitment, counseling, assistance, support, affection, and
a good deal more.

Enjoy Epidemiology!

Victor J. Schoenbach
Chapel Hill, North Carolina
USA.

August 17, 1999

Postscript: After the 20th anniversary edition of EPID 168 ("Fundamentals of epidemiology"), my
teaching responsibilities have changed to its sister course, EPID 160 ("Principles of epidemiology").
EPID 160 serves as the basic introductory course for all students, graduate and undergraduate, who
are not majoring in epidemiology. Thus its audience is much more diverse in both interests and
preparation. Time will tell if I am able to continue to refine the Evolving Text, but if so it will begin
to move in the direction of making it more suitable for a general — and international — readership. |
have been gratified by the expressions of interest in it in its present form and hope that it will
continue to be of use to others.

March 9, 2001.
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1. Epidemiology — Definition, functions, and characteristics

Definition, characteristics, uses, varieties, and key aspects of qbz'demz’o/o(gy*

What to tell your family and friends

When your family or friends ask what you are studying, and you say “epidemiology”, the response is
often something like:

“You're studying what?”
“Does that have something to do with skin?”
“Uh-huh. And what e/se are you studying?”

How should you reply? One possibility is to give a formal definition (e.g., “The study of the
distribution and determinants of health related states and events in populations, and the application
of this study to control health problems” [John M. Last, Dictionary of Epidemiology]). Another possible
reply is, “Well, some epidemiologists study the skin. But epidemiologists study all kinds of diseases
and other aspects of health, also. The root word is ‘epidemic’, rather than ‘epidermis’” Another
reply could be. “Epidemiology is the study of health and disease in populations. It’s a basic science
of public health.”, though then be prepared to define “public health”. And, if you’re feeling erudite,
you can follow-up with, “’Epidemiology’ comes from the Greek ¢p7 (among, upon), demos (people),

and /gy (study).”
Epidemiology in transition?

The above should satisfy your friends, but what about yourself? Particularly if you are entering on
the pathway to becoming an epidemiologist, do you know where it will lead you? According to
Thomas Kuhn (1970:136-7), textbooks “address themselves to an already articulated body of
problems, data, and theory, most often to the particular set of paradigms to which the scientific
community is committed at the time they are written....[They| record the stable outcome of past
revolutions and thus display the bases of the current normal-scientific tradition”. Raj Bhopal’s
review (1997), however, reports that recent epidemiology texts present a diversity of concepts and
information, even in regard to the building blocks of epidemiology. Bhopal sees the fundamental
question as “whether epidemiology is primarily an applied public health discipline...or primarily a
science in which methods and theory dominate over practice and application”. He predicts a lively
discussion that will sharpen in the 21" century.

Indeed, in the leading commentary in the August 1999 issue of the Awmerican Journal of Public Health,
three of my colleagues including our department chair seek to differentiate between epidemiology (a
“science”) and public health (a “mission”). They argue that the second half of Last’s definition

Dr. Raymond Greenberg wrote the original versions of the chapter subtitles.
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(application and control) describes “the broader enterprise of public health” rather than
epidemiology. Epidemiology “contributes to the rationale for public health policies and services and
is important for use in their evaluation”, but “the delivery of those services or the implementation of
those policies” is not “part of epidemiology” (Savitz ez al., 1999: 1158-1159). Further, “the product
of research is information, not, as has been argued, ‘public health action and implementation’
(Atwood et al., 1997: 693).” (Savitz et al.: 1160).

The article by David Savitz, Charles Poole, and William Miller might be regarded in part as a
response to the charge made in an article by our previous chair, Carl Shy, that academic
epidemiology has “failed to develop the scientific methods and the knowledge base to support the
fundamental public health mission of preventing disease and promoting health through organized
community efforts” (Shy, 1997). In making this charge, Shy builds on the contention in the Institute
of Medicine report on The Future of Public Health (Committee for the Study of the Future of Public
Health, 1988, which asserted that the U.S. public health system was in “disarray”) that schools of
public health are too divorced from public health practice. In that vein, in the editorial that precedes
the Savitz e/ a/. commentary, the previous Director of the Centers for Disease Control and
Prevention (CDC) and two of his colleagues assert that, “[Epidemiologists| can make their goal
journal publication, public interpretation of findings, or public health interventions”, adding that
“epidemiology’s full value is achieved only when its contributions are placed in the context of public
health action, resulting in a healthier populace.” (Koplan et al., 1999).

These contrasting positions are not necessarily in conflict. To say that public health action is
required to achieve epidemiology’s full value does not imply that epidemiology or epidemiologists
must launch that public health action, nor does appreciation of epidemiologists’ contributions imply
that those contributions are epidemiology (as opposed to good works that happen to be done by
epidemiologists). But others have explicitly endorsed a diversity of roles for epidemiology. In a
2002 article, Douglas Weed and Pamela Mink provide a succinct and thoughtful discussion of this
twenty-year long “remarkable disciplinary rift”, concluding that “Science and policy walk hand-in-
hand under the umbrella of epidemiology.” (Weed and Mink, 2002: 70). They add that an
epidemiologist can be a “full-fledged epidemiologist” whether s/he does etiologic research alone,
combines public health practice and policymaking with research, or spends most of her/his time
“making the public health system work”. Perhaps influenced by the terrorism attacks of the
previous autumn, the ensuing upsurge of concern about preparedness, and Internet dissemination of
health information of highly variable reliability, Richard Kaslow in his 2002 Presidential Address to
the American College of Epidemiology placed advocacy squarely within the epidemiology
profession: “Individual epidemiologists may decline to ‘get involved,” but I do not believe
epidemiology without advocacy is any longer a viable option for the profession collectively. Through
the College, our profession can speak with a compelling voice. It is no longer enough to serve the
public simply by producing credible data, we must effectively translate those data into clear and
balanced messages.” (Kaslow, 2003: 547).

