OPEN ACCESS ORIGINAL RESEARCH

bmjmedicine

| '.) Check for updates |

» Additional supplemental
material is published online

only. To view, please visit the
journal online (http://dx.doi.
org/10.1136/bmjmed-2022-

000154).

For numbered affiliations see
end of article.
Correspondence to: Professor
Florian Naudet, Inserm, CIC 1414
(Centre d’Investigation Clinique

de Rennes), Rennes 1 University,

Rennes, Bretagne, France;
floriannaudet@gmail.com

Cite this as: BMJMED
2022;1:e000154. doi:10.1136/
bmjmed-2022-000154

Received: 4 February 2022
Accepted: 23 August 2022

Vibration of effect in more than 16 000 pooled analyses of
individual participant data from 12 randomised controlled trials
comparing canagliflozin and placebo for type 2 diabetes mellitus:

multiverse analysis
,"? Joshua D Wallach

1,2,6

Henri Gouraud
Florian Naudet

ABSTRACT

OBJECTIVE To evaluate the impact of conducting
all possible pooled analyses across different
combinations of randomised controlled trials and
endpoints.

DESIGN Multiverse analysis, consisting of
numerous pooled analyses of individual participant
data.

SETTING Individual patient data from 12
randomised controlled trials comparing canagliflozin
treatment with placebo, shared on the Yale
University Open Data Access project (https://yoda.
yale.edu/) platform, up to 16 April 2021.
PARTICIPANTS 15 094 people with type 2 diabetes
mellitus.

MAIN OUTCOME MEASURES Pooled analyses
estimated changes in serum glycated haemoglobin
(HbA1c), major adverse cardiovascular events, and
serious adverse events at weeks 12, 18, 26, and 52.
The distribution of effect estimates was calculated
for all possible combinations, and the direction and
magnitude of the first and ggth centiles of effect
estimates were compared.

RESULTS Across 16332 distinct pooled analyses
comparing canagliflozin with placebo for changes
in HbA1c, standardised effect estimates were in

> Rémy Boussageon

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Pooled analyses (ie, non-exhaustive quantitative syntheses that pool
individual participant data from several independent randomised controlled
trials exploring similar research questions) are frequently used in the
evaluation of new treatments, and can influence day-to-day clinical practice

= However, analyses across different combinations of trials and repeated
endpoint measures can lead to variability in the observed effects estimated
(ie, vibration of effect)

WHAT THIS STUDY ADDS

= After more than 16 ooo pooled analyses of individual participant data from
12 randomised controlled trials comparing canagliflozin with placebo for type
2 diabetes mellitus, substantial variations were seen in the magnitude and
sometimes in the direction of the effects estimated in these analyses

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR POLICY

= These findings suggest that pooled analyses focusing on a subset of all
available studies cannot be simply assumed the preferred method of
analysis; results from pooled analyses should be critically appraised

= Selection or availability bias in the individual participant data retrieved could
affect the existence of vibration of effect

BM)
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favour of canagliflozin treatment at both the first
centile (-0.75%) and 9gth centile (-0.48%); 15994
(97.93%) analyses showed significant results
(P<0.05) in favour of canagliflozin. For major adverse
cardiovascular events, estimated hazard ratios were
0.20 at the first centile and 0.90 at the 9gth centile;
2705 of 8144 analyses (33.21%) were significant, all
of which were in favour of canagliflozin treatment.
For serious adverse events, estimated hazard ratios
were 0.59 at the first centile and 1.14 at the 99th
centile; 5793 of 16332 (35.47%) analyses were
significant, with 5754 in favour of canagliflozin and
39 in favour of placebo.

CONCLUSION Results from pooled analyses can be
subject to vibration of effects and should be critically
appraised, especially regarding the risk for selection
and availability bias in individual participant data
retrieved.

Introduction

Methods for synthesising evidence, such as system-
atic reviews and meta-analyses (SRMAs) and pooled
analyses (ie, non-exhaustive quantitative syntheses
that pool individual participant data (IPD) from several
independent randomised controlled trials exploring
similar research questions) are often considered to form
the highest level of evidence to inform clinical practice
and guidelines. However, in recent years, concerns
have been raised about the numbers of overlapping’
and sometimes conflicting SRMAs/pooled analyses.” In
certain fields, the exponential increase in the numbers
of SRMAs/pooled analyses has resulted in nearly one
new SRMA/pooled analysis for every new randomised
controlled trial.’> While SRMAs aim to comprehensively
identify all studies in a specific area, specific concerns
have been raised about pooled analyses, which—
despite allowing for larger sample sizes, greater power,
and more analytical options—have been described as a
strategy used by pharmaceutical firms to hide negative
study results by pooling their findings with those from
positive studies.”

