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Purpose: Randomized controlled trials potentially provide the highest level of evidence to inform clinical decision
making. Appropriate use of statistical methods is a critical aspect of all clinical research, including randomized
controlled trials. We report the first formal evaluation to our knowledge of the statistical methods of randomized
controlled trials published in the urological literature in 1996 and 2004.
Materials and Methods: All human subjects randomized controlled trials published in 4 leading urology journals in
1996 and 2004 were identified for formal review. A standardized evaluation form was developed based on the Consol-
idated Standards of Reporting Trials statement. Each article was evaluated by 2 independent reviewers with formal
training in research design and biostatistics who were blinded to study authors and institution. Discrepancies were
settled by consensus.
Results: A total of 152 randomized controlled trials were reviewed (65 in 1996, 87 in 2004). The median sample size
(IQR) per arm of parallel design randomized controlled trials published in 1996 and 2004 was 36 (11, 96) and 50 (26, 134)
study subjects, respectively (p � 0.157). Sample size justifications were provided by 19% of studies in 1996 and 47% of
studies in 2004 (p � 0.001). Of randomized controlled trials 16 (25%) vs 32 (37%) identified a single primary outcome
variable (p � 0.110). Effect size estimates for primary or secondary outcome variables were provided by 5% vs 13%
(p � 0.090) and the precision of the effect was detailed by 5% vs 10% of randomized controlled trials (p � 0.195).
Conclusions: This formal review suggests that statistical analysis in urological randomized controlled trials has
improved. However, considerable deficiencies remain. Ongoing education in applied statistics may further improve
urological randomized controlled trial reporting.
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E
vidence-based medicine has been defined as the
“conscientious, explicit and judicious use of current
best evidence in making decisions about the care of

individual patients.”1 The central tenet of evidence-based
clinical practice is the balanced integration of clinical
expertise and judgment, patient and societal values, and
the best available evidence.2 The foundation for evidence-
based clinical practice is clearly high quality evidence.

The highest level of evidence for evaluating the efficacy
of health care interventions is provided by randomized
controlled trials, if well designed and executed. High qual-
ity RCTs are characterized by trial design (eg randomiza-
tion, blinding) as well as analytic methods (eg intent to
treat analysis). Reporting of statistical analysis in RCTs
is guided by the CONSORT statement which was pub-
lished in 1996 and updated in 2001.3,4 Key statistical
elements identified by the CONSORT criteria include
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sample size calculations, intent to treat analysis, report-
ing of effect size and precision, and addressing the effects
of multiple analyses on trial findings. Inadequate use or
reporting of these methodological safeguards has been
empirically associated with bias.5–10

Statistical hypothesis testing is the foundation of mod-
ern medical research. However, statistical methods in the
medical literature are often suboptimal, undermining the
validity of study conclusions.11,12 A recent assessment
suggests that statistical methods in the urological litera-
ture are not ideal, although RCTs comprised a small pro-
portion (12%) of the designs in this investigation.13 RCTs
in the urological literature are often underpowered14 and
reporting of methodological criteria are lacking.15,16 How-
ever, no dedicated analysis of the quality of statistical
methods and reporting in RCTs in the urological litera-
ture has previously been published. Therefore, in a sec-
ondary analysis of a previously published assessment of
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RCT reporting we evaluate the statistical methods of
RCTs published in the urological literature.16

METHODS

Selection of Studies
The selection criteria for the randomized controlled trials
comprising the study sample have been previously pub-
lished.16 Randomized controlled trials published in The
Journal of Urology®, Urology®, European Urology® and
BJU International® in 1996 (before release of the CONSORT
statement) and 2004 (after publication of the CONSORT
statement) were identified using MEDLINE®. We examined
only primary publications of RCTs. Secondary analyses and
economic assessments were excluded from analysis (see fig-
ure).

