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Abstract

Introduction High-quality evidence regarding questions of diagnostic accuracy relies on transparent reporting of study
results. The quality of reporting for such studies in the urologic literature is unknown.

Methods In accordance with an a priori protocol, we systematically searched for all articles on diagnostic accuracy studies
published in four major urologic journals in 2015. Using the 2015 STAndards for Reporting Diagnostic accuracy studies
(STARD) checklist, two of us independently abstracted data. For each article, we calculated STARD summary scores (scale
of 0-30, with higher scores reflecting higher-quality reporting). We compared scores by journal, topic, and sample size.
Results We screened 819 references of which 61 met inclusion criteria. Nearly two-thirds of studies (39/61%; 63.9%)
addressed prostate cancer diagnosis or staging; less than one in ten (6/61%; 9.8%) was conducted in non-oncological disease
settings. The major focus for the investigation of new index tests lay in imaging modalities (33/61%; 54.1%); over half of
these imaging studies addressed magnetic resonance imaging (18/61%; 29.5%). The average STARD score was 18.9 +2.4
(range 12-24). Six criteria had poor reporting compliance and were met by less than 20% of studies. We found no associa-
tion between reporting quality and topic, journal or study size.

Conclusions The reporting quality of studies of diagnostic accuracy appears modest and independent of topic, journal or
study size. There is an urgent need for greater awareness for the reporting quality of these studies among readers, editors,
and investigators to raise evidentiary standards on issues of diagnosis.
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Introduction

Evidence-based health care relies on methodologi-
cally rigorous and transparently reported research evi-
dence. The Enhancing the QUAlity and Transparency Of
health Research (EQUATOR) Network is a not-for-profit
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organization that provides a depository for such reporting
guidelines; for randomized controlled trials, the CON-
solidated Standards Of Reporting Trials (CONSORT) are
among the criteria most well-known to urologists [1, 2].
A recent study suggested that randomized controlled trial
reporting has improved over recent years; this would appear
to indicate greater awareness of CONSORT criteria among
study authors, journal editors, and readers. As a result,
reported evidence is improved and better suited to support
clinical and health policy decision-making [3].

The STAndards for Reporting Diagnostic accuracy stud-
ies (STARD) checklist is a corresponding instrument for
articles on diagnostic accuracy studies. Its objective is to
promote transparent and complete reporting of such studies
to allow readers to critically appraise them for their validity,
impact and applicability, and to assess for bias and generaliz-
ability [4, 5]. Though initially published in 2003 and updated
in 2015, the STARD checklist is much less widely known
than the CONSORT criteria or many other EQUATOR
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Network guidelines [4, 6]. The updated STARD checklist
is divided into seven categories: title, abstract, introduction,
methods, results, discussion, and other information (see
Online Appendix for full STARD checklist). To date, no
study (until ours) has used the STARD checklist to formally
assess reporting quality of articles on diagnostic accuracy
studies in urology: an important deficit, given the increas-
ing role of diagnostic tests in the practice of urology. In this
study, we formally assessed the reporting quality of articles
on diagnostic accuracy studies published in four major uro-
logic journals in 2015 to better understand compliance and
to what extent they provide the necessary details to convince
critical readers that their results are trustworthy, clinically
meaningful and relevant to patient care.

Methods

In accordance with an a priori protocol (Research Regis-
try #2214), we performed a PubMed search of four major
urologic journals: Journal of Urology, European Urology,
BJU International, and Urology. The aforementioned are
the urology journals with the highest impact factor and
have in the past been the focus of similar studies assessing
methodological and/or reporting quality or the urological
literature [3, 7, 8]. To find articles published in 2015 on
diagnostic accuracy studies, we used the Clinical Queries
filter for diagnosis and set it on “broad” [9]. An additional
table of contents search was undertaken to ensure complete-
ness. We screened our search results via a two-tiered process
of (1) the title/abstracts and (2) the full text, using Covidence
systematic review software [10].

From each article, two of us (DWS, SG) independently
abstracted data. We applied the 2015 STARD [6] checklist,
an update of the original 2003 version [4]. To assure clear,
consistent interpretation of STARD checklist items, we had
previously pilot-tested that form in two sets of three studies.
For each article, we scored each STARD criterion as met
(one point), not met (zero points), or not applicable (N/A).
In addition, when a specific STARD criterion entailed two
distinct subcategories, we gave articles half a point if they
met one of those two subcategories; one point, if they met
both subcategories.

