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Producing prospective evidence on the diagnostic accu-
racy of a test can be costly and time-consuming, particularly
in settings where the prevalence of the target disease is low,
requiring recruitment of large numbers of individuals. If a
test is already in use in routine clinical practice, estimating
the diagnostic accuracy of tests based on retrospective,
routinely collected health-care data is often an appealing
alternative, avoiding the logistical challenges and costs asso-
ciated with large prospective studies along with potential
ethical considerations. However, interpreting the evidence
from such studies requires understanding of their underlying
assumptions and resulting potential for bias.
1. Use of clinical diagnosis as reference standard

The ‘reference standard’ is the test(s) or information
used to establish the presence or absence of the target con-
dition [1]. Ideally, the reference standard used is highly ac-
curate, undertaken in the whole study population, and
conducted at the same time as the index test. All diagnostic
accuracy studies rely on the reference standard providing as
close to the truth in terms of the disease status of each
participant as possible.

In routine clinical practice, particularly in primary care,
it would be unusual for everybody who is suspected of hav-
ing a target condition to receive a reference standard. Typi-
cally, a range of different tests and pieces of information
are used to rule out the target condition or triage individuals
to more definitive investigations. Since these tests are only
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generally accompanied by a more definitive test if they are
positive, retrospective analysis of such tests used in routine
practice lacks a consistent contemporaneous reference
standard.

To overcome this issue, clinical diagnosis within a spec-
ified period of time from the index test being conducted is
often used as the reference standard instead [2e7]. This
approach may be suitable for diseases which without inter-
vention are not expected to resolve without intervention and
requires two further assumptions.

1) If undetected by the test, the target condition would
subsequently be diagnosed within the specified time
period, that is, the disease would progress and mani-
fest with persisting or worsening symptoms, leading
to its diagnosis within that time period.

2) That the target condition was present when the test
was performed and did not arise de novo within the
specified time period.

Violation of the first assumption will lead to overestima-
tion of diagnostic accuracy (see Fig 1, Patient B). This is
because a negative index test result will be incorrectly
labeled as a true negative if the disease is present but not
diagnosed within the specified period. As the disease is
actually present, this result should be labeled as a false
negative.

Violation of the second assumption will lead to under-
estimation of diagnostic accuracy (see Fig 1, Patient C).
This is because a negative test result will be incorrectly
labeled as a false negative because the disease has been
diagnosed during the specified time period. As the disease
wasn’t present at the time of the index test being conduct-
ed the correct designation should actually be true
negative.
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What is new?

Key findings
� Studies often use retrospective routinely collected

data to produce estimates of diagnostic accuracy,
particularly in low prevalence settings.

� It can be difficult to define an appropriate reference
standard when using retrospective routinely
collected data without having to make some
assumptions.

What this adds to what was known?
� We explain these assumptions and how these may

lead to biased estimates of diagnostic accuracy.

What is the implication and what should change
now?
� Estimation of diagnostic accuracy using retrospec-

tive observational data is subject to biases and the
limitations of such approaches should be explicitly
acknowledged in published studies.

� Given the limitations inherent in assessing test ac-
curacy using routinely collected data, consider-
ation should be given to prospective evaluations.

As calculations of sensitivity and specificity require ac-
curate estimation of both false negatives and true nega-
tives, respectively, violations of the above assumptions
Figure 1. Diagram to show risk of mischaracterization of test performance re
the index test (eg, 1 year) as clinical reference standard, for negative test re
nosed within specified interval, study correctly labels as false negative. Pa
specified interval; this is a false negative, but the study incorrectly labels a
Patient C: disease not present at the time of test, subsequently diagnosed
tegorizes as false negative thereby underestimating sensitivity and specificity
reader is referred to the Web version of this article.)
are sufficient to produce biased estimates of diagnostic ac-
curacy. Positive test results are not subject to the same is-
sues as long as the subsequent further definitive
investigation that will confirm or exclude presence of
the disease occurs in a timely manner. Supplementary
figure 1 presents corresponding biases that could result
from positive test results.

