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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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and avoid the apparent wastefulness of mass
prevention strategies which are characterized by
large societal benefits but little individual gain.
As already noted, given that disease is a con-
tinuum, population-level changes shift the un-
derlying risk.The melanoma prevention efforts
in Australia, where incidence of the disease is
the highest in the world, illustrate the benefits
of this approach: there, population-wide strate-
gies to reduce sun exposure have succeeded in
reducing sunburn among youths.16 Exposure
to solar radiation is accepted as the major en-
vironmental cause of melanoma17,18; family
history is an independent risk factor, with a typ-
ical relative risk of 2 compared with no family
history.19 High risk as defined by Begg might
include genetic characteristics that predispose
to melanoma; however, family history is inde-
pendent of the phenotypic markers of risk,
which include hair, eye, and skin color, number
of childhood sunburns, and mole count, and
may account for less than 5% of melanoma.19

As already mentioned, studies of migrants show
that age at migration to high-risk countries has
a strong impact on the risk of this malignancy.17

It is clear that melanoma risk is a function of ge-
netic and environmental factors.

Does knowledge of phenotypic risk fac-
tors change prevention messages? For
melanoma, can we recommend that only a sub-
set of the population avoid excess sun expo-
sure? Begg infers that this is the likely answer,
but the public health application is absent from
his argument. Estimates by English and col-
leagues based on Australian data suggest that
54% of melanoma occurs in 16% of the pop-
ulation,20 which might therefore be suitable for
more intensive surveillance. However, to ex-
clude the “low-risk” segment of the popula-
tion from prevention messages or strategies
would be to miss the potential for preventing
46% of cases.

In the Nurses’ Health Study, some 75%
of cases arise from the 58% of the population
with at least one identifiable risk factor for
melanoma (more than 3 moles, red or blond
hair, childhood sensitivity to sun, 10 or more se-
rious sunburns, and first-degree family history
of melanoma) (data not shown). If we limited
the population for “preventive intervention” to,
say, those with 3 or more risk factors, we would
intervene on 9% of the population. Given that
only 24% of cases arise from this group, we
would have little impact on the population bur-
den of melanoma. These estimates of the pro-
portion of disease arising from those with epi-
demiologic risk factors is consistent with recent
work byWald et al. showing that risk factors are
poor markers for identifying subpopulations
for prevention.21 Hence, as Rose noted, pre-
vention strategies must be widespread.

Compared with the high-risk approach
that is tailored to each malignancy, one at a

time, population-wide strategies with benefits
across multiple chronic conditions will have
far greater effects on the public’s health.22 For
example, increasing physical activity will also
reduce the burden of type 2 diabetes, coronary
heart disease, and stroke.

Population Attributable Risk

Population attributable risk (PAR) is used
in numerous reports to quantify the proportion
of cancer that might be avoided if the lifestyle
factors contributing to cancer were removed
from society.Alternative measures such as years
of life lost have also been proposed, but such
measures fail to quantify the potential for pre-
vention.The PAR is not a means to understand
causal mechanisms, but it can still be useful in
estimating how much of disease can be avoided.
It is well known that the PAR does not add up
to 100%, nor should it be expected to.23To infer
that subtracting the PAR from 100% might give
the contribution of some unmeasured or yet-
to-be-identified risk factor is inappropriate and
wrong. The PAR can be considered the upper
estimate for preventability through eliminat-
ing a given risk factor, because it does not con-
sider the time course of disease and the inter-
val over which the benefit will accrue once
lifestyle changes are implemented. Further, the
estimates that up to 5% of breast, colon,
prostate, and other malignancies are due to ge-
netic factors come from individual studies.24

Begg fails to point out an important limi-
tation of the PAR in summarizing etiologic
knowledge about a disease: for many chronic
diseases, the PAR can be made high only if ex-
posure is defined such that almost the entire
population is labeled as being exposed or at el-
evated risk. That is, the magnitude of a PAR
may say far more about arbitrary exposure cut-
points thanabout thestateofetiology.Thispoint,
again, proves Rose’s argument that suscepti-
bility to any disease is rarely confined to a high-
risk minority within a population. All of these
issuesshowthatcautionmustbeexercised in the
interpretationofPARsasasummaryof thestate
of etiology. As already mentioned, however,
PARs often have implications for preventive
strategies. It is time we used PARs correctly.