But whether we see ourselves first as scientists or first as public health professionals, our work takes
place in a societal context, with resources and therefore priorities assigned by political and economic
institutions that appear to serve the interests of some people and groups more than of others
(Winkelstein, 2000). The research we do and our behavior in our other professional activities

www.epidemiolog.net, © Victor J. Schoenbach 1999, 2000
rev. 3/9/2001, 5/3/2003,9/25/2003 1. Epidemiology Definition, functions, and charactetistics - 4



inevitably reflect our backgrounds and life experiences, our values and preconceptions, our personal
ambitions and responsibilities. In that sense, what is epidemiology and what is not, and who is an
epidemiologist and who is not, are determined in part by the custodians of curricula, hiring, research
funding, and publication. Thus, you have an opportunity to make epidemiology what you think it
should be. You may also acquire a responsibility:

“Do epidemiologists and other public health professionals have a responsibility to
ask whether the ways we think and work reflect or contribute to social inequality?

“Proponents of socially responsible science would answer yes. What say you?”
(Krieger, 1999: 1152)

Asking the right questions is fundamental, but you may also need to help develop the methods to
enable epidemiologists to do what you think we should. In recent decades there have been great
strides in the development and teaching of epidemiologic concepts and methods to study health
problems of the individuals in a population, but these concepts and methods are less adequate for
understanding population health (Koopman and Lynch, 1999), even in regard to epidemics — the
origin of our discipline and its name. Indeed, Ollie Miettinen, a key thinker in defining the
conceptual basis of modern epidemiology, does not even regard the occurrence of epidemics, “a
focal concern of classical epidemiology”, as “a problem of the form characteristic of modern
epidemiologic research”, because an epidemic is an affliction of a population in the aggregate, rather
than of its individuals” (Miettinen, 1985:4). For Miettinen, the discipline of epidemiology is “the
aggregate of principles of studying the occurrence of illness and related states and events.” (Miettinen,

1985:4).

Advances in the methods for the study of health and disease in populations — epidemiology’s calling
card, as it were — may ease some of the apparent conflict between those who see epidemiology first
as a scientific enterprise and those who see it foremost as a vehicle for solving major public health
problems (Schwartz and Carpenter, 1999). Independent of whether epidemiologists are willing to
study problems that cannot be solved within the prevailing paradigm and the conceptual and
instrumental tools that it supplies (Kuhn, 1970), understanding those problems will require effective
concepts and methods. Warren Winkelstein (2000) sees the need for a “more expansionist
approach” in order to address disease problems arising from pollution, global warming, population
growth, poverty, social inequality, civil unrest, and violence. Even without taking the further step of
proposing that epidemiology should attempt to reduce these conditions themselves, the challenges
for epidemiology are daunting.

Epidemiology functions and areas of application

The perspective in this text is that epidemiology is both a field of research to advance scientific
understanding and also of application of knowledge to control disease and advance public health, a
(primarily observational) science and a public health profession. Thus, epidemiologists conduct
research and also work to control and prevent disease; they are scientists and engineers.
Epidemiologic investigation is problem-oriented and tends toward applied research. Although it has
a growing body of theory, the field is primarily empirically driven. Partly for these reasons,
epidemiologists draw freely from other fields and gravitate towards multidisciplinary approaches.
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Milton Terris, a leading exponent of close interrelationships among epidemiology, public health, and
policy, has summarized the functions of epidemiology as:

1. Discover the agent, host, and environmental factors that affect health, in order to provide the
scientific basis for the prevention of disease and injury and the promotion of health.

2. Determine the relative importance of causes of illness, disability, and death, in order to
establish priorities for research and action.

3. Identify those sections of the population which have the greatest risk from specific causes of
ill health [and benefit from specific interventions], in order that the indicated action may be
directed appropriately. (targeting)

4. Evaluate the effectiveness of preventive and therapeutic health programs and services in
improving the health of the population.

(Milton Terris, The Society for Epidemiologic Research (SER) and the future of
epidemiology. Awm | Epidemiol 1992; 136(8):909-915, p 912)
To these might be added:

5. Study the natural history of disease from its precursor states through its manifestations and
clinical course

6. Conduct surveillance of disease and injury occurrence in populations and of the levels of risk
factors — passive (receive reports), active (poll practitioners, conduct surveys)

7. Investigate outbreaks (e.g., hospital-acquired infections, disease clusters, food-borne and

water-borne infections) to identify their source and controlling epidemics (e.g., measles,
rubella, coronary heart disease, overweight)

Classic and recent examples of epidemiologic investigation

Epidemiology has made significant contributions to the understanding and control of many health-
related conditions, and epidemiologists are actively involved in studying many others. Some of the
classic investigations and some areas of recent and current attention are listed below:

Scurvy (James Lind) - intervention trial, nutritional deficiency

Scrotal cancer (Percival Pott) - occupational health, carcinogens

Measles (Peter Panum) - incubation period, infectious period

Cholera (John Snow) - waterborne transmission, natural experiment
Puerperal fever (Ignatius Semmelweis) - hygienic prevention

Pellagra (Joseph Goldberger) - “epidemic” disease was not communicable
Rubella and congenital birth defects (Gregg) - prenatal exposure
Retrolental fibroplasia - iatrogenic disease

Lung cancer and smoking - coming of age of chronic disease epidemiology
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Fluoride and dental caries - community epidemiology; environmental prevention

Poliomyelitis immunization trial - a massive experiment that demonstrated the effectiveness of
the vaccine against this greatly feared virus

Cardiovascular disease - longitudinal community studies; community intervention trials

Breast cancer screening — a large-scale randomized trial of effectiveness of cancer early detection
through screening

Reye’s syndrome and aspirin - an epidemiologic success involving a rare but devastating disease
brought on by a familiar and ubiquitous medicine

Toxic shock syndrome - an epidemiologic success in a “point-source” epidemic resulting from a
new product introduction

Estrogens and endometrial cancer - controversies of case-control methodology and bias;
pharmacoepidemiology

Psychiatric disorder - challenges in disease classification and assessment
Lead and cognitive development - a crucial role for a biologic marker
Electromagnetic fields - can an exposure be “exonerated”?

Legionnaire’s disease - a newly recognized pathogenic bacterium foreshadows the resurgence of
infectious diseases as a public health challenge in the U.S.

