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Abstract

The charge that the fragility index is a P-value in disguise rests on a strong correlation
between the two across trials, and it overlooks a distinction between two distinct constructs
derived from the same observed result. Resampling fragility asks how often the significance
verdict would change if the trial were drawn again at the same size; it is a probability, and
because it is based on the same observed result and a specified replication model, it is often
strongly associated with the P-value. Perturbation fragility asks how many recorded
outcomes must change before the observed table crosses the significance threshold; it is a
count, the global fragility index, or a proportion, the global fragility quotient, and it measures
the geometric distance of the observed table from the decision boundary, a quantity the P-
value does not encode. Worked examples from published trials show tables with similar P-
values and widely different perturbation fragility. The redundancy critique, whether made
by resampling or by machine-learning models that use the P-value as a predictor, is correct
about resampling fragility but does not address the fragility index.
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Introduction

The characterization of the fragility index as “a P-value in sheep’s clothing” reflects, in
part, its strong inverse association with the P-value across simulated or observed trials [1,2].
However, this cross-trial association does not establish informational equivalence within an
individual trial: at a given P-value, the fragility index may vary with sample size and event
configuration. This distinction separates resampling fragility—the probability that statistical
significance changes in a new sample—from perturbation fragility, which is the number of
outcome changes required to move the observed table across the significance threshold.
Treating a cross-trial correlation as a measure of within-trial perturbation fragility conflates
these distinct concepts and overstates the critique.

The foundation is straightforward. A test statistic is computed from the observed
contingency table. Given the null hypothesis and the test’s specified reference distribution,
the P-value is the probability of obtaining a test statistic at least as incompatible with the null
hypothesis as the observed statistic [3]. Resampling fragility uses the observed arm-specific
event rates and sample sizes to generate hypothetical replications, then estimates the
probability that the significance classification changes. Because both quantities reflect how
the observed data sit relative to the significance boundary, they will often be strongly
associated. That association, however, does not make a resampling-based fragility measure
identical to the P-value, nor does it establish redundancy with within-table perturbation
fragility. It shows only that resampling behavior and statistical significance are related
features of the same observed result.

The critical literature illustrates this pattern. The question of whether the fragility index
merely restates the P-value was posed directly in cardiovascular trials, with a warning that
the index can misrepresent a study’s strength if interpreted without care [1]. A subsequent
formal analysis concluded that the index lacks a probability-based motivation, can penalize
small trials that reach the same significance level with fewer events, and may encourage an
incorrect probabilistic interpretation; sensitivity analyses were recommended instead [4]. A
third line of work retained the perturbation framework but restricted the index to
sufficiently likely modifications, thereby incorporating the plausibility of the assumed
outcome changes rather than treating all perturbations as equally credible [5]. The most
recent contribution adds a machine-learning analysis: across 300,000 simulated trials,
random forest and XGBoost models predicted fragility metrics with near-perfect accuracy.
For the fragility index, the random-forest model achieved R? = 1.0, and the P-value accounted
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for 79.8% of its split-based feature importance [6]. This result is unsurprising because the
fragility index is deterministic given the four cell counts, while the P-value is itself derived
from those counts. However, near-perfect prediction and split-based feature importance do
not establish that the P-value and fragility index are informationally equivalent: with
redundant predictors, feature importance describes how a fitted model reduces error, not
the unique information contributed by one variable. The analysis therefore shows that the
P-value is useful for predicting the fragility index in the simulated data, but it does not test
whether the fragility index varies among trials with the same P-value—a question for which
earlier simulation work found substantial variation [2].

The p-fr-nb framework separates three questions: statistical significance (p),
classification stability (fr), and distance from therapeutic neutrality (nb). For two-arm
binary outcomes, a global formulation defines fr as the global fragility quotient, GFQ = GFI/N,
where GFI is the minimum number of path-independent cell-to-cell reallocations required to
reverse the significance classification under a fixed test. The robustness coordinate, nb, is
the distance to therapeutic neutrality; for a 2x2 table, it is measured by the risk quotient, RQ
= |ad - bc|/(N?/4). Thus, the framework distinguishes one probability-based significance
measure from two descriptive distances, each referenced to a different boundary [7,8]. It
does not justify treating a resampling-based measure as identical to the P-value. Table 1
summarizes the two constructs.