Then, the two of us (DWS, SG) entered each criterion and
corresponding scores onto a separate electronic spreadsheet.
All three of us reviewed any discrepancies and resolved them
by discussion and consensus. We not only assessed adher-
ence to STARD criteria but also further characterized the
studies by sample size, funding source, type of data collec-
tion (prospective vs. retrospective), patient population (pedi-
atric vs. adult), topic within urology, and type of diagnostic
test (imaging modality, biomarker, tissue sampling and/or
biopsy, and other).
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The primary objective of this study was to assess adher-
ence to STARD criteria within the urologic literature for the
year 2015. For our descriptive statistical analysis, we used
SPSS version 26.0. For each article, going by the number
of STARD criteria met per article, we calculated a STARD
summary score on a scale of 0-30 (with higher scores
reflecting higher-quality reporting). Individual STARD
criteria are reported herein as proportions and percentages.
To assess for differences in reporting by journal of publi-
cation, topic, and by sample size, we performed statistical
hypothesis-testing using the student’s ¢ test and ANOVA.
The protocol for our methodologic study was not eligible for
registration with PROSPERO, the international prospective
register of systematic reviews, but we instead prospectively
registered it with the Research Registry (#2214) in February
2017 [11].

Results

Our literature search identified 819 articles, which we then
screened on the basis of their titles and abstracts. After
excluding 752 articles, we obtained the full text of 67, of
which 61 met our study inclusion criteria (Fig. 1). The
reasons we excluded six articles at the full-text stage were
as follows: three articles described studies that were sys-
tematic reviews and/or meta-analyses; one article was an
editorial response; one article described an investigational
study of ultrasound and bladder outlet obstruction (BOO)
models; and one article described an animal study of blad-
der permeability.

Of the 61 articles, 60 (98.4%)—the overwhelming major-
ity—described diagnostic accuracy studies in adult patients;
only one, in pediatric patients (Table 1). Of the 61 articles,
39 (63.9%)—nearly two-thirds— addressed prostate cancer
diagnosis or staging. Of the remaining studies addressing
oncology, eight studies (13%) focused on urothelial cell can-
cer, five (8%) on renal cell cancer, and three (5%) on penile
cancer. Only six (9.8%) involved patients with non-oncologic
diseases, namely voiding dysfunction, three (4.7%); stone
disease, two (3.2%); and sexual dysfunction, one (1.6%). The
journals of publication were the Journal of Urology (n=23),
BJU International (n=21), Urology (n=10) and European
Urology (n=17).

With regard to new index tests, 33 (54.1%) of the arti-
cles focused on imaging modalities. Of those 33 arti-
cles, 18 (29.5%)—slightly more than half—addressed
magnetic resonance imaging (MRI). Only 14 (23%)
articles—just under one-quarter—assessed biomarkers
as index tests; only nine (15%), tissue sampling and/or
biopsy. With regard to type of data collection, 38 (61%)
of the 61 articles described prospective studies. The
median sample size was 154 patients (interquartile range,
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Broad PubMed Clinical Query for studies of Table 1 Smdy characteristics (n=061)
diagnostic accuracy of the four major urology .
journals January 1, 2015 — December 31, 2015: Study characteristics N (%)
Journal of Urology, European Urology, BJU
International, and Urology Articles byjournal
BJU International 21 (34.4%)
l Eur Urol 7(11.5)
JU 23 (37.7%)
Titles and abstracts Urology 10 (16.4%)
d for inclusi
assesseN f;;;c seten Topic within urology, n (%)
Prostate cancer 39 (63.9%)
Excluded (N = 752): Renal cell cancer 5 (8%)
references that Urothelial cell cancer 8 (13%)
were not studies of .
diagnostic accuracy Penile cancer 3 (5%)
Non-oncologic diseases 6 (9.8%)
Patient population, n (%)
Studies reviewed in full
text with data extraction Adult 60 (98.4%)
N=67 Pediatric 1(1.6%)
Type of data collection, n (%)
Excluded (N = 6): systematic Prospective 38 (61%)
reviews/meta-analyses (3), .
editorial response (1), Retrospective 24 (39%)
investigational study of ultrasound Sample size, n (%)
and BOO models (1), animal model .
of bladder permeability (1) 150 or fewer patients 29 (48%)
More than 150 patients 32 (52%)
Type of diagnostic test, n (%
Studies included in final review P . 128 b? st,n (%)
N=61 Imaging modality 33 (54.1%)
Biomarker 14 23%)
Tissue sampling and/or biopsy 9 (15%)
Fig. 1 Flowchart of literature review, abstract assessment, and full- Other 5(8%)
text data abstraction .
Funding source, n (%)
Industry 12 (19%)
Institution 4 (7%)
93-353). Only 27 (44%) of the 61 articles—fewer than Goveranlent 8 (13%)
half of them— reported a study funding source. Overall, No funding source 36%)
No information provided 34 (56%)

