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In a recent issue of Scientific American,
columnist Steve Mirsky wrote that “epidemi-
ologists drive us crazy” because they seem-
ingly produce contradictory reports on the po-
tential effects of some exposures.1 Mirsky
reported the results of studies indicating that
beer drinking could either reduce cardiovas-
cular risk2 or increase the risk of sexually trans-
mitted diseases3 and that tofu, a healthy source
of proteins, was a possible cause of late de-
mentia.4 This led him to conclude mysteriously
that epidemiologists were “the unsung heroes
of medicine” and that “a TV show about epi-
demiologists would be as exciting as vanilla
ice cream.”

These acerbic remarks can be contrasted
with a real-life conversation between 2 parents,
one of whom wondered whether all the artifi-
cial ingredients in vanilla ice cream (e.g., fla-
vors, colors) endangered children’s health. If
that were so, said the other parent, epidemiol-
ogists would have already alerted us.

Excess confidence? Maybe, but this con-
versation suggests that the population is not so
much impressed by the controversies in epi-
demiology as by the overall record of the dis-
cipline. Epidemiologists can be viewed as risk
sentinels who explore the possible health con-
sequences of many changes in mass behaviors,
environmental exposures, or societal changes
that have occurred since World War II. Take
the example of oral contraceptives. In Western
societies in the 1950s, they were not used at
all; in the 1990s, about 80% of women had
used them for at least 6 months.5 Although oral
contraceptives were thought to pose a poten-
tially serious threat to women’s health, overall,
epidemiologic studies have been reassuring.6

Similarly, there is a wealth of epidemiologic
results on the health effects of hormone re-
placement therapy, coffee, alcohol, tea, seden-
tary lifestyle, dietary fat, obesity, and so forth.
Some factors have been associated with major
health damage (e.g., exposure to tobacco smoke
or the broadening of social inequalities), but
many others do not appear to be deleterious.

Even though there are reasons to rejoice,
some situations are a matter of concern be-

cause of their harmful consequences for the
community. We need to draw lessons from
these negative experiences in order not to re-
produce them in the future. This point is illus-
trated by an adverse consequence of the re-
search on oral contraceptives that occurred in
the mid-1990s.

A Historical Case in Point

Two case–control studies with similar
designs, published in December 19957 and
January 1996,8 suggested that risk for car-
diovascular disease varied according to the
progestogen component of the oral contra-
ceptive women used. Oral contraceptives con-
taining gestodene or desogestrel (so-called
third-generation progestogen pills) were com-
pared with those containing norgestrel (sec-
ond-generation pills). The third-generation
oral contraceptives were found to reduce the
risk of myocardial infarction but to increase
the risk of venous thrombosis.9 The findings
were highly publicized in Europe. Public
health authorities reacted swiftly in the wake
of their delay over informing the public of
problems with the blood supply.10 During the
weeks following the publication of the re-
port, it was later claimed, large numbers of
women stopped taking their oral contracep-
tives and, through June of 1996, there were
30000 excess conceptions and 10000 excess
abortions, mostly in women in the United
Kingdom younger than 25 years.11 To make
the story even more shattering, unwanted
pregnancies and abortions are associated with
a much larger risk of venous thrombosis than
the potentially preventable risks related to
oral contraceptive use.

There is a legitimate basis for concern
here, even if we do not consider the ongoing
controversy over whether the so-called third-
generation oral contraceptives are truly as-
sociated with more venous thromboembolism
and less myocardial infarction than second-
generation products. Potentially useful in-
formation from well-conducted epidemio-

logic studies generated widespread anxiety
and inappropriate reactions in the public. The
clinician’s dilemma appeared to be between
increasing the risk of myocardial infarction
when prescribing third-generation oral con-
traceptives or increasing the risk of deep ve-
nous thrombosis when prescribing the ear-
lier forms. In this medical decision making,
a key piece of information missing from the
reports was the size of the subgroup of the
population in which there could be an excess
risk of myocardial infarction associated with
oral contraceptive use. This subgroup essen-
tially comprised women older than 35 years
who were simultaneous oral contraceptive
users and smokers.6 In Geneva, oral contra-
ceptive use among smokers older than 35
years accounts for 13% of woman-years of
oral contraceptive users.5

While 13% is not trivial, it clearly lim-
its the magnitude of the problem to a specific
subgroup of the population. Thus, for the
overwhelming majority of oral contraceptive
users, it was possible, if a woman or her
physician wished, to switch back to a sec-
ond-generation oral contraceptive pill with-
out incurring new risks. A more differenti-
ated approach had to be used for women who
smoked, especially those older than 35. By
using the relevant relative risk and prevalence
of exposure in the population, it was possible
to circumscribe the magnitude of the problem
in the population and probably avoid much of
the crisis.

