Academia and Clinic
The STARD Statement for Reporting Studies of Diagnostic Accuracy:
Explanation and Elaboration
Patrick M. Bossuyt, Johannes B. Reitsma, David E. Bruns, Constantine A. Gatsonis, Paul P. Glasziou, Les M. Irwig, David Moher,
Drummond Rennie, Henrica C.W. de Vet, and Jeroen G. Lijmer

The quality of reporting of studies of diagnostic accuracy is less
than optimal. Complete and accurate reporting is necessary to
enable readers to assess the potential for bias in the study and to
evaluate the generalizability of the results.
A group of scientists and editors has developed the STARD
(Standards for Reporting of Diagnostic Accuracy) statement to
improve the reporting the quality of reporting of studies of diagnostic accuracy. The statement consists of a checklist of 25 items
and flow diagram that authors can use to ensure that all relevant
information is present.
This explanatory document aims to facilitate the use, understanding, and dissemination of the checklist. The document con-

tains a clarification of the meaning, rationale, and optimal use of
each item on the checklist, as well as a short summary of the
available evidence on bias and applicability.
The STARD statement, checklist, flowchart, and this explanation and elaboration document should be useful resources to
improve reporting of diagnostic accuracy studies. Complete and
informative reporting can only lead to better decisions in health
care.
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INTRODUCTION

I

n studies of diagnostic accuracy, results from one or more
tests are compared with the results obtained with the
reference standard on the same subjects. Such accuracy
studies are a vital step in the evaluation of new and existing
diagnostic technologies (1, 2).
Several factors threaten the internal and external validity of a study of diagnostic accuracy (3– 8). Some of these
factors have to do with the design of such studies, others
with the selection of patients, the execution of the tests, or
the analysis of the data. In a study involving several metaanalyses a number of design deficiencies were shown to be
related to overly optimistic estimates of diagnostic accuracy
(9).
Exaggerated results from poorly designed studies can
trigger premature adoption of diagnostic tests and can mislead physicians to incorrect decisions about the care for
individual patients. Reviewers and other readers of diagnostic studies must therefore be aware of the potential for
bias and a possible lack of applicability.
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 (8). Furthermore, this review showed that information
on key elements of design, conduct, and analysis of diagnostic studies was often not reported (8).
To improve the quality of reporting of studies of diagnostic accuracy the Standards for Reporting of Diagnostic Accuracy (STARD) initiative was started. The objective
of the 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 and to judge the generalizability and
applicability of the results. For this purpose, the STARD
project group has developed a single-page checklist. Where
www.annals.org

possible, the decision to include items in the checklist was
based on evidence linking these items to bias, variability in
results, or limitations of the applicability of results to other
settings. The checklist can be used to verify that all essential elements are included in the report of a study.
This explanatory document aims to facilitate the use,
understanding, and dissemination of the checklist. The
document contains a clarification of the meaning, rationale, and optimal use of each item on the checklist, as well
as a short summary of the available evidence on bias and
applicability.
The first part of this document contains a summary of
the design and terminology of diagnostic accuracy studies.
The second part contains an item-by-item discussion with
examples.

STUDIES

OF

DIAGNOSTIC ACCURACY

Studies of diagnostic accuracy have a common basic
structure (10). One or more tests are evaluated, with the
purpose of detecting or predicting a target condition. The
target condition can refer to a particular disease, a disease
stage, a health status, or any other identifiable condition
within a patient, such as staging a disease already known to
be present, or a health condition that should prompt clinical action, such as the initiation, modification, or termination of treatment.
Here “test” refers to any method for obtaining additional information on a patient’s health status. This includes laboratory tests, imaging tests, function tests, pathology, history, and physical examination.
In a diagnostic accuracy study, the test under evaluation—referred to here as the index test—is applied to a
series of subjects. The results obtained with the index test
are compared with the results of the reference standard,
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obtained in the same subjects. In this framework, the reference standard is the best available method for establishing the presence or absence of the target condition. The
reference standard can be a single test, or a combination of
methods and techniques, including clinical follow-up of
tested subjects.
The term accuracy refers to the amount of agreement
between the results from the index test and those from the
reference standard. Diagnostic accuracy can be expressed in
a number of ways, including sensitivity–specificity pairs,
likelihood ratios, diagnostic odds ratios, and areas under
ROC [receiver-operating characteristic] curves (11, 12).

items will enable readers to judge if the study results apply
to their circumstances.

