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Towards Complete and Accurate Reporting
of Studies of Diagnostic Accuracy:
The STARD Initiative
Patrick M. Bossuyt,1* Johannes B. Reitsma,1 David E. Bruns,2,3
Constantine A. Gatsonis,4 Paul P. Glasziou,5 Les M. Irwig,6 Jeroen G. Lijmer,1
David Moher,7 Drummond Rennie,8,9 and Henrica C.W. de Vet,10 for the STARD Group

Results: The search for published guidelines on diagnostic research yielded 33 previously published checklists, from which we extracted a list of 75 potential items.
The consensus meeting shortened the list to 25 items,
using evidence on bias whenever available. A prototypical flow diagram provides information about the
method of patient recruitment, the order of test execution and the numbers of patients undergoing the test
under evaluation, the reference standard or both.
Conclusions: Evaluation of research depends on complete and accurate reporting. If medical journals adopt
the checklist and the flow diagram, the quality of
reporting of studies of diagnostic accuracy should improve to the advantage of clinicians, researchers, reviewers, journals, and the public.

Background: To comprehend the results of diagnostic
accuracy studies, readers must understand the design,
conduct, analysis, and results of such studies. That goal
can be achieved only through complete transparency
from authors.
Objective: To improve the accuracy and completeness of
reporting of studies of diagnostic accuracy to allow
readers to assess the potential for bias in the study and
to evaluate its generalisability.
Methods: The Standards for Reporting of Diagnostic
Accuracy (STARD) steering committee searched the
literature to identify publications on the appropriate
conduct and reporting of diagnostic studies and extracted potential items into an extensive list. Researchers, editors, and members of professional organisations
shortened this list during a two-day consensus meeting
with the goal of developing a checklist and a generic
flow diagram for studies of diagnostic accuracy.

The world of diagnostic tests is highly dynamic. New tests
are developed at a fast rate and the technology of existing
tests is continuously being improved. Exaggerated and
biased results from poorly designed and reported diagnostic studies can trigger their premature dissemination
and lead physicians into making incorrect treatment decisions. A rigorous evaluation process of diagnostic tests
before introduction into clinical practice could not only
reduce the number of unwanted clinical consequences
related to misleading estimates of test accuracy, but also
limit healthcare costs by preventing unnecessary testing.
Studies to determine the diagnostic accuracy of a test are
a vital part in this evaluation process (1–3 ).
In studies of diagnostic accuracy, the outcomes from
one or more tests under evaluation are compared with
outcomes from the reference standard, both measured in
subjects who are suspected of having the condition of
interest. The term test refers to any method for obtaining
additional information on a patient’s health status. It
includes information from history and physical examination, laboratory tests, imaging tests, function tests and
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histopathology. The condition of interest or target condition can refer to a particular disease or to any other
identifiable condition that may prompt clinical actions,
such as further diagnostic testing, or the initiation, modification or termination of treatment. In this framework,
the reference standard is considered to be the best available
method for establishing the presence or absence of the
condition of interest. The reference standard can be a
single method, or a combination of methods, to establish
the presence of the target condition. It can include laboratory tests, imaging tests, pathology, but also dedicated
clinical follow-up of subjects. The term accuracy refers to
the amount of agreement between the information from
the test under evaluation, referred to as the index test, and
the reference standard. Diagnostic accuracy can be expressed in many ways, including sensitivity and specificity, likelihood ratios, diagnostic odds ratio, and the area
under a receiver operator characteristic (ROC) curve
(4 – 6 ).
There are several potential threats to the internal and
external validity of a study of diagnostic accuracy. A
survey of studies of diagnostic accuracy published in four
major medical journals between 1978 and 1993 revealed
that the methodological quality was mediocre at best (7 ).
However, evaluations were hampered because many reports lacked information on key elements of design,
conduct and analysis of diagnostic studies (7 ). The absence of critical information about the design and conduct
of diagnostic studies has been confirmed by authors of
metaanalyses (8, 9 ). As in any other type of research,
flaws in study design can lead to biased results. One
report showed that diagnostic studies with specific design
features are associated with biased, optimistic, estimates
of diagnostic accuracy compared to studies without such
deficiencies (10 ).
At the 1999 Cochrane Colloquium meeting in Rome,
the Cochrane Diagnostic and Screening Test Methods
Working Group discussed the low methodological quality
and substandard reporting of diagnostic test evaluations.
The Working Group felt that the first step to correct these
problems was to improve the quality of reporting of
diagnostic studies. Following the successful CONSORT
initiative (11–13 ), the Working Group aimed at the development of a checklist of items that should be included in
the report of a study of diagnostic accuracy.
The objective of the Standards for Reporting of Diagnostic Accuracy (STARD) initiative is to improve the
quality of reporting of studies of diagnostic accuracy.
Complete and accurate reporting allows the reader to
detect the potential for bias in the study (internal validity)
and to assess the generalisability and applicability of the
results (external validity).