Selection of an appropriate interval requires clinical
judgment; the interval needs to be sufficiently long to cap-
ture as many cases of the target condition as possible that
were present at the time of the test, but not excessively long
such that substantial volumes of the target condition could
have arisen after the test. Selecting an interval that opti-
mally achieves this balance is challenging. Consider lung
cancer, a disease which is understood to advance rapidly
and with fatal consequences if untreated. The mean dura-
tion in which lung cancer is detectable before it causes
symptoms (sojourn time) has been estimated as between
three and 6 years [8]. However, screening programs have
demonstrated some instances of highly aggressive cancers
that arise much more rapidly between screening rounds
[9]. Such ‘interval’ cancers have been found when
screening for several different cancers [10e12] despite hav-
ing longer estimated sojourn times compared to lung cancer
[13e15].

Since these rapidly progressive cancers are relatively
atypical, overestimation of diagnostic accuracy by failing
to account for slow growing cancers is probably the
bigger concern [16]. Smaller tumors, which are generally
harder to detect, may also take longer to be diagnosed and
be more likely to be picked up outside of the specified
time period. This will not only lead to an overestimation
sulting from reliance on clinical diagnosis within specified interval of
sults. Patient A: test does not identify the disease, subsequently diag-
tient B: test misses the disease, subsequently diagnosed outside the
s true negative thereby overestimating test sensitivity and specificity.
within specified interval; this is a true negative, but the study misca-
. (For interpretation of the references to color in this figure legend, the
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of both specificity and sensitivity, but also risks inappro-
priate inferences about the clinical utility of a test as,
arguably, smaller tumors are often those that benefit the
most from earlier detection. The opposite can also be true;
some smaller, slow progressing, tumors may be less clin-
ically significant as they may not progress to a stage
where they cause any problems within the patient’s life-
time. Detecting these tumors can lead to overdiagnosis
and may result in over treatment. This is why producing
evidence on outcomes beyond diagnostic accuracy, partic-
ularly in the context of earlier diagnosis, is so important
[17]. In the case of lung cancer, data from a screening trial
indicates that the true accuracy of chest x-ray may be
much lower than has been reported when clinical diag-
nosis within 1 year is used as a reference standard
(Supplementary material).

These considerations are not exclusive to cancer diagnosis
and apply to any diseases for which such methodology is
used. Such studies also rely on the accuracy of the data source
used to ascertain whether the target condition was present or
absent. Studies using secondary care records for specific pro-
viders [2,6,18] may assume that patients continued to receive
care from the same provider and did not change provider due
to patient choice or geographic relocation. This can be
misleading; for example, studies based on national primary
care datasets have been shown to capture varying proportions
of cancer diagnoses ranging from 84% of melanoma cases to
97%of lung cancer cases [19].Where national registers of di-
agnoses exist, linkage of this data could be used to minimize
this issue, although emigration will remain a problem (albeit
to a minimal extent).
2. Conclusion

Where tests are already being used in clinical practice,
analysis of retrospective routinely collected data can be
useful in evaluating the diagnostic accuracy of these tests
in settings where prevalence of the target disease is low
and prospective studies would be expensive and require
large numbers of participants. This type of data is also
likely to be increasingly used for postmarket evaluations
of test performance to meet new regulatory requirements
[20]. Here we explain the limitations of this type of data,
particularly the assumptions required to use clinical diag-
nosis within a specified time period as the reference stan-
dard and the potential implications on estimates of
diagnostic accuracy. This limitation may be problematic
in the context of earlier diagnosis, as it could lead to over-
estimation of test accuracy by overlooking the very cases
of disease which are most amenable to intervention
following early detection.

The case for prospective diagnostic accuracy studies re-
mains strong, despite the difficulties in undertaking such
studies. Recommendations for conducting prospective diag-
nostic accuracy studies in contexts where disease
prevalence is relatively low have been made and may be
useful in thinking through feasible study designs [21]. We
recommend that reporting of diagnostic accuracy studies
should make explicit reference to the limitations of obser-
vational data and sensitivity analyses (ie, varying the length
time period for a clinical diagnosis) could be conducted to
explore the potential impact that this decision is having on
diagnostic accuracy estimates.
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