ITEMS

IN THE

CHECKLIST

The next section contains a point-by-point discussion
of the items on the checklist. The order of the items corresponds to the sequence used in many publications of
diagnostic accuracy studies. Specific requirements made by
journals could lead to a different order.
Item 1. Identify the Article as a Study of Diagnostic
Accuracy (Recommend MeSH Heading “Sensitivity and
Specificity”)

Study Question, Design, and Potential for Bias

Example (an Excerpt from a Structured Abstract)

Early in the evaluation of a test, the author may simply
want to know if the test is able to discriminate. The appropriate early question may be “Do the test results in
patients with the target condition differ from the results in
healthy people?” If preliminary studies answer this question
affirmatively, the next study question is, “Are patients with
specific test results more likely to have the target disorder
than similar patients with other test results?” The usual
study design to answer this is to apply the index test and
the reference standard to a number of patients who are
suspected of the target condition.
Some study designs are more prone to bias and have a
more limited applicability than others. In this article, the
term “bias” refers to difference between the observed measures of test performance and the true measures. No single
design is guaranteed to be both feasible and able to provide
valid, informative, and relevant answers with optimal precision to all study questions. For each study, the reader
must judge the relevance, the potential for bias, and the
limitations to applicability, making full and transparent
reporting critical. For this reason, checklist items refer to
the research question that prompted the study of diagnostic accuracy and ask for an explicit and complete description of the study design and results.

Purpose: To determine the sensitivity and specificity of
computed tomographic colonography for colorectal polyp and
cancer detection by using colonoscopy as the reference standard
(14).
Electronic databases have become indispensable tools
to identify studies. To facilitate retrieval of their study,
authors should explicitly identify it as a report of a study of
diagnostic accuracy. We recommend the use of the term
“diagnostic accuracy” in the title or abstract of a report that
compares the results of one or more index tests with the
results of a reference standard. In 1991 the National Library of Medicine’s MEDLINE database introduced a specific keyword (MeSH heading) for diagnostic studies:
“Sensitivity and Specificity.” Using this keyword to search
for studies of diagnostic accuracy remains problematic (15–
19). In a selected set of MEDLINE journals covering publications between 1992 through 1995, the use of the
MeSH heading “Sensitivity and Specificity” identified only
51% of all studies of diagnostic accuracy and incorrectly
identified many articles that were not reports of studies on
diagnostic accuracy (18).
In the example, the authors used the more general
term “Performance Characteristics of CT Colonography”
in the title. The purpose section of the structured abstract
explicitly mentions sensitivity and specificity. The MEDLINE record for this paper contains the MeSH “Sensitivity
and Specificity.”

Variability

Measures of test accuracy may vary from study to
study. Variability may reflect differences in patient groups,
differences in setting, differences in definition of the target
condition, and differences in test protocols or in criteria for
test positivity (13).
For example, bias may occur if a test is evaluated under circumstances that do not correspond to those of the
research question. Examples are evaluating a screening test
for early disease in patients with advanced stages of the
disease and evaluating a physician’s office test device in the
specialty department of a university hospital.
The checklist contains a number of items to make sure
that a study report contains a clear description of the inclusion criteria for patients, the testing protocols and the
criteria for positivity, as well as an adequate account of
subjects included in the study and their results. These
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Item 2. State the Research Questions or Study Aims,
Such as Estimating Diagnostic Accuracy or Comparing
Accuracy between Tests or across Participant Groups
Example

Invasive x-ray coronary angiography remains the gold
standard for the identification of clinically significant coronary
artery disease. . . . A noninvasive test would be desirable. Coronary magnetic resonance angiography performed while the
patient is breathing freely has reached sufficient technical maturity to allow more widespread application with a standardized protocol. Therefore, we conducted a study to determine
the [accuracy] of coronary magnetic resonance angiography in
the diagnosis of native-vessel coronary artery disease (20).
The Helsinki Declaration states that biomedical research involving people should be based on a thorough
www.annals.org
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knowledge of the scientific literature (21). In the introduction of scientific reports authors describe the scientific
background, previous work on the subject, the remaining
uncertainty, and, hence, the rationale for their study.
Clearly specified research questions help the readers to
judge the appropriateness of the study design and data
analysis. A single general description, such as “diagnostic
value” or “clinical usefulness,” is usually not very helpful to
the readers.
In the example, the authors use the introduction section of their paper to describe the potential of coronary
magnetic resonance angiography as a non-invasive alternative to conventional x-ray angiography in the diagnosis of
clinically significant coronary stenosis. This description
helps the reader to judge the appropriateness of the selection criteria, the choice of the reference standard, and the
statistical methods used to summarize and analyze the data.
Item 3. Describe the Study Population: The Inclusion and
Exclusion Criteria, Setting and Locations Where Data
Were Collected
Example

