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Abstract

Statistical fragility is not a single quantity. Resampling fragility estimates the probability
that a trial's significance classification would reverse in a new sample of the same size, while
perturbation fragility measures the minimum change to the recorded data that reverses the
classification in the observed table. The primary endpoint of the Medically Utilized Tailored
Traditional Foods to Optimize Nutrition in Heart Failure (MUTTON-HF) randomized clinical
trial carries a resampling fragility of 0.38 under a within-arm binomial replication model,
and a global fragility quotient of 0.0097 (unstable). These fragility metrics indicate that the
significance classification behind this clinically promising result is easily reversed and
therefore warrants cautious interpretation.
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Introduction

Critics have questioned whether the fragility index provides information beyond the p-
value [1,2]. Evaluating that criticism requires distinguishing what different fragility
measures describe and whether those quantities can be recovered from the p-value alone.
Resampling fragility is the estimated probability that a significance classification would
reverse in a new sample of the same size under a specified replication model. Perturbation
fragility is the minimum change to the recorded data, under a fixed analytical rule, that
moves the observed result across the significance threshold (Heston, 2026). The first
describes the chance of a different significance classification in a hypothetical repeat study;
the second counts the changes to recorded outcomes needed to reverse the current
classification, with the permitted changes, statistical test, and significance threshold fixed.
These measures answer different questions, but that distinction alone does not establish
whether either adds information beyond the p-value. The Medically Utilized Tailored
Traditional Foods to Optimize Nutrition in Heart Failure (MUTTON-HF) trial, a randomized
clinical trial of a culturally and medically tailored meal program for adults with heart failure
in rural Navajo Nation, provides a current and instructive setting in which to compute both
forms on the same primary endpoint [3].

The p-value quantifies the compatibility of the observed data with the null hypothesis
under the specified statistical model; however, it does not measure the probability that the
null hypothesis is true, the magnitude of an effect, or the practical importance of a result [4].
The fragility index introduced a complementary intuition for binary trials, counting the
within-arm outcome changes needed to move a significant two-by-two table across the 0.05
boundary [5]. A redundancy critique soon followed, arguing that because fragility indices
correlate strongly with p-values across trials, the index is the familiar quantity in new dress
[1]. The reported correlation supports a close relationship, but correlation alone does not
establish that the fragility index adds no information. The relevant question is whether the
p-value alone determines how many recorded outcomes must change to reverse statistical
significance. That question is distinct from estimating the probability that significance would
reverse in a repeat study.

The taxonomy of statistical fragility resolves the ambiguity [6]. Resampling fragility may
be estimated by bootstrap resampling or Monte Carlo simulation under a specified
population model, with the analysis and threshold held fixed; its output is a probability, and
its value depends on the chosen replication model. Perturbation fragility is computed
directly from the observed counts under a fixed test; its output is a count or a bounded
quotient, and it requires no model beyond the test itself. Within the p-fr-nb framework,
complete statistical evidence is the triplet of the p-value measuring significance, a native
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fragility quotient, fr, measuring classification stability, and a neutrality-boundary robustness
metric, nb, measuring distance from therapeutic neutrality [7].

The MUTTON-HF primary endpoint illustrates both forms. Hospitalization or emergency
department visit within 90 days occurred in 43 of 106 intervention patients (40.6%) versus
57 of 100 control patients (57.0%), a relative risk of 0.72 (95% confidence interval, 0.54-
0.96) (Eberly et al., 2026). With the analytical rule fixed at a two-sided Fisher's exact test and
a 0.05 threshold, the observed table yields p = 0.025, a significant baseline classification.

Calculating Resampling Fragility

The MUTTON-HF trial's primary outcome was hospitalization or emergency department
visit (all-cause). In the intervention group (culturally and medically tailored meal program),
43 events occurred in 106 subjects; in the control group (usual dietary advice), 57 occurred
in 100.

Resampling fragility was computed under a simple replication model: each arm is
redrawn at its observed event rate, with arm sizes fixed, and the two-sided Fisher's exact
testis recomputed for each replicate sample. Summing the probabilities of all replicate tables
that fail to reach statistical significance gives a resampling fragility of 0.38. Under this model,
approximately 38 of every 100 same-size replications would lose statistical significance,
while 62 would retain it. The online calculator used for this computation is located at
https://www.fragilitymetrics.org

Calculating Perturbation Fragility

Perturbation fragility speaks in the units of the observed data. The global fragility index
(GFI), the minimum number of cell-to-cell reallocations that reverses the classification,
equals 2; recording two additional intervention-arm patients as reaching the endpoint raises
p to 0.051. Any cell-to-cell transfer is allowed, the two-sided Fisher’s exact test is
recalculated after each transfer, and the GFI is the smallest number of transfers that carries
the p-value across the 0.05 threshold.

For the MUTTON-HF trial, the baseline contingency table is {43, 63, 57, 43}. This
corresponds to a baseline two-sided Fisher’s exact p-value of 0.025 (significant). Two
transfers yield the GFI witness table {45, 61, 57, 43}, with a two-sided Fisher’s exact p-value
of 0.051 (nonsignificant).

The global fragility quotient (GFQ), the GFI divided by the sample size, is 2/206 = 0.0097.
Under the framework’s GFQ < 0.01 criterion, the significance classification is unstable.

Discussion
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The two fragility assessments work together, and each answers a question clinicians
already ask. Resampling fragility answers the replication question: if the same trial were run
again, would the finding hold [8]? Here, nearly four in ten repeat trials would lose statistical
significance. Perturbation fragility answers the data integrity question: how close did this
trial come to a different statistical significance classification? Here, within two patients: had
two intervention-arm outcomes been recorded differently, the result would have been
nonsignificant. Specifically, reclassifying two intervention-arm patients from no event to an
event would reverse statistical significance under the fixed test.

None of this diminishes the trial, which stands as a model of community-designed
pragmatic research, from Native-sourced meals and local food-hub delivery to prespecified
subgroup results consistent in direction. Fragility assessment measures evidence quality; it
does not render a verdict. These calculations quantify the current finding’s sensitivity to
sampling variation and changes in recorded outcomes, supporting further confirmation
alongside the expansion and economic analyses the investigators describe [3]. The reporting
practice that makes such statements possible is simple: name the form of fragility, state the
analytical rule, threshold, baseline classification, and permitted change, and for a resampling
estimate state the sampling model as well. A reversal probability and an outcome-edit count
answer different questions about the same table, and evidence assessment is better served
by reporting both under their own names than by debating which one the fragility index
really is.
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