
Dr Feinstein provides a topical over-

view of the history and current

status of diagnostic research.1 It

addresses the various forms of bias that

may occur in research aiming to evaluate

the accuracy of diagnostic tests. Diagnos-

tic accuracy is defined by the extent to

which a test correctly indicates the

(“true”) presence or absence of the

disease at issue as determined by a

particular reference. We largely agree

with this overview. However, we would

like to discuss in more detail a certain

issue raised by Dr Feinstein. Notably, the

use of quantitative statistical models in

diagnostic research and related to this

the practitioners’ judgement, and the

role of test results in offering prognostic

information.

MATHEMATICAL MODELS TO
ESTIMATE THE TRUE (ADDED)
DIAGNOSTIC ACCURACY OF A
TEST
Dr Feinstein argues that diagnostic re-

search is currently unfortunately dic-

tated by mathematical, quantitative

models, often ignoring the practitioners’

judgement. We, however, believe that

these quantitative models are necessary in

order to estimate the true, independent

(or added) value of a test, just as they are

necessary in aetiological studies to esti-

mate the independent association of a

particular exposure and the occurrence

of a particular outcome.

In medical practice, the diagnostic

investigation starts with a patient pre-

senting with a particular symptom or

sign indicative for the presence of a par-

ticular disease, the so called target

disease.2 The diagnostic investigation is a

consecutive (hierarchical) process al-

ways starting from patient history and

physical examination, followed by more

invasive, time consuming and costly

tests such as imaging. It amounts to the

estimation of the probability of presence

of the target disease given all test results,

further referred to as the diagnostic

probability.3 In practice no diagnosis is

set by a single test result and each test

result is judged together with other (pre-

vious) test results. Given this consecutive

investigation, the fact that different tests

provide to varying extents the same

information and that each test may be
more or less burdening for the patient,
time consuming and costly, physicians
need to know which tests additionally or
independently contribute to the diagnos-
tic probability estimation.1–11 For exam-
ple, to determine whether an exercise
stress test in patients suspected of
coronary artery disease has diagnostic
value, one needs to quantify whether the
test changes the diagnostic probability
based on previous test results (for exam-
ple, patient history and physical exam-
ination) that are commonly available
anyway before such test is applied.

In our view, to quantify whether a par-
ticular test result additionally increases or
decreases the diagnostic probability re-
quires multivariable (prediction) model-
ling of the occurrence (prevalence) of the
disease at issue as function of the differ-
ent diagnostic test results. It requires a
comparison of the probability (preva-
lence) of disease presence before and after
the test, using, for example, stepwise
logistic regression modelling according to
the chronology in practice. The result of
such analyses is the definition of one or
more diagnostic prediction models in-
cluding the relevant (contributing) tests.
If needed, these models can be simplified
to obtain easy applicable diagnostic deci-
sion rules for use in practice.12–15

Knowledge on the independent
(added) diagnostic value can, as Dr Fein-
stein also suggests, not be inferred from
the still widely used singular test
parameters—that is, a test’s sensitivity,
specificity, and likelihood ratio.1 11 Simi-
larly to the variability of these param-
eters across patient characteristics, the
independent value of a test can also not
be validly quantified by the use of Bayes’s
theorem.3 The need for multivariable
models in diagnostic research is not dif-
ferent form other types of medical
research such as aetiological and prog-
nostic research. Not the singular associ-
ation (odds ratio) between a particular
exposure and the occurrence of the out-
come is informative, but their associ-
ation independent of other (co) factors.

PRACTITIONERS’ JUDGEMENT TO
ASSESS DIAGNOSTIC ACCURACY
Dr Feinstein argues that physicians are
generally reluctant to use quantitative

prediction models in their diagnostic

practice but rather infer a test’s accuracy

from their own experience. In our view,

this should be no reason to withdraw

from the use of quantitative prediction

models in diagnostic research.

For the evaluation of efficacy of

preventive and therapeutic devices we

have left the era of “experience or

eminence based medicine” in favour of

“evidence based medicine”. This should

also apply to diagnostic technologies.

Resistance to use prediction models in

diagnostic practice is most likely because

they are still seldomly used and reported

in diagnostic studies, in contrast with

aetiological and prognostic, including

therapeutic, research. For the latter types

of research a proper methodological

framework encouraging the use of these

methods can be found in all epidemio-

logical textbooks. This is not the case for

the few textbooks addressing methods of

diagnostic research. Most diagnostic re-

search still concentrates on the estima-

tion of singular test parameters in the

analyses. To enable diagnostic research to

better serve practice the prevailing

framework of methods for both design

and analyses must be improved.