Patient population. Female patients attending participating family planning clinics in the states of Washington and
Oregon during 1992 and 1993 were considered for enrollment in the study. The previously published screening criteria
of the Region X Chlamydia Project were used to establish
eligibility for enrollment.[ref] These criteria included any of
the following: (i) mucopurulent cervicitis, pelvic inflammatory
disease, friable cervix, or abnormal bleeding; (ii) a partner
with signs and/or symptoms suggestive of urethritis; (iii) client
request; (iv) rape within the previous 60 days; (v) candidacy
for intrauterine device insertion; and (vi) a positive pregnancy
test and a bimanual pelvic examination. Alternatively, the
criteria included two or more of the following: (i) age under
24 years and being sexually active; (ii) new sex partner in the
previous 60 days; (iii) sex partner with multiple partners in
the previous 30 days; (iv) multiple sex partners in the previous
30 days; and (v) use of nonbarrier birth control method or no
birth control method (nonbarrier birth control methods include oral contraceptives, the intrauterine device, sterilization,
and all natural family planning methods) (22).
Since diagnostic accuracy describes the behavior of a
test under particular circumstances, a report of the study
must also include a helpful description of the targeted population. The eligibility criteria describe the targeted patient
population, including additional exclusion criteria used for
reasons of safety or feasibility.
Readers must know whether or not the study excluded
patients with a specific condition known to adversely affect
the way the test works, which would inflate diagnostic accuracy (limited challenge bias) (23). Examples are the exclusion of patients using beta-blockers in studies of exercise
electrocardiography and the exclusion of patients with preexisting pulmonary diseases in studies of ventilation-perfusion scintigraphy (24, 25).
www.annals.org
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Tests may perform differently in a primary care setting
than in a secondary or tertiary care setting. Test performance may differ if the test is used for screening rather
than for confirmation of diagnostic suspicion. The spectrum of the target disease as well as the range of other
conditions that occur in patients suspected of the target
disease can vary from setting to setting, depending on what
referral mechanisms were in play (26 –28). For these reasons, the report should include a careful description of
where patients were recruited and where the test and the
reference standard were performed.
Item 4. Describe Participant Recruitment: Was
Recruitment Based on Presenting Symptoms, Results
from Previous Tests, or the Fact That the Participants
Had Received the Index Tests or the Reference
Standard?

An important element of the description is how eligible subjects were identified. Participant recruitment in diagnostic studies can start at different points (10). Frequently, the study enrolls consecutive patients clinically
suspected of the target condition because of presenting
symptoms or referral by another health care professional.
These patients then undergo the index test(s) as well as the
reference standard.
Other designs are possible (2). In some studies, patients are identified after having been subjected to the index test. Other studies start with patients in whom the
reference standard established or excluded the presence of
the target condition. These patients are then subjected to
the index test. Still other studies include both patients already diagnosed with the target condition and participants
in whom the condition was excluded. Other studies, often
with retrospective data collection, include patients identified by searching hospital records to learn who received the
reference standard, or the index test, or both (29).
These alternative study designs are likely to influence
the spectrum of disease in included patients, as well as the
range and relative frequency of alternative conditions in
patients without the target disorder.
In the example presented for Item 3, the reasons for
attending the family planning clinic were not explicitly
stated.
Item 5. Describe Participant Sampling: Was the Study
Population a Consecutive Series of Participants Defined
by the Selection Criteria in Items 3 and 4? If Not,
Specify How Participants Were Further Selected.
Example

Patients were prospectively enrolled during times the investigators or study associates were available (30).
By definition, the targeted study population consists of
all patients that satisfy the criteria for inclusion and are not
disqualified by one or more of the exclusion criteria. The
included patients (those whose findings comprise the study
results) may be either a consecutive series of patients presenting at the study center, or a subselection. The subselec7 January 2003 Annals of Internal Medicine Volume 138 • Number 1 W-3
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tion may or may not be truly random (e.g., by using a
random numbers table).
It is important for readers to know the sampling
scheme, since it may be helpful in judging the generalizability of the study findings.
Item 6. Describe Data Collection: Was Data Collection
Planned before the Index Test and Reference Standard
Were Performed (Prospective Study) or after
(Retrospective Study)?
Example

We reviewed the charts of 251 patients who underwent
dual-detector spiral CT arthrography of the knee. The study
population consisted of 50 consecutive patients who underwent
spiral CT arthrography and subsequent arthroscopy at our
institution but not prior arthroscopy in that knee. The other
201 patients included 12 who had undergone prior knee arthroscopy and subsequent arthroscopy, 69 who were referred by
physicians outside of the institution, and 120 who did not
undergo arthroscopy (31).
If authors define the study question before they identify patients and collect data, they can target the collection
of study data at the enrolled patients, using special case
record forms or tailored data-entry forms. Prospective,
dedicated data collection has many advantages: better data
control, additional checks for data integrity and consistency, and a level of clinical detail appropriate to the problem (32). As a result, there will be fewer missing or uninterpretable data items.
Alternatively, data collection can start after patients
have undergone the index test and the reference standard.
Retrospective data collection often relies on chart review.
Studies with retrospective data collection may reflect routine clinical practice better than a prospective study, but
also may fail to identify all eligible patients or to provide
data of high quality (29).
Item 7. Describe the Reference Standard and Its
Rationale.
Example