HIV - a new or newly-recognized virus that has transformed the public health and epidemiology
landscape with respect to infectious diseases in general and sexually-transmitted infections
specifically

Tuberculosis - reminding epidemiology of its roots; control of a pathogen is very different from
its eradication

Injury - epidemiology without disease

Homicide - a behavioral epidemic or an environmental plague?
Varieties of epidemiology

As epidemiology continues to develop and to expand into new areas, the field has diversified into
many forms:
Surveillance, “shoe-leather” epidemiology (outbreak investigations), and epidemic control

Microbial epidemiology — biology and ecology of pathogenic microorganisms, their lifecycles,
and their interactions with their human and non-human hosts

Descriptive epidemiology — examination of patterns of occurrence of disease and injury and
their determinants

“Risk factor” epidemiology — searching for exposure-disease associations that may provide
insights into etiology and avenues for prevention
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Clinical epidemiology and the evaluation of healthcare — assess accuracy, efficacy, effectiveness,
and unintended consequences of methods of prevention, early detection, diagnosis,
treatment, and management of health conditions

Molecular epidemiology — investigate disease at the molecular level to precisely characterize
pathological processes and exposures, to elucidate mechanisms of pathogenesis, and to
identify precursor conditions

Genetic epidemiology — the confluence of molecular biology, population studies, and statistical
models with an emphasis on heritable influences on disease susceptibility and expression

Big Epidemiology** — multisite collaborative trials, such as the Hypertension Detection and
Follow-up Program (HDFP), Coronary Primary Prevention Trial (CPPT), Multiple Risk
Factor Intervention Trial (MRFIT), Women’s Health Initiative (WHI)

Entrepreneurial epidemiology — building institutions and careers by winning research funding
and facilities

Testimonial epidemiology — giving depositions and testifying in court or in legislative hearings
on the state of epidemiologic evidence on a matter of dispute

Social epidemiology — interpersonal and community-level factors influencing health at the
population level

Global epidemiology — assessing the effects of human activity on the ecosystem that supports
life on Farth.

Characteristics of epidemiology

With so many varieties of epidemiology, it is no wonder that confusion abounds about what is and
what is not epidemiology. “Epidemiologic” research tends to:

be observational, rather than experimental;

" In David Sackett et al.'s Clinical Epidemiology, 2™ ed, it is recounted that when one of the authors
(P.T.), then a medical student in England “sought career guidance from a world-renowned London
epidemiologist, he was informed that it was ‘amoral’ to combine epidemiology with clinical
practicel”

- "Big" in epidemiology might be defined as upwards of $100 million for a study. To put these
studies in perspective, the Human Genome Project cost $250 million in public funds, CERN (high
energy particle physics research in Switzerland) $638 million/year, the Hubble Space Telescope $3
billion, and the Apollo Program $115 billion. (1999 dollars; data from the National Institutes of
Health, the European Space Agency, and NASA, by way of Hannah Fairfield in the New York Times
(Science Times, 6/27/2000).

www.epidemiolog.net, © Victor J. Schoenbach 1999, 2000
rev. 3/9/2001, 5/3/2003,9/25/2003 1. Epidemiology Definition, functions, and characteristics - 8



focus on free-living human populations defined by geography, worksite, institutional affiliation,
occupation, migration status, health conditions, exposure history, or other characteristics
rather than a group of highly-selected individuals studied in a clinic or laboratory;

deal with etiology and control of disease, rather than with phenomena that are not closely tied to
health status;

take a multidisciplinary, empirical approach directed at understanding or solving a problem
rather than on advancing theory within a discipline.

However, not all epidemiologic studies have these characteristics.

So how then can you tell if someone is doing epidemiology or not? One wag suggested the
following scoring system:

In(nY)ksd?
score =

pc

where:
n = number of subjects
y = number of years of follow-up
k = total direct costs (in $1,000,000)
s = sponsor (NIH=3, other public or foundation=2, corporate=1)

d = principal investigator’s degree (EPID PhD=4, MD plus EPID MPH.= 3, MD w/o EPID
MPH = 2, other health doctorate = 1)

p = number of first-authored publications that the PI will author

¢ = percent of the principal investigator’s salary that will be covered

The higher the score, the more likely that the study is epidemiology.

Key aspects of epidemiology

A number of other fields — medicine, nursing, dentistry, pharmacy, demography, sociology, health
psychology, health education, health policy, nutrition — share many common features and areas of
interest with epidemiology (and with each other). Some of the key aspects of epidemiology are:
Epidemiology deals with populations, thus involving:

*  Rates and proportions

*  Averages

*  Heterogeneity within

*  Dynamics - demography, environment, lifestyle

As other sciences, epidemiology involves measurement, entailing the need for:
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*  Definition of the phenomena
*  Spectrum of disease
*  Sources of data
* Compromise
Most epidemiologic studies involve comparison, introducing considerations of:
*  Standards of reference for baseline risk
*  Equivalent measurement accuracy
*  Adjustment for differences
Epidemiology is fundamentally multidisciplinary, since it must consider:

*  Statistics, biology, chemistry, physics, psychology, sociology, demography, geography,
environmental science, policy analysis, ...

* Interpretation - consistency, plausibility, coherence
*  Mechanisms - pathophysiology, psychosocial, economic, environmental

*  Policy - impact, implications, ramifications, recommendations, controversy
Modes of investigation — descriptive vs. analytic epidemiology

Although the distinction is often difficult to draw, in part because of the greater valuation placed by
many on the latter, epidemiologic investigations are sometimes usefully characterized as either
descriptive or analytic.

Descriptive epidemiology

Descriptive epidemiology describes the health conditions and health-related characteristics of
populations, typically in terms of person, place, and time. This information serves as the
foundation for studying populations. It provides essential contextual information with which to
develop hypotheses, design studies, and interpret results. Surveillance is a particular type of
descriptive epidemiology, to monitor change over time.

Types of descriptive studies:

*  Routine analyses of vital statistics (births, deaths), communicable disease reports, other
notifiable events (outbreaks, induced abortions)

® Periodic surveys of health status, knowledge, beliefs, attitudes, practices, behaviors,
environmental exposures, and health care encounters (e.g., National Center for Health
Statistics surveys, Centers for Disease Control and Prevention Behavioral Risk Factor
Surveillance System)

®  Specialized surveys to establish prevalence of a condition, a characteristic, or use of a
medical procedure
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*  Studies comparing information across geographical or political units, or between migrants
and persons in their country of origin to look for differences and patterns

Analytic epidemiology

Analytic epidemiology involves the systematic evaluation of suspected relationships, for example,
between an exposure and a health outcome. Because of their narrower focus, analytic studies
typically provide stronger evidence concerning particular relationships.

