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Inaccurate Estimation of Everyday Risks
Conditional probabilities versus absolute frequencies: what
is this really all about?

We know from psychological research that the manner in
which facts are presented has a major influence on the
thoughts and actions of the persons affected by them. Facts
are assessed differently if they are presented as a potential
gain or a potential loss. This is the central point: whoever
controls the manner in which study data are presented will
essentially determine whether a proposed screening pro-
gram will be accepted.

The authors object to presenting the benefit of screening
with absolute frequencies and advocate using conditional
probabilities instead. They postulate that the general popula-
tion is well versed in the use of conditional probabilities
because certain risks that are permanently present in every-
day life require constant assessment (e.g., building insur-
ance).

I do not share this opinion. Many studies in social psy-
chology have shown that most people generally estimate
everyday risks inaccurately. Gigerenzer (1) has shown in
several studies that neither laypersons nor experts can draw
correct conclusions from conditional probabilities. This
being known, the authors' argument that the general accep-
tance of building insurance reflects a correct understanding
of conditional probabilities seems rather weak. It is, further-
more, good scientific practice to express study data in terms
of frequencies. No critically thinking physician would
assess a drug trial, for example, on the basis of relative risk
reduction alone; rather, the actual benefits and potential risks
would need to be assessed in the light of the frequency
parameters NNT (number needed to treat) and NNH (num-
ber needed to harm). Why should this be any less obvious
when a screening test comes under scrutiny?
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Overestimation of Reduction in Mortality
Becker and Junkermann mention a 10% overdiagnosis rate
as a possible harm resulting from mammography screening.
In stating this, the authors have done a much better job than
the current mammography information sheet of the German
Joint Federal Committee, which is supposed to educate

women about mammography but does not mention this very
serious harm that can result from an early detection
program.

The authors, however, fail to take overdiagnosis into
account when they write that the mortality from breast
cancer is 31 of 100 unscreened women compared to 20 of
100 screened women, corresponding to a 35% reduction
in mortality.

(1) If the overdiagnosis rate is 10%, then, of 100 tumors
detected by mammography, 10 would not have reached
medical attention. The 20 deaths among these 100 women
would therefore all be in the group of 90 women with poten-
tially fatal tumors, which the authors compare to a group of
100 women whose tumors did reach medical attention. If we
renormalize the 20 deaths among 90 women to a group of
100 women, we arrive at a figure of 22 deaths, and therefore
to a 29% (not 35%) reduction in mortality.

(2) The authors have taken the 10% overdiagnosis rate
from the article by Zackrisson et al. (1). These authors
looked at the cumulative incidence 15 years after the end of
the Malmö study. Immediately after the end of the study,
however, the corresponding figure was 24%. Zahl et al.
arrived at an even higher figure of 30% (2). The 10%
overdiagnosis figure also seems too low because the over-
diagnosis rate of in situ carcinoma alone is 13% (3). If the
true overdiagnosis rate is 20%, then there would be 25 deaths
resulting from 100 potentially fatal tumors detected by
mammography, yielding a 20% reduction in mortality com-
pared to no screening. If the true overdiagnosis rate is 30%,
the corresponding numbers are 28 deaths and a 10% reduc-
tion in mortality. This uncertainty deserves mention just as
much as the phenomenon of overdiagnosis itself.
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Judgement and Decision Processes
According to the authors, many women may choose to par-
ticipate because they have followed the actuarial principle of
multiplying the low probability of the adverse event in ques-
tion (death from breast cancer) by the high magnitude, as it
were, of the event (death).

It is certainly true that many women would still choose to
undergo mammography even if they knew that a healthy
woman's chance of avoiding death from cancer with the aid
of early detection is low. Yet precisely this fact is withheld
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from women in the informational materials that they are
generally given in the German-speaking countries. Thus,
they are not in a position to make the "actuarial" evaluation
described. The likelihood of a catastrophically adverse
event, such as overdiagnosis followed by overtreatment, is
likewise low but obviously should also be part of the eval-
uation and decision process.