Table 1. Resampling fragility compared with perturbation fragility

Source of doubt What is perturbed |Measure

Sampling variability (future replications) Entire new samples of | Resampling fragility (a

size n probability)
Proximity of the observed table to the Individual outcome Perturbation fragility
significance boundary (misclassification, |codes inside the (a count, or the
late events, exclusions) observed table quotient fr)

Worked Examples

Published trials show the two quantities coming apart. Each worked example is a pair of
trials chosen for similar P-values. The first pair shows two significant trials, the second pair
shows two nonsignificant trials, and the third shows similar P-values and sample size.

In a phase 2 trial of sustained remission in giant cell arteritis, 35 of 42 patients in one
arm and 14 of 28 in the other met the endpoint (N = 70, p =.0039, GFI = 3, GFQ =.043) [9].
In a two-arm comparison from a cardiovascular outcomes trial in type 2 diabetes, 33 0f 1,269
and 60 of 1,250 patients had the composite outcome (N = 2,519, p =.0041, GFI = 5, GFQ =

Page 3 of 6



Internet Medical Journal - ISSN 1093-7935 - medjournal.com

.0020) [10]. The P-values are similar, but the GFQ (perturbation fragility) differs 21-fold
(Table 2).

Table 2. Comparison of the P-value with the GFQ in two significant trials

Study N P-value GFI GFQ
Cid etal., 2022 70 0.0039 3 0.043
Green et al., 2024 2519 0.0041 5 0.0020

The second example pairs two nonsignificant trials. In a trial of zoledronic acid after hip
fracture, 33 of 1,062 and 23 of 1,065 patients sustained a new hip fracture (N = 2,127, p =
0.18, GFI 3, GFQ = 0.0014) [11]. In a dose-finding trial of intranasal midazolam for pediatric
procedural sedation, 9 of 19 and 20 of 29 children achieved adequate sedation (N =48, p =
0.23, GFI 2, GFQ = 0.042) [12]. The P-values are similar, but the GFQ differs 30-fold (Table 3).

Table 3. Comparison of the P-value with the GFQ in two non-significant trials

Study N P-value GFI GFQ
Lyles et al., 2007 2127 0.18 3 0.0014
Tsze etal., 2025 48 0.23 2 0.042

The third pair consists of two nonsignificant trials of similar size, reducing the likelihood
that sample size alone explains the difference in GFQ. In a phase 2a dose-ranging trial of
emodepside versus ivermectin for Strongyloides stercoralis infection, 19 of 25 and 22 of 25
participants were cured (N = 50, p = .46, GFI = 2, GFQ =.040) [13]. In a trial of adalimumab
for steroid sparing in giant cell arteritis, 20 of 34 and 18 of 36 patients reached the remission
endpoint (N =70, p =.48, GFI = 6, GFQ =.086) [14]. The P-values and sample sizes are similar,
but the GFQ differs 2-fold (Table 4).

Table 4. Comparison of the P-value with the GFQ in two trials of similar size

Study N P-value GFI GFQ
Taylor et al.,, 2025 50 0.4635 2 0.0400
Seror etal,, 2014 70 0.4823 6 0.0857
Conclusions
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The practical consequence of distinguishing resampling fragility from perturbation

fragility is a change in what each number is asked to do. A resampling check addresses the
stability of a significance classification under a specified replication model; it is related to,
but not identical with, the P-value. A fragility index, such as the GFI, answers a question the
P-value cannot: how many recorded outcomes separate the statistical significance verdict
from its reversal. Here, three worked examples show that published clinical trials with a
similar P-value can demonstrate widely different susceptibility to small perturbations in the
data. Complete statistical evidence therefore reports probability (the P-value) together with
fragility of the significance classification (fr, e.g. the GFQ) and distance from therapeutic
neutrality (nb, e.g. RQ). Critics of statistical fragility are right that the fragility index is not a
probability; that is what makes it worth reporting.
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