Types of analytic studies:

*  Case-control studies, comparing people who develop a condition with people who have
not

* TFollow-up (retrospective, prospective) studies, comparing people with and without a
characteristic in relation to a subsequent health-related event

* Intervention trials (clinical, community), in which a treatment or preventive intervention is
provided to a group of people and their subsequent experience is compared to that of
people not provided the intervention

Analytic studies typically involve the testing of hypotheses, which in turn may arise from

*  Case reports

*  Case series

* Laboratory studies

*  Descriptive epidemiologic studies

*  Other analytic studies

The descriptive and analytic classification is more of a continuum than a dichotomy. Many studies
have both descriptive and analytic aspects, and data that are collected in one mode may end up being
used in the other as well. Whether a particular study is primarily “descriptive” or “analytic” may be a
matter of the investigator’s “stance” in relationship to the study question and the collection of the
data. Since analytic epidemiology is often accorded a higher status than is descriptive epidemiology,
with some regarding a study without a hypothesis as “not science”, investigators sometimes feel
constrained to come up with a hypothesis and present their work as “analytic”, even if the
hypothesis is contrived or is not the study’s real focus.

Sources of data

Since epidemiology studies populations in their ordinary environments, there are many kinds of data
that are relevant, and obtaining them can be logistically challenging and expensive. There is
accordingly an interest in using data that are already available. Data for political and geographical
aggregates are often more readily available than are data on individuals, a distinction referred to as
the level of measurement. Sources of data for epidemiologic studies include:
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Aggregate data

Vital statistics (birth rates, death rates, pregnancy rates, abortion rates, low birth weight)

Demographic, economic, housing, geographical, and other data from the Census and other
government data-gathering activities

Summatries of disease and injury reporting systems and registries
Workplace monitoring systems
Environmental monitoring systems (e.g., air pollution measurements)

Production and sales data
Individual-level data

Vital events registration (births, deaths, marriages)

Disease and injury reporting systems and registries

National surveys

Computer data files (e.g., health insurors)

Medical records

Questionnaires - in person, by telephone, mailed

Biological specimens (routinely or specially collected)
Sometimes a distinction is drawn between primary data (collected specifically for the study, which
is generally advantageous) and secondary data (collected for some other purpose, and therefore
possibly not as well suited for the question of current interest), though the former is not inevitably
superior to the latter. Although data quality is always a paramount, compromises must often be
made. Two examples are the use of a proxy informant when the person to be interviewed is ill,

demented, or deceased and the use of a proxy variable when data cannot be obtained for the
variable of greatest relevance.

Sources of error

The challenge of data quality in epidemiology is to control the many sources of error in
observational studies of human populations. The best understood and most quantifiable is
sampling error, the distortion that can occur from the “luck of the draw” in small samples from a
population. More problematic is error from selection bias, where the study participants are not
representative of the population of interest.

Selection bias can result from:

Self selection (volunteering)
Nonresponse (refusal)

Loss to follow-up (attrition, migration)
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Selective survival
Health care utilization patterns
Systematic errors in detection and diagnosis of health conditions

Choice of an inappropriate comparison group (investigator selection)

Also highly problematic is information bias, systematic error due to incorrect definition,
measurement, or classification of variables of interest.

Some sources of information bias are:

Recall or reporting bias
False positives or negatives on diagnostic tests
Errors in assignment of cause of death

Errors and omissions in medical records

Observational sciences especially are also greatly concerned with what epidemiologists call
confounding, error in the interpretation of comparisons between groups that are not truly
comparable. Differences in age, gender composition, health status, and risk factors generally must
generally be allowed for in making and interpreting comparisons. A major theme in epidemiologic
methods is the identification, avoidance, and control of potential sources of error.

Unique contribution of epidemiology

In an earlier era, epidemiology was characterized as “the basic science of public health work and of
preventive medicine” (Sheps, 1976:61). Whether or not this claim was ever valid (i.e., whether “the”
should be “a” and whether “basic” should be “applied”), epidemiology does have the advantage of a
name that ends in “logy” (a factor not to be discounted in this “Era of Marketing” [George
McGovern’s apt phrase from the 1980’s]) and remains a foundation for the practice of “evidence-
based medicine” (definitely a term for the Era of Marketing). Moreover, epidemiology deals with
the “bottom line”, with the reality of human health. True, epidemiologic research suffers from
many limitations. Indeed, in comparison to laboratory science, epidemiology may seem somewhat
crude — akin to sculpting with a hammer but no chisel. But the limitations of epidemiologic research
are largely a function of the obstacles epidemiologists must contend with, and both the obstacles
and the limitations are inherent in the subject of study — free-living human populations. Laboratory
studies provide better control of the confounding influences of genetic, environmental, and
measurement variability. But the public health relevance of laboratory findings is often uncertain
due to:

Differences between z vitro (test tube) and iz vivo (whole animal) systems
Differences in susceptibility across species

Difficulty of extrapolating across dosages, routes of administration, cofactors, lifespans

Problems in generalizing results from highly controlled settings to free-living populations.
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Exquisitely precise knowledge about what happens in cell cultures or experimental animals, while of
great value in many respects, cannot tell us enough about human health. Ultimately, public health
decisions require data from human populations. If we need to know what happens to people, we
must employ epidemiology.
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Dimensions in the training of an epidemiologist

I.  Epidemiologic perspective

1. Public health aspects: -- History of epidemiology, epidemiology as a public
health science, clinical and public policy implications.

2. Scientific aspects: -- Problem conceptualization, philosophy of inference,
study designs, interpretation of data, concepts of bias and multicausality.

II.  Measurement and analysis: Measures of disease frequency and
extent, study designs and strategies, control of sources of error,
statistical inference, data analysis and interpretation.

III.  Weighing epidemiologic evidence: Critical reading and
synthesizing of information.

IV.  Proposal development: Specification of research hypotheses,
study populations, measurement tools, analysis strategies; human
subjects protection; “grantsmanship”.

V. Study design and execution: Protocol development, subject
recruitment, instrumentation, data collection, quality control,
reporting and communications collaboration and working with
oversight bodies, presentation of findings.

VI. Data management: Manipulation and analysis of data using
computers and statistical software packages.

VII.  Substantive knowledge: General background in health-related
sciences and multidisciplinary understanding of specific areas of
research.

VIII.  Epidemiologist roles: Development of skills for teaching,
consultation, review of proposals and manuscripts, participation
in professional meetings, leadership of multidisciplinary research
teams, and continuing professional development.