We agree, however, that the physi-

cian’s judgement or experience is often

an important “test” in the diagnostic

investigation, which should not be ig-

nored in research. However, we believe it

is preferable to express this experience in

more or less objective test results, or at

least to quantify whether this “experi-

ence test” provides added information to

the more objective test results (as de-

scribed above).

THE VALUE OF TEST RESULTS IN
TERMS OF PATIENT OUTCOME
To set a diagnosis is fundamental in medi-

cal care as it offers an indication of the

patient’s prognosis and directs therapeu-

tic management. As Dr Feinstein

suggests, a diagnostic technology may not

contribute to the assessment of the final

diagnosis, but rather provide information

that could be relevant to the patient’s

prognosis or to therapeutic decisions.

We agree that diagnostic technologies

should not only be evaluated on their

diagnostic accuracy, for example, their

ability to determine the presence or

absence of the disease but sometimes

also on their ability to change patient

outcome.16–19 These assessments, how-

ever, call for different types of outcomes

and thus different study designs. Evalu-

ation of a test on its (added) diagnostic

accuracy requires a multivariable, cross

sectional prediction study: of each sub-

ject the result of the test under study is

measured as well as the simultaneous

presence or absence of the disease as

determined by a reference. Evaluating a

test on patient outcome comprises the
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evaluation of diagnostic tests plus all

possible administered therapies com-

bined. This enters the realm of aetiologi-

cal and therapeutic research and requires

follow up studies or trials rather than

cross sectional, prediction studies.19 20 We

believe that evaluation of diagnostic tests

on patient outcome is not always neces-

sary. In general, we think that follow up

studies are not necessary and the (ben-

eficial) effect of a diagnostic test for

patient outcome may be considered as

established if (1) diagnostic (cross sec-

tional) studies have shown the test’s

ability to detect a particular disease and

(2) therapeutic studies provided evi-

dence on efficacy of the management of

this disease.20 Follow up studies to quan-

tify the effect of a diagnostic technology

on patient outcome are necessary (1) if

the disease at issue lacks a specific refer-

ence to determine its presence or ab-

sence (such as heart failure) or (2) if the

(new) diagnostic technology provides

other therapeutic information than the

reference, potentially leading to other

treatment choices or (3) if the technol-

ogy itself may have therapeutic proper-

ties such as salphingography to deter-

mine patency of the uteral tubes.
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In his contribution “Misguided efforts

and future challenges for research on

diagnostic tests”1 Dr Feinstein has

identified major gaps and shortcomings

in previous and current diagnostic re-

search. While we fully agree with most of

his criticisms, we would like to take issue

with him over the role of statistics and

mathematical formalisation in diagnos-

tic research. In particular, we would like

to emphasise the need and potential of

expanding and re-focusing rather than

abandoning statistical approaches in

diagnostic research.

The traditional concepts of sensitivity

and specificity as well as of the “posterior

probabilities” have certainly been useful

as a methodological framework for

structuring efforts to quantify accuracy

of diagnostic markers in well defined,

very special settings in the past, and they

may continue to be useful as such in the

future. The major limitation of these

concepts does not so much lie in their

intrinsic properties, but in the uncritical

adoption of these concepts to a wide

range of different, usually more complex

settings. This misapplication along with

some misconceptions outlined below

have often been severely misguiding

indeed.

MISCONCEPTIONS AND
LIMITATIONS IN DIAGNOSTIC
MARKER EVALUATION
An important example is the dogma still

found in most textbooks of clinical

epidemiology and biostatistics, that the

sensitivity and specificity as well as the

likelihood ratios are constant bench-

marks of test performance, which, in

contrast to the posterior probabilities,

are independent of disease prevalence in

the population studied. As pointed out

by Dr Feinstein, this dogma has repeat-

edly been challenged in various settings

by empirical counter-evidence. Further-

more, it has been demonstrated by more

general methodological work that in

situations commonly encountered in

practice, in which diagnostic tests are

based on dichotomisation of inherently

continuous traits rather than on inher-

ently dichotomous traits, major depar-

tures from this dogma are expected to be

the rule rather than the exception.2 In

particular, it has been shown that for

tests based on dichotomisation of inher-

ently continuous traits, variation with
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