12 (19%) of the 61 articles acknowledged industry fund-
ing; the remainder either indicated no funding source or
reported studies that had been funded by their institution
or the government.

The total number of individual STARD criteria (includ-
ing subcategories) was 34. The median (interquartile
range) of kappa values as a measure of interobserver agree-
ment beyond chance across all 34 items was 0.59 (0.28;
1.0) and the mean (= standard deviation) was 0.59 +0.36,
which reflects moderate agreement [12]. Reporting com-
pliance among the 61 articles ranged widely by individual
criteria (from 4.9 to 100%). It reached 100% for several
individual criteria, such as #3 (scientific & clinical back-
ground), #10a (index test: sufficient detail for replication),
and #27 (implications for practice). However, reporting
compliance was a mere 4.9% for both #18 (sample size
determination) and #28 (registration number and name of
registry).

For 16 of the 34 STARD criteria, reporting compliance
reached at least 80% (Fig. 2). But for six criteria, reporting
compliance was less than 20%. Poor reporting quality was
most notable in the discussion section of articles for crite-
ria #15 (handling of intermediate results), #16 (handling of
missing data), #17 (pre-specified or exploratory analysis),
#18 (sample size determination), #28 (registration number
and name of registration), and #29 (location of full study
protocol).

The mean number of STARD criteria met was 18.9 +2.4
(range 12-24); the median number was 19.5 (interquartile
range 17.3-20.5). In a univariate analysis, we found no sta-
tistically significant association between reporting quality
and any of these three variables: topic within urology, sam-
ple size, or journal of publication (Table 2).
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1. Identification as a study of diagnostic accuracy

2. Structured summary of design, methods, results, and conclusions

3. Scientific & clinical background

4. Study objectives & hypotheses

5. Data collection; prospective or retrospective

6. Eligibility criteria

7. How patients were identified

8. Where and when patients were identified

9. Participant selection: consecutive, random, or convenience

10a. Index test: sufficient detail for replication

10b. Reference standard: sufficient detail for replication

11. Rationale for choosing reference standard (mainly if alternatives exist)
12a. Definition of and rationale for test-positivity cutoffs or result categories, distinguishing pre-specified from exploratory - INDEX
12b. Definition of and rationale for test-positivity cutoffs or result categories, distinguishing pre-specified from exploratory - REFERENCE
13a. Availability of clinical and reference standard results to assessors of index test

13b. Availability of clinical and index results to assessors/reviewers of reference standard
14. Methods for estimating or comparing measures of diagnostic accuracy

15. Handling of intermediate results

16. Handling of missing data
17. Analyses of variability in diagnostic accuracy, distinguishing prespecified from exploratory
18. Intended sample size and how it was determined

19. Flow of participants, using a diagram

20. Participants baseline and clinical characteristics

21a. Disease distribution (severity of disease in those with target condition)

21b. Distribution of alternative diagnoses in those without target condition
22. Time interval and any clinical interventions between index/reference standard tests
23. Cross-tabulation of index test results by reference standard results

24. Estimates of diagnostic accuracy and precision

25. Adverse events from index/reference tests

26. Study limitations

27. Implications for practice

28. Registration number and name of registry

29. Location of full study protocol

30. Sources of funding and other support; role of funders

Title/Abstract: 1
Abstract: 2
Introduction: 3-4
Methods
Study Design: 5
Participants: 6-9
Test Methods: 10-13
Analysis: 14-18

