
The statistical significance of meta-
analyses is frequently fragile:
definition of a fragility index for meta-
analyses

Presented by

Thitiya Lukkunaprasit

Clinical Epidemiology program

Ramathibodi Hospital, Mahidol University





Outline
• Introduction

• Statistical significance of meta-analyses of randomized 
controlled trials (RCTs)

• Fragility index (FI) for RCTs
• Definition
• Calculation

• Fragility index (FI) for meta-analyses of RCTs
• Methods

• Definition
• Estimation 
• Data sources and selection
• Data analysis

• Results 
• Discussion and conclusion



Meta-analysis of RCTs
• The highest level of evidence in terms of the effectiveness 

of interventions

• A meta-analysis with a statistically significant pooled 
treatment effect (p<0.05) is likely to lead to a conclusion 
concerning the effectiveness of the intervention evaluated.

• However, the confidence on the conclusion of a meta-
analysis may depend on other factors:
• Methods used

• Quality of included trials

• Number of trials

• Heterogeneity of treatment effect

• The precision of each trial



Meta-analysis of RCTs

• If a meta-analysis with a statistically 
significant effect includes low quality RCTs, 
with a small sample size, or presenting an 
extreme treatment effect          the 
effectiveness of the intervention is still 
uncertain.



Meta-analysis of RCTs

• The result of a meta-analysis might be 
changed from significant to nonsignificant 
when…
• RCTs were added/removed from meta-analysis

• The outcomes of a few patients were changed

• “Fragility index for meta-analyses”



Fragility index (FI) for RCTs

• Concept of fragility in statistical significance of 
RCTs introduced since 1985 

• FI concept of Walsh et al. in 2014 is widely used.

•Definition of FI for RCTs
The minimum number of patients whose status 
would have to change from a nonevent to an 
event required to turn the result from statistically 
significant to nonsignificant 



FI for RCTs
• FI = 1

• Changing the result of only 1 patient (from not having event 
to having event) will make the trial result nonsignificant

• RCT result is fragile.

• FI = 100 
• Changing the result of 100 patients (from not having event to 

having event) will make the trial result nonsignificant.

• Changing the result of 99 patients would not affect the trial 
result.

• RCT result is robust.

• When FI is smaller, the trial’s result is more fragile.



FI for RCTs

• FI measures the robustness of the results of 
RCTs
• FI demonstrates how easily statistical 

significance based on a threshold P-value may 
be overturned (how easily random chance could 
have changed the results of a trial)

• Help clinician’s interpretation of RCT results
• **when FI is less than the number of 

patients lost to follow-up**



Calculation of FI for RCTs (Walsh et al., 2014)

• Fragility index (FI) = f

• f = number of patients (treatment A) that were 
changed from No event to Event and make p value ≥ 
0.05.



Calculation of FI for RCTs: example

Fragility index (FI) = 2

(24+1)

(24+2)

(1849-1)

(1849-2)



FI for meta-analyses of RCTs
• The authors extended concept of FI for RCTs

• Definition of FI for meta-analyses of RCTs
The minimum number of patients from one or more 
trials included in the meta-analysis for whom an event-
status modification (i.e., changing an event to a 
nonevent or a nonevent to an event) would change the 
pooled treatment effect from statistical significant to 
nonsignificant or vice versa

• The statistical significance of a meta-analysis is 
decided by whether or not the 95% CI of the pooled 
treatment effect overlaps the null effect



Estimation of FI for meta-analyses

• The method is based on an iterative process 
to reevaluate the statistical significance of 
the pooled treatment effect of modified 
meta-analyses, iteratively derived from the 
original meta-analysis by performing single 
event-status modifications in each arm of 
each trial in turn.



FI of meta-analysis = number of iterations (F) 
that one newly calculated pooled effect changed 

from significant to nonsignificant or vice versa



Estimation of FI for meta-analyses: example



Estimation of FI for meta-analyses: example



Estimation of FI for meta-analyses: example

Fragility index (FI) = 4



Fragility index (FI) = 4



Objective
• To measure the fragility of statistical significance of 

a large sample of meta-analyses from Cochrane 
Systematic Reviews.

Methods
• A cross-sectional analysis of meta-analyses of trials 

with a binary outcome from Cochrane Systematic 
Reviews.

• Definition and estimation of FI for meta-analyses



Data sources and selection
• All Cochrane Systematic Reviews published between 

March 2011 and September 2014 were obtained.

• Included
• Meta-analyses of RCTs with a binary outcome and having an 

estimated pooled treatment effect in the review
• Only the first meta-analysis reported in each review was 

considered (i.e., the first comparison and first outcome of the 
review).

• Excluded
• Meta-analyses with total sample sizes of the included studies 

< 30 
• Meta-analyses with no patient with event or all patients of all 

studies with event 



Extracted data

• The number of events and number of 
patients in each group of each trial for each 
meta-analysis

• The measure used to evaluate treatment 
effect (RR, OR, risk difference)

• The methods used to pool treatment effect 
(Mantel-Haenszel, Peto, or inverse variance, 
as well as fixed or random effects)



Data analysis
• The same measure and method used in the original 

systematic review will be used to recalculate the new 
95% CIs of the pooled treatment effect after single 
event-status modifications in trials for each iteration
• Fragility index (FI)
• FI/total N

• the minimal proportion of patients from one or 
more specific trials whose event status has to be 
modified to change the statistical significance of 
the meta-analysis

• FI/total events
• the minimum proportion of events to be 

modified in one or more specific trials to change 
the statistical significance of the meta-analysis.







