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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, Jeroen G.
Lijmer

The Standards for Reporting of Diagnostic Accuracy (STARD) Group

The quality of reporting of studies of diagnostic accuracy is less than optimal. Complete and accurate reporting is neces-
sary to enable readers to assess the potential for bias in a study and to evaluate the generalisability of the results.

A group of scientists and editors has developed the STARD (Standards for Reporting of Diagnostic Accuracy) statement
to improve 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
contains a clarification of the meaning, rationale and optimal use of each item on the checklist, as well as a short sum-
mary 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 the reporting of diagnostic accuracy studies. Complete and informative reporting can only lead to better de-
cisions in health care.

In studies of diagnostic accuracy, results from
one or more tests are compared with the results ob-
tained with the reference standard on the same sub-
jects. Such accuracy studies are a vital step in the eval-
uation 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 exe-
cution of the tests or the analysis of the data. In a study
involving several meta-analyses a number of design
deficiencies were shown to be related to overly opti-
mistic 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 applica-
bility.

A survey of studies of diagnostic accuracy pub-
lished 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 Di-
agnostic 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 generalisability and applicability of the results.
For this purpose, the STARD group has developed a
single-page checklist. Where 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 set-
tings. The checklist can be used to verify that all es-
sential elements are included in the report of a study.

This explanatory document aims to facilitate the
use, understanding and dissemination of the check-
list. 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 avail-
able evidence on bias and applicability.

The first part of this document contains a sum-
mary of the design and terminology of diagnostic ac-
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curacy 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. One or more tests are evaluated, with
the purpose of detecting or predicting a target condi-
tion. The target condition can refer to a particular dis-
ease, 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 treat-
ment.

Here “test” refers to any method for obtaining ad-
ditional 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 ap-
plied to a series of subjects. The results obtained with
the index test are compared with the results of the ref-
erence standard, obtained in the same subjects. In this
framework, the reference standard is the best avail-
able 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 tech-
niques, including clinical follow-up of tested sub-
jects.

The term accuracy refers to the amount of agree-
ment between the results from the index test and
those from the reference standard. Diagnostic accu-
racy can be expressed in a number of ways, including
sensitivity – specificity pairs, likelihood ratios, diag-
nostic odds ratios, and areas under ROC (receiver-op-
erating characteristic) curves (11,12).

Study Question, Design, and Potential for
Bias

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 re-
sults 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 pa-
tients with other test results?” The usual study design
to answer this is to apply the index test and the refer-
ence 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 transpar-
ent 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.

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 proto-
cols 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 ad-
vanced stages of the disease and evaluating a physi-
cian’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 descrip-
tion 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 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 dis-
cussion of the items on the checklist. The order of the
items corresponds to the sequence used in many pub-
lications of diagnostic accuracy studies. Specific re-
quirements made by journals could lead to a different
order.

Item 1. Identify the article as a study of diagnos-
tic accuracy (recommend MeSH heading “sensitivity
and specificity”).

Example

Purpose. To determine the sensitivity and speci-
ficity of computed tomographic colonography for
colorectal polyp and cancer detection by using colo-
noscopy 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 ab-
stract of a report that compares the results of one or
more index tests with the results of a reference stan-
dard. 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 cover-
ing publications between 1992 through 1995, the use
of the MeSH heading “Sensitivity and Specificity”
identified only 51% of all studies of diagnostic accu-
racy and incorrectly identified many articles that were
not reports of studies of diagnostic accuracy (18).

In the example, the authors used the more gen-
eral term “performance characteristics of CT colono-
graphy” in the title. The purpose section of the struc-
tured abstract explicitly mentions sensitivity and spe-
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cificity. The MEDLINE record for this paper contains
the MeSH “sensitivity and specificity”.

Item 2. State the research questions or study
aims, such as estimating diagnostic accuracy of com-
paring accuracy between tests or across participant
groups.