Statistical Quality Assessment
Two investigators (PD and CDS) with formal training in
clinical research and statistics independently reviewed each
study. The reviewers were blinded to the study authors,
institution of origin and funding source by study personnel
(RDN) who did not participate in the quality assessment
review. The CONSORT criteria informed the development of
the statistical evaluation form (see Appendix). In addition,
an experienced biostatistician (BLP) assisted in adapting
the CONSORT criteria. The criteria were each scored as
either met or not met.

Data Collection
We created study databases using double data entry to
record the reviewer assessments. Reviewer assessments
were merged into a single database and discrepancies were
resolved by consensus.

Analysis
The primary objective of this analysis was to compare key
elements of statistical analysis reported in studies in 1996
and 2004. The chi-square or Fisher’s exact test, as appropri-
ate, was used to test differences between 1996 and 2004 in
the proportion of articles that reported key statistical ele-
ments. The Mann-Whitney test was used to test continuous
outcomes such as differences in RCT sample size between

4586 articles indexed in 
1996 or 2004 

193 articles indexed as 
randomized, controlled trial 

4393 articles not 
indexed as RCT 

Excluded:  
17 studies not of therapy 
10 secondary or subset 

analyses 
8 pooled analyses 

152 articles eligible for 
review 

4 not randomized 
2 non-clinical outcomes 
Flow diagram of articles identified for review through MEDLINE
search of 4 urology journals.
1996 and 2004. Odds ratios and 95% confidence intervals are
presented. Statistical testing was 2-sided with a Type I error
threshold (�) of 0.05. Since this study represents a secondary
analysis of an existing data set, no formal power calculations
were performed. In addition, no adjustments were made for
multiple testing. Kappa values were calculated as a measure
of interrater agreement between reviewers for select crite-
ria. Analysis was performed using SPSS® version 15.0 soft-
ware.

RESULTS

A total of 152 articles comprised the study sample (see
figure). Voiding dysfunction (58, 38%) and oncology (40,
26%) were the most common clinical areas reported (table 1).
The majority of trials were interventions with either a med-
ication (102, 67%) or a device (29, 19%). Trials of surgical
procedures (8, 5%) comprised only a small proportion of the
RCTs reported in the study sample. Most studies (141, 93%)
used a parallel group design with a median (IQR) sample
size per arm of 40 (22, 105).

Reporting of some statistical criteria improved from
1996 to 2004 (table 2). The proportion of trials reporting
sample size calculations improved from 19% to 47% (OR
2.36, 95% CI 1.39 – 4.02, p �0.001). Similarly the propor-
tion of trials that reported an �, the Type I error thresh-
old, improved from 34% to 66% (OR 2.12, 95% CI 1.41–
3.17, p �0.001). Median sample size per arm of parallel
design trials increased from 36 (11, 96) in 1996 to 50 (26,
134) in 2004, although this change was not statistically
significant (p � 0.157).

Despite these improvements there was no statistically
significant change in the reporting of the number of key
statistical CONSORT criteria. Intent to treat analyses were
reported in 34% of trials in 1996 but only 29% of trials in
2004 (OR 0.88, 95% CI 0.60–1.28, p � 0.500). Effect size
reporting (eg OR) increased slightly from 5% in 1996 to 13%
in 2004, although this change was not statistically signifi-
cant (OR 2.10, 95% CI 0.76–5.81, p � 0.090). Similarly
reporting of the precision of the effect size (eg 95% CI)
remained low with 5% of RCTs in 1996 compared to 10% in
2004 (OR 1.77, 95% CI 0.65–4.80, p � 0.195). Addressing the
effects of multiple testing remained low in both years (OR
0.96, 95% CI 0.45–2.04, p � 0.916).

DISCUSSION

To our knowledge this study represents the first dedicated
assessment of statistical methods of RCTs in the urological
literature. We found that the reporting of statistical ele-
ments of the CONSORT criteria improved from 1996 to 2004
but considerable deficiencies remain. These shortcomings
pose a potential threat to the validity of study findings and
may misguide readers’ clinical decision making.

