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and fragility quotient (FQ) calculations.

METHODS
 A literature review was conducted using Pubmed, Medline, and Ovid for “hydronephrosis” and

associated terms and we included all studies with at least 2 groups being compared. FI was calcu-
lated by populating study results into a 2-by-2 contingency table and generating a P value using
Fisher’s exact test. Next, events were manually added to the group with the fewest events, while
removing a nonevent from the same group and Fisher’s exact test repeated until the P value was
>.05. FQ was calculated by dividing FI by the total sample size.
RESULTS
 The 130 included articles were published between 1986 and 2018 in 32 journals. Median citation
count was 14 (0-252), 30% were RCTs and most papers originated in the United States (28%),
Turkey(10%), and Canada(9%). Median FI was 2 (1-112), FQ was 0.023 (0.0010-0.55), and 60
papers (46%) had a FI of 1, indicating extremely fragile results. There was a significant difference
in the FI between observational studies and RCTs (10 § 17 vs 4 § 5; P = .02); however, there
was no difference in FQ (0.032 § 0.030 vs 0.053 § 0.080; P = .09) between them.
CONCLUSION
 Nearly half of studies in hydronephrosis literature reporting significant results are extremely fragile,
requiring addition of only a couple of events in 1 treatment arm to significantly modify the results.
As such, objective reporting of robustness of results should include FI and FQ which may help
diminish over-reliance on P values as the main indicator of clinical significance in comparative
studies. UROLOGY 133: 204−210, 2019. © 2019 Elsevier Inc.
When appraising the scientific literature, it is has
been customarily accepted that a reported P
value of <.05 indicates a significant finding,

solely because the probability of the difference found
between groups is above an arbitrary threshold of what
could be encountered by chance alone.1 As clinicians
who are encouraged to practice evidence-based medicine,
we are required to consume an exponentially growing
body of literature, critically examine the results, and
decide whether these warrant implementation into
patient care or justify making a change in care pathways.
Prospective observational and experimental studies—
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particularly randomized controlled trials (RCTs)—report-
ing significant differences between groups or interventions
are considered models of high levels of evidence, therefore
more likely to impact medical decision-making. A com-
mon example in Urology is the widespread use of continu-
ous prophylactic antibiotics for vesicoureteral reflux
(VUR), a time-honored practice that was ratified by the
RiVUR trial, which has been widely quoted as clear evi-
dence of benefit to their use.2

While commonplace, relying on P value interpretation
to declare clinically-relevant differences between groups is
perhaps one of the most common oversimplifications
incurred during critical examination of a study. Com-
pounding the problem is the quest for significance, some-
times even at the expense of methodological requirements
to accurately select and carry out statistical analyses.
Rather than a malicious process seeking to report spurious
associations, this phenomenon may result from investiga-
tors lacking advanced biostatistical knowledge, coupled
© 2019 Elsevier Inc.
All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.urology.2019.03.045&domain=pdf
mailto:mandy.rickard@sickkids.ca
https://dx.doi.org/10.1016/j.urology.2019.03.045


with consumers relying on authors, editors, and reviewers
to interpret the results.3 When interpreting a significant
P value, readers may not routinely consider sample sizes,
power analyses, or measures of effect (such as relative risks,
odds ratios, risk differences, and ‘number needed to
treat’)4 to appraise how impactful the results truly are. For
example, would readers accept significant results with
more skepticism if they knew that, while “significant”, the
results of the study could be completely different if the
outcome of interest occurred slightly more or less often in
one of the treatment arms?
Enter the fragility index (FI), a relatively new measure