Example

Invasive x-ray coronary angiography remains the
gold standard for the identification of clinically signif-
icant 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 al-
low more widespread application with a standardized
protocol. Therefore, we conducted a study to deter-
mine the [accuracy] of coronary magnetic resonance
angiography in the diagnosis of native-vessel coro-
nary artery disease (20).

The Helsinki Declaration states that biomedical
research involving people should be based on a thor-
ough 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 de-
sign 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 coro-
nary magnetic resonance angiography as a non-inva-
sive alternative to conventional x-ray angiography in
the diagnosis of clinically significant coronary steno-
sis. This description helps the reader to judge the ap-
propriateness 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 inclu-
sion 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 previ-
ously 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 inflam-
matory disease, friable cervix, or abnormal bleeding;
(ii) a partner with signs and/or symptoms suggestive of
urethritis; (iii) client request; (iv) rape within the previ-
ous 60 days; (v) candidacy for intrauterine device in-
sertion; and (vi) a positive pregnancy test and a bi-
manual pelvic examination. Alternatively, the criteria
included two or more of the following: (i) age under
24 years and being sexually active; (ii) new sex part-
ner in the previous 60 days; (iii) sex partner with mul-
tiple 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, steriliza-
tion, 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 de-
scribe the targeted patient population, including addi-
tional exclusion criteria used for reasons of safety or
feasibility.

Readers must know whether or not the study ex-
cluded 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 electrocardiogra-
phy and the exclusion of patients with pre-existing
pulmonary diseases in studies of ventilation-perfusion
scintigraphy (24,25).

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, de-
pending 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 re-
cruitment based on presenting symptoms, results
from previous tests, or the fact that the participants
had received the index tests or the reference stan-
dard?

An important element of the description is how
eligible subjects were identified. Participant recruit-
ment in diagnostic studies can start at different points
(10). Frequently, the study enrolls consecutive pa-
tients clinically suspected of the target condition be-
cause 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 tar-
get condition and participants in whom the condition
was excluded. Other studies, often with retrospective
data collection, include patients identified by search-
ing hospital records to learn who received the
reference standard, or the index test, or both (29).

These alternative study designs are likely to influ-
ence 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 ex-
plicitly 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 avail-
able (30).

By definition, the targeted study population con-
sists of all patients that satisfy the criteria for inclusion
and are not disqualified by one or more of the exclu-
sion criteria. The included patients (those whose find-
ings comprise the study results) may be either a con-
secutive series of patients presenting at the study cen-
ter, or a subselection. The subselection 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 gene-
ralisability of the study findings.

Item 6. Describe data collection: was data col-
lection 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 un-
derwent dual-detector spiral CT arthrography of the
knee. The study population consisted of 50 consecu-
tive 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 arthro-
scopy and subsequent arthroscopy, 69 who were re-
ferred 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 ad-
vantages: 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 pa-
tients have undergone the index test and the reference
standard. Retrospective data collection often relies on
chart review. Studies with retrospective data collec-
tion may reflect routine clinical practice better than a
prospective study, but also may fail to identify all eli-
gible 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 apolipopro-

tein E (ApoE) is strongly associated with Alzheimer’s
disease, but its value in the diagnosis remains uncer-
tain. (…) Using the pathological diagnosis of Alzhei-
mer’s disease as the standard, we compared the sensi-
tivity and specificity of the clinical diagnosis of Alz-
heimer’s disease, the ApoE genotype, and the clinical
diagnosis and ApoE genotype determined sequen-
tially (33).

In studies of diagnostic accuracy, the reference
standard is used to distinguish patients with the target
condition from those without it. Some target condi-
tions cannot be defined unambiguously. Depending
on the study question, clinical relevance, manage-
ment decisions or prognosis, or pathological diagno-
sis 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 may reflect different definitions of the
target condition or different strategies for diagnosing
the target condition. One example comes from stud-
ies 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 veri-
fied with karyotyping, whereas negative results were
verified by awaiting delivery. Studies in which the de-
cision to perform fetal karyotyping depended on the
result of nuchal translucency measurement consider-
ably overestimated the sensitivity of nuchal translu-
cency (34).