The CONSORT criteria were published in 1996 and re-
vised in 2001 in an effort to improve reporting of RCTs,
particularly with respect to items related to the internal and
external validity of study findings.17 The CONSORT state-
ment addresses methodological and statistical elements, the
lack of which are associated with exaggerated treatment
effects and biased results.5 Among these, several statistical
elements are critical to the validity of study findings and are

notably lacking in the urological literature as identified by
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the results of the current study. These statistical elements
include sample size, intent to treat analysis, reporting of
effect size and precision for outcomes, and addressing the
effects of multiple testing (eg multiple outcomes or subgroup
analyses) on study findings.

Although calculations for trial sample size improved
from 1996 to 2004 there was no increase in the median
sample size per arm and more than half of RCTs in 2004
failed to report sample size calculations. Inadequate sam-
ple size can result in negative study findings (demonstrat-
ing no difference) when in fact a clinically meaningful
difference exists.18 This problem has been specifically
identified in the urological literature where fewer than a
third of negative clinical trials had sufficient power to
detect a 25% difference.14 Inaccurate conclusions from
underpowered RCTs inhibit investigation of important
clinical questions. Underpowered clinical trials are scien-
tifically unsound, of questionable ethics and represent an
inefficient use of health care research resources.14 There-
fore, targeted efforts should be focused on assuring that
clinical trials in urology are appropriately powered to
demonstrate clinically important differences if they exist.

Intent to treat analysis is another key statistical ele-
ment identified by the CONSORT criteria. In our investi-
gation less than 1 in 3 RCTs reported an intent to treat
analysis, opting instead to report per protocol analyses.
Intent to treat analysis protects the integrity of the ran-
dom allocation and avoids the systematic error that may

TABLE 1. Study characteristics of 152 urological RCTs
by publication year

1996 2004 Overall

Overall No. 65 87 152
No. study topic (%):

Oncology 20 (31) 20 (23) 40 (26)
Stones/endourology/
laparoscopy

4 (6) 7 (8) 11 (7)

Trauma/reconstruction 2 (3) 4 (5) 6 (4)
Voiding dysfunction 24 (37) 34 (39) 58 (38)
Infection/inflammation 3 (5) 8 (9) 11 (7)
Infertility/erectile
dysfunction

12 (19) 14 (16) 26 (17)

No. randomization (%):
Drug 43 (66) 59 (68) 102 (67)
Chemotherapeutic agent 5 (8) 4 (5) 9 (6)
Surgical procedure 4 (6) 4 (5) 8 (5)
Device 12 (19) 17 (20) 29 (19)
Intervention 1 (2) 3 (3) 4 (3)

No. 2 or more institutions (%) 16 (25) 34 (39) 50 (33)
No. study population (%):

Adult 65 (100) 81 (93) 146 (94)
Pediatric 0 (0) 6 (7) 6 (4)

Median overall sample size
(IQR)

70 (42, 191) 103 (52, 265) 90 (49, 220)

Median sample size/arm
(IQR)

32 (19, 93) 46 (25, 116) 40 (22, 105)

No. study arms (%):
2 55 (85) 71 (82) 126 (83)
3 7 (11) 11 (13) 18 (12)
4 or More 3 (5) 5 (6) 8 (5)

No. design (%):
Parallel groups 60 (94) 81 (93) 141 (93)
Crossover 5 (6) 6 (7) 11 (7)

No. placebo controlled (%) 18 (28) 37 (43) 55 (36)
No. funding (%):

Industry 13 (20) 25 (29) 38 (25)
Institution 0 (0) 6 (7) 6 (4)
Government 7 (11) 9 (10) 16 (11)
No information 45 (69) 47 (54) 92 (61)
arise from the nonrandom loss of subjects, a form of se-
lection bias.19 Further analyses can accompany intent to
treat results, which may reveal the effects of subject non-
compliance for the intervention, but intent to treat results
should always be included in trial reporting.17 Reports of
intent to treat analysis are often inadequate and may not
be correctly applied.9,10 Finally, there is empirical evi-
dence that intent to treat analysis is associated with
higher levels of overall methodological quality in clinical
trials.9,10 For these reasons the low use of intent to treat
analysis in the urological literature is concerning, and
should be a point of emphasis for investigators, reviewers
and editors.