Materials and Methods
The STARD steering committee (see appendix for membership and details) started with an extensive search to
identify publications on the conduct and reporting of

diagnostic studies. This search included the Medline,
Embase, BIOSIS and the methodological database from
the Cochrane Collaboration up to July 2000. In addition,
the steering committee members examined reference lists
of retrieved articles, searched personal files, and contacted other experts in the field of diagnostic research.
They reviewed all relevant publications and extracted an
extended list of potential checklist items.
Subsequently, the STARD steering committee convened a two-day consensus meeting for invited experts
from the following interest groups: researchers, editors,
methodologists and professional organisations. The aim
of the conference was to reduce the extended list of
potential items, where appropriate, and to discuss the
optimal format and phrasing of the checklist. The selection of items to retain was based on evidence whenever
possible.
The meeting format consisted of a mixture of small
group sessions and plenary sessions. Each small group
focused on a group of related items of the list. The
suggestions of the small groups were then discussed in
plenary sessions. Overnight a first draft of the STARD
checklist was assembled based on the suggestions from
the small group and the additional remarks from the
plenary sessions. All meeting attendees discussed this
version the next day and made additional changes. The
members of the STARD group could suggest further
changes through a later round of comments by electronic
mail.
Potential users field-tested the conference version of
the checklist and flow diagram and additional comments
were collected. This version was placed on the CONSORT
Website with a call for comments. The STARD steering
committee discussed all comments and assembled the
final checklist.

Results
The search for published guidelines for diagnostic research
yielded 33 lists. Based on these published guidelines and on
input of steering and STARD group members, the steering
committee assembled a list of 75 items. During the consensus meeting on September 16 and 17, 2000, participants
consolidated and eliminated items to form the 25-item
checklist. Conference members made major revisions to the
phrasing and format of the checklist.
The STARD group received valuable comments and
remarks during the various stages of evaluation after the
conference, which resulted in the version of the STARD
checklist that appears in Table 1.
The flow diagram provides information about the
method of patient recruitment (e.g., based on a consecutive series of patients with specific symptoms, casecontrol), the order of test execution, and the number of
patients undergoing the test under evaluation (index test)
and the reference test (see Fig. 1). We provide one
prototypical flowchart that reflects the most commonly
employed design in diagnostic research. Examples that

Table 1. STARD checklist for the reporting of studies of diagnostic accuracy.
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Fig. 1. Prototypical flow diagram of a diagnostic accuracy study.

reflect other designs are on the STARD Web site (see
www.consort-statement.org.htm)

Discussion
The purpose of the STARD initiative is to improve the
quality of the reporting of diagnostic studies. The items in
the checklist and the flowchart can help authors in describing essential elements of the design and conduct of
the study, the execution of tests, and the results.
We arranged the items under the usual headings of a
medical research article but this is not intended to dictate
the order in which they have to appear within an article.
The guiding principle in the development of the
STARD checklist was to select items that would help

readers to judge the potential for bias in the study and to
appraise the applicability of the findings. Two other
general considerations shaped the content and format of
the checklist. First, the STARD group believes that one
general checklist for studies of diagnostic accuracy, rather
than different checklists for each field, is likely to be more
widely disseminated and perhaps accepted by authors,
peer reviewers, and journal editors. Although the evaluation of imaging tests differs from that of tests in the
laboratory, we felt that these differences were more of
degree than of kind. The second consideration was the
development of a checklist specifically aimed at studies of
diagnostic accuracy. We did not include general issues in
the reporting of research findings, like the recommenda-
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tions contained in the Uniform Requirements for Manuscripts submitted to Biomedical Journals (14 ).
Wherever possible, the STARD group based the decision
to include an item on evidence linking the item to biased
estimates (internal validity) or to variation in measures of
diagnostic accuracy (external validity). The evidence varied
from narrative articles explaining theoretical principles and
papers presenting results from statistical modelling to empirical evidence derived from diagnostic studies. For several
items, the evidence is rather limited.
A separate background document explains the meaning and rationale of each item and briefly summarises the
type and amount of evidence (15). This background
document should enhance the use, understanding and
dissemination of the STARD checklist.
The STARD group put considerable effort into the
development of a flow diagram for diagnostic studies. A
flow diagram has the potential to communicate vital
information about the design of a study and the flow of
participants in a transparent manner (16 ). A comparable
flow diagram has become an essential element in the
CONSORT standards for reporting of randomized trials.
The flow diagram could be even more essential in diagnostic studies, given the variety of designs employed in
diagnostic research. Flow diagrams in the reports of
diagnostic accuracy studies indicate the process of sampling and selecting participants (external validity), the
flow of participants in relation to the timing and outcomes
of tests, the number of subjects who fail to receive either
the index test and/or the reference standard [potential for
verification bias; Refs. (17–19 )], and the number of patients at each stage of the study, thus providing the correct
denominator for proportions (internal consistency).
The STARD group plans to measure the impact of the
statement on the quality of published reports on diagnostic accuracy using a before-and-after evaluation (13 ).
Updates of STARD will be provided when new evidence
on sources of bias or variability becomes available. We
welcome any comments, whether on content or form, to
improve the current version.
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earlier versions.
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