(Used for a number of years by the UNC Department of Epidemiology as an outline of
areas of required competencies)
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2. An evolving historical perspective*

The evolution of epidemiology into a science of the distribution of disease in populations and
evaluation of interventions for disease prevention and therapy.

Why study history [and herstory]?

To understand a condition or event, we need to understand where it came from.
To learn the lessons of the past

To broaden our awareness from contemporary views by gaining perspective

What is history?

History, according to Edward Hallett Carr, is a “continuous process of interaction between the
historian and his facts, an unending dialogue between the present and the past”

Propositions from studying history of epidemiology
1. Life has not always been the way it is in the developed countries today.

2. Scientific understanding of disease and the factors that affect it is largely a product of the last
150 years, with very rapid advances in the last half-century..

3. Epidemiologic studies have not always been like (insert the name of your favorite
epidemiologic study).

4. There are many histories of epidemiology

— History of health and disease

— History of ideas and concepts

— History of methods

— History of knowledge gained through these concepts and methods
— History of teachers and students

— History of organizations and actions

A brief history of public health

Community attempts to prevent and limit the spread of disease go back to antiquity. For example,
religious traditions against eating pork and shellfish reflect the special hazards of eating those foods

*

The following material draws heavily on lectures at the UNC Department of Epidemiology by Drs. Abraham
Lilienfeld (1984) and Joellen Schildkraut (1989, 1990, 1991).

* Carr, Edward Hallett. What is history. NY, Knopf, 1963, taken from the George Macaulay Trevelyan Lectures in the
University of Cambridge in 1961, p.35.
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when inadequately preserved or prepared. As often happens in public health, even without an
understanding of the underlying etiology, effective preventive measures can be taken.

Successes in prevention reinforce the concept that disease can be prevented through human action
other than prayers and sacrifices to the gods, which in turn encourages additional attempts at
prevention. By the 1600’s, the practices of isolation and quarantine had begun to be employed to
prevent the spread of certain diseases; by the 1800’s these practices had become common in the
American colonies. Methods of smallpox inoculation also began to be used and apparently
mitigated some epidemics, even before Edward Jenner's introduction of a safe vaccine based on
COWPOX Virus.

With the 19th century came two dramatic advances in the effectiveness of public health — “the great
sanitary awakening” (Winslow, quoted in The Future of Public Health [FPH]: 58) and the advent of
bacteriology and the germ theory. Those of us who see all progress in the field of health in terms of
laboratory discoveries and medicines have not had the experience of living in a 19th century city. In
New York City, piles of garbage two-three feet high were accompanied by epidemic smallpox and
typhus. The crowding, poverty, filth, and lack of basic sanitation in the working class districts of the
growing cities provided efficient breeding grounds for communicable diseases. Diseases that
formerly arrived from outside to cause epidemics in basically healthy populations now became
permanent residents. Quarantine and isolation, which were somewhat effective against individual
cases and illness brought by travelers, were inadequate against mass endemic disease.

Moreover, industrialization and urbanization brought people of different classes geographically
closer. No longer able to escape to their country estates, well-to-do families also fell prey to the
highly contagious diseases that incubated among the working class. The shared vulnerability and the
succession of reports of conditions in the working class supported the view that while poverty might
still reflect individual weakness and moral defects, society nevertheless had to take actions to
improve conditions.

In England, the Poor Law Commission led by Edwin Chadwick studied the English health of the
working class. Their famous — and controversial — General Report on the Sanitary Conditions of the
Labonring Population of Great Britain presented a “damning and fully documented indictment of the
appalling conditions” (Chave, in FPH: 59-60). The studies revealed that the average age at death for
laborers was 16 years. For tradesmen it was 22 years; for the gentry, 36 years. In London more than
half of the working class died before their fifth birthday (Winslow, in FPH).

A comparable document in the United States was Lemuel Shattuck's 1850 Report of the Massachusetts
Sanitary Commission. Unlike Chadwick's report, however, Shattuck's report went largely ignored due
to the political turmoil in the United States. After the Civil War, though, many of its
recommendations were adopted, and it is now regarded as one of the most influential American
public health documents (FPH: 61).

Though controversial in many ways, sanitary reforms fit reasonably well with the moral views of the
time. Much of the scientific rationale for the reforms — the relatively nonspecific model by which
filth and putrid matter gave off emanations (miasma) that gave rise to disease — has only modest
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correspondence to modern biological understanding. Nevertheless, many of the reforms did reduce
the transmission of disease and were therefore effective.

But the advance in understanding of infectious disease that constituted the arrival of the
bacteriologic era at the end of the century dramatically increased the effectiveness of public health
action. In one dramatic example, mosquito control brought the number of yellow fever deaths in

Havana from 305 to 6 in a single year (Winslow, in FPH: 65).

Cholera, typhoid fever, and

tuberculosis, the great scourges of humanity, rapidly came under control in the industrialized

countries.
Time line for the history of public health and epidemiology.
Antiquity | Concepts of health closely tied to religion (e.g., Old Testament)

Greek writers draw links to environmental factors (e.g., Hippocrates)
Romans associate plumbism with wine from lead-glazed pottery

1334 Petrarch introduces the concept of comparison and indeed of a clinical trial

1603 John Graunt — Bills of Mortality and the “law of mortality”. The first life table, giving the
probability of dying at each age.

1700 Bernadino Ramazzini — “father of occupational epidemiology”; also breast cancer in nuns

1706-1777 | Francois Bossier de Lacroix (known as Sauvages) — systematic classification of diseases

(Nosologia Methodica)

1747 James Lind — scurvy experiment

1775 Percival Pott — scrotum cancer findings

1798 Edward Jenner — cowpox vaccination against smallpox

1787-1872 | Pierre Charles Alexandre Louis (1787-1872) — the “Father of Epidemiology”, La methode

numerique
LaPlace, Poisson — the birth of statistics

1834 William Farr, William Guy, William Budd (all students of Louis) — founded the Statistical
Society of London

1847 Ignaz Semmelweiss (Vienna) — discovers transmission and prevention of puerperal fever

1849 John Snow — waterborne transmission of cholera

1850 Epidemiological Society of London established

1851 John Grove — On the nature of epidemics (presented the germ theory)
Oliver Wendell Holmes and George Shattuck, Jr. (and Shattuck's student, Edward Jarvis)
— founded the American Statistical Society