Reporting of results in a manner that is informative for the
practicing urologist is also emphasized by the CONSORT cri-
teria. Generally the outcome(s) of a study should include
a measurement of the contrast between groups (eg inter-
vention vs placebo) which is known as the effect size.17

Examples of effect size measures include risk ratios or
odds ratios for categorical outcomes, or differences be-
tween means for continuous outcomes. In addition, a mea-
sure of precision of the effect size should accompany the
results, typically represented by the CI.17 Solely reporting
p values is less informative for the reader and is discour-
aged by the CONSORT guidelines. The low frequency
(approximately 10%) of effect size and precision reporting
in the urological literature indicates a need to raise
awareness for this issue among clinical investigators, to
facilitate interpretation and application of study findings
for an evidence-based clinical practice.

One of the least commonly addressed statistical issues
in this study refers to effects of multiple testing on study
outcomes. This shortcoming is particularly concerning as
multiple analyses (eg subgroup analyses or comparison of
several outcomes) create a high risk of false-positive find-
ings.17 Analyses which are suggested by the data are not
as sound as those which are prespecified by the study
protocol.17 Furthermore, it is frequently difficult to deter-
mine whether subgroup analyses were prespecified,12 and
there is empirical evidence that outcomes are selectively
reported based on a comparison of protocols and published
reports in the medical literature.20 Subgroup analyses are
most appropriately used for hypothesis generation but are
all too often interpreted as confirmatory. Our findings
suggest that the urological literature is susceptible to this

TABLE 2. Differences in adherence to key statistical CONSORT
criteria between 1996 and 2004

Item Reported

No. (%)

1996 2004 OR (95% CI) p Value

Sample size calculation 12 (19) 41 (47) 2.36 (1.39–4.02) �0.001
Identification of � 22 (34) 57 (66) 2.12 (1.41–3.17) �0.001
Identification of
statistical tests

53 (82) 82 (94) 1.80 (1.24–2.61) 0.014

Identification of primary
outcome

16 (25) 32 (37) 1.41 (0.90–2.21) 0.110

Intent to treat analysis 22 (34) 25 (29) 0.88 (0.60–1.28) 0.500
Reporting of
nonsignificant p values

31 (52) 56 (69) 1.51 (1.04–2.19) 0.035

Reporting of effect size 3 (5) 11 (13) 2.10 (0.76–5.81) 0.090
Reporting of precision of
effect size

3 (5) 9 (10) 1.77 (0.65–4.80) 0.195

Addressing multiple 4 (6) 5 (6) 0.96 (0.45–2.04) 0.916

testing
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danger and efforts to raise awareness of this issue seem
indicated.

Our study does have limitations. We recognize that this
study represents a secondary analysis of existing data
and, therefore, is subject to the potential bias introduced
by multiple testing.16 The testing of multiple CONSORT
criteria as outcomes increases the probability of false-
positive findings. However, we noted few statistical dif-
ferences between statistical criteria, and post hoc power
calculations suggested that the sample size of this study
was sufficient to demonstrate a methodologically impor-
tant difference in quality of statistical reporting. There-
fore, we believe that the secondary nature of this analysis
does not draw the central conclusions of this study into
question. We further recognize that select RCTs that are
of interest to a broader audience are published in nonuro-
logical journals and, therefore, were not included in this
review. However, the overall numbers of urological trials
published in nonurological journals can be expected to be
low. The reason to limit our analysis to 4 urological jour-
nals was further motivated by the fact that these journals
likely represent the main source of primary, peer re-
viewed research evidence to urologists. Therefore, it ap-
pears important to raise awareness for these shortcom-
ings among the readership, reviewers and editors of
urological journals. Finally, our analysis is limited to 2
years of publication (1996 and 2004), which may not have
been representative. However, there is no reason to sug-
gest that the reporting quality may have been substan-
tially better during other years from this period.