Meta-analyses 
(MA)

Median FI FI ≤ 5 FI = 1

Significant MA
12

(Q1-Q3: 4-33; range 1-858)
29.0% 6.2% 

Nonsignificant MA
7

(Q1-Q3: 4-14; range 1-102)
36.0% 5.9%

All MA
9

(Q1-Q3: 4-18)
32.9% 6.1%

Results

33% of all MA depended on the event status of 5 or fewer 
participants from one or more specific trials



Fragility index (FI)

About 33% of meta-analyses had FI < 5

About 6% of meta-analyses had FI = 1



FI/total N

For about 44% of meta-analyses, statistical significance 
depend on event status of less than 1% of patients 



FI/total events

For about 36% of meta-analyses, statistical significance 
would have changed if <5% of events were modified 





Fragility index by p-value

0.05 ≥0.5<0.005

Significant Non-significant



Conclusion for results

• For almost one-third (33%) of all meta-analyses, the 

statistical significance could be changed when 

modifying the event status of five or fewer patients 

(FI<5).

• For 6.1% of all meta-analyses, the statistical 

significance depended on the event status of only 

one patient from a specific trial (FI = 1). 



Conclusion for results (cont.)

• For almost half (44.3%) of the meta-analyses, the 

statistical significance depended on the event 

status of less than 1% of patients.

• Similar results from significant and nonsignificant 

meta-analyses.

• The statistical significance of both significant and 

nonsignificant meta-analyses were fragile as it 

depended on the outcome of a few patients in 

specific trials.



FI of meta-analyses may depend on many factors 

• Number of participants or events per trial

• Number of trials included

• Method used for combining results

• Heterogeneity of treatment effects across trials

• Publication bias

• The precision of each trial

• The quality of trials
• Errors in data collection

• Blinding of data collectors and analysts

• Fraud



FI may vary across disciplines

Median FI of RCTs Discipline Reference

26 Heart failure Docherty et al. 2017

16 Diabetes Chase et al. 2017

7 Stroke Sato et al. 2019

2-3 Critical care Ridgeon et al. 2016
Grolleau et al. 2019

2 Ophthalmology Shen et al. 2018

2 Spine surgery Evaniew et al. 2015

2 Sport surgery Khan et al. 2017



Strengths of FI for meta-analyses
• Expanded definition of FI to meta-analyses and 

provide an intuitive measure of confidence in the 
conclusion

• Extended FI to nonsignificant results 

• Evaluated FI with large number of meta-analyses 
from Cochrane Systematic Reviews, high quality 
evidence

• Useful for planning future RCTs to increase 
confidence in the conclusion of meta-analyses



Strengths of FI for meta-analyses

• Sample size of RCTs is determined in balance 
between expected efficacy and clinical 
equipoise and limited resources. Therefore, 
FI for RCTs might be shifted toward low 
values and results will necessarily reply on 
fewer events. 
• This should not be the case for FI for meta-

analyses of RCTs



Limitations of FI for meta-analyses
• The authors did not evaluate all possible 

combinations of event status modifications in all 
trials and all arms as it is computationally too 
intensive. 
• If the iterative method stopped at iteration 5, 

we cannot exclude that there might be another 
combination event-status modifications in 
iteration 4 that could change the statistical 
significance, unless 95% CI for all possible 
combinations of the four modifications are 
evaluated.

• Therefore, the method that the authors used 
might overestimate the FI (but not 
overestimate when FI is 1 or 2).



Limitations of FI for meta-analyses
• The authors used the same measure (e.g., RR or 

OR) and same method as used in each original 
meta-analysis for pooling treatment effect in the 
process of estimating FI
• However, statistical significance of a meta-analysis may 

depend on the method used for pooling treatment 
effect. 

• Same limitations as FI for RCTs
• Applicable to only binary outcomes

• Might not be appropriate for time to event outcome

• No standard cut off point for FI



Conclusion

• The conclusions of meta-analyses should not 
be drawn based on only the statistical 
significance of their pooled treatment effect.

• Despite limitations of proposed method for 
estimating FI for meta-analysis of RCTs, it 
may help interpret the conclusion of meta-
analysis regarding robustness of the pooled 
result.



FI for RCTs
(Walsh et al. 2014)

FI for meta-analysis of 
RCTs

(Atal et al. 2019)

Trial 1 FI for Trial 1

FI for meta-analysis

Trial 2 FI for Trial 2

Trial 3 FI for Trial 3

Trial 4 FI for Trial 4

Trial 5 FI for Trial 5

All trials Median FI



http://clinicalepidemio.fr/fragility_ma/#



Mantel-Haenszel
Inverse variance
Peto

Odds Ratio
Risk Difference
Risk Ratio

Fixed effects
Random effects



Thank you for your attention 