aimed at objectively capturing this phenomenon. In
essence, it’s a calculation used to determine how many
events would have to occur in an alternative treatment
arm to change the P value from <.05 to >.05.5-7 One
drawback of the FI is that it can often be misleading in
studies with large sample sizes, thus the fragility quotient
(FQ) was subsequently introduced to adjust for this fac-
tor.8 Herein, we evaluate the hydronephrosis (HN) litera-
ture, including all variations of HN and patient
populations, to determine the robustness (or fragility) of
this pool of literature with respect to FI. Furthermore, we
also explore the utility of the FQ, an emerging measure in
the medical literature and a relatively novel concept in
the Urology specialty.
METHODS
A comprehensive literature review was conducted using
PubMed, Medline, and Ovid for “hydronephrosis” and associated
terms including: hydroureteronephrosis, urinary tract dilatation,
megaureter, pelviectasis, caliectasis, ureteropelvic junction
obstruction (UPJO), and ureterovesical junction obstruction.
The search was limited to English language papers, human stud-
ies, and full text, excluding conference abstracts, basic science,
and animal studies. We focused on papers reporting comparison
of at least 2 groups, including clinical trials, observational, and
cohort studies. This search resulted in 5892 relevant references
that were uploaded into Covidence online systematic review
software (www.covidence.org; Melbourne, Australia). After
removal of 1504 duplicated references, 4388 remained for title
and abstract screening. This was independently completed by 2
experienced urology clinicians, with conflicts being resolved by
consensus.

Criteria used for selecting appropriate articles included the fol-
lowing: HN or related conditions known to cause HN (such as
posterior urethral valves, stones, or VUR), the presence of at least
2 groups for comparison, a significant difference being reported
between groups, and dichotomous variables available as outcomes.
Of the titles and abstracts screened, 4045 failed to meet these eligi-
bility requirements, which left 343 articles. Upon full text review,
130 appropriate articles remained for data extraction (Fig. 1).

During data extraction the following variables were collected:
year of publication, name of publication, journal impact factor,
citation count, h-index of corresponding author, country of ori-
gin, and methodological characteristics of each paper. The FI
was calculated for each study following a previously described
technique.7,9 Briefly, the results of each study were populated
into a 2-by-2 contingency table and a P value generated using
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Fisher’s exact test. Next, hypothetical events (outcomes of inter-
est from each study) were manually added to the group with the
fewest number, while removing a nonevent from the same group,
and Fisher’s exact test repeated until the P value was >.05
(Table 1). The number of events required to make the P value
transgress the .05 threshold is the FI7; the higher the value, the
more robust the results of the study. We also specifically captured
the number of individuals lost to follow-up (defined as subjects
included in the study but no follow-up data could be obtained),
as counts that exceed the calculated FI warn that the study’s
results are extremely fragile due to the possibility that events of
interest occurred to these lost patients.

While the FI generates an objective measure of robustness, it
is an absolute measure that fails to take into account study sam-
ple size, predisposing readers to infer that higher FI automatically
means more robust results. For this reason, the FQ was also cal-
culated for each trial. This ratio is a relative measure of the FI
with consideration of the sample size of the study, calculated by
dividing FI by the total sample size.8

Demographic characteristics of the included studies were pre-
sented as means (standard deviation), medians (range: mini-
mum, maximum), counts, and percentages. We performed
subgroup analyses to compare characteristics of RCTs vs obser-
vational studies. Results were considered statistically significant
when P <.05. Data were analyzed using SPSS version 22.0
(SPSS Inc., Chicago, IL).
RESULTS

Characteristics of Included Studies
The 130 included articles were published between 1986 and
2018 in 32 journals, primarily the Journal of Urology (29%), Jour-
nal of Pediatric Urology (19%), Urology (12%), Journal of Endour-
ology (5%) and Pediatric Nephrology (3%) (Fig. 2). The median
citation count was 14 (0-252), h-index of corresponding author
was 14 (0-83) and most papers originated in the United States
(28%), Turkey (10%), Canada (9%), India (8%), and Sweden
(5%) (Supplementary Fig. 1).