The e-4 allele of the gene encoding apolipoprotein E
(ApoE) is strongly associated with Alzheimer’s disease, but its
value in the diagnosis remains uncertain. . . . Using the
pathological diagnosis of Alzheimer’s disease as the standard,
we compared the sensitivity and specificity of the clinical diagnosis of Alzheimer’s disease, the ApoE genotype, and the clinical diagnosis and ApoE genotype determined sequentially (33).
In studies of diagnostic accuracy, the reference standard is used to distinguish patients with the target condition from those without it. Some target conditions cannot
be defined unambiguously. Depending on the study question, clinical relevance, management decisions or prognosis, or pathological diagnosis may define the target condition (10).
When it is not possible to subject all patients to the
reference standard for practical or ethical reasons, authors
often use a composite reference standard. The components
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may reflect different definitions of the target condition or
different strategies for diagnosing the target condition.
One example comes from studies of using nuchal translucency in the first trimester of pregnancy as a marker for
Down syndrome (34). In several of those studies, positive
test results were verified with karyotyping, whereas negative results were verified by awaiting delivery. Studies in
which the decision to perform fetal karyotyping depended
on the result of nuchal translucency measurement considerably overestimated the sensitivity of nuchal translucency
(34).
Authors should clearly define the reference standard
and how the choice of the reference standard relates to the
study question.
In the example, the authors use a neuropathological
diagnosis after postmortem examination as the reference
standard in patients referred to Alzheimer’s disease centers
for evaluations of dementia. Although pathological assessment is considered to be the gold standard of Alzheimer’s
disease diagnosis, the correlation of the clinical and pathological data is by no means perfect. Nor does every pathologist render the same diagnosis from a given set of tissue
sections (35).
Item 8. Describe Technical Specifications of Material and
Methods Involved Including How and When
Measurements Were Taken, and/or Cite References for
Index Tests and Reference Standard.
Example

Concentrations of prostate-specific antigen (PSA) were
measured by the Tandem total PSA and free PSA monoclonal
antibody-based assays (Hybritech).[ref] A new, time-resolved
immunofluorometric assay, recently developed in our laboratory, was used to measure serum hK2 concentrations.[ref]
Briefly, the hK2 assay uses a mouse monoclonal anti-hK2 capture antibody [coded G586, supplied by Hybritech (San Diego, CA) and raised against recombinant hK2], a biotinylated
mouse monoclonal detection antibody (coded 8311; Diagnostic Systems Laboratories) and alkaline phosphatase-labeled
streptavidin. We measured the alkaline phosphatase activity by
adding the substrate diflunisal
phosphate, incubating for 10
3⫹
min, and then adding a Tb -EDTA developing solution. The
fluorescence was measured on a Cyberfluor 615 Immunoanalyzer (MDS Nordion). The hK2 assay has a detection limit of
0.006 g/L and has ⬍0.2% cross-reactivity to PSA. A full
description of the method and its evaluation has been published elsewhere [ref] (36).
Authors should describe the methods involved in the
execution of index test and reference standard in sufficient
detail to allow other researchers to replicate the study or to
allow readers to judge the feasibility of the index test in
their own setting. Differences in the execution of the index
test and reference standard are a potential source of variation in diagnostic accuracy (13, 24).
The description should cover the full test protocol including the specification of materials and instruments towww.annals.org
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gether with their instructions for use, and specific measures
(preparations) in participants (e.g., fasting prior to blood
sample, the anatomic site of measurement). If no descriptions are available, details must be provided in the text.
Between-study variability in measures of test accuracy due
to differences in test protocol has been documented for a
number of tests, including the use of hyperventilation prior
to exercise electrocardiography and the use of tomography
for exercise thallium scintigraphy (23, 24).
Item 9. Describe Definition of and Rationale for the
Units, Cutoffs, and/or Categories of the Results of the
Index Tests and the Reference Standard.
Example

We chose three cut-off points of B type natriuretic peptide
to achieve sensitivity values of at least 90%, 80%, and 70%
(37).
Test results can be truly dichotomous (e.g., present or
absent), have multiple categories, or be continuous. Readers need to know how the authors expressed results of the
index test and reference standard.
If the authors defined several categories of results,
readers need to know how and when they defined category
boundaries and whether they defined them: prior to the
study, or after obtaining the results. In the latter case, there
is an increased likelihood that the authors selected the cutoff value to maximize a particular test characteristic, which
reduces the likelihood that another study will replicate the
findings (38, 39).
In the example, the authors are explicit about their
selection of cut-offs for B type natriuretic peptide measurement in the diagnosis of left ventricular systolic dysfunction. They established these cut-offs post hoc to obtain prespecified sensitivities.
Item 10. Describe the Number, Training, and Expertise
of the Persons Executing and Reading the Index Tests
and the Reference Standard.
Example