Fig.2 Individual STARD criteria met by percentage

Table 2 Association between STARD scores and Journal of Publica-
tion, Topic, and Sample Size

STARD score (SD) P-value
Journal of publication
BJU International 20.0 (2.3) 0.052
European Urology 19.0 (2.9)
Journal of Urology 18.7. (1.7)
Urology 17.6 (2.8)
Topic
Prostate cancer 18.9 (2.5) 0.659
Renal cell cancer 18.4 (1.9)
Urothelial cell cancer 18.9 (2.8)
Penile cancer 21.0 (2.8)
Non-oncologic diseases 19.1 (1.2)
Sample size
150 or fewer patients 18.6 (2.1) 0.20
More than 150 patients 19.4 (2.6)

STARD STAndards for Reporting Diagnostic accuracy studies, SD
standard deviation

Discussion

In this study, our principal finding was the major heteroge-
neity, with regard to compliance with individual STARD
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Results
Participants: 19-22
Test Results: 23-25
Discussion: 26-27
Other Information: 28-30

criteria, of articles published in 2015 on diagnostic accuracy
studies in urology. Many criteria were reported well, espe-
cially those related to the title, abstract, introduction, and
methods. But other criteria were poorly addressed.

The worst reporting deficits (as evidenced by a reporting
compliance rate of less than 20% of studies) involved han-
dling of indeterminate results and missing data, sample size
determination, registration number and name of registration,
and location of full study protocol. Each of those reporting
deficits has a corresponding CONSORT criterion. Currently,
the CONSORT checklist has been broadly endorsed in the
general medical and urologic literature [3]. For example,
articles on randomized controlled trials now routinely pro-
vide information on pre-trial sample size estimates. Most
reputable journals will not publish results of trials that have
not been registered in a clinical trial registry. Such regis-
tration requires a trial protocol that outlines all pertinent
aspects of the study, including the basic design, the study
endpoints, the frequency and method of follow-up, and the
analytic approach. Those issues are equally important in arti-
cles on diagnostic accuracy studies. That information is, in
fact, critical, enabling clinicians, guideline developers, and
health care policymakers to assess the validity of studies and
thus the reliability of their results [5]. Our findings appear
particularly relevant to the field of prostate cancer imaging
(especially MRI)—a rapidly evolving area of research that
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contributed one-third of the articles we analyzed. But many
of those articles did not provide the necessary methodologic
detail for readers to assess the validity of the described stud-
ies. In addition, it appears noteworthy that less than one in
five publications acknowledged industry funding, whereas
it might be expected that a majority of studies related to
new imaging modalities or laboratory tests involve industry
support. Greater emphasis on prospective study registration
would enhance transparency in terms of relevant conflict of
interest disclosures.

The strengths of this study include our use of the STARD
checklist, which provides well-established, standardized
criteria to assess reporting quality of articles on diagnostic
accuracy studies. Our research was governed by a registered,
a priori written protocol. We conducted a systematic litera-
ture search and two members of our investigative team inde-
pendently screened and abstracted data. Our study is the first
of its kind to assess the urologic literature. The limitations of
this study include our focus on studies published in the four
main urologic journals. We recognize that many diagnos-
tic accuracy studies relevant to the practice of urology are
instead published in other, often high-impact non-urologic
journals, such as the PROState Magnetic Resonance Imag-
ing Study (PROMIS) on the use of prostate MRI to guide
prostate biopsies [13]. However, a comparison of reporting
quality of urologic vs. non-urologic journals was outside
the scope of this research project. Second, we acknowledge
the limitation of any scoring system of reporting quality and
methodologic quality; any such system assumes that individ-
ual criteria deserve equal weight. Nonetheless, we believe a
summary score provides a useful idea of the gestalt of over-
all reporting quality. Last, our study sample was relatively
small and limited to just 1 year. Assessing STARD criteria
per our systematic, replicative, and consultative methodol-
ogy is labor-intensive. We believe that this first assessment
of reporting quality of articles on diagnostic accuracy stud-
ies will provide an important benchmark for any related
research in the future.