Relative vs Absolute Causality

The foregoing example suggests that re-
porting association without indicating the
attributable disease burden is a source of
misinterpretation and controversy. Indeed, epi-
demiologists rely on 2 types of causal infer-
ence. One type is related to the interpretation
of relative risk, a very intuitive concept; for ex-
ample, the risk in the exposed is 2-fold or 3-fold
greater (or smaller) relative to the risk in the
unexposed. We can think of it as relative caus-
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ality. Relative risks are a very handy tool for
screening for risk factors, even when the dis-
ease is extremely rare. Relative risks do not re-
quire population data on prevalence or inci-
dence and therefore can also be estimated from
a case–control study. As public health re-
searchers know full well, however, a relative
risk gives no indication of the absolute number
of individuals affected as a result of the expo-
sure. A relative risk of 10 can be obtained from
a ratio of 10:1, 100:10, or 10000:1000.

In contrast, the various forms of attribut-
able risk (synonymously defined as risk dif-
ference, excess risk, and absolute risk) have a
straightforward public health interpretation.12,13

That is, the attributable risks corresponding to
the previously mentioned relative risks of 10 are
9, 90, and 9000 cases per million, respectively,
over a given period. However, measures of at-
tributable risk require direct or indirect popu-
lation-based information such as the preva-
lence of the studied exposure or the number of
incident cases. Let’s label this type of inter-
pretation as absolute causality: the exposure
that causes an absolute excess of a number of
cases over a given period.

The Essential Tension

The epidemiologic “self ” encounters ten-
sion when pulled between absolute and rela-
tive causality. The challenge is to find the right
balance for this “essential tension.” Kuhn
coined this expression to indicate a force that
pushes science forward and that originates from
the need for scientists to be simultaneously tra-
ditionalists and iconoclasts.14 In epidemiology,
the essential tension between absolute and rel-
ative causality also pushes us to constantly dis-
cover new risk factors, invent new preventive
strategies, and keep the right balance between
them. On the one hand, the search for causal re-
lationships can improve scientific knowledge
and medical practice (relative causality). On
the other hand, the population perspective (ab-
solute causality) compels epidemiologists to-
ward a constant preoccupation with the rele-
vance of research findings for the public’s
health. This issue of the Journal contains 2 con-
tributions that aim to stimulate our thinking re-
garding ways of dealing with relative and ab-
solute causality.

Two Contributions to Causal
Thinking

The innovative report by Begg15 seeks to
answer the question “When do we know that
most causes of a given disease have been iden-
tified?” His point is that the use of population
attributable risk does not allow us to determine

whether or not there are more risk factors to
be discovered than those already known or pos-
tulated for a given cancer. Instead, the excess
risk of a second primary cancer in an individ-
ual reflects the total excess risk (beyond random
occurrence) due to risk factors. If one or many
risk factors are involved, the incidence of the
second primary cancer divided by the incidence
of the first primary cancer in the population
will be greater than unity. This excess risk can
then be decomposed into known and unknown
components from prevalence and relative risks
reported in epidemiologic studies, typically
case–control analyses.

The method has limitations, which
Begg carefully lays out (e.g., the recurrence
risk should not be affected by the occurrence
of the first event because of treatment, organ
removal, etc.). However, his contribution has
an important practical implication: a more
thorough identification of causes helps us
to better define the range of public health
or clinical interventions capable of success-
fully preventing disease, whether oriented
toward the population or subgroups at high
risk.

The example in Begg’s article suggests
that there may be still-undiscovered genetic
causes of melanoma. Colditz, in his commen-
tary,16 reacts to what he views as Begg’s criti-
cism of the population-based strategy for re-
ducing sun exposure. However, population
attributable risks (PARs) are not necessarily
associated with modifiable behavioral and en-
vironmental causes. They are only functions
of the prevalence and effect magnitude of the
studied cause.A prevalent gene with a moder-
ate effect can have a large PAR. Thus, it is to
be hoped that the debate on Begg’s article will
not be focused on this specific example. Rather,
it should explore whether and under which con-
ditions, if valid, the suggestion of using sec-
ond primary cancers for assessing the total ex-
cess risk can complement the PAR approach to
identify environmental or genetic causes of
disease.