Subjects were classified as to whether or not they were
heavy drinkers based on their response to the Self Administered
Alcohol Screening Test (SAAST)[ref] and the Khavari questionnaire on the amount of alcohol consumed during the past
year.[ref] Both questionnaires were administered by a research
associate. The research associate was trained by a Ph.D. psychologist who specializes in alcohol treatment. He discussed
with her how to score questions and how to follow up ambiguous information, and he observed her administering more
than 10 questionnaires (40).
Variability in the manipulation, processing, or reading
of the index test or reference standard will affect measures
of diagnostic accuracy (41, 42). Many studies have shown
reader variability, especially in the field of imaging (43,
44). The amount of the readers training can help readers to
judge whether similar results are attainable in their own
settings, with possibly less experienced readers.
Professional background, expertise, and prior training
www.annals.org
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to improve interpretation and to reduce inter-observer variation all affect the quality of reading (45, 46). Readers are
more likely to interpret results from (subjective) tests as
abnormal in settings with higher prevalences of the target
condition, a tendency known as context bias (47).
The example describes the reference standard in a
study of a model that uses results of commonly performed
laboratory tests to identify men who are heavy drinkers.
Item 11. Describe Whether or Not the Readers of the
Index Tests and Reference Standard Were Blind
(Masked) to the Results of the Other Test and Describe
Any Other Clinical Information Available to the Readers.
Example

All images were interpreted on the computer workstation
by two radiologists (J.Y., R.K.H.) independently, and subsequently a consensus reading was performed. The radiologists
were blinded to the patient’s history, including whether the
patient had been recruited for screening or for symptoms, and
to results of standard colonoscopy and histologic analysis (14).
Knowledge of the results of the reference standard can
influence the reading of the index test, and vice versa. Such
knowledge is likely to increase the agreement between results of the index test and those of the reference standard,
leading to inflated measures of diagnostic accuracy. The
distortion of measures of diagnostic accuracy caused by
knowledge of the result of the reference standard while
interpreting the index test is known as test review bias (23).
Knowing the result of the index test while interpreting the
reference standard has been named diagnostic review bias
(23). The observation that interpretations become more
accurate by providing additional clinical information to
interpreters is known as clinical review bias (6, 48, 49).
Withholding information from the readers of the test
is known as blinding or masking. Readers can be masked
for the results of other tests or even for all information
related to the patient.
Blinding of readers of tests is important. In a metaregression analysis of a wide range of tests, test review bias
produced a moderate exaggeration of measures of diagnostic accuracy (9). Individual studies have shown a substantial effect of inappropriate masking (24).
The example shows how the readers of CT colonography for colorectal polyp and cancer detection were blinded
to additional clinical information as well as to the results of
colonoscopy, the reference standard.
Item 12. Describe Methods for Calculating or Comparing
Measures of Diagnostic Accuracy, and the Statistical
Methods Used To Quantify Uncertainty (e.g., 95%
Confidence Intervals).
Example

The statistical significance of the differences in sensitivities
between magnetic resonance angiography (MRA) and duplex
were assessed by means of the McNemar test (50).
Several measures of diagnostic accuracy exist (12). Au7 January 2003 Annals of Internal Medicine Volume 138 • Number 1 W-5
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thors should report in sufficient detail the methods used in
calculating the measures that they considered appropriate.
Estimates of diagnostic accuracy are subject to chance
variation, with larger studies usually resulting in more precise estimates. Authors should therefore quantify the
amount of statistical uncertainty around the observed value
(51). Articles that describe methods for calculating the precision around frequently used measures of diagnostic accuracy are readily available (12).
Alternatively, statistical techniques can be used to test
more specific hypotheses, such as the superiority of one test
over another, or the hypothesis that a specific measure of
diagnostic accuracy surpasses a pre-specified value.
In the example, the authors used McNemar test statistic to reject the null hypothesis that magnetic resonance
angiography had the same sensitivity as duplex sonography
for diagnosing renovascular disease.
Item 13. Describe Methods for Calculating Test
Reproducibility, if Done.
Example

Interobserver variability in the interpretation of conventional angiography and magnetic resonance angiography
(MRA) were computed using the  statistic including 95%
confidence intervals (50).
The index test and the reference standard are seldom
perfect. Their reproducibility varies, and limited reproducibility adversely affects diagnostic accuracy (52).
Observer variability can arise with imaging tests when
the reader must summarize visual observations in a statement about the presence of disease. It also arises during
classification, when the reader must use the data to place
patients into diagnostic categories (41). Instrument variability concerns the amount of variation that arises during
the operation of devices or systems, such as automated
laboratory measurements. Other terms for this form of
variation include imprecision, analytic methodological
variation, or analytical noise (error). Poor reproducibility
adversely affects diagnostic accuracy. If possible, authors
should evaluate the reproducibility of the test methods
used in their study and report their procedure to do so.
For quantitative assays, it is useful to report imprecision as the coefficient of variation at two or more specified
mean values near clinical decision points as obtained by
repeating the test over a specified number of days. Withinrun coefficients of variation are appropriate if all patient
samples were analyzed in a single run.
In the example, the authors used the kappa statistic to
express interobserver variability for conventional angiography and MRA in the detection of renovascular disease
Item 14. Report When Study Was Done, Including
Beginning and Ending Dates of Recruitment.
Example

