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Abstract

Objectives: A P-value!0.05 is one metric used to evaluate the results of a randomized controlled trial (RCT). We wondered how often
statistically significant results in RCTs may be lost with small changes in the numbers of outcomes.

Study Design and Setting: A review of RCTs in high-impact medical journals that reported a statistically significant result for at least
one dichotomous or time-to-event outcome in the abstract. In the group with the smallest number of events, we changed the status of
patients without an event to an event until the P-value exceeded 0.05. We labeled this number the Fragility Index; smaller numbers indi-
cated a more fragile result.

Results: The 399 eligible trials had a median sample size of 682 patients (range: 15e112,604) and a median of 112 events (range:
8e5,142); 53% reported a P-value !0.01. The median Fragility Index was 8 (range: 0e109); 25% had a Fragility Index of 3 or less.
In 53% of trials, the Fragility Index was less than the number of patients lost to follow-up.

Conclusion: The statistically significant results of many RCTs hinge on small numbers of events. The Fragility Index complements the
P-value and helps identify less robust results. � 2014 The Authors. Published by Elsevier Inc. All rights reserved.

Keywords: Randomized controlled trials; Research methodology; Lost to follow-up

1. Introduction

In randomized controlled trials (RCTs), several factors
influence our belief in whether a treatment has an effect.
One influential factor is whether a hypothesis test demon-
strates statistical significance by rejecting the null hypoth-
esis at a particular threshold, most often a P-value less
than 0.05. Statistical significance implies that the observed
result, or a more extreme result, is unlikely to occur by
chance alone and that the groups are therefore likely to
truly differ.

The concept of a threshold P-value to determine stati-
stical significance aids our interpretation of trial results. It
allows us to distill the complexities of probability theory
into a threshold value that informs whether a true difference
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What is new

� Metrics exist, most notably p-values and 95% con-
fidence intervals, to help determine how likely
observed treatment effects are on the basis of
chance.

� A shift of only a few events in one group could
change typical hypothesis tests above the usual
thresholds considered statistically significant.

� The Fragility Index helps identify the number of
events required to change statistically significant
results to non-significant results.

� The Fragility Index demonstrate results from ran-
domized controlled trials in high impact journals
frequently hinge on three or fewer events.

likely exists. However, the use of threshold P-values has
received a great deal of criticism as an overly simple
concept to determine whether a treatment effect is likely
to truly exist. For example, readers may place a similar de-
gree of belief in results with similar P-values irrespective of
other factors such as the size of the trial or number of
events in the trial. Furthermore, readers may have very
different beliefs in the existence of a treatment effect on
the basis of very small differences in P-values when one
is above and one below the threshold value (eg,
P 5 0.051 and P 5 0.049). Despite these limitations, the
calculation, reporting, and interpretation of P-values and
the wide acceptance of a P ! 0.05 as significant persist.
One approach to better communicate the limitations of
P-value thresholds is to report an additional metric that
demonstrates how easily significance based on a threshold
P-value may be exceeded.

Consider a hypothetical example in which two RCTs at
low risk of bias evaluate investigational drugs compared
with placebo for the prevention of myocardial infarction.
In the first trial, 100 patients are randomized to receive drug
A and 100 patients to receive placebo. Fewer patients who
receive drug A suffer a myocardial infarction (one vs. nine
patients, P 5 0.02 by Fisher’s exact test). The second trial
randomizes 4,000 patients to receive drug B and 4,000
patients to receive placebo. Fewer patients who receive
drug B suffer a myocardial infarction (200 vs. 250 patients,
P 5 0.02).

As both trials were at low risk of bias and their results
demonstrated nearly the same P-value, one’s confidence
in a true effect might be similar. However, the results from
the first trial would be easily influenced by a small change
in the numbers of events. If only one more patient experi-
enced a myocardial infarction in the treatment group of
the first trial, the P-value would change to 0.06. Despite
the still impressive relative risk reduction of 78%, it would

no longer be considered statistically significant. In contrast,
adding one event to the treatment group in the second trial
would have no meaningful impact on either the P-value,
which would remain 0.02, or the point estimate of the rela-
tive risk reduction, which would remain 20%.

Knowing that statistical significance may be lost as a
result of a few additional events may reduce confidence that
a true treatment effect exists. The minimum number of pa-
tients whose status would have to change from a nonevent
to an event required to turn a statistically significant result
to a nonsignificant result could be used as an index of the
fragility of the result (ie, a Fragility Index), with smaller
numbers indicating a more fragile result. To explore the
concept of fragility, we reviewed RCTs published in high-
impact general medical journals and calculated the Fragility
Index of results reported to have a P ! 0.05.

2. Methods

We identified RCTs with a statistically significant result
for at least onedichotomous outcome in the abstract published
in high-impact general medical journals. We then calculated
the Fragility Index for each of these trial results and summa-
rized the Fragility Index as a function of trial characteristics.

2.1. Identification of trials

We used PubMed to identify RCTs published in the New
England Journal of Medicine, the Lancet, the Journal of
the American Medical Association, the Annals of Internal
Medicine, or the British Medical Journal using the random-
ized controlled trial MeSH term. We drew a convenience
sample determined by setting time limits of January 2004
to December 2010. Two reviewers independently screened
all identified abstracts. We included trials that (1) were two
parallel arm or two-by-two factorial design RCTs involving
humans (ie, cluster RCTs, crossover RCTs, andO2 parallel
arm designs were excluded), (2) allocated participants in a 1
to 1 ratio to treatment and control, and (3) in the abstract, re-
ported at least one dichotomous or time-to-event outcome as
significant (P! 0.05 or a 95% confidence interval (CI) that
excluded the null value) under a null hypothesis that no dif-
ference existed. Statistically significant results for a nonin-
feriority hypothesis were excluded.

2.2. Data

Two reviewers independently used standardized forms to
abstract data from each trial. Abstracted data elements
included details of the statistically significant outcome
(type of outcome, whether it was the primary study out-
come, use of adjustment, number of patients randomized
to each group, number of patients analyzed in each group,
and the number of patients who experienced an outcome in
each group), trial design (method of allocation, adequacy of
concealment, blinding, inclusion of all randomized patients
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