Limits of Individual Risk
Prediction

Begg questions whether individual risk
predictions are accurate on a person-by-person
basis. Individual risk of cancer (or other major
chronic illness) is either 1, you get it, or 0, you
live free of it to 80 years. Risk predictions that
fall between these 2 limits do little to help iden-
tify those who will or will not develop the dis-

ease. Between 0 and 1, risk is a population pa-
rameter. Epidemiologic models do poorly at
predicting individual disease.14

As Rockhill et al. recently reported, 60%
of breast cancer cases over a 5-year period in
the Nurses’Health Study arose among the ma-
jority of the population that was below the 5-
year risk cutpoint of 1.67%,25 which the Food
and Drug Administration has used to define
“high-risk” women suitable for chemopreven-
tion with tamoxifen. Of note, almost all risk
predictions were below 5%. What then does a
30% predicted risk mean if it ever arises, and
how can it be accurate? Certainly it does not
apply at the individual level. Begg’s article does
not clarify such issues.

Will we ever have such precise determin-
istic data that epidemiology can predict per-
fect occurrence of disease at the individual
level? This seems far beyond the realm of any
present or future genetic discoveries, but if it
were available, it would likely fit a medical
model of interventions through some clinic-
based estimation of future health. The com-
plex pathophysiology and redundancy within
the human body, together with the time-varying
accumulation of exposures over life, suggest
that the prediction of disease at the individual
level is meaningless in the short term and prob-
ably will never be applicable for widespread
population use.

To eliminate large portions of the burden
of cancer, we do not need this level of under-
standing. Recommendations to stop smoking
were made long before the molecular pathways
from tobacco to lung cancer were described.
On the basis of the evidence from 7 prospec-
tive studies available in 1964, Surgeon Gen-
eral Luther Terry concluded that smoking
causes lung cancer in men, and he recom-
mended that men stop smoking. Subsequent
to the 1964 surgeon general’s report, there have
been widespread changes in patterns of smok-
ing and, ultimately, changes in lung cancer in-
cidence. The incidence of lung cancer is now
falling, and evidence from California attests to
the ability of aggressive tobacco control pro-
grams to reduce deaths from coronary heart
disease.26 One might well ask, “How will re-
fined understanding of molecular pathways to
malignancy help reduce the population burden
of lung cancer?” Perhaps it won’t, but it may
lead to strategies for treatment. Perhaps greater
effort should be placed on understanding and
interrupting the pathway from marketing, mod-
ifying social norms, the uptake of smoking,
and addiction.

Begg argues that many major genes re-
main to be identified that will explain much
of the variation in cancer risk. Meanwhile, we
already know that smoking causes numerous
cancers, including those of the lung, upper air-
ways, stomach, pancreas, colon, kidney, and
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bladder, and, likely, acute leukemia and can-
cer of the cervix. Are we to avoid the public
health strategy of prevention (smoking cessa-
tion) and search for genetic pathways for the de-
velopment (or not) of these numerous cancers?
Perhaps such work will lead to more effective
therapies, but surely it will not speed preven-
tion strategies in the near term.

Broad campaigns can be effective, as the
melanoma prevention program in Australia has
demonstrated, and recent data from California
attest to the impact of increases in tobacco taxes
and antitobacco education campaigns in pre-
venting smoking.26 Arguing that high-risk ap-
proaches may be more effective and that most
risk is concentrated in a small subset of the
population appears to deny the mounting evi-
dence from cardiovascular disease and cancer
that most cases arise from the average risk por-
tion of the population.27 Shifting the whole
population distribution will have a greater im-
pact on cancer burden than trying to identify a
subset of susceptible individuals who are at
sufficiently high risk (yet are a large enough
subset of the population) to account for a sub-
stantial portion of the disease burden. The de-
cline of stomach cancer over the past 100 years,
and the rise and now recent decline in lung
cancer, reflect the aggregate burden.

Conclusion

Begg offers no practical strategies for re-
ducing the burden of cancer, unlike the reports
from the Harvard Center for Cancer Preven-
tion and other estimates of population-level
cancer prevention. For example, the American
Cancer Society quantifies the proportion of
cancer that can be prevented28 and sets time-
dependent goals, which are now used to set
priorities and to bring into focus efforts to make
prevention of colon cancer the leading priority.
These targets for the year 2015 have thus been
translated into short-term goals to advance the
prevention of cancer. In contrast, Begg’s aca-
demic arguments further a research agenda and
ignore the enormous potential for disease pre-
vention that has already been identified through
decades of public health research.

It is time to implement existing cancer
prevention strategies through providers, regu-
latory changes, and programs focused on in-
dividuals: programs to encourage smoking ces-
sation and counter trends in youth smoking

initiation as well as programs that encourage
people to eat a healthy diet, avoid weight gain,
be physically active, drink in moderation if at
all, practice safe sex, and avoid sunburns and
excessive sun exposure. It is also time to stop
chasing after new risk factors.
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