
Test Research versus Diagnostic Research

The diagnostic workup starts with a patient presenting
with symptoms or signs suggestive of a particular disease.
The workup is commonly a consecutive process starting
with medical history and physical examination and sim-
ple tests followed by more burdensome and costly diag-
nostic procedures. Generally, after each test all available
results are converted (often implicitly) to a probability of
disease, which in turn directs decisions for additional
testing or initiation of appropriate treatment. Setting a
diagnosis is a multitest or multivariable process of esti-
mating and updating the diagnostic probability of disease
presence given combinations of test results. Each test may
be more or less burdensome to the patient, time-consum-
ing, and/or costly. Different tests often provide to various
degrees the same information because they are all associ-
ated with the same underlying disorder. Relevant for
physicians is to know which tests are redundant and
which have true, independent predictive value for the
presence or absence of the target disease. Accordingly,
studies of diagnostic accuracy should demonstrate which
(subsequent) test results truly increase or decrease the
probability of disease presence as estimated from the
previous results, and to what extent.

Various reviews have demonstrated that the majority of
published studies of diagnostic accuracy still have meth-
odologic flaws in design or analysis or provide results
with limited practical applicability (1–3). This has been
attributed to the absence of a proper methodologic frame-
work for diagnostic test evaluations as, for example, exists
for studies of therapies and etiologic factors and has
motivated various researchers to establish frameworks for
studies of diagnostic accuracy, such as the recent STARD
Initiative (4–12). In our view, an issue that has received
too little attention in most of these methodologic essays is
the difference between test research and diagnostic re-
search.

By “test research” we refer to studies that follow a
single-test or univariable approach, i.e., studies focusing
on a particular test to quantify its sensitivity, specificity,
likelihood ratio (LR), or area under the ROC curve (ROC
area). We call this test research because it merely quanti-
fies the “characteristics” of the test rather than the test’s
contribution to estimate the diagnostic probability of
disease presence or absence. By “diagnostic research” we
refer to studies that aim to quantify a test’s added
contribution beyond test results readily available to the
physician in determining the presence or absence of a
particular disease. Although the multivariable and prob-
abilistic character of medical diagnosis is slowly gaining
appreciation in medical research, the majority of studies
on diagnostic accuracy may still be regarded as test
research (2, 3, 8 ).

We believe that test research has limited applicability to
clinical practice. Below we describe why we believe this is
the case, provide a brief description of a better approach,
and give two clinical examples illustrating the hazards of

test research. Finally, we describe the few instances in
which test research may be worthwhile.

Why Does Test Research Have Limited Relevance to
Practice?

study question and object of study
The first reason that test research has limited relevance to
practice is the nature of the questions that are usually
addressed. The practical utility of estimation of sensitiv-
ity, specificity, and LR for a particular test in the diagnosis
of a particular disease is not always obvious (7, 13 ).
Consider, for example, the diagnostic workup for patients
suspected of deep vein thrombosis (DVT). The relevant
research question for patients suspected of DVT would
be: “Given patient history and physical examination,
which subsequent tests (e.g., d-dimer measurement) truly
provide added information to predict the presence or
absence of DVT?” The probability of disease presence and
quantifying which tests independently contribute to the
estimation of this probability should be the objects of
study. However, in this respect many studies have aimed
only to estimate the sensitivity and specificity of the
d-dimer assay. When this is the object of a study, it is only
the probability of obtaining a positive or negative test
result that is addressed, rather than the probability of
disease presence. Moreover, the focus is on the value of a
single test rather than on the value of that test in combi-
nation with other, previous tests, including patient history
and physical examination. We may say that the object of
research is the test rather than the (probability of) disease.
Hence the term test research.

test characteristics are not fixed
The second reason that results from test research have
limited relevance is that a test’s sensitivity, specificity, LR,
and ROC area tend to be taken as properties or charac-
teristics of a test. This, however, is a misconception, as we
discussed recently (13 ). It is widely accepted that the
predictive values of a test vary across patient populations.
However, several studies have empirically shown that the
sensitivity, specificity, and LR of a test may vary mark-
edly, not only across patient populations (14 ) but also
within a particular study population (13, 15–17). Within
different patient subgroups, defined by patient character-
istics or other test results, a particular test may have
different sensitivities and specificities. This is because all
diagnostic results obtained from patient history, physical
examination, and additional tests are to some extent
related to the same underlying disorder. For example,
immobility, gender, and use of oral contraceptives are
associated with the development of, and thus the pres-
ence of, DVT. In turn, the presence of DVT determines the
presence of symptoms and signs and also (the probability
of finding) a positive d-dimer assay result. Accordingly,
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via the underlying disorder, all diagnostic results are
somehow correlated and thus mutually determine each
other’s sensitivity, specificity, and LR to various extents
(13, 15–17). A single value of a test’s sensitivity, specific-
ity, LR, ROC area, or predictive value that applies to all
patients of a study sample does not exist. Hence, there are
no fixed test characteristics.