We retrospectively screened all blood cultures from patients on an oncology ward at New England Medical Center,
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a 300-bed tertiary care university-affiliated hospital, between
August 1994 and June 1996 (53).
The technology behind many tests advances continuously, leading to improvements in diagnostic accuracy.
There may be a considerable gap between the dates of the
study and the publication date of the study report. Readers
will therefore want to know the dates during which a study
was conducted. This information may also provide an indication about the rate of recruitment.
Item 15. Report Clinical and Demographic
Characteristics of the Study Population (e.g., Age, Sex,
Spectrum of Presenting Symptoms, Comorbidity, Current
Treatments, Recruitment Centers).
Example

Demographic, clinical, and x-ray angiographic characteristics of the 109 study patients (20) (Table 1).
An adequate description of the demographic and clinical characteristics of the participants allows the reader to
judge the applicability of the study findings to another
population. Most authors present the demographic and
clinical characteristics of the study group in a table.
Item 16. Report the Number of Participants Satisfying
the Criteria for Inclusion That Did or Did Not Undergo
the Index Tests and/or the Reference Standard; Describe
Why Participants Failed To Receive Either Test (a Flow
Diagram Is Strongly Recommended).
Example 1

During the course of the study, 272 patients with suspected deep vein thrombosis (DVT) were referred to the participating centers. Of these, 28 were excluded from the study
for the following reasons: previous DVT (21), contrast allergy
(1), renal failure (1), and unwillingness to provide consent
(5). Of the remaining 244 patients, 25 were excluded from
the analysis because of inadequate or failed venography and 5
were excluded because of inadequate or failed impedance
plethysmography (54).

Table 1. Demographic, Clinical, and X-Ray Angiographic
Characteristics of the 109 Study Patients (20)
Characteristic

Value

Female sex–no. (%)
Age–yr
Mean ⫾ SD
Range
Chest pain–no. (%)
Prior myocardial infarction–no. (%)
History of systemic hypertension–no. (%)
Current or prior cigarette smoking–no. (%)
Cholesterol ⬎ 200 mg/dl–no. (%)
Diabetes–no. (%)
Family history of premature coronary disease*–no. (%)
Findings on x-ray angiography–no. (%)
One-vessel disease
Two-vessel disease
Three-vessel disease

34 (31)
59 ⫾ 10
27–75
86 (79)
26 (24)
54 (50)
58 (53)
67 (61)
19 (17)
43 (39)
31 (28)
20 (18)
13 (12)

* A family history was defined as a history of myocardial infarction or angina in a
first-degree relative before the age of 65.
www.annals.org

The STARD Statement for Reporting Studies of Diagnostic Accuracy
Example 2

Example of a flow diagram of a diagnostic accuracy study
(Figure 1) (55).
The study report should present the number of participants that were assessed for eligibility, if available. This
number is a useful indicator of how closely the targeted
study population resembles the patient population.
The flow diagram provides the exact number of patients at each stage of the study and thus the correct denominator for calculating rates and proportions. It also
shows the number of subjects who failed to receive either
the index test and/or the reference standard.
Measures of diagnostic accuracy will be biased if the
result of the index test influences the decision to order the
reference standard test (56 – 63). The terms used to describe this effect include (partial) verification bias, work-up
bias, (primary) selection bias, sequential ordering bias, and
verification bias (the most general term). Verification bias
occurs in up to 26% of diagnostic studies and is especially
common when the reference standard is an invasive procedure (60).
We strongly recommend the use of a flow diagram to
illustrate the design of the study and provide the exact
number of participants at each stage of the study. A flow
diagram can communicate transparently the key elements
of a study design. A flow diagram has been a helpful addition to reports of randomized clinical trials (64).
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Many target conditions are not pure dichotomous
states but cover a continuum, ranging from minute pathological changes to advanced clinical disease. Test sensitivity
is often higher in studies with a higher proportion of patients with more advanced stages of the target condition
(56). On the other hand, in the presence of comorbid
conditions, false-positive or false-negative test results may
occur more often (25, 56, 71).
Accordingly, it is important to describe the severity of
disease in the study group.

Figure 1. Example of a flow diagram of a diagnostic accuracy
study (55).

Item 17. Report Time Interval from the Index Tests to
the Reference Standard, and Any Treatment
Administered between Them.
Example

Patients were scheduled to undergo CT colonography
prior to conventional colonoscopy, both of which were performed on the same day (14).
In epidemiological terms, studies of diagnostic accuracy are cross-sectional. The results of the index test and
reference standard are performed on the same patients at
the same time (10). When delay occurs between doing the
index test and the reference standard the condition of the
patient may change, leading to worsening or improvement
of the target condition or the alternative conditions.
Similar concerns apply if treatment is started after doing the index test but before doing the reference standard.
Item 18. Report Distribution of Severity of Disease
(Define Criteria) in Those with the Target Condition;
Other Diagnoses in Participants without the Target
Condition.

