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Abstract

The fragility index (FI) was proposed as a
simplified way to communicate robustness
of statistically significant results and their
susceptibility to a change of a handful number
of events. While this index is intuitive, it is not
anchored by a cut-off or a guide for interpretation.
We identified cardiovascular trials published
in six high impact journals from 2007 to 2021
(500 or more participants and a dichotomous
statistically significant primary outcome). We
estimated area under curve (AUC) to determine
FI value that best predicts whether the treatment
effect was precise, defined as adequately powered
for a plausible relative risk reduction (RRR) of
25% or 30% or having a CI that is sufficiently
narrow to exclude a risk reduction that is too
small (close to the null, <0.05). The median FI of
201 included cardiovascular trials was 13 (range
1-172). FI exceeded the number of patients lost
to follow-up in 46/201 (22.89%) trials. FI values
of 19 and 22 predicted that trials would be precise
(powered for RRR of 30% and 25%; respectively,
combined with CI that excluded risk reduction
<0.05). AUC for meeting these precision criteria
was 0.90 (0.86-0.94). In conclusion, FI values
that range 19-22 may meet various definitions
of precision and can be used as a rule of thumb
to suggest that a treatment effect is likely precise
and less susceptible to random error. The number
of patients lost to follow-up should be presented
alongside FI to better illustrate fragility.

Background

Due to many limitations and common misinterpre-
tations of the p value,' the fragility index (FI) has
been suggested as an easier, more intuitive way to
communicate results to clinicians and other stake-
holders.” The FI is defined as the minimum number
of patients whose status would have to change
from a non-event to event to turn a statistically
significant result to a non-significant result. Thus,
a randomised controlled trial (RCT) with statisti-
cally significant results that has an FI of 1 would
lose significance even if one patient had the oppo-
site outcome. FI was not intended to replace the

p value, CI or precision judgements. Rather, it is
intended to be a simple intuitive way to communi-
cate findings to clinicians or the public.

A previous study evaluated cardiovascular
RCTs with sample sizes over 500 participants that
had a statistically significant primary outcome
and showed a median FI of 13 (IQR, 5-26). While
intuitively one can think of an RCT outcome with
FI of 1 or 2 to be less reliable, that is, susceptible
to random error and erroneous misclassification of
outcomes, it is not clear how to interpret FI of 5 or
6, for example. Thus, the lack of established cut-
off or guide to aid in the interpretation of FI adds
to some previously described®™® interpretational
challenges.

Furthermore, modern frameworks of rating
the certainty of evidence such as Grading of
Recommendations, Development, Assessment and
Evaluation (GRADE)” do not depend on statis-
tical significance or the resultant calculation of
FI. GRADE suggests that even if an estimate was
statistically significant, it will not be considered
precise (ie, robust or less prone to chance) unless
it was derived from a body of evidence with a
sample size that is adequate to detect a plausible
relative risk reduction (RRR). GRADE suggests
using RRR of 250%-300% for this estimation.® In
addition to sample size considerations, GRADE
suggests that judgements about precision should
also consider whether the CI did not overlap a
decision-making threshold that is considered to
be trivial or unimportant.® Therefore, if the upper
boundary of a relative risk is very close to the null
or crosses a decision-making threshold, the results
may still be considered imprecise despite statistical
significance.

Considering the lack of anchors for FI and the
lack of clarity about the relationship between FI
and precision, we aimed to empirically evaluate
FI in cardiovascular RCTs and study the associ-
ation with precision. To date, this has not been
studied and precision cannot be deduced from FI.
Providing clinicians and other stakeholders with
FI values that are likely to be associated with
precise and reliable estimates can help them make
judgements about certainty and trustworthiness of
estimates.
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Methods

This meta-epidemiological study follows the reporting guidance
for methodology research.’ A reporting checklist is provided in
the online supplemental appendix. This study is a previously
published protocol.” Since publicly available data were used, insti-
tutional review board approval was not applicable.