Pooled analyses often explore subgroup effects or
examine new questions’ ® across different combina-
tions of all available studies. For instance, for the
antidepressant duloxetine, at least 43 published
pooled analyses have been conducted, compared
with only 30 published randomised controlled trials
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for the treatment of major depression.’ Yet an a
posteriori selection of trials to be pooled can result
in p hacking (ie, conducting a large number of statis-
tical tests until some significant findings arise).
Different analytical decisions, such as the choice and
timing of outcomes, can lead to vibration of effect
(ie, the extent to which an effect estimate can change
across multiple distinct analyses).” ® In particular,
evidence suggest that vibration of effect resulting
from different methodological and analytical choices
can lead to divergent and antagonistic conclusions in
meta-analyses.” Similar reproducibility issues could
arise in pooled analyses, and this question could
benefit from the increasing interest in shared IPD on
data sharing platforms.°

To gain a fuller understanding of the clinical impli-
cations of the different combinations of trials and
repeated endpoint measures when conducting pooled
analyses of IPD from randomised controlled trials,
we explored the vibration of effect in pooled analyses
in the field of type 2 diabetes mellitus. To date, the
clinical value of drugs that reduce chronic hypergly-
caemia, as measured by serum glycated haemoglobin
(HbA1lc), remains uncertain because of less clear
effects on clinical outcomes, such as cardiovascular
events.!' Canagliflozin is a drug used for glycaemic
control among patients with type 2 diabetes mellitus
and it has been consistently found to reduce HbAlc,
a surrogate measure of diabetes control,’* ** and for
which there is evidence for cardiovascular event reduc-
tion among patients at high cardiovascular risk.'
IPD from the canagliflozin company’s clinical devel-
opment programme is shared on the Yale University
Open Data Access (YODA) project (https://yoda.yale.
edu/) platform. Using these shared IPD, our objec-
tive was to perform all possible pooled comparisons
of canagliflozin with placebo in order to explore how
three different outcomes change across the universe
of all possible combinations of trials and endpoints.
In particular, our pooled analyses estimated change
in HbA1lc as a surrogate measure of efficacy, in major
adverse cardiovascular events as a clinical outcome
measure of efficacy, and in serious adverse events as
a measure of safety, at four time periods (weeks 12,
18, 26, and 52). Our hypotheses were that vibration of
effect would not be observed for HbA1lc, but would be
observed for both major adverse cardiovascular events
and serious adverse events.

Methods

Protocol, registration, and reporting

Before starting the study or receiving the data, our
protocol was registered on the Open Science Framework
(https://osf.io/acOw7/; 4 August 2020). The results are
presented according to the PRISMA (preferred reporting
items for systematic reviews and meta-analyses) check-
list.'® This study used data obtained from the YODA
project, which has an agreement with Janssen Research
and Development (YODA project 2020-4417).
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Eligibility criteria

We included randomised controlled trials including
people (aged >18 years) with a diagnosis of type 2
diabetes mellitus without distinction in terms of
baseline body mass index or baseline HbA1c concen-
trations. Studies were eligible if they focused on the
comparison of canagliflozin at a dose between 50 and
300mg, with or without another active treatment,
versus a placebo. Eligible trials assessed at least one
outcome among the following: HbA1c, major adverse
cardiovascular events over the entire study period
(which could be retrieved from the serious adverse
events), and serious adverse events in the double
blind study period.

Search strategy, study selection process, and data
retrieval

Two reviewers (HG and FN) identified and selected the
studies among the randomised controlled trials for
which data were available on the YODA project plat-
form. Data access was granted on 16 April 2021. One
investigator (HG) conducted data management and
collection, and gathered the following information for
each patient in each study from the available IPD, in
accordance with a statistical analysis plan registered on
the Open Science Framework on 18 May 2021 (https://
osf.io/mbeu7/): patient identification number, treat-
ment and dose received, study in which the patient was
included, relative end date of follow-up (all original
dates relative to individual patients have been removed
from the dataset, only relative days to the inclusion are
provided), any deviation from trial protocol and, study
outcomes listed below.

Risk-of-bias assessment

Two independent reviewers (HG and FN) evaluated
the risk of bias in each individual study and used the
Cochrane Collaboration ROB2 tool for assessing risk of
bias.*’

Study outcomes

We explored the vibration of effect for three different
outcomes: HbA1c difference from baseline (data were
extracted at baseline and at weeks 12, 18, 26, and 52),
time to occurrence of the first major adverse cardiovas-
cular event, and time to occurrence of the first serious
adverse event.

As defined by the International Council for
Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use, serious adverse events
are any untoward medical occurrence that results in
death at any dose, is life threatening (ie, an event in
which the patient was at risk of death at the time of the
event; it does not refer to an event that hypothetically
might have caused death if it were more severe), requires
hospital admission or a prolonged existing hospital stay,
results in persistent or clinically significant disability or
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incapacity, or is a congenital anomaly or birth defect’.*®

All studies included used this definition of serious
adverse events.

In most studies on diabetes, in accordance with
the US Food and Drug Administration guidelines,’
major adverse cardiovascular events are defined as a
combined endpoint of cardiovascular death, non-fatal
infarction, and non-fatal stroke. These events were
identified from the serious adverse events using a list
detailed in our statistical analysis plan (online supple-
mental appendix 1).

