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Background
The classical diagnostic accuracy paradigm is
based on studies that compare the results of the
test under evaluation (index test) with the results
of the reference standard, the best available
method to determine the presence or absence of
the condition or disease of interest. Accuracy
measures express how the results of the test under
evaluation agree with the outcome of the reference
standard. Determining accuracy is a key step in
the health technology assessment of medical tests.

Researchers evaluating the diagnostic accuracy of
a test often encounter situations where the
reference standard is not available in all patients,
where the reference standard is imperfect or where
there is no accepted reference standard. We use
the term ‘no gold standard situations’ to refer to
all those situations. Several solutions have been
proposed in these circumstances. Most articles
dealing with imperfect or absent reference
standards focus on one type of solution and
discuss the strengths and limitations of that
approach. Few authors have compared different
approaches or provided guidelines on how to
proceed when faced with an imperfect reference
standard.

Objectives
We systematically searched the literature for
methods that have been proposed and/or applied
in situations without a ‘gold’ standard, that is, a
reference standard that is without error. Our
project had the following aims:

1. To generate an overview and classification of
methods that have been proposed to evaluate
medical tests when there is no gold standard.

2. To describe the main methods discussing
rationale, assumptions, strengths and
weaknesses.

3. To describe and explain examples from the
literature that applied one or more of the
methods in our overview.

4. To provide general guidance to researchers
facing research situations where there is no
gold standard.

Methods
We employed multiple search strategies to obtain
an overview of the different methods described in
the literature, including searches of electronic
databases, contacting experts for papers in
personal archives, exploring databases from
previous methodological projects (STARD and
QUADAS) and cross-checking of reference lists of
useful papers already identified.

We developed a classification for the methods
identified through our review taking into account
the degree to which they represented a departure
away from the classical diagnostic accuracy
paradigm.

For each method in our overview, we prepared a
structured summary based on all or the most
informative papers describing its rationale, its
strengths and weaknesses, its field of application,
available software and illustrative examples of the
method.

Based on the findings of our review, discussions
about the pros and cons of different methods in
various situations within the research team and
input from expert peer reviewers, we constructed a
flowchart providing general guidance to
researchers faced with evaluation of tests without a
gold standard.

Results
From 2200 references initially checked for their
usefulness, we ultimately included 189 relevant
articles that were subsequently used to classify and
summarise all methods into four main groups, as
follows.

Impute or adjust for missing data on
reference standard
In this group of methods, there is an acceptable
reference standard, but for various reasons the
outcome of the reference standard is not obtained
in all patients. Methods in this group either
impute or adjust for this missing information in
the subset of patients without reference standard
outcome. Researchers should be careful with these
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methods if (1) the pattern of missing values is 
not determined by the study design, but is
influenced by the choice of patients and
physicians, or (2) the fraction of patients verified
with the reference standard is small within results
of the index tests.

Correct imperfect reference standard
In this group, there is a preferred reference
standard, but this standard is known to be
imperfect. Solutions from this group either adjust
estimates of accuracy or perform sensitivity
analysis to examine the impact of this imperfect
reference standard. The adjustment is based on
external data (previous research) about the degree
of imperfection. Correction methods can be useful
if there is reliable information about the degree of
imperfection of the reference standard and about
the correlation of the errors between the index
test and the reference standard.

Construct reference standard
These methods have in common that they
combine multiple test results to construct a
reference standard outcome. Groups of patients
receive either different tests (differential
verification and discrepant analysis) or the same
set of tests, after which these results are combined
by: (1) deterministic predefined rule (composite
reference standard); (2) consensus procedure
among experts (panel diagnosis); (3) a statistical
model based on actual data (latent class analysis).
The prespecified rule for target condition makes
the composite reference standard method
transparent and easy to use, but misclassification
of patients is likely to remain. Discrepant analysis
should not be considered in general, as the
method is likely to produce biased results. The
drawback of latent class models is that the target
condition is not defined in a clinical way, so there
can be lack of clarity about what the results stand
for in practice. Panel diagnosis also combines
multiple pieces of information, but experts may
combine these items in a manner that more
closely reflects their own personal concept of the
target condition.

Validate index test results
The diagnostic test accuracy paradigm is
abandoned in this group and index test results are
related to relevant other clinical characteristics. An
important category is relating index test results
with future clinical events, such as the number of
events in those tested negative for the index test
results. Test results can also be used in a

randomised study to see whether the test can
predict who will benefit more from one
intervention than the other. Because the classical
accuracy paradigm is not employed, measures
other than accuracy measures are calculated,
including event rates, relative risks and other
correlation statistics.

Conclusions
The majority of methods try to impute, adjust or
construct a reference standard in an effort to
obtain the familiar diagnostic accuracy statistics
such as pairs of sensitivity and specificity or
likelihood ratios. In situations that deviate only
marginally from the classical diagnostic accuracy
paradigm, for example where there are few
missing values on an otherwise acceptable
reference standard or where the magnitude and
type of imperfection in a reference standard is well
documented, these are valuable methods.
However, in situations where an acceptable
reference standard does not exist, holding on to
the accuracy paradigm is less fruitful. In these
situations, applying the concept of clinical test
validation can provide a significant
methodological advance. Validating a test means
that scientists and practitioners examine, using a
number of different methods, whether the results
of an index test are meaningful in practice.
Validation will always be a gradual process. It will
involve the scientific and clinical community
defining a threshold, a point in the validation
process, whereby the information gathered would
be considered sufficient to allow clinical use of the
test with confidence.

Recommendations for further research
All methods summarised in this report need
further development. Some methods, such as the
construction of a reference standard using panel
consensus methods and validation of tests outwith
the accuracy paradigm, are particularly promising
but are lacking in methodological research. These
methods deserve particular attention in future
research.
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