No comparable study has similarly assessed reporting
quality of diagnostic accuracy studies in urology. But related
studies in other specialties have been published. In 2015,
a study in radiology was published by Korevaar et al. that
analyzed 112 articles on diagnostic accuracy studies in 12
high-impact journals in 2012; Korevaar et al. assessed com-
pliance with the 2003 STARD criteria, comparing findings
to the publication years of 2004 and 2000 [14]. Overall, they
found that the mean number of 2003 STARD criteria met
was 15.3+3.9 on a scale of 0-25 (with higher scores reflect-
ing higher-quality reporting). That result corresponded to
a reporting compliance rate of 61%, which was similar
to our reporting compliance rate of 63% per the updated
2015 STARD criteria, on a scale of 0-30 instead. Korevaar
et al. noted an improvement of 1.7 points (95% confidence

interval [CI] 0.9-2.5) in 2012, as compared with 2004, and
an improvement of 3.4 points (95% CI 2.6-4.3), as compared
with 2000.

In 2017, a study was published by Gallo that analyzed
23 full-text articles published in eight emergency medicine
journals. Using the 2003 STARD checklist, they found that
just over half of the criteria were reported in more than 80%
of the articles. Adherence to individual criteria ranged from
8.7% to 100% [15]. Also in 2017, a study was published
by Toews that analyzed articles published in 231 hematol-
ogy and oncology journals; Toews assessed to what extent
STARD and other reporting guidelines were referred to in
the journals’ instructions for authors [16]. The rates of for-
mal journal endorsement of STARD criteria were 3.6% in
2010, 4.2% in 2012, and 9.2% in 2015; the corresponding
rates for endorsement of CONSORT criteria were much
higher for those same years: 25.1%, 25.8%, and 31.9%.
Clearly, there appears to be less awareness of STARD cri-
teria, which could account for the suboptimal reporting
compliance rate that we found in urologic journals. Toews
suggested a positive association between journal impact fac-
tor and reporting compliance as witnessed by more STARD
criteria being met, thereby providing additional extrinsic
motivation to improve reporting.

With the increasing availability of molecular diagnostic
tests, as well as anatomic and functional imaging in urol-
ogy, diagnostic accuracy questions have been pushed to the
forefront of clinical decision-making and health policy. For
example, MRI has been widely adopted to help diagnose
new cases of prostate cancer and to aid in the active sur-
veillance of patients with early-stage prostate cancer. In
urologic oncology, positron emission tomography (PET) is
increasingly used. As with questions about therapy (which
are best addressed through randomized controlled trials, for
which there are well-defined methodologic and reporting
criteria), questions about diagnostic accuracy would be best
addressed through widely agreed-upon criteria. Unfortu-
nately, diagnostic accuracy studies have garnered much less
attention. Our study is the first of its kind in urology. Given
the increasing impact of diagnostic modalities in the practice
of urology—including the potential threats of overdiagno-
sis, overtreatment, and wasteful use of precious health care
resources—standards must be raised to ensure reporting
quality and compliance with key criteria [17, 18].

The findings of this study represent a cross-sectional
snapshot in time that provides the basis for similar stud-
ies in the future. We hope that it will increase awareness
among urologists of methodologic criteria governing arti-
cles of diagnostic accuracy studies and ultimately lead to
higher-quality studies. Specific improvements are needed in
reporting study registration, sources of funding, and sample
size determination. Whereas prospective registration of ran-
domized clinical trials has become the norm, this is not yet
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the case for studies of diagnostic accuracy, although existing
registries do allow for it [19]. Journal editors should not only
endorse reporting guidelines but also enforce their imple-
mentation [20]. Future studies should provide a longitudinal
assessment of the reporting quality over the course of sev-
eral years and include a larger set of journals with broader
representation of topics as well as evaluate the quality of
systematic reviews of diagnostic accuracy studies; well-done
reviews are critical to the development of effective clini-
cal practice guidelines and sound health care and insurance
policies [7].

Conclusion

The reporting quality of studies of diagnostic accuracy
published in the urological literature appears modest and
independent of clinical topic, journal of publication or
study size. This study is limited by its focus on a single
publication year of four major journals and preponderance
of oncology-related studies, in particular prostate cancer.
There is an urgent need for greater awareness for the report-
ing quality of these types of studies among readers, editors
and investigators in order to raise evidentiary standards for
questions of diagnosis.
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