1870 Beginning of the era of bacteriology

1887 The Hygienic Laboratory, forerunner of the U.S. National Institutes of Health, is created
within the Marine Hospital Service in Staten Island, NY

1900 Yule — notion of spurious (i.e., nonsubstantive) correlations, “Simpson's paradox”

1914-1918 | Joseph Goldberger studies pellagra

1920 Split between U.S. organized medicine and physicians interested in public health (the latter
were interested in national health insurance; public health concern vs. individual concern)

1937 Austin Bradford Hill, Principles of Medical Statistics

1942 Office of Malaria Control in War Areas (in US; became Communicable Disease Center

(CDC) in 1946, Center for Disease Control in 1970, Centers for Disease Control in 1980,
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and Centers for Disease Control and Prevention in 1992)

1948 World Health Organization (WHO)

1948 John Ryle becomes first chairman of social medicine at Oxford. Observed that physicians
have curiously little concern with prevention.
1950's- | Epidemiology successes — fluoride, tobacco, blood pressutre and stroke, CHD risk factors,
1970's toxic shock syndrome, Legionnaire's disease, Reye’s syndrome, endometrial cancer and

€xogenous estrogens

1975 Lalonde Report (Canada)

1979 Healthy People U.S. and Health Objectives for the Nation

1988 U.S. Institute of Medicine Report of the Committee for the Study of the Future of Public Health —
Public health system is in “disarray” — AIDS, injuries, teen pregnancies, Alzheimer's
disease

Rise of epidemiology

Epidemiology was at the core of many of the studies that led to the above advances and to
subsequent ones. But until well into the 20th century, epidemiology was not a distinct profession
and/or practice, so it is not meaningful to say when its contributions began. The studies that led to
the Chadwick and Shattuck reports drew on concepts that had arisen during earlier centuries,
including the use of quantitative reasoning, the idea of comparing groups or populations, the
collection of vital statistics, and methods of analysis (e.g., the life table).

The birth of modern epidemiology occurred during the 19th century. According to David Morens
(Epidemiology Monitor, February 1999: 4), epidemic investigations prior to the middle of that century
were mostly descriptive, rather than etiologic in orientation. Peter Panum, however, investigated the
1846 measles outbreak on the Faroe Islands “much the way an Epidemic Intelligence Service
Officer at CDC would today”. The classic investigations on the transmission of cholera (John
Snow), typhoid fever (William Budd), and puerperal fever (Ighaz Semmelweis) led to understanding
and the ability to reduce the spread of major infections. John Grove presented the germ theory in
his 1851 treatise On the nature of epidemics.

Pierre Chatles Alexandre Louis (1787-1872), sometimes called the “Father of Epidemiology”,
systematized the application of numerical thinking (“/z methode numerigne”) and championed its cause.
Using quantitative reasoning, he demonstrated that bloodletting was not efficacious therapy, and
wrote books on tuberculosis and typhoid. Louis' influence was widespread, primarily through his
students. (An interesting historical observation is that Louis was of lower class background; absent
the French Revolution, he would probably not have had the opportunity to contribute to science
and medicine.)

Many of Louis' students became leading exponents of and contributors to epidemiology. William
Farr pioneered the use of statistics in epidemiology and introduced the concepts of the death rate,
dose-response, herd immunity, and cohort effect. He also showed that prevalence is a function of
incidence and duration and the need for large numbers to demonstrate associations. He and two
other students of Louis (William Guy and William Budd) founded the Statistical Society of London.
William Guy studied tuberculosis in relation to occupation and, I believe, conceptualized the odds
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ratio — the method for estimating relative risk from case-control data. Two other of Louis' students,
Oliver Wendell Holmes and George Shattuck, Jr. (and Shattuck's student, Edward Jarvis) founded
the American Statistical Society (see genealogy table in Lilienfeld and Lilienfeld, 2nd ed., Fig. 2-1).

Epidemiology continued to grow and develop, particularly in Britain and America. In addition to
the continuing challenges from urban crowding and large-scale immigration, the revolution in
bacteriology had great applicability for military forces, for which infection and disease were major
threats to effectiveness. Thus, 20th century combat brought epidemiologists into the war effort.
The Hygienic Laboratory (the forerunner of the U.S. National Institutes of Health, originally
established as a one-room bacteriology laboratory in an attic of the Marine Hospital Service in Staten
Island, NY) provided laboratory support for the U.S. military during the Spanish-American War
(Winkelstein, 2000). The U.S. Army Medical Corps and its British counterpart played major roles in
preserving the health of the troops in several wars.

The relationship of epidemiology to war has been a reciprocal one. The U.S. Centers for Disease
Control and Prevention (CDC) was born as the World War II Office of Malaria Control in War
Areas, becoming the Communicable Disease Center in 1946, the Center for Disease Control in
1970, the Centers for Disease Control in 1980, and receiving its present name in 1992. The CDC's
Epidemic Intelligence Service was established in response to concern about importation of exotic
diseases from Asia, a concern arising during the Korean War. In the second half of the 20th
century, epidemiology flourished, with the creation of departments of epidemiology in many
universities and corporations, dramatic expansion of research (and funding for biomedical research
in general), broadening of methodological and technological capabilities, growth of professional
societies and journals, and coverage of epidemiology in the mass media. Growing fears of
bioterrorism during the latter half of the 20th century blossomed with the mailing of anthrax spores

to two U.S. senators and two news organizations and prompted a major infusion of resources into
public health.

Threads in the fabric of the development of epidemiology

Quantitative reasoning

Comparative studies — comparison of groups or populations
Vital statistics system

Hygienic and public health movement
Improvements in diagnosis and classification
Statistics

Computers

Personal computers

User-friendly statistical software
Biotechnology revolution

Genomics

www.epidemiolog.net, © Victor J. Schoenbach 1999, 2000 2. Historical perspective - 21
rev. 8/21/2000, 3/9/2001, 5/20/2003



The importance of context

Public health advocates often accuse medicine of being reactive, since physicians treat disease after it
occurs whereas public health professionals work to prevent disease. Interestingly, though, advances
in public health knowledge and practice occur typically as reactions to public health problems. A
century and a half ago, for example, cholera epidemics in London stimulated the public health
movement and the development of the London Epidemiological Society. During the past two
decades, the emergence and re-emergence of major infectious pathogens (HIV, TB) have stimulated
the resurgence of infectious disease epidemiology, which as recently as the 1970's seemed to be on
the road to extinction, as well as to an enormous expansion in other types of research directed at
infectious disease.