selection bias
The most widely acknowledged limitation of test research
is that studies often apply an improper patient recruit-
ment and study design (1–3, 7 ). Investigators often select
study participants among those who underwent the ref-
erence test in routine practice, i.e., selection based on a
“true” presence or absence of the disease. The results of
the test(s) under study are retrieved from the medical
records and then compared across those with and without
the disease. Such a case–control design commonly leads
to selection bias, known as verification, workup, or refer-
ral bias (9, 18, 19 ).

Although such patient recruitment methods and study
designs have decreased in the past decade, test research is
still frequently based on individuals selected based on
their final diagnosis (1–3). The need for proper patient
recruitment is extensively addressed in the STARD check-
list (11, 12 ). Study participants should be selected in
agreement with the indication for diagnostic testing in
practice, i.e., on their suspicion of having a particular
disease, rather than on the presence or absence of that
disease. Such unbiased selection of study participants
may indeed be problematic for diagnostic laboratories or
imaging centers that do not have access to consecutive
series of patients suspected of having the disease. More-
over, most hospital databases code patients according to
their final diagnosis rather than by their presenting symp-
toms or signs. The use of a system to register patients not
only on their final diagnosis but also on their clinical
presentation would enhance the validity and clinical
relevance of diagnostic accuracy research (20 ).

Proposed Approach for Diagnostic Accuracy Research
We believe that to serve practice, the point of departure
and the multivariable and probabilistic character of the
diagnostic workup should be reflected in the objective,
design, analysis, and presentation of studies of diagnostic
accuracy. The aim is to relate the probability of disease
presence to combinations of test results, following their
typical chronology in practice. The predictive accuracy of
the initial tests (including patient history and physical
examination) should be estimated first, and the added
value of more burdening and costly tests should be
estimated subsequently. Hence, all tests typically applied
in the workup need to be documented in each patient,
even if a study focuses on a particular test. Consider again
the question whether the d-dimer assay is relevant to the
diagnosis of DVT. A consecutive series of patients sus-

pected of DVT should be selected. The history, physical
examination, and d-dimer result should be obtained from
each patient. Subsequently, each patient “undergoes” the
best reference test currently available; in this example, it
would be repeated leg ultrasound. What to do in the
absence of a single reference test or when it is unethical to
perform the reference test in each patient has been de-
scribed elsewhere (8, 10, 21, 22 ).

Because the d-dimer assay will always be applied after
history taking and physical examination, the statistical
analysis requires a comparison of the (average) probabil-
ity of disease presence without and with the d-dimer
assay, overall or in subgroups. Such sequential modeling
of the diagnostic probability as a function of different
combinations of test results can be done using, e.g.,
multivariable logistic regression. Such multivariable anal-
yses account for the mutual dependencies between differ-
ent test results and thus indicate which tests truly do and
which do not independently contribute to the estimation
of the probability of disease presence. In addition, various
orders of diagnostic testing can be analyzed. The result of
such analysis is the definition of one or more diagnostic
prediction models including only the relevant tests. If
needed, such prediction models can be simplified to
obtain readily applicable diagnostic decision rules for use
in practice. Various authors have applied or described the
details of such an analytical approach (20, 23–27).

Multivariable diagnostic prediction models or rules are
not the solution to everything. They may have several
drawbacks, such as overoptimism, although methods
have been described to overcome some of these draw-
backs (23 ). The need for multivariable modeling in diag-
nostic research, however, is not different from other types
of medical research, such as etiologic, prognostic, and
therapeutic research. It is not the singular association
between a particular exposure or predictor and the out-
come that is informative, but their association indepen-
dent of other factors. For example, in etiologic research,
investigators never publish the crude estimate between
exposure and outcome only, but always the association in
view of other risk factors (confounders), using a multiva-
riable analysis as well (13 ). Similarly, in diagnostic accu-
racy research, multivariable modeling is necessary to
estimate the value of a particular test in view of other test
results. As in other types of research, such knowledge
cannot be inferred from singular, univariable test param-
eters (7, 8, 13 ).