It has been well documented empirically that decisions
depend on the nature and extent of the information
provided. Presenting the effect of the intervention only
in terms of relative risk creates an unrealistically positive
impression (1). Patients consider themselves well-
informed if they know absolute numbers and absolute
risks (2). Varying presentations of identical facts – "half
empty" versus "half full" – can lead patients to make dif-
ferent decisions. I think there can only be one conclusion:
the judgement about the probabilities of benefit and harm
should be left up to each individual woman on the basis of
comprehensive information that does not predetermine
her ultimate decision. There is no good reason to withhold
understandable information from women, as has been
done up to the present. Understandable information that
should be communicated includes at least the following:
the risk of breast cancer in the individual woman's age
group, the likelihood of avoiding death from cancer by
early detection, the rates of false positive and false negative
findings, and the danger of overdiagnosis leading to over-
treatment (3). DOI: 10.3238/arztebl.2008.0420a
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Shared Decision-Making
Women would like to know what they have to gain from
screening. Around the world, this question is answered with
data on the number of deaths prevented per number of
women screened. It thus seems strange that the authors
would claim that the reference figures presented by Mühl-
hauser and Höldke are somehow artificial.

Women would certainly also like to know what the chance
of successful treatment would be in the event that a tumor is
discovered. The authors answer this question as follows:
over the course of 10 years, out of 100 screened women
found to have breast cancer, 20 will die instead of 31. Thus,
there will be 11 fewer deaths out of 100 screened women in
10 years, or, rounding off, 1 woman saved out of 10. Who
could fail to be impressed by this?

The authors' response to the question of treatment can be
made still more precise once the histological findings are

available, because the stage of disease determines whether
the chance of survival will be greater or smaller. 

The benefit of screening (not of potential later treatment)
can be calculated from the article's table 1. Out of 100 000
screened women, the number who go on to die of breast can-
cer in the next 10 years is reduced from 155 (the figure
among non-screened women) to 101, i.e., a reduction by
54/100 000 in 10 years. Rounding off, this corresponds to
1 woman saved out of 2000 in 10 years. Does anyone still
want to be screened?

This discrepancy between the internationally standard
manner of presentation and that chosen by Becker and Jun-
kermann encapsulates the entire problem of the way we
choose to deal with participative decision-making.

If we wish to free the concept of shared decision-making
from pure political correctness, then we must tell women
what individual benefit they can expect from screening, as
well as what harm might come to them from it (something
that the article does not completely address) – even if doing
so carries with it the danger that fewer women will choose to
be screened.

Society's desire for a high rate of screening, so that the
maximal public health benefit can be achieved, is another
matter.  This desire, too, has a rationale behind it. We physi-
cians must choose which side we prefer to stand on.
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Discussing the Benefit-Harm Debate
Becker and Junkermann's review article sheds light on a
very important matter of health policy. Yet the problems
begin as early as the title, which sets up a contrast between
benefit and risk rather than between benefit and harm. The
impression is conveyed that the benefit of mammography
screening stands against a (merely statistical) risk. This, of
course, is not the case; both the "benefit" and the risk are
statistical extrapolations of an expected benefit and an
expected harm. We consider the authors' assessment of
benefit and harm to be imbalanced for a number of other rea-
sons as well:

The authors illustrate the benefit of screening with a fic-
titious sample of 100 000 women who undergo screening
every 2 years a total of 10 times. The harm, however, is illus-
trated with a fictitious group of only 1 000 women. For a
group of 100 000 women in which screening would lead to
the prevention of 540 deaths from breast cancer, the follow-
ing types of harm would be expected to occur:

� 22 300 to 36 300 women would have false positive
mammograms,

� 500 women would be overdiagnosed with breast can-
cer,

� 6300 women would have a false positive indication for
a breast biopsy,

� about 500 women would go on to have a breast opera-
tion with a benign histological finding,

� and there would be 10 to 240 cases of radiation-induced
breast cancer.
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Thus, every third woman undergoing screening every
2 years between the ages of 50 and 69 would be subjected to
unnecessary worry, many women would undergo invasive
diagnostic or therapeutic procedures on the basis of a false
positive finding or an overdiagnosis, and a not inconsider-
able number of breast cancers would actually be induced.
There is no critical discussion of the quality of life of these
unnecessarily disturbed women and their families; such a
discussion is indispensable if the benefits and harms of
screening are to be considered fairly.