Data sources

Journals were selected for the present study based on a combi-
nation of the following features: impact factor, readership,
specialisation in publication of cardiovascular RCTs and global
recognition for consistent publication of influential RCTs over
the last several decades. The New England Journal of Medicine,
The Lancet and Journal of the American Medical Association
were selected for having the highest impact factors in general
medicine, while Journal of the American College of Cardiology,
European Heart Journal and Circulation were selected for having
the highest impact factors in the field of cardiovascular medicine.
The rationale for targeting randomised trials with a sample size
>500and published in these specific journals was that we aimed to
evaluate robustness in trials that were more likely to impact prac-
tice. We updated a previously published® search strategy through
13 September 2021. Details of the search strategy are available in
the online supplemental appendix.

Study eligibility and data extraction

All RCTs were assessed for inclusion from the three cardiovas-
cular journals whereas RCTs from the three non-cardiovascular
journals were screened for determination of possible cardiovas-
cular nature (if the interventions or outcomes were described as
cardiovascular, such as those in the disciplines of heart failure,
interventional cardiology, preventive cardiology, electrophys-
iology, cardiac imaging or stroke). Additional inclusion criteria
were: (1) phase 3 or 4 RCT; (2) sample size =500 patients (an
arbitrary cut-off to identify larger RCTs that are more likely to
impact practice); (3) parallel arm study design and (4) at least
one statistically significant binary outcome. Data were extracted
in a pre-designed form. Study selection and data abstraction
were performed by one reviewer (AKB) and verified by a second
reviewer (SS). Discrepancies were reconciled by a third reviewer
(MHM). Data were extracted using pre-defined forms that were
pilot tested and included trials first author, year of publication,
journal, impact factor, number of centres, country, a 2x2 table for
the main outcome, number of patients lost to follow-up, funding,
intervention type and control type.

Outcome measures

We evaluated the FI value that best predicts a precise treatment
effect. Results were reported as the FI cut-off values and associ-
ated sensitivity, specificity, and area under the receiver operating
characteristic (ROC) curve (AUC).

Precision thresholds and definitions

Two methods were used to define a precise treatment effect: (1)
whether an RCT was adequately powered for a RRR (25% or 30%);
(2) whether the CI of the treatment effect was sufficiently narrow
to exclude a small or trivial risk reduction of 0.05. The RRR thresh-
olds of 25%-30% were recommended by the GRADE Working
Group.? Precision guidance published in 2011 stated that although
determining a threshold for adequate power is a matter of judge-
ment and can change based on context, RRR 25%-30%can be
considered a moderate or plausible RRR for most interventions,
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and can be used to determine whether a body of evidence had
adequate sample size, assuming a type 1 error of 0.05 and a type
2 error of 0.20.° The thresholds for the second precision criteria
of a CI boundary of RR of 0.05 was arbitrary. For the purpose of
this analysis, we considered an RRR of less than 0.05 to be small
or trivial, although we acknowledge that in a certain context such
risk reduction may be relevant to some stakeholders.

Statistical analysis

Data from each RCT were presented in a 2x2 contingency table.
The FI was calculated as described by Walsh et al.* Events were
added to the smaller event group and non-events were simulta-
neously subtracted, while maintaining a constant patient popu-
lation. The Fisher exact test was then used to recalculate the
two-sided p value, while iteratively adding events until the p
value reached or exceeded 0.05. The number of additional events
required to reach a p value of >0.05 was defined as the FI. To
determine whether an RCT had 80% power to detect a statistically
significant difference using a % test with two-sided significance
level of 0.05, we calculated the baseline risk for the control group
and assumed a moderate RRR of 25% or 30% for the treatment
group. We constructed ROC curves to predict FI values using a
non-parametric model proposed by Pepe.” The sensitivity and
specificity and the corresponding FI cut-off values were esti-
mated using the minimised distance between the selected point
on ROC curve and the perfect sensitivity and specificity."" The
nearest to (0,1) method was used to find the cutpoint on the ROC
curve closest to (0,1) (ie, the perfect sensitivity and specificity). We
compared FI between trials that had FI less than the number of
patients lost to follow-up, compared with trials that did not, using
Mann-Whitney U test. We used the ‘fragility’ package, ‘roctab’
command and ‘cutpt’ package as implemented in Stata V.17.0
(StataCorp).