The majority of the included articles focused on pediatric
patients (72%), and 24% were adult-based with the remaining
3% including both adults and children. Retrospective studies
comprised most of the articles (56%) and only 30% of studies
were classified as RCTs. While all studies pertained to HN, the
main topics were VUR (36%), ureteropelvic junction obstruc-
tion (29%), stones (19%), and duplex anomalies (ie, uretero-
celes) (6%). The median sample size was 105 (10-8543). The
main outcomes of papers discussed surgical complications
(36%), resolution of HN (32%), urinary tract infections (12%),
and postoperative pain management (10%); 72% of studies
reported these as their primary outcomes. Losses to follow-up
were not reported in 81% of studies, greater than FI in 14%, and
less than FI in 5%. Characteristics of the included papers can be
reviewed in Supplementary Table 1.
Characteristics of RCTs
Of the 130 included articles, 39 (30%) were classified as RCTs.
The characteristics of these RCT papers were similar to the over-
all paper characteristics including publishing journals, pediatric
populations, topics discussed, and outcomes of interest. The
countries of origin were different with most studies originating
from Sweden (18%), India (15%), Turkey (10%), and the
United States (8%). Most of the RCTs (54%) described the
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Figure 1. Flow diagram of included studies. (Color version available online.)
method of randomization, however only 23%, 20%, and 31%
described allocation concealment, blinding, and sample size jus-
tification, respectively. Most studies failed to report losses to
follow-up (51%), and of those that did, 33% reported losses that
were greater than the calculated FI. When comparing RCTs
to observational studies, we found no difference in h-index
of authors (18§ 14 vs 18§ 13; P = .88) and sample sizes
(396§ 1070 vs 137§ 117; P = .13), respectively. However, we
did note significant differences when comparing citation counts
Table 1. Method for calculating FI: Assuming Study Result
group B reported a higher number of events

Study Result Fragility

Outcome
No

Outcome Outcome
No

Outcome

Intervention A A B A + x B � x
Intervention B C D C D

P<.05 P>.05

Fragility Index = the smallest value of x required to change P <.05
to P >.05.
Fisher’s exact test from <0.05 to >0.05.
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(24§ 31 vs 41§ 61; P = .04) and impact factor of publishing
journals (3.11§ 1.93 vs 5.70 § 12; P = .05) for observational
studies and RCTs, respectively.
Fragility Index and Fragility Quotient
The median FI of all articles was 2 (1-112) and FQ was 0.023
(0.0010-0.55) (Fig. 3). A total of 60 (46%) papers had a FI of 1,
indicating extremely fragile results where a single event occur-
ring in the group with the fewest events would be enough to
show no difference between the groups. Overall, 65% of papers
had a FI of 1-4, 10% had a FI of 5-9, and 25% had >10. The
paper with the highest FI was by Legemate et al, “Characteristics
and outcomes of ureteroscopic treatment in 2650 patients with
impacted ureteral stones10” published inWorld Journal of Urology
with an FI = 112, however the FQ was only 0.013. The median
sample size of these papers was 88 (16-1000), FQ was 0.011
(0.001-0.063), and 57% were retrospective studies.

We noted a significant difference in the FI between observa-
tional studies compared to RCTs, with RCT results being more
fragile with a lower FI (4§ 5 vs 10§ 17 for observational stud-
ies; P = .02), however there was no statistically significant differ-
ence in FQ (0.032 § 0.030 vs 0.053§ 0.080; P = .09). There
UROLOGY 133, 2019



Figure 2. Number of publications by journal. (Color version available online.)
was also a difference in both FI and FQ between prospective and
retrospective designs, as the FI for prospective studies was 4§ 6
vs 11§ 19 for retrospective (P <.01) and FQ was 0.032§ 0.029
vs 0.057§ 0.084 (P = .04) for prospective and retrospective
Figure 3. Histogram of FI scores. (

UROLOGY 133, 2019
studies, respectively. A total of 10 studies reported biostatistician
support, however there was no difference in FI (10§ 15 vs
8§ 15; P = .72) or FQ (0.028§ 0.037 vs 0.048§ 0.70; P = .37)
between those that did vs those that did not. The median year
Color version available online.)