Thus, overall, the benefit-harm debate seems to lack
balance. DOI: 10.3238/arztebl.2008.0421a
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Stage-Dependent Lethality
Becker and Junkermann's article on the benefits and risks of
mammography screening is heralded on the title page with
the words, "Mammography: Screening Lowers Breast Can-
cer Mortality by 35%." This statement, which is also one of
the authors' three main conclusions, is misleading in two
respects:

(1) The authors are speaking, not of mortality in the usual
epidemiological sense of the specific probability of death in
a defined population group, but rather of lethality, i.e., the
conditional probability of death over a certain period of
observation after a particular diagnosis has been made and
(in the normal situation) followed up with treatment (1).

(2) The authors attempt to circumvent the statistical prob-
lem of lead-time bias, i.e., earlier diagnosis in the screened
than in the unscreened population, by measuring the effect
of screening in terms of mortality/lethality. They write:
"Mortality is the only variable quantifiable without bias for
studies on the effectiveness of early detection activities." Yet
the endpoint that they consider, i.e., lethality after the diag-
nosis of breast cancer of any type, is variable depending on
the stage of the tumor (according to the WHO tumor classi-
fication) at the time the diagnosis is made. The distribution
of cases in the screened population is selected in favor of
earlier and prognostically more favorable stages, and a
slower course of disease, in comparison to the unscreened
population. Thus, a consideration of mortality/lethality after
the disease is diagnosed does not eliminate lead-time bias.
To do this, the authors would have had to present and discuss
stage-dependent lethality rates over a defined period of time.
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Randomized Controlled Trials Are Needed
The authors' attempt to show why mammography screening
should be evaluated on the basis of epidemiological studies
rather than randomized controlled clinical trials (RCTs). Yet
it is precisely because an epidemiological assessment is not
possible that RCTs are needed according to internationally
accepted standards. Furthermore, RCTs do indeed exist for
mammography screening, as does a high-quality Cochrane
Review by an independent group of authors (1).

Epidemiological analyses tend to overstate the benefit of
screening for the following reasons (2):

(1) Screened women differ from unscreened women.
They are a priori healthier and better educated and therefore
have a better chance of survival, both in general and for the
particular disease for which they are being screened.

(2) Screening tends to detect relatively benign and slow-
ly growing tumors.

(3) Early diagnosis often merely means prolonging the
time that the patient lives with breast cancer, rather than
improving the prognosis.

(4) Screening detects cases of breast cancer that would
never have come to attention without it (overdiagnosis). It is
thus inappropriate to compare a group of women whose can-
cers were diagnosed by screening to a group of unscreened
women whose cancers came to medical attention in other
ways. It should come as no surprise, therefore, that the
Cochrane Review estimates the benefit of mammography
screening to be much less, and the resulting harm to be much
greater, than stated by Becker and Junkermann (1, 3).

The authors argue that the harm due to breast cancer itself
ought to be taken into consideration. When such calculations
are made, however, overdiagnoses must be considered also,
as well as the overall death rate due to cancer and the overall
mortality. These are not improved by screening (1, 3). The
low sensitivity of mammography screening in the German
pilot projects is not mentioned either (3); this reduces the
benefit of screening. DOI: 10.3238/arztebl.2008.0421c
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In Reply:
Our article had three main points:

(1) The effect of mammography screening in increasing
treatment effectiveness and prolonging survival should be
presented from the viewpoint of the individual woman invit-
ed for screening, while the scientific demonstration of its
efficacy must be based on the observation of mortality.