Authors should clearly define the reference stan-
dard and how the choice of the reference standard re-
lates to the study question.

In the example, the authors use a neuropatholo-
gical 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 corre-
lation 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 specification of mate-
rial 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, re-
cently developed in our laboratory, was used to mea-
sure serum hK2 concentrations.[ref] Briefly, the hK2
assay uses a mouse monoclonal anti-hK2 capture an-
tibody [coded G586, supplied by Hybritech (San
Diego, CA, USA) and raised against recombinant
hK2], a biotinylated mouse monoclonal detection an-
tibody (coded 8311; Diagnostic Systems Laborato-
ries) and alkaline phosphatase-labeled streptavidin.
We measured the alkaline phosphatase activity by
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adding the substrate diflunisal phosphate, incubating
for 10 min, and then adding a Tb3+-EDTA develop-
ing 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 proto-
col including the specification of materials and instru-
ments together with their instructions for use, and
specific measures (preparations) in participants (e.g.
fasting prior to blood sampling, the anatomic site of
measurement). If no citations are available, details
must be provided in the text. Between-study variabil-
ity 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 ex-
ercise 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 natriure-
tic peptide to achieve sensitivity values of at least
90%, 80%, and 70% (37).

Test results can be truly dichotomous (e.g. pres-
ent or absent), have multiple categories or be continu-
ous. Readers need to know how the authors ex-
pressed results of the index test and reference stan-
dard.

If the authors defined several categories of re-
sults, readers need to know how and when they de-
fined 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 cut-off value to maximize a
particular test characteristic, which reduces the likeli-
hood 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 sys-
tolic dysfunction. They established these cut-offs post
hoc to obtain specific values of sensitivity.

Item 10. Describe the number, training and ex-
pertise 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 asso-
ciate. 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 ob-
served her administering more than 10 question-
naires (40).

Variability in the manipulation, processing, or
reading of the index test or reference standard will af-
fect measures of diagnostic accuracy (41,42). Many
studies have shown reader variability, especially in
the field of imaging (43,44). The amount of the read-
ers 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 to improve interpretation and to reduce in-
ter-observer variation all affect the quality of reading.
Readers are more likely to interpret results from (sub-
jective) 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 per-
formed 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 read-
ers.

Example
All images were interpreted on the computer

workstation by two radiologists (J.Y., R.K.H.) inde-
pendently, 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 analy-
sis (14).

Knowledge of the results of the reference stan-
dard 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 mea-
sures of diagnostic accuracy. The distortion of mea-
sures 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). Know-
ing the result of the index test while interpreting the
reference standard has been named diagnostic review
bias (23). The observation that interpretations be-
come 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 in-
formation related to the patient.
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Blinding of readers of tests is important. In a
meta-regression analysis of a wide range of tests, test
review bias produced a moderate exaggeration of
measures of diagnostic accuracy (9). Individual stud-
ies have shown a substantial effect of inappropriate
masking (24).

The example shows how the readers of CT
colonography for colorectal polyp and cancer detec-
tion 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 measured 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 angiograp-
hy (MRA) and duplex were assessed by means of the
McNemar test (50).

Several measures of diagnostic accuracy exist
(12). Authors 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 meth-
ods 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 superior-
ity 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 res-
onance angiography had the same sensitivity as du-
plex 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 � statis-
tic including 95% confidence intervals (50).

The index test and the reference standard are sel-
dom 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 measure-

ments. Other terms for this form of variation include
imprecision, analytic methodological variation, or an-
alytical 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 proce-
dure to do so.

For quantitative assays, it is useful to report im-
precision 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 num-
ber of days. Within-run coefficients of variation are
appropriate if all patient samples were analyzed in a
single run.

In the example, the authors used the kappa statis-
tic to express interobserver variability for conventio-
nal angiography and MRA in the detection of renovas-
cular 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, a 300-bed tertiary care university-af-
filiated 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 infor-
mation may also provide an indication about the rate
of recruitment.