Assessment of vibration of effect

We computed all possible combinations of all combi-
nations of the randomised controlled trials included,
by using the formula below. HbA1c measures, major
adverse cardiovascular events, and serious adverse
events were analysed separately. All computations
were performed for four different time points: at
week 12 (or closest date), 18 (or closest date), 26
(or closest date), and 52 (or closest date). For HbAlc
data, if an observation was missing at a time point
(£3 weeks; except for baseline, when only measures
at —3 weeks were considered), it was replaced using
the last observation carried forward method.*

!
Cox = [k!(xil—k)!]

(Formula to determine possible trial combinations
shows samples of k trials in a set of n trials.)

For each pooled analysis (defined by a given combi-
nation of individual studies and a given time point),
data were pooled using a two stage IPD meta-analysis
approach.”* We used a random effects model estimated
via restricted maximum likelihood estimation, and
derived confidence intervals using the Hartung Knapp
approach. Heterogeneity was estimated using t°.

Effect estimates were expressed in terms of mean
differences for changes in HbA1c levels and hazard
ratios for major adverse cardiovascular events and
serious adverse events. In case of sparse events,
we used the adaptation of Firth’s correction* to
compute hazard ratios. We computed the distribu-
tion of these effect estimates and their corresponding
P values in all analytical scenarios. Pooled analyses
were considered to be nominally significant if the
effect estimate had a P value <0.05. The presence of a
Janus effect was investigated by calculating the first
and 99th centiles of the distribution of the effect esti-
mates.” A Janus effect occurs when the first and the
99th centiles of the effect estimates of pooled anal-
yses are in the opposite direction, illustrating the
presence of substantial vibration of effect.”

All analyses were performed using R (version
3.6.3). Two stage analyses were undertaken by
use of he meta package?® in R* (version 4.15-1).
Adaptation of Firth’s correction was implemented
using the coxphf package.?” All the code necessary
to reproduce the analyses are available on the Open
Science Framework (https://osf.io/z9cfb/).

Gouraud H, et al. BMJMED 2022;1:e000154. doi:10.1136/bmjmed-2022-000154

OPEN ACCESS

Additional analyses and changes from the initial
protocol

We performed a post hoc sensitivity analysis for
serious adverse events by excluding all major
adverse cardiovascular events from the definition
of serious adverse events. We did this analysis by
focusing on the serious adverse events that were
not related to the outcome of major adverse cardio-
vascular events, which had already been explored
in our analysis and which could have reflected a
potential benefit of canagliflozin.

We made several minor changes to our initial
protocol after receiving the data. We included
patients receiving a lower dose (50mg) than
initially planned (100-300mg) because all doses
were found to be efficacious in lowering HbAlc
and were in use,*® ?” excluded one study that did
not match our selection criteria, analysed only
intention-to-treat randomised controlled trials (no
per protocol analysis was reported in the study
reports or in the publications), and to simplify the
analysis, decided during the peer review process to
rely on a two stage approach for all meta-analyses.

Patient and public involvement

Patients and the public were not involved in the
design, or conduct, or reporting, or dissemination
plans of this research. This is a methodological
study and we had no established contacts with
specific patient groups who might be involved in
this project.

Results

Study selection and study characteristics

Among the 17 canagliflozin randomised controlled
trials with IPD listed as available on the YODA
project, 13 were judged eligible and were included
in our protocol. Of these, we excluded one study
after the data were received because it did not
include a placebo comparator arm, which resulted
in 12 eligible trials.'**> 272 A flowchart detailing
the trial selection process is shown in online
supplemental appendix 2.

Among the 15525 patients randomised in
these 12 studies, we excluded 431 patients from
two trials (n=65 in NCT00642278%° and n=366 in
NCT01106677'%) who were randomised to sitag-
lipin, resulting in the inclusion of 15 094 patients
for analysis. For all studies, the numbers of patients
randomised were consistent with the journal
article except for one study (NCT01989754), which
reported 5812 patients in the journal article, while
5813 randomised patients were identified in the
IPD (the discrepancy in this study arose because
one patient was included twice in two different
sites, and the investigator retained only the first
inclusion of this individual, and the two identifi-
cation numbers were not available). Details of the
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12 studies included are presented in table 1. The
risk-of-bias assessment is presented in figure 1.
The number of missing data per variable and the
description of protocol deviations are detailed
in the data management report registered on the
Open Science Framework (https://osf.io/5kd89/)
and missing HbAlc data are detailed in online
supplemental appendices 3 and 4.

Vibration of effect

Overall, the 12 studies resulted in 4083 different
combinations of randomised controlled trials at
each time point (online supplemental appendix
5) resulting in 16 332 (4x4083) different pooled
analyses for HbAlc and 16332 for serious
adverse events. For major adverse cardiovascular
events, we excluded one study because no events
occurred, resulting in 8144 (4x2036) pooled anal-
yses. Detailed numerical