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Fragility Measures: More Limitations
Considered
To the Editor:
We commend the work by Brown et al1 that, using the

fragility index and fragility quotient, assesses the fragility of
randomized controlled trials in the emergency medicine
literature. Although they provide a good overview of the
696 Annals of Emergency Medicine
limitations of the 2 metrics, we would like to further
question the utility of fragility measures.

In their critique of fragility measures, Carter et al2

suggested that fragility index is a “P-value in sheep’s
clothing.” In their article, they demonstrated the strong
relationship between P values, fragility index, and sample
size. The results of their study were based on 60,000
simulated clinical trials using a combination of 10 sample
sizes (100 to 1,000), with relative risks of 1.0, 0.67, and
0.33 for intervention versus control.2 They showed that P
values decrease as sample size increases when the effect size
is nonzero; the inverse relationship is observed when
fragility index and sample size are compared. Stated another
way, if the effect size is held constant and the sample size
increases, the fragility index likewise increases.2

In their study, Brown et al noted that the overall sample
size for included trials was a median of 140 (interquartile
range 69.5 to 286), with the overall fragility index for
primary outcomes of the 74 included studies equal to 5
(interquartile range 2 to 11.75) and a fragility quotient of
0.039 (interquartile range 0.015 to 0.081). The small
median sample size in randomized controlled trials in this
study could be one reason for the low fragility index, as
mentioned above. Furthermore, as Carter et al2 observed,
randomized controlled trials “are designed to balance the
sample size with expected efficacy. In doing so, the [fragility
index] is also minimized and results will necessarily hinge on
fewer events. This is unavoidable, particularly in the context
of clinical equipoise and finite resources.”

Although certainly fragility quotient (fragility index
normalized to study size) addresses some of these concerns,
relative measures of fragility have not proven to be a reliable
indicator of study quality, as the authors suggested (for
example, the Collaborative Study Group captopril study,
which established the use of angiotensin-converting enzyme
inhibitors for the prevention of worsening diabetic
nephropathy).3 The primary endpoint of Collaborative
Study Group was a doubling of the baseline serum
creatinine concentration. Using the methods of Brown
et al, we calculated the fragility index of Collaborative
Study Group’s primary endpoint to be 4, with a fragility
quotient of 0.009, or 1 event per 100 patients. Or consider
the West of Scotland Coronary Prevention trial, the first
major study to demonstrate the efficacy of statins in the
primary prevention of nonfatal myocardial infarction or
death from coronary artery disease in men with
hypercholesterolemia.4 The fragility index of this study was
34, with a fragility quotient of 0.005. The fragility index
and fragility quotient of these studies suggest these trials are
quite fragile, yet have proved clinically meaningful in daily
practice.
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Despite the more recent use of the fragility index and
fragility quotient in the literature, we recommend caution
in relation to their use until research establishes their utility
in clinical context. Until then, their clinical utility for
randomized controlled trials remains uninterpretable.
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In reply:

We thank Niforatos et al for their contribution to the
discussion in regard to the limitations of the fragility index
and fragility quotient. In their letter, they expand on some
of the limitations to the application of the fragility index
and fragility quotient discussed in our original work and
ultimately question their utility. Although they highlight
some important considerations, we believe that the
measures have clinical utility. Here, we explore further
some key points about their application and provide insight
into how clinicians might use these tools.
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The fragility index is a metric that provides the absolute
number of events necessary to reverse statistical
significance. We note that because its calculation relies on P
values, the fragility index is subject to the same limitations
inherent to P values themselves. Carter et al1 expanded on
this notion and illustrated how P values are repackaged into
the calculation of the fragility index to generate an inverse
relationship between the two. Thus, as is true with P
values, the fragility index should not be misinterpreted as a
measure of clinical effect. Narayan et al2 noted that “just as
a P value of 0.001 compared with 0.04 does not signal a
greater importance of the findings, a fragility index of 10
should not be interpreted to imply greater clinical effect
than a fragility index of 1; rather, it simply illustrates the
strength of the statistical significance itself.” Clinicians
must therefore recognize that the fragility index represents
an easily interpretable measure of the stability of statistically
significant findings and not a measure of clinical effect.

Because the fragility index provides the absolute number
of events required to reverse significance, it has particular
utility in interpreting study findings in the context of loss
to follow-up. When the number of patients lost to follow-
up exceeds the fragility index, results should be viewed with
particular skepticism because factoring in the unknown
outcomes of those patients might reverse significance.3

Moreover, the fragility index should not be interpreted in
isolation. Rather, it complements the P value and
confidence interval.4 When interpreted in conjunction with
the aforementioned and paired with other statistical
measures such as the number needed to treat, the fragility
index may offer further insight into the reliability of
statistically significant findings. Carter et al1 recommended
yet a broader approach to study interpretation that
encompasses estimated efficacy, study design, and
mitigation of biases. This may be best accomplished by
abandoning the frequentist approach altogether in favor of
alternative methodology such as Bayesian analysis.
However, as long as researchers insist on a frequentist
framework, added metrics such as the fragility index may
provide further insight into the stability of statistically
significant results.

Although the fragility index has limitations, it also has
clear utility as an intuitive measure of the reliability of study
findings when interpreted in conjunction with the P value
and confidence interval. We maintain that the fragility
index should be normalized to sample size with the fragility
quotient. Few studies have reported on the fragility
quotient, however, and we are unaware of any that have
investigated its reliability. Thus, we encourage further
research on the concept of fragility as a whole.
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