Fortunately, a multivariable approach in design and
analysis aiming to quantify the independent value of
diagnostic tests has gained approval (20, 23–27). In addi-
tion, the above study question on the added value of the
d-dimer assay in diagnosing DVT has been evaluated in
such a way. The d-dimer assay appeared to have an
added predictive value to patient history and physical
examination, particularly in patients who have a low
clinical probability of DVT (27 ).
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Clinical Examples
We now present two clinical examples illustrating how
results from a single or univariable test approach can
mislead.

In an Australian study, 399 consecutive dyspeptic
patients referred for endoscopy underwent two tests, the
rapid urease test and the 13C breath test, for Helicobacter
pylori (HP) with endoscopy as the reference test (28 ). The
investigators found large differences in the test results
between patients with a normal and abnormal endoscopy.
The sensitivity and specificity were 96% and 67% for the
rapid urease test and 91% and 82% for the 13C breath test.
The authors concluded that the HP tests might have
potential for the initial evaluation of dyspepsia and
needed further evaluation in general practice. A second
study was done by Weijnen et al. (26 ). Using a sequential
multivariable approach, they found in a consecutive se-
ries of 565 dyspeptic patients referred for endoscopy that
the HP test did not add diagnostic information to the
predictors from history (i.e., history of ulcer, pain on
empty stomach, and smoking). The ROC area of the
model with only predictors from patient history was 0.71,
which was increased to only 0.75 (P � 0.46) after addition
of the HP test result. They concluded that HP testing in all
dyspeptic patients has no value in addition to history
taking.

Cowie et al. (29 ) studied a consecutive series of 122
patients suspected of heart failure. They measured in each
patient the plasma concentrations of three natriuretic
peptides, A-type natriuretic peptide (ANP), N-terminal
ANP, and B-type natriuretic peptide (BNP), as well as the
presence or absence of heart failure, using consensus
diagnosis based on chest radiography and echocardiogra-
phy as the reference test. They found that the mean
concentration of each natriuretic peptide separately (sin-
gle-test approach) was significantly greater in the patients
with heart failure (all P �0.001). They also evaluated all
three together in a multivariable logistic prediction
model. Only the BNP measurement remained signifi-
cantly associated with heart failure presence, whereas the
other two did not add any predictive information.

Both examples show that one may qualify a test
differently (commonly more promisingly) when only the
results of a univariable or single-test approach are con-
sidered. Evaluating a particular test in view of other test
results and accounting for mutual dependencies may
decrease or even diminish its diagnostic contribution,
simply because the information provided by that test is
already provided by the other tests. Because in real life
any test result is always considered in view of other
patient characteristics and test results, diagnostic accuracy
studies that address only a particular test and its charac-
teristics have, in our view, limited relevance to practice.
Indeed, as shown by Reid et al. (30 ), test characteristics
are hardly ever actually used by practitioners.

Is There a Place for Test Research?
There are two situations in which pure test research, i.e.,
studies aiming to estimate the diagnostic accuracy indices
of a single test, is indicated. The first situation is when a
diagnosis is indeed set by only one test and other test
results are not considered. This is, in our view, reserved to
the context of screening for preclinical stages of a partic-
ular disease only: e.g., screening for breast cancer, pros-
tate cancer, or cervical cancer. Such screening may be
considered as a specific case of diagnosis, concerned with
the early detection of a disease in a particular age and sex
group. Here, only the screening test is considered in the
diagnostic process; other patient characteristics or test
results are commonly not available and therefore cannot
modify the sensitivity, specificity, LR, and predictive
values of the screening test. Accordingly, these indices, as
estimated from a particular study sample, may be consid-
ered characteristics or constants for the corresponding
source population. In the presence of a positive screening
result, patients are commonly referred for further diag-
nostic workup. Other test results then become involved,
and mutual dependencies between the screening test and
these other tests start to play a role, demanding a multi-
variable approach in design and analysis.

The second situation, as suggested previously, is in the
initial phase of developing a new test or evaluating an
existing test in a new context; single-test evaluations in
these circumstances may be useful for efficiency reasons
(4, 6, 7, 25 ). Such initial test research should apply a
case–control approach, preferably starting with a sample
of patients with the disease (cases) and a sample of
healthy controls. If the test cannot differentiate between
these two extreme or heterogeneous outcome categories,
the test development process would likely be terminated.
In such instances, it will be unlikely that the test does
show discriminative value in patients suspected of having
the disease, i.e., the population for which the test is
intended, because these patients present with similar
disease profiles, leading to an even more homogeneous
case mixture. However, once the test does yield “satisfac-
tory” diagnostic indices in such an initial test research
study, we believe that its independent predictive contri-
bution to existing diagnostic information in a clinical
context can and must still be quantified by the above
proposed approach.
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