
Making accurate diagnoses requires knowing the
performance characteristics of the tests we use.
How can we know whether to trust studies that

purport to establish those performance characteristics?
The fundamental design of studies assessing the accuracy

of diagnostic tests involves a comparison of the test under in-
vestigation with a “gold” or reference standard. In many cases,
the gold standard is impractical in the clinical setting because
it is too invasive (e.g., pulmonary angiography), is too costly
or time-consuming (e.g., long-term follow-up for diagnosis of
seizures or syncope) or is possible only after the patient is
dead (neuropathological examination for Alzheimer’s dis-
ease). The test under investigation can be any method of ob-
taining information from the patient: clinical history taking,
physical examination, laboratory investigation, imaging, ques-
tionnaire or pathological examination. Investigators assess
the accuracy of the test by the extent of its agreement with the
gold standard. One can best express this agreement in the
form of likelihood ratios, although a number of less satisfac-
tory alternatives (sensitivity and specificity, diagnostic odds ra-
tios, or areas under ROC [receiver-operating-characteristic]
curves) are also available.

There are many variations possible to this prototypical di-
agnostic accuracy study, which may or may not introduce bi-
ases (i.e., systematic over- or underestimation of the true ac-
curacy of a diagnostic test). Critical examination of diagnostic
accuracy studies started around 1980, and we now have some
90 quality-assessment tools,1 the most notable of which in-
clude the STARD  (Standards for Reporting of Diagnostic Ac-
curacy)2 and the QUADAS (Quality Assessment of Diagnostic
Accuracy Studies).3 The STARD is a checklist of 25 items and
flow diagram to improve the reporting of original studies,
whereas the QUADAS is a list of 14 checkpoints for assessing
the quality of original studies to include them in systematic
reviews. The authors of both checklists explicitly acknowl-
edge that our understanding of the determinants of the qual-
ity of diagnostic accuracy studies is growing, and they intend
to update their products accordingly.

In this issue (page 469), Rutjes and colleagues report on
their investigation of 15 potential sources of bias in diagnos-
tic accuracy studies by empirically examining their associa-
tion with estimates of diagnostic accuracy in each study.4

Their work complements previous empirical works by groups
led by Lijmer5 and Whiting.6 Both Rutjes and colleagues4 and
Lijmer and associates5 sampled primary studies from system-
atic reviews, a sampling frame that is likely to be systema-
tically different from the total pool of diagnostic accuracy

studies (and may include stronger or weaker original investi-
gations). Whiting and colleagues,6 on the other hand, sys-
tematically searched for both primary and secondary studies
that examined influences of design features on estimates of
diagnostic accuracy; the limitation of their work is that they
provided narrative, rather than quantitative, summaries of
their results.

The 3 studies have identified a number of design features
that consistently appear to introduce bias (see online Appen-
dix 1 at www.cmaj.ca/cgi/content/full/174/4/481/DC1). These
include poor selection of patients with and without the target
diagnosis (spectrum bias); failure to use the same gold stan-
dard on all patients, irrespective of their test results (verifica-
tion bias); and awareness of the results of the gold standard
or test by those interpreting the results of the other (lack of
blinding). Clinicians should pay special attention to these as-
pects of diagnostic accuracy studies before deciding to apply
the results to their own practice, regardless of whether they
are reviewing a single primary study or a systematic review of
many such studies.1

The limitations of the 3 reviews suggest that we should not
ignore potential sources of bias even when supporting empir-
ical data are lacking. For instance, empirical support for bias
associated with a poor choice of gold standard is limited (see
online Appendix 1 at www.cmaj.ca/cgi/content/full/174
/4/481/DC1). Nevertheless, common sense tells us that, if the
gold standard lacks reliability or validity, assessments of test
properties will be pointless. Malignant melanoma provides a
recent example of the unreliability of the accepted gold stan-
dard: a nationwide sample of practising pathologists in the
United Kingdom agreed only modestly in the diagnosis of
malignant melanoma without the use of standardized diag-
nostic criteria (kappa = 0.45). Satisfactory agreement was
achieved when standardized diagnostic criteria were used and
some disease categories were modified.7
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Sources of bias in diagnostic accuracy studies 
and the diagnostic process

We should not ignore
potential sources of bias
even when supporting
empirical data are lacking.



To establish that studies have provided unbiased estimates
of test properties, and that a particular test is indeed accurate,
is but one step in the diagnostic process. In order to better
serve our patients, we need to generate appropriate differen-
tial diagnoses with a sense of the relative likelihood of com-
peting alternatives. Ideally, we will think in quantitative
terms, generating estimates of pretest probabilities. In addi-
tion, we must understand the sequential application of each
diagnostic test. In practice, the diagnostic process proceeds
in a stepwise fashion, starting with a particular set of signs
and symptoms. Clinical prediction rules or guides, which si-
multaneously consider a range of diagnostic information,
provide one solution to incorporating the results of multiple
tests to arrive at an accurate diagnosis.8
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