Wars are also a very important factor in public health, devastating to public health and public health
programs in populations that suffer attack and engines of advances in public health knowledge in
countries whose homeland remains undamaged. Improved treatment of wounds (Britain) and the
purification, testing, and manufacture of penicillin (Britain and the U.S.) are only two of the many
advances stimulated by military exigencies. Apart from military motives, the growth of government
is responsible for public health advances for other reasons when there are supportive attitudes about
what government should do. For example, the French Revolution and the growth of populist
thinking in Europe were strong stimuli to interest in public health.

Scientific progress is fundamental to public health advances, of course, since regardless of what
people think that government should do, what it can do is constrained by available knowledge and
technology. What government can do is also constrained by attitudes and beliefs about what is
proper. Former U.S. Surgeon General [C. Everett] Koop has related how, during a 1940's radio
program to talk about his studies of childhood cancer, he was told that he could not say the word
“cancer” (it was to be referred to as “that dread disease”). Progress in preventing HIV and sexually
transmitted diseases has had to contend with legal and extra-legal restrictions on open discussion
about sex and particularly about anal sex.

These are only a few of the myriad influences on the evolution of public health and epidemiology.
Further examples of these influences, most of which affect each other as well as public health, are:

Changing demography, economics, transportation, conmerce, technology, organigations, politics, wars —
The entire health care delivery system has been transformed through the rise of managed care
organizations.

Changing diseases and afflictions through the centuries —

Hunger, infections, malnutrition, reproductive disorders, chronic diseases, environmental and
occupational diseases, violence and injury, health care and pharmaceuticals, mental health, aging
— different disease patterns dominate at different times, as the conditions of life change

Developing scientific knowledge and technology changes understanding of disease and approaches to
Studying it —

Introduction of Pap smear in 1940s led to knowledge of natural history of cervical cancer.
Development of coronary angiography enabled visualizing of atherosclerosis during life as well
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as coronary artery spasm. Consider the impact of the development of microscopy, the
stethoscope, electrocardiograms, culture techniques, biochemistry, cytology, computers,
angiography, radioimmunoassay, DNA probes, ...

Expanding social and political consciousness —
Hygienic movement, Marxism, social democracy, health promotion movement, minority health.
Increased demand for (and on) epidemiology and public health (e.g., the Lalonde Report).

Expanding social organization and investment in public health resources increases the opportunities for
epidemiologic research and application —

— Hospitals

— Vital statistics systems

— Health surveys

— Research funding

— Disease registries

— Insurance systems

— Record systems, computerized databases

The challenge of hindsight

In order to grasp the significance of the evolution of ideas, we need to put ourselves in the mindset
of the time and appreciate the imagination (and deviance) necessary to see things in a new way.
Many of the problems faced by past investigators seem so manageable compared to the ones we face
today. But how did those problems look without the benefit of the knowledge and concepts that we
take for granted.

Induction and latency

Consider the example of the incubation period. In infectious diseases, there is commonly an
incubation period, often on the order of 1-14 days. Until this phenomenon became known and
accepted, it must have been difficult to make the connection between the onset of an illness and an
exposure some two weeks earlier. Panum helped to document this phenomenon, and his studies of
measles onset and previous exposure to cases are a classic of careful description and inference. With
chronic diseases, the “incubation period” is much longer. Pellagra develops over a period of several
months. Atherosclerotic heart disease and cancer can take 5, 10, 20, or even 30 years. Lengthy
separation of cause and effect is certainly much more formidable than the 2 weeks involved in
measles, but is it more formidable in terms of the level of knowledge then and now?

Rarity of disease

Rarity of a disease is in some respects an advantage for studying it and in some respects an obstacle.
Epidemics are easy to study in the sense that each occurrence represents a form of natural
experiment. They provide contrasts between the before and the after (e.g., arrival of a ship to the
Faroe Islands, arrival of a person with typhoid fever in a previously unaffected village). With an
endemic disease, on the other hand, there is no obvious contrast to stimulate perception of new
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events or new modes of living that could have introduced the disease. On the other hand, very rare
diseases are difficult to study because of the difficulty of assembling enough cases.

Thoroughness of methods

Some famous investigators are recognized as such for advances in the methodology of their studies
— advances in rigor, exquisite thoroughness, and painstaking attention to detail — before such
methods were in common use. We now take it for granted, and grant proposal reviews enforce, that
an investigator will conduct a systematic review of existing evidence, make use of vital statistics data,
formulate precise definitions of disease and other variables, collect data in an even-handed manner,
employ checks of reliability and validity of the data, and analyze the data with due attention to
alternative explanations of the findings. But each of these and other desirable methodologic
practices had to be introduced at a time when it was not common practice. A common theme in the
“classics” is that each investigation involved careful, systematic and detailed observation — “shoe
leather” epidemiology. Not all of the practice of epidemiology is as glorious as the celebrated
insights.

Disease prevention

The classic studies also gave rise to health promotion/disease prevention recommendations
involving sanitary practices, personal hygiene, and diet — even before the identification of the actual
etiologic or preventive agent. But is there a lesson in the observation that the dietary changes
recommended by Goldberger for prevention of pellagra — increased intake of meat and dairy
products — is in some respects the reverse of current recommendations for the prevention of cancer
and CHD? It is also interesting to contrast these diseases and the interventions they recommended
with those for contemporary epidemics (CHD, lung cancer, motor vehicle injuries, handgun
fatalities). Do you suppose the public reacts differently to being told to eat /ss meat than it did to
being told to eat more meat?

Insight based on but not constrained by knowledge

Enduring recognition over time comes from distinctive accomplishment, from achievement beyond
the expected. One mark of distinction is the attainment of insight that builds on existing knowledge
but is not unduly constrained by it. Scientific advances generally build on knowledge that has been
successively accumulated by many people over many years. But such knowledge is understood in
terms of existing paradigms (see Thomas Kuhn, The structure of scientific revolutions). 1f the existing
paradigm or theoretical structure that governs the interpretation of observations is inadequate to the
problem at hand, then progress demands a new or modified paradigm.