At the same time a number of design features
strengthen the validity of our findings. The statistical
criteria selected for this study have been empirically as-
sociated with bias in clinical research5–10 and are
grounded in the well established CONSORT criteria.17 An
experienced biostatistician assisted in development of the
evaluation instrument. Both reviewers have formal train-
ing in clinical research methods and statistics. Ratings for
key criteria achieved a substantial degree of concordance
beyond chance with a kappa value of 0.70 (intent to treat
analysis), 0.84 (identification of single primary outcome)
and 0.91 (sample size considerations), thereby lending
validity to our findings.

CONCLUSIONS

High quality evidence is critical to guide an evidence-based
practice of urology. Our findings suggest that reporting of
statistical methods in the urological literature has improved
since the publication of the CONSORT criteria although
substantial room for improvement remains. Authors, re-
viewers and editors should strive for higher standards of
statistical methodology in publications. Efforts to raise the
number and quality of RCTs published in the urology liter-
ature appear indicated.
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APPENDIX

The CONSORT Criteria
(http://www.consort-statement.org)

SECTION Topic Description

TITLE & ABSTRACT How participants were allocated to
interventions (eg “random allocation,”
“randomized” or “randomly assigned”).

INTRODUCTION
Background Scientific background and explanation of

rationale.
METHODS
Participants Eligibility criteria for participants and the

settings and locations where the data were
collected.

Interventions Precise details of the interventions intended for
each group and how and when they were
actually administered.

Objectives Specific objectives and hypotheses.
Outcomes Clearly defined primary and secondary outcome

measures and, when applicable, any methods
used to enhance the quality of measurements
(eg multiple observations, training of
assessors).

Sample size How sample size was determined and, when
applicable, explanation of any interim
analyses and stopping rules.

Randomization –
Sequence generation

Method used to generate the random allocation
sequence, including details of any restrictions
(eg blocking, stratification).

Randomization –
Allocation
concealment

Method used to implement the random allocation
sequence (eg numbered containers or central
telephone), clarifying whether the sequence was
concealed until interventions were assigned.

Randomization –
Implementation

Who generated the allocation sequence, who
enrolled participants, and who assigned
participants to their groups.

Blinding (masking) Whether or not participants, those administering
the interventions, and those assessing the
outcomes were blinded to group assignment.
When relevant, how the success of blinding was
evaluated.

Statistical methods Statistical methods used to compare groups for
primary outcome(s); methods for additional
analyses, such as subgroup analyses and
adjusted analyses.

RESULTS
Participant flow Flow of participants through each stage (a

diagram is strongly recommended).
Specifically, for each group report the
numbers of participants randomly assigned,
receiving intended treatment, completing the
study protocol, and analyzed for the primary
outcome. Describe protocol deviations from
study as planned, together with reasons.

Recruitment Dates defining the periods of recruitment and
followup.

Baseline data Baseline demographic and clinical
characteristics of each group.

Numbers analyzed Number of participants (denominator) in each
group included in each analysis and whether the
analysis was by “intention-to-treat.” State the
results in absolute numbers when feasible (eg 10/
20, not 50%).

Outcomes and
estimation

For each primary and secondary outcome, a
summary of results for each group, and the
estimated effect size and its precision (eg 95%
confidence interval).

Ancillary analyses Address multiplicity by reporting any other
analyses performed, including subgroup
analyses and adjusted analyses, indicating those
prespecified and those exploratory.

Adverse events All important adverse events or side effects in
each intervention group.

DISCUSSION
Interpretation Interpretation of the results, taking into

account study hypotheses, sources of potential
bias or imprecision and the dangers associated
with multiplicity of analyses and outcomes.

Generalizability Generalizability (external validity) of the trial
findings.

Overall evidence General interpretation of the results in the

context of current evidence.

http://www.consort-statement.org
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Abbreviations and Acronyms

CONSORT � Consolidated Standards of Reporting
Trials

RCT � randomized controlled trial
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