(2) Some authors' attempts to present the effect of screen-
ing intelligibly have resulted not just in altered formulations,
but in substantially changed and inaccurate information.
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(3) The screening debate fails to take account of the
different definitions of risk which may play a role in the
assessment of benefit and harms, which differ as to whether
the severity of damage associated with the undesired event
is taken into account (as is the case with insurance) or not (as
is the case in epidemiology). 

Mühlhauser's letter repeats the familiar argument that the
effect of screening can only be demonstrated scientifically
by means of randomized epidemiological studies with mor-
tality as endpoint, which we address (1–3).

We agree in general with Beise's comments. We did point
out in our article, however, that the effect of screening is, by
definition conditional: if an as yet undetected malignancy is
present, then it might be advantageous to detect it as early as
possible by screening and to treat it (3). Our proposed solu-
tion is that the benefit of screening in case such a disease is
present should be presented in terms of absolute frequen-
cies, just as Beise suggests. The reference to insurance has
nothing to do with conditional probabilities, but rather with
the varying definitions of "risk": in epidemiology, risk is the
probability of an adverse event, regardless of the magnitude
of the associated damage; in insurance, the definition of risk
takes this magnitude into account.

Weymayr fails to recognize that our presentation is the
computational transformation of the results of the random-
ized studies with mortality as an outcome into absolute rates
of survival. Thus, net effects are presented. Overdiagnosis
need not be subtracted, because one does not die from a
disease which remains subclinical for the remainder of one's
life.

Klemperer's letter from the German Network for Evi-
dence-Based Medicine concurs with our goal of yielding
patient information that is as accurate and as comprehensive
as possible. We believe it is wrong, however, to take the
"magnitude of the damage" in case of a cancer diagnosis
limited to a possible lethal outcome, but that the possible
implications of treatment and their effects on the patient's
quality of life must also be taken into account. The probabil-
ity of disease should be communicated to the patient as a
separate quantity, unaffected by screening.

Abholz extends the discussion of mortality reduction by
the early detection of existing disease to individuals who are
free of the disease and therefore not  at risk of dying from it.
This is exactly what we criticized in our article. The proba-
bility of getting the disease is relatively low (about 5%);
however, given the disease, 31 of 100 will die of it within 10
years without screening, 23 if screening is offered, and 20 if
they participated.

Jöckel et al. raise objections to the title of the article and
the scaling for the used quantities. The title of the article
arose in the course of pre-publication review; originally, we
proposed: "Risk communication in mammography screen-
ing." Colleagues in epidemiology objected to the term
"damage" (or harm, "Schaden") as being not entirely free of
emotional connotations; therefore, in the article as printed,
we consistently referred to "disadvantageous effects," which
we contrasted with benefits. As for the scaling of quantities,
due to small numbers we gave incidence figures in the usual
epidemiological form, i.e., per 100 000 individuals (5); for
more frequent events, we used the scaling usual in that area,

i.e., per 1000 individuals (4). The benefit in terms of avoided
deaths was transformed into the per 1000 scale in table 1
(bottom) and was contrasted in the text on this scale to the
disadvantageous effects "breast cancer surgery with benign
findings" and "overdiagnosis." We also pointed out that the
most common disadvantageous effect by far is a false posi-
tive finding whose frequency was shown in table 2. The au-
thors of the letter present these figures on a larger scale
which makes them obviously no more "balanced," but
merely larger. As for the effect of false positive findings on
the quality of life, we have already dealt with this issue in
multiple previous publications (1, 2). The focus in the cur-
rent article was on the correct interpretation of study results.

Schwartz's first assertion is correct: it was indeed our
intention to point out the conditional nature of figures on
mortality reduction by screening, and to translate them com-
putationally into lethality figures. Since this was not based
on empirical data, lead-time bias, relevant for empirical
evaluation, was omitted from consideration (1–3). Selection
bias in relation to disease stage is referred to as length bias
and does not affect the outcome of offering screening, as
opposed to actual participation. DOI: 10.3238/arztebl.2008.0422
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