Almost by definition, a great step forward in thinking occurs in advance of general understanding.
Avogadro's theory that the number of molecules in a gas is a function of its volume took 50 years to
become accepted. X-rays were originally regarded as an elaborate hoax (Kuhn, 1970). In a number
of the epidemiologic classics, the prevailing theories were misleading. A key contribution was the
discarding of certain beliefs of the time, and the investigator had to contend with active opposition
to his investigations.
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According to David Morens (Epidemiology Monitor, February 1999: 4), when Panum's 1847 work on
measles appeared in French several years later, an unsigned review of his work in the British and
Foreign Medico-Chirnrgical Review observed ‘It is seldom, indeed, that an opportunity like that here
described is afforded to a prudent and able man of science, who, like our author, rejecting all
previously conceived opinions, diligently investigates the truth for himself.” ” Joseph Goldberger, in
his studies of pellagra about 65 years later also had to depart from the accepted wisdom of the time.
Not long before he began his work, a 1914 commission had concluded that pellagra was an
infectious and/or hereditary disease. Goldberget's careful study of all the facts enabled him to
deduce that pellagra was not, in fact, a communicable disease. This study took him three months. It
then took him several years, including some outlandish (heroic?) experiments in order to convince
his scientific peers of the correctness of his deductions. In Goldberger's case, others had known the
pertinent facts, but their import had not been grasped.

William Farr fought the idea that cholera was spread by germs because in his data high altitude was
associated with cholera, consistent with theories about atmospheric pressure and miasmas. Lind's
discoveries were not adopted by the British Navy for a full 40 years, and Percival Pott's discovery
about how to prevent scrotal cancer, though quickly adopted in Denmark, was not adopted in
England for nearly a century. The classic papers on lung cancer and tobacco smoke, published in
the Journal of the American Medical Association by Wynder and Graham and Doll and Hill, were almost
rejected by the editor because of the lack of existing knowledge supporting the association. Despite
numerous studies yielding similar findings, eminent statisticians (R.A. Fisher, Berkson) remained
highly skeptical for many years.

“Truth is the daughter of Time and not of authority.” Sir Francis Bacon (1561-1626)

“It is the customary fate of new truths to begin as heresies and to end as
superstitions.” Thomas Henry Huxley, “The Coming of Age of ‘The Origin of
Species™ (1880) (http://babbage.clarku.edu/huxley/CE2/CaOS.html)

The study of history broadens our vision and suggests that for us to rise above the common wisdom
of our time we may have to accept the discomfort that comes with deviating from the conventional.
For example, if an epidemiologist were to suggest that psychiatric disorders are spread by
transmission of thoughts, this suggestion would be ridiculed. Was the suggestion that water was a
vehicle of transmission of cholera and typhoid similatly regarded in the last century? What about
the transmission of measles virus through air? Can we achieve the acuity of hindsight without the
wait?
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Conceptual and philosophic basis for
epidemiologic advances — changing paradigms

Humors in the body

Miasma (17th century)

Contagium vivum

Concept of specificity of disease and causal agent
Multicausality

Molecular and genetic

Biotechnology
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3. Studying populations — basic demography

Some basic concepts and techniques from demography - population growth, population
characteristics, measures of mortality and fertility, life tables, cobort effects.

The “demi” in epidemiology

Since the primary subject matter of epidemiology is people (except for veterinary epidemiologists,
who apply the same concepts and methods to studying other animal populations), a logical place to
begin the study of epidemiology is with some basic concepts of demography.

Population growth — an epidemic of homo sapiens*

For its first few million years, the species that we refer to as bomo sapiens numbered probably fewer
than 10 million, due to high mortality. In about 8000 B.C., with the beginning of agriculture,
significant population growth began, bringing world population to about 500 million over a 6000-
year period. At that point (1650 AD), growth accelerated sharply, so that world population doubled
in 150 years (1 billion in 1800), doubled again in 130 years (1930), and doubled yet again in 45 years
(4 billion in 1975). Every decade the world’s population increases by about 1 billion, mostly in the
developing countries. The population will reach 6 billion in early 1999. It is projected to reach 9.5
billion by 2030 and 12.6 billion by 2100.

World Population in mid-1997 (millions)

Region Population
Asia 3,552
Africa 743
Europe 729
Latin America & Caribbean 490
North America 298
Oceania (Australia, NZ, and Pacific) 29
World 5,840

(does not add due to rounding)

* Note about sources: Much of the following has been drawn from publications by the Population
Reference Bureau (PRB), especially “Population: A lively introduction” and “The future of world
population” (see bibliography). This table comes from their 1997 World population data sheet. The
PRB web site (www.prb.org) has a wealth of data and links to sources of information on population-
and health-related topics.
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In 1997, 86 million more people lived on planet Earth than the previous year, for an estimated
annual world population growth rate of 1.47%. At that rate, world population would double in 47
years. The world population growth rate is the difference between the birth rate of 24 per 1,000
people and the death rate of 9.

Over the time, differing growth rates can dramatically alter the age, geographic, racial, and affluence
distribution of the world’s population. In 1950, two thirds of the world’s population lived in what is
usually referred to as the developing world. The proportion was three-quarters in 1990 and is
projected to grow to 85% by 2025 and 90% by 2100. Thus, whatever improvements in health take
place in the industrialized world, world demographic and health indicators will be primarily
influenced by the situation in the developing world.

The Demographic Transition

A fundamental model developed to describe population dynamics is the Demographic Transition
model. The model posits four stages in the evolution of the population in a society.

1. High fertility, high mortality (pre-industrial)

2. High fertility, declining mortality (industrializing)
3. Declining fertility, low mortality
4

Low fertility, low mortality (stable population)

The first stage (pre-industrial) prevailed throughout the world prior to the past few centuries. Rapid
population growth takes place in Stages 2 and 3, because high birth rates, necessary for population
survival in Stage 1, are embedded in the cultural, religious, economic, and political fabric of pre-
modern societies. As economic and public health advances decrease mortality rates, rapid
population growth occurs until the society adjusts to the new realities and fertility decline.

The Demographic Transition Model was constructed from the European experience, in which the
decline in death rates was gradual. It remains to be seen how this model will play out in the
developing world of today, in which the decline in death rates has occurred much more rapidly and
in which social change takes place against a backdrop of and in interaction with the post-industrial
world of electronic communications, multi-national production and marketing,