207



of publication was 2010. We found no difference between papers
published before and after 2010 for both FI (6§ 8 vs 10§ 19;
P = .11) and FQ (0.050§ 0.054 vs 0.044§ 0.081; P = .67). We
noted a significant positive correlation between FI and sample
size (r = 0.72; P <.01) and FI and FQ (r = 0.32; P <.01).
DISCUSSION
In recent years there has been growing concern surround-
ing the indiscriminate reliance on P values, how they are
reported and misinterpreted in medical and scientific liter-
ature, and the unfounded tendency to assume that a value
less than the arbitrary time-honored cut-off of 0.05 indi-
cates a clinically relevant difference between treatment
arms.11 The oversimplification of complex statistical cal-
culations to a single number has prompted the American
Statistical Association to develop a position statement on
P values, cautioning investigators about exaggerating its
meaning during their interpretation.3 They acknowledge
that many authors of scientific literature as well as those
that consume it do not have formal training in statistics,
which can lead to unintentional errors in calculating,
reporting, and interpreting the results of these sophisti-
cated analyses. Other papers have cautioned against the
sole reliance on P values to draw clinically valid conclu-
sions, suggesting that this misuse is partly responsible for
the lack of reproducibility seen in some clinical trials.12 It
has been suggested that reporting confidence intervals in
addition to P values would improve the interpretation of
studies with significant results and improve understanding
of “how significant” results actually are in literature that is
used to inform clinical practice.1,12

This subject becomes more complicated when focusing
on the irreproducibility of some study results, which has
prompted Benjamin et al to propose that the significance
level for scientific studies aiming to demonstrate differen-
ces between treatments be changed to <0.005.13 They
proposed that redefining the level of significance could
help ensure that reported significant differences are indic-
ative of true differences between groups and increase the
likelihood of reproducibility. This proposed recalibration
would be intended for initial trials testing interventions,
with the aim of showing superiority over an alternative
treatment. For subsequent observational studies confirm-
ing prior results, the traditional significance level of <0.05
could be preserved. Ultimately, whether other metrics are
employed and/or significance level is adjusted, the current
state of scientific literature remains the same. Standardized
reporting criteria or changing of the P value does not
address the main challenge: despite statistical significance
between groups, FI begins to quantity whether a result
may be of questionable clinical significance or relevance.
The concept of P value fragility was introduced in the

1990s, and has been explored by many medical specialties
as a tool to appraise the quality of evidence and robustness
of study results.9,14-19 In the present study, we encoun-
tered findings in line with other studies,that is that the
conclusions often hinge on a small number of events
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required to completely change the results. For example,
Matics et al reviewed all clinical trials in high impact
pediatric journals and found the median FI was 7, with
losses to follow-up exceeding this number in 41% of stud-
ies.16 In contrast to our study, they found no correlation
between sample size and FI which could be explained by
the small numbers of included papers as well as the known
challenges with recruiting patients into trials.20,21 Narayan
et al reviewed urology RCTs in high impact journals and
found the median FI to be 3 with 67% of studies reporting
losses to follow-up greater that the FI.15 Similarly, Shochet
et al reviewed nephrology trials and found that the median
FI was 3% and 41% of those studies also reported losses to
follow-up greater than the FI. Such striking similarities in
the overall lack of robustness of trials across various spe-
cialties supports the argument that the foundation of the
medical literature and evidenced-based practice rely on
extremely fragile results.

More recently, the concept of FQ has been introduced
as a means to add context to the growing trend of FI
reporting. While the FI is an absolute measure of robust-
ness, the FQ generates a relative measure that adjusts the
metric by taking into consideration the sample size of
the study. Multiplying the FQ by 100 results in a calcula-
tion of the number of patients out of 100 that would be
required to nullify the results of a study22 (a FQ of 0.032
indicates that 3 patients out of 100 would be required to
change the P value from <.05 to >.05). In the present
study the median FQ was 0.023 indicating that on aver-
age 2/100 patients would be required to nullify signifi-
cance. When considering the study with the highest FI
in our series (FI = 112), the sample size was 8543, result-
ing in a FQ of 0.013. Applying this calculation would
suggest that 1.3 patients out of 100 experiencing the
alternative outcome would make these results nonsignifi-
cant. This finding is similar to Checketts et al who
reviewed orthopedic literature and reported median FI of
2 and FQ of 0.022.22 Tignanelli et al reviewed trauma
trials and found a median FI of 3 and FQ of 0.016.23

Overall, the robustness of the HN literature in our study
is similar to the overall quality of the examined medical
literature. This raises concerns regarding the value of evi-
dence based on statistical significance alone and fuels the
need for better strategies regarding study design, analysis,
and declaring clinical significance.