Item 15. Report clinical and demographic char-
acteristics of the study population (e.g., age, sex,
spectrum of presenting symptoms, comorbidity, cur-
rent treatments, recruitment centers).

Example
Demographic, clinical and x-ray angiographic cha-

racteristics of the 109 study patients (Table 1, ref. 20).

An adequate description of the demographic and
clinical characteristics of the participants allows the
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Table 1. Demographic, clinical, and X-ray angiographic char-
acteristics of study patients

Characteristic Value

Female sex (No., %) 34 (31)
Age (years):
mean±SD 59±10
range 27-75

Chest pain (No., %) 86 (79)
Prior myocardial infarction (No., %) 26 (24)
History of systemic hypertension (No., %) 54 (50)
Current or prior cigarette smoking (No., %) 58 (53)
Cholesterol >5.2 mmol/L (No., %) 67 (61)
Diabetes (No., %) 19 (17)
Family history of premature coronary disease* (No., %): 43 (39)
one-vessel disease 31 (28)
two-vessel disease 20 (18)
three-vessel disease 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.



reader to judge the applicability of the study findings
to another population. Most authors present the de-
mographic and clinical characteristics of the study
group in a table.

Item 16. Report the number of participants satis-
fying the criteria for inclusion that did or did not un-
dergo the index tests and/or the reference standard;
describe why participants failed to receive either tests
(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 ex-
cludedfrom the study for the following reasons: previ-
ous DVT in 21, contrast allergy in 1, renal failure in 1,
and unwillingness to provide consent in 5. Of the re-
maining 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).

Example 2

The study report should present the number of
participants that were assessed for eligibility, if avail-
able. 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 re-
ceive either the index test, or the reference standard,
or both.

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) verifica-
tion bias, work-up bias, (primary) selection bias, se-
quential 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 dia-
gram 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 transpar-
ently the key elements of a study design. A flow dia-
gram has been a helpful addition to reports of ran-
domized clinical trials (64).

Item 17. Report time interval from the index tests
to the reference standard, and any treatment admini-
steres between them.

Example

Patients were scheduled to undergo CT colono-
graphy 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 oc-
curs 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 dis-
ease (define criteria) in those with the target condi-
tion; other diagnoses in participants without the tar-
get condition.

Demographic and clinical features of the study
population can affect measures of diagnostic accu-
racy. 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 mea-
sures of test accuracy, but most notable examples in-
volved differences in the severity of the target
condition (65-70).

Many target conditions are not pure dichoto-
mous states but cover a continuum, ranging from min-
ute pathological changes to advanced clinical dis-
ease. 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).
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Figure 1. Example of a flow diagram of a diagnostic accu-
racy study (55).



Accordingly, it is important to describe the sever-
ity of disease in the study group.

Item 19. Report a cross tabulation of the results
of the index tests (including indeterminate and miss-
ing 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
(Table 2, ref. 72).

Example 2
Figure 2. (73)

Scientists want to verify important results, and so
re-analysis 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 al-
low scientific colleagues to (re)calculate measures of
diagnostic accuracy or to perform alternative analy-
ses, including meta-analysis. Authors should report
all test results, including indeterminate test results on
the index test and reference test.

One example, with a few categories of test re-
sults, is taken from a study of fine-needle aspiration
cytology in histologically proven thyroid carcinoma;
the second example shows the distribution of the con-
centration of anti-citruline antibodies in patients with

the target condition (rheumatoid arthritis) and in pa-
tients with several alternative diagnosis.

Item 20. Report any adverse events from per-
forming the index tests or the reference standard.

Example

A mean period of 15 min was sufficient for full
investigation of the uterine cavity. The mean toler-
ance on a pain scale range of 0 to 10 was 1. However,
sonohysterography has not been tolerated once (indi-
cation 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 complica-
tion was recorded during the subsequent 3 days, an
endometritis in a patient with unbalanced diabetes.
Ampicilen antibiotic treatment was efficient permit-
ting 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 use-
fulness of a particular test. The requirement to report
adverse events applies equally to diagnostic research
and research of treatments (75).