While Begg questions the bases for sup-
porting only broad population-based preven-
tion for all cancers, Rockhill17 discusses the
dangers associated with the individualization of
risk, that is, applying to individuals risk de-
rived from a population. As argued by Rose,18

risk factors can predict the incidence of dis-
ease in a population but do not allow us to pre-
dict whether a given individual will have the
disease. Nevertheless, deriving individual risk
from population data is a tempting develop-
ment of epidemiologic inquiry. Rockhill dis-
cusses the example of breast cancer preven-
tion, and there are many other areas in which
estimates of individual risk are currently
used.19,20 Clinicians, for example, have long
been guided by tables indicating their patients’

risk of coronary heart disease on the basis of
blood pressure, total cholesterol, smoking, age,
and sex.19

The individualization of risk is likely to
remain a common practice. However, as Rock-
hill stresses, it should not become the founda-
tion of a philosophy of prevention that seeks
to act primarily on the individual, as opposed
to implementing strategies at the population
level.
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15%.11 Of course, screening offers additional
cost-effective strategies for early detection of
cancer and removal of precursor polyps.12,13

Colon cancer, the second-leading cause of can-
cer mortality, is highly preventable, with nu-
merous population-wide strategies already
available to reduce its incidence.

The fundamental object of epidemiology
is to estimate the population average risk of
disease. Risk is a population measure, not an
individual measure. Epidemiology does not es-
timate individual levels of risk, nor does it per-
fectly predict individual likelihood of disease.
As noted by Rose, epidemiology does not de-
scribe why an individual case of cancer arises
in the population but rather the population bur-
den of cancer.14 In his article in this issue of
the Journal, Begg ignores this principle and
uses the term “risk” as an individual-level vari-
able.15 Begg’s focus on the occurrence of sec-
ond primary cancers to approximate the coef-
ficient of risk variation in the population
illustrates his consideration of risk as an indi-
vidual-level quantity, rather than as the aggre-
gate-level measure that epidemiologic risk
models, including those containing genetic
variables, show it to be.

This high-risk approach to prevention
aims to identify those most at risk of disease

into public health prevention strategies.8 Mod-
ifiable risk factors such as smoking, diet, phys-
ical activity, weight gain, sexual practice, and
use of postmenopausal hormones can be read-
ily translated into ways to reduce the population
burden of cancer.9 Clear strategies have been de-
lineated for such population-wide interven-
tions. It is time to implement them further.

Population Burden of Disease

Much of the discussion regarding popu-
lation-level changes in the risk of chronic con-
ditions is based on the understanding that dis-
ease classification uses arbitrary cutpoints, or
stages, for conditions that in fact reflect a con-
tinuum. We should therefore consider, as a pre-
vention strategy, shifting the population distri-
bution of risk factors and the prevalence of
these stages in the underlying distribution of
disease.

In the case of colon cancer—its cutpoints
are precancerous polyps, early invasive dis-
ease, late invasive disease, and death—esti-
mates from the Health Professionals Follow-Up
Study indicate that most men have multiple
modifiable risk factors.10 In that study, only
3% of middle-aged and older men had no mod-
ifiable risk factors for colon cancer. With pop-
ulation-wide increases in levels of physical ac-
tivity and folate intake, and with reductions in
alcohol intake, adult weight gain and obesity,
red meat consumption, and smoking, up to
70% of colon cancer could be avoided. For ex-
ample, if the entire US population increased
its level of physical activity through walking
for an additional 30 minutes per week, we
would reduce the burden of colon cancer by

Epidemics appear, and often disappear
without traces, when a new culture period
has started; thus with leprosy, and the Eng-
lish sweat. The history of epidemics is there-
fore the history of disturbances of human
culture.

Rudolph L.K. Virchow1(p1)

To paraphrase Virchow, the rise of mel-
anoma and the almost complete decline of
stomach cancer clearly reflect disturbances
of our human culture during the 20th century.
Recent declines in lung cancer in the United
States among men, first for younger age groups
and then for older age groups successively over
time, and among women aged 40 to 59 reflect
changes in cigarette smoking.2 The decline in
melanoma mortality in Australia for those born
after 1950 also attests to the success of popu-
lation-wide prevention strategies.3 These suc-
cesses support the contention that it is time to
stop searching for new risk factors. Instead, we
should channel far greater effort and resources
into implementing our existing knowledge re-
garding the role of lifestyle factors that cause
cancer and other major chronic diseases of the
industrial and postindustrial world.

Although both genes and environment
must be considered, studies of migrants clearly
show that environmental factors play a domi-
nant role in the epidemiology of melanoma,
breast and colon cancer, and many other ma-
lignancies.4–7 Furthermore, while we can iden-
tify some new genetic markers of risk, we can
classify known risk factors into those that are
modifiable and those that are not (see the Web
site http://www.yourcancerrisk.harvard.edu).
Further insight into nonmodifiable risk factors
(such as genes) will not necessarily translate
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