Results

Description of randomised trials

Database search identified 1365 potential citations from which
78 were included and added to trials identified in a previous
study.® Therefore, we finally included 201 cardiovascular RCTs.
The process of study selection is depicted in the online supple-
mental figure 1 and the list of RCTs is provided in online supple-
mental appendix table, along with their raw data, effect size and
FI. Most RCTs were multicentred (93.3%). More than half of the
RCTs (59.2%) had an active comparator and (62.7%) evaluated
pharmacological interventions. The mean sample size of an RCT
was 5234 participants (IQR: 1046-7046). The FI ranged 1-172 and
had a median of 13 (IQR: 5-28). Eighteen RCTs (9%) had FI of 1.
The description of included RCTs is provided in table 1.

Fl cut-offs

Table 2 summarises FI cut-offs with highest AUC to predict preci-
sion based on whether the information size was sufficient (ie, the
study had adequate power for RRR of 25% and 30%) or if the CI
did not overlap an arbitrary decision-making threshold of 0.05. FI
of 12 predicted that the RCTs would be powered for RRR of 25%
or 30%. FI of 9 predicted that the CI excludes a risk reduction
<0.05. FI of 19 predicted that RCTs would be powered for RRR
of 30% and that the CI excluded a small risk reduction <0.05. FI
of 22 predicted that RCTs would be powered for RRR of 25% and
that the CI excluded a small risk reduction <0.05. AUC for meeting
both of these two precision criteria was 0.90 (0.86-0.94).

yBuAdoo Aq parosiold 1senb Ag 20z ‘0T Iudy uo /wod g wga//:dny woly papeojumod "ZZ0zZ UdJelN 6 U0 8G8TTT-T202-waalwag/9eTT 0T St paysiiand isiy :Ng3 CING


https://dx.doi.org/10.1136/bmjebm-2021-111858
https://dx.doi.org/10.1136/bmjebm-2021-111858
https://dx.doi.org/10.1136/bmjebm-2021-111858
https://dx.doi.org/10.1136/bmjebm-2021-111858
https://dx.doi.org/10.1136/bmjebm-2021-111858
https://dx.doi.org/10.1136/bmjebm-2021-111858
http://ebm.bmj.com/

Table 1 Description of 201 cardiovascular randomised trials

Mean (range) or percentage

Multiple centres 93.0%
Active comparator 59.2%
Type of intervention
Pharmaceutical 62.7%
Surgical 18.9%
Imaging 1.0%
Surgical 0.5%
Other 16.9%
Funding
For profit 68.7%
Government 24.9%
Other 6.4%
Sample size 5234 (500-50,156)
Follow-up (months) 22.9(1-118)
Loss to follow-up (%) 2.0 (0-26)
Fragility index 24.6 (1-172)

8274.2 (96-142644)
5706.7 (68-96 236)

Sample size powered for 25% RRR
Sample size powered for 30% RRR

RRR, relative risk reduction.

FI exceeded the number of patients lost to follow-up in 46/201
(22.89%) trials. FI in this subset of trials was 40.33 (range 3-172);
which was significantly higher than FI in trials that had FI equal
or less than the number of patients lost to follow-up (FI 19.89,
range 1-120, p value for the difference between the two FIs was
0.001).

Discussion

Studies that demonstrate statistically significant results provide
evidence that rejecting the null hypothesis is less likely to be due
to chance.'” However, when such studies are underpowered, the
possibility of both, type 1 and type 2 errors increases, and such
results are labelled as fragile. Therefore, the FI was proposed as
an intuitive and easy way to communicate statistically signifi-
cant results to clinicians and other stakeholders including perhaps
patients. This index has no known anchors or values at which
the results would be considered adequate or robust. We evalu-
ated the FI of modern and likely influential cardiovascular RCTs
that enrolled 500 or more participants, published in high impact
journals and had a statistically significant primary outcome. We
report several key findings in this analysis. First, the current study
has identified that FI values of 19-22 have the highest AUC (best
combination of sensitivity and specificity) to predict that the esti-
mates were precise. For decision-making purposes, RCTs with FI
lower than this range are highly susceptible to chance and their
results should be interpreted with caution.