It can also be important to learn about the in-
vasiveness and risks of the reference standard used.
For example, if in the evaluation of the positive results
of hemocult screening, colonscopy, sigmoidscopy,
and double contrast barium enema were to be used,
one might expect complications (perforation or hem-
orrhage) once in 300-900 subjects investigated (76).

The example comes from the first part of the re-
sults section of a study of sonohysterography for the
diagnosis of intrauterine abnormalities, with histo-
pathology and clinical outcome as the composite ref-
erence standard.

Item 21. Report estimates of diagnostic accuracy
and measured 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 tar-
get condition, as established by the reference stan-
dard. The values presented in the report should be
taken as estimates. Due to chance variations in the pa-
tients submitted to the tests and other factors, the re-
sults 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 val-
ues 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 pub-

646

The STARD Statement: Explanation and Elaboration Croat Med J 2003;44:639-650

Table 2. Cytological outcomes of tyhroid carcinomas*

Non-diagn Normal Atypia Fol neopl Suspect Malignant

PAP 12 30 5 17 18 18
FOL 18 31 3 40 5 3
MED 15 15 4 11 28 27
ANAPL 18 12 5 5 13 47
Total 14 28 4 23 14 17

*Non-diagn – nondiagnostic; Fol neopl – follicular neoplasia; PAP – papillary
carcinoma; FOL – follicular carcinoma; MED – medullary carcinoma –
anaplastic carcinoma.

Figure 2. Distribution on a log scale of the test results ac-
cording to anti-CCP units for the different groups of pa-
tients. A cutoff value set at 50 units guarantees a good speci-
ficity because all but seven of the non-RA patients have an
antibody concentration below the threshold. CTD, connec-
tive tissue disease; Oth. Rh. Dis., other rheumatoid dis-
eases; NC, healthy controls (73).



lished in 1996 or 1997 in the British Medical Journal
reported precision for the estimates of diagnostic
accuracy (78).

Item 22. Report how indeterminate results, miss-
ing responses and outliers of the index tests where
handled.

Uninterpretable, indeterminate, and intermedi-
ate 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 over-
all usefulness of the test. Furthermore, ignoring such
test results can produce biased estimates of diagnostic
accuracy if these results occur more frequently in pa-
tients 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-a-
drenergic blockers on heart rate response during an
exercise test (indeterminate result) (24).

The occurrence of uninterpretable, indetermi-
nate, and intermediate test results varies from test to
test, but frequencies up to 40% have been reported
(79). Intermediate 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 rightfully includes non-di-
agnostic test results.

Item 23. Report estimates of variability of diag-
nostic 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 mag-
netic resonance angiography increased to 97%, with
a negative predictive value of 98% (50).

Since variability is the rule rather than the excep-
tion, researchers should explore possible sources of
heterogeneity in results, within the limits of the avail-
able sample size. The best practice is to plan sub-
group analyses before the start of the study (84).

In the example above, the authors report sepa-
rate estimates for patients with fibromuscular dyspla-
sia. 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 con-
ventional angiography and MRA were identical, with
a � value of 0.77 and 95% confidence intervals rang-
ing from 0.67 to 0.86. For the detection of hemo-
dynamically significant lesions, interobserver vari-
ability 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 meth-
ods, report the coefficient of variation (CV) at concen-
trations that are relevant to the study, state those con-
centrations 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 com-
paratornormative population randomly selected from
the same populationsas the cases. (…) These data sug-
gest that, in clinical practice, the assay would have
three practical 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 screen-
ing 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 pa-
tients (85).

Because of the variability in tests characteristics
due to differences in design, patients, and proce-
dures, 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 gen-
eral interpretation of the results in the context of cur-
rent 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 po-
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tential 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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