We acknowledge that the literature cited herein con-
centrated on RCTs, and that FI and FQ were intended to
measure the robustness of clinical trials, yet we expanded
their use to other study designs in the present study. How-
ever, the concept of using the FI for analyzing observa-
tional studies has been previously explored.24 We found a
difference between FI when comparing observational
studies and RCTs, with observational trials having a
higher FIs. However, this could be explained simply by
the higher numbers of observational studies compared to
RCTs in our series, with this difference being less obvious
had more clinical trials or less observational studies been
included. Interestingly, there was no difference between
UROLOGY 133, 2019



observational studies and RCTs when considering FQ and
many other clinical variables. RCTs are considered the
gold standard of research methodologies with the assump-
tion that randomization minimizes bias and balances con-
founders, therefore generating high-levels of evidence,
supporting cause-and-effect conclusions, and better guid-
ing of clinical practice. However, in the present study,
important RCT characteristics were often overlooked or
unreported, including description of randomization pro-
cesses, allocation concealment, blinding and reporting of
losses to follow-up, and suggesting suboptimal methodol-
ogy. These problems have generated discussion about the
utility of RCTs in medical research, questioning its value
particularly when considering the associated difficulties
with carrying them out.25-27 Further, in designing RCTs,
sample size calculation is carefully carried out with the
intention of producing a difference between groups with
P <.05 used as the threshold for this difference. As a
result, properly calculated sample sizes may preclude large
FIs which could arguably be considered unnecessary in a
well powered trial. This may also further support the FQ
concept which should be reflective of study robustness
and accurate sample size calculation. As such, we propose
that applying the concepts of FI and FQ to all study meth-
odologies is a novel and interesting means of exploring
the quality of all scientific literature.
The current review is not without its limitations. First, as

discussed above, we have extended the FI and FQ concepts
to study methodologies other than RCTs. Despite this, we
feel that the concept of P value fragility can add transpar-
ency to routine reporting of comparative studies irrespec-
tive of their design. Next, we limited our search strategy to
articles in English which may have eliminated appropriate
articles demonstrating more robust study results reported in
other languages. Finally, while not limited to our study, the
current inability to calculate a FI for studies reporting
equivalent results excluded an important number of studies.
This is also true for papers reporting outcomes as continu-
ous variables. Expanding FI methodology to these types of
studies and outcomes would be beneficial to implementing
FI and FQ in routine reporting in the medical literature.
Despite these limitations, we feel there are strengths to

the present study. To our knowledge, this is the first study
to explore the concept of FI in developmental urology
and FQ in urology more broadly. We demonstrate that
the robustness of the HN literature is similar to that of fra-
gility assessments of most other such studies from other
specialties. Next, we have demonstrated that when com-
pared to studies employing other methodologies, RCTs
have similar fragility of results to observational studies,
suggesting the need for improvement in the quality of all
studies, both observational and experimental.
CONCLUSION
We have demonstrated that many studies in the HN litera-
ture that report statistically significant differences between
groups are extremely fragile and require only a few events
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in the alternative treatment arm to invalidate the results.
This appears to be in line with similar reports from other
medical and surgical specialties, indicating that evidence-
based decision-making is often based on fragile findings. As
such, in order to improve transparency and objective
reporting, researchers should consider implementing FI and
FQ in routine reporting of studies.
SUPPLEMENTARY MATERIALS
Supplementary material associated with this article can

be found in the online version at https://doi.org/10.1016/
j.urology.2019.03.045.
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