A second important finding of this study is that many RCTs
had FI of 1 and over half of them may not meet such precision
cut-offs (median FI was 13). This means that if very few patients
were re-classified in terms of having an event, the outcome would
become statistically insignificant. Thus, the treatment effect of
many cardiovascular RCTs remains fragile and susceptible to
random error, despite their statistical significance. This finding of
common fragility in trials has been observed in various fields such
as cardiology, rheumatology, anaesthesiology, ophthalmology,
critical care, spine surgery and sport medicine.’ **® Lastly, almost
1 in 4 trials had FI that exceeded the number of patients lost to
follow-up. Results of such trials are even more fragile and less
robust because the patients lost to follow-up could be the patients
who would have had a different outcome and would change the
statistical significance of the difference between study arms. This
finding provides a rationale for presenting the number of patients
lost to follow-up alongside FI.

The implications of these findings to clinical practice are
important. A well-known example of an RCT with FI of 1 that
changed clinical practice was the one by Poldermans et al; which
misleadingly suggested that perioperative beta blockers given to
patients undergoing non-cardiac surgery reduce mortality. These
findings were subsequently discredited and the routine imple-
mentation of the intervention has likely caused harm to many
patients.'” Evidence derived from trials with statistically signif-
icant results that are fragile should be labelled imprecise and
warrant lower certainty. Low certainty should not lead to strong
recommendations and universal implementation. In addition, FI
values should be presented with additional information such as
the number of patients lost to follow-up, as well as event rates
and CIs.

Limitations and strengths

It is important to recognise that the current study has evaluated
FI only as an intuitive way to present information to evidence
users. It could be also used as a teaching tool. However, FI is
certainly not a formal way to make judgements about impreci-
sion and has limitations.”*” Imprecision judgements should be
made using an established and rigorous approach based on CI
and sample size considerations using context specific thresholds.®
The thresholds we studied were arbitrary and may change based
on the importance or nature of the outcome. Lastly, we anticipate
that RCTs in lower tier journals may even have lower FI values
because they will likely have smaller sample size. Lastly, decision
making should depend on the totality of evidence synthesised in
a systematic review, not an individual study.?® FI is merely a way
to present the finding of a single statistically significant RCT in a
simplified way. FI does not change the binary view of hypothesis
testing, but it adds nuance and communicate additional informa-
tion beyond the binary view. For example, instead of saying: ‘the
results are significant’, the FI index will inform stakeholders that

Table 2 Fragility index values predicting precision

Precision criteria Fl cutpoint Sensitivity (%)  Specificity (%)  AUC 95% lower limit 95% upper limit
Cl boundary closest to null >0.05 >9 69.59 67.92 0.80 0.73 0.86
Sample size powered to RRR 25% 212 77.65 63.79 0.75 0.68 0.82
Sample size powered to RRR 30% 212 75.00 70.97 0.75 0.69 0.82
Cl boundary >5% and RRR 25% 222 81.48 83.67 0.90 0.86 0.94
Cl boundary >5% and RRR 30% 219 81.43 82.44 0.90 0.86 0.94

AUC, area under the receiver operating characteristic curve; Fl, fragility index; RRR, relative risk reduction.
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‘the results are significant, but they would lose significance if two
patients had a different outcome’.

Conclusions

The findings of this study demonstrate that FI values in the range
of 19-22 can be used to suggest that a treatment effect is likely
to be precise and less likely to be susceptible to random error.
Contemporary cardiovascular RCTs with 500 or more participants
that have statistically significant results have a median FI of 13.
Thus, approximately half of them do not meet this proposed range
of values. The findings also provide a rationale for presenting the
number of patients lost to follow-up alongside FI.
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