Demographic and clinical features of the study population can affect measures of diagnostic accuracy. This variability is known as spectrum bias (56). The spectrum effect
includes the severity of the target condition, demographic
features, and comorbidity. All of these elements have
caused variability in measures of test accuracy, but most
notable examples involved differences in the severity of the
target condition (65–70).
www.annals.org
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Table 2. Distribution of Cytologic Outcomes within Each
Histologic Type of Thyroid Carcinoma (72)

Non-diagn
Normal
Atypia
Fol neopl
Suspect
Malignant

PAP

FOL

MED

ANAPL

Total

12
30
5
17
18
18

18
31
3
40
5
3

15
15
4
11
28
27

18
12
5
5
13
47

14
28
4
23
14
17

non-diagn: nondiagnostic; Fol neopl. Follicular neoplasia; PAP: papillary carcinoma; FOL: follicular carcinoma; MED medullary carcinoma; ANAPL anaplastic
carcinoma.

report all test results, including indeterminate test results
on the index test and reference test.
One example, with a few categories of test results, is
taken from a study of fine-needle aspiration cytology in
histologically proven thyroid carcinoma; the second example shows the distribution of the concentration of anticitruline antibodies in patients with the target condition
(rheumatoid arthritis) and in patients with several alternative diagnosis.
Item 20. Report Any Adverse Events from Performing the
Index Tests or the Reference Standard.
Example

Item 19. Report a Cross Tabulation of the Results of the
Index Tests (Including Indeterminate and Missing
Results) by the Results of the Reference Standard; for
Continuous Results Report the Distribution of the Test
Results by the Results of the Reference Standard.
Example 1

Distribution of cytologic outcomes within each histologic
type of thyroid carcinoma (Table 2) (72).
Example 2

Distribution on a log scale of the test results according to
anti-CCP units for the different groups of patients (Figure 2)
(73).
Scientists want to verify important results, and so reanalysis is an important aspect of the scientific method. To
facilitate this process, authors should present results in the
form of absolute numbers. Cross tabulations of test results
in categories and graphs of distributions of continuous results are essential to allow scientific colleagues to (re)calculate measures of diagnostic accuracy or to perform alternative analyses, including meta-analysis. Authors should

A mean period of 15 min was sufficient for full investigation of the uterine cavity. The mean tolerance on a pain
scale range of 0 to 10 was 1. However, sonohysterography has
not been tolerated once (indication of pain to 10). The patient
had pelvic pains that were regressive with phosphoglucinol and
after 20 min of rest in decubitus position. Only one complication was recorded during the subsequent 3 days, an endometritis in a patient with unbalanced diabetes. Ampicillin
antibiotic treatment was efficient permitting a complete recovery (74).
Not all tests are safe. Measuring and reporting of adverse events in studies of diagnostic accuracy can provide
additional information about the clinical usefulness of a
particular test. The requirement to report adverse events
applies equally to research or diagnostic research and research or treatments (75).
It can also be important to learn about the invasiveness
and risks of the reference standard used. For example, if in
the evaluation of the positive results of hemoccult screening, colonoscopy, sigmoidscopy, and double contrast barium enema were to be used, one might expect complica-

Figure 2 . Distribution on a log scale of the test results according to anti-CCP units for the different groups of patients.

A cutoff value set at 50 units guarantees a good specificity because all but seven of the non-RA [rheumatoid arthritis] patients have an antibody
concentration below the threshold. CTD, connective tissue disease; Oth. Rh. Dis., other rheumatoid diseases; NC, healthy controls (73).
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tions (perforation or hemorrhage) once in 300-900
subjects investigated (76).
The example comes from the first part of the results
section of a study of sonohysterography for the diagnosis of
intrauterine abnormalities, with histopathology and clinical outcome as the composite reference standard.
Item 21. Report Estimates of Diagnostic Accuracy and
Measures of Statistical Uncertainty (e.g., 95%
Confidence Intervals).
Example

ROC plots comparing CDTect values with %CDT values
for men and women independently are given in Fig. 2. . . .
The areas under the curves (with 95% confidence intervals)
were 0.88 (0.85– 0.91) and 0.89 (0.86 – 0.92) for men (P ⫽
0.67) and 0.72 (0.68 – 0.76) and 0.76 (0.72– 0.81) for
women (P ⫽ 0.26), respectively (77).
The final aim of a study of diagnostic accuracy is to
produce an expression of how well the test results corresponded with the presence or absence of the target condition, as established by the reference standard. The values
presented in the report should be taken as estimates. Due
to chance variations in the patients submitted to the tests
and other factors, the results are likely to differ over replications of the study in the same study population (51).
The reporting of precision will show the reader the range
of likely values around an estimate of diagnostic accuracy.
Many journals require or strongly encourage the use of
confidence intervals as measures of precision. A 95% confidence interval is conventional. Only 50% of the reports
of diagnostic evaluations published in 1996 or 1997 in the
British Medical Journal reported precision for the estimates
of diagnostic accuracy (78).
Item 22. Report How Indeterminate Results, Missing
Responses, and Outliers of the Index Tests Were
Handled.

Uninterpretable, indeterminate, and intermediate test
results pose a problem in the assessment of a diagnostic test
(71, 79, 80). By itself, the frequency of these test results is
an important indicator of the overall usefulness of the test.
Furthermore, ignoring such test results can produce biased
estimates of diagnostic accuracy if these results occur more
frequently in patients with the target condition than in
those without it, or vice versa.
Uninterpretable, indeterminate, and intermediate test
results have many causes (79). A test result may fail technically or from an insufficient sample, such as the absence
of cells in a needle biopsy from a tumor (uninterpretable
result) (45, 81, 82). A test result may be invalidated by a
concomitant medical condition or therapy that affects the
test, e.g., the effect of beta-adrenergic blockers on heart
rate response during an exercise test (indeterminant result)
(24).
The occurrence of uninterpretable, indeterminate, and
intermediate test results varies from test to test, but frequencies up to 40% have been reported (79). Intermediate
www.annals.org
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test results (not clearly positive or negative) may have diagnostic value, as in the case of ventilation perfusion scans
that are neither normal nor high probability for pulmonary
embolism(s) (83). The incorporation of such test results
into clinical decisions making varies (80).
The table for Item 19 (Table 2) rightfully includes
non-diagnostic test results.
Item 23. Report Estimates of Variability of Diagnostic
Accuracy between Subgroups of Participants, Readers, or
Centers, if Done.
Example

For detection of hemodynamically significant main renal
artery stenosis, sensitivity and specificity were 90% . . . for
magnetic resonance angiography. . . . When patients with fibromuscular dysplasia were excluded from the analysis, the
sensitivity of magnetic resonance angiography increased to
97%, with a negative predictive value of 98% (50).
Since variability is the rule rather than the exception,
researchers should explore possible sources of heterogeneity
in results, within the limits of the available sample size.
The best practice is to plan subgroup analyses before the
start of the study (84).
In the example above, the authors report separate estimates for patients with fibromuscular dysplasia. They did
not specify whether they planned this subgroup analysis
prior to the data collection.
Item 24. Report Estimates of Test Reproducibility, if
Done.
Example

The interobserver variability in the grading of stenotic
renal artery lesions (grades 1 to 4) with conventional angiography and MRA were identical, with a k value of 0.77 and
95% confidence intervals ranging from 0.67 to 0.86. For the
detection of hemodynamically significant lesions, interobserver
variability was 0.87 (0.78 to 0.95) for MRA and 0.88 (0.79
to 0.97) for conventional angiography (50).
We recommend that authors report all measures of test
reproducibility that they performed during the study (see
Item 13). For quantitative analytical methods, report the
coefficient of variation (CV) at concentrations that are relevant to the study, state those concentrations and the number of determinations (for within-run CV, if relevant) or
the number of days of testing (for day-to-day, total CV), or
both.
Item 25. Discuss the Clinical Applicability of the Study
Findings.
Example

Although several studies on assays for brain natriuretic
peptide in select patient groups have been published, these are
the first data on the performance characteristics of an assay for
NT-proBNP in a large generalisable series of randomly selected adults with validated diagnoses of heart failure and
with a comparator normative population randomly selected
from the same populations as the cases. . . . These data suggest
that, in clinical practice, the assay would have three practical
7 January 2003 Annals of Internal Medicine Volume 138 • Number 1 W-9
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uses: screening patients with existing clinical labels of heart
failure (70 of the 103 patients so categorised in this study had
heart failure ruled out on NT-proBNP testing); triaging patients presenting with symptoms suggestive of heart failure
(shortness of breath, lethargy) for echocardiography; and
screening patients at high risk of heart failure. We suspect the
assay would perform well in these settings, but the first indication was not formally tested in this study, and the third
indication was tested in only 134 patients (85).
Because of the variability in tests characteristics due to
differences in design, patients, and procedures, the findings
from one particular study may not be applicable to the
decision problem of interest to the readers (13).
In addition to a discussion about the potential methodological shortcomings of the study and a general interpretation of the results in the context of current evidence,
we recommend that authors point out the differences between the context of the study and other settings and patient groups in which the test is likely to be used.

COMMENTS
We are aware that studies of diagnostic accuracy are
not the only type of studies to evaluate diagnostic tests. A
wide range of other designs is used, including randomized
clinical trials (2).
The methodology for designing and conducting studies of diagnostic accuracy is still maturing. Our understanding of the sources of variability and the potential for
bias is growing. As a result, we expect to update the
STARD checklist periodically.
Diagnostic tests are an essential part of medicine.
Complete and informative reporting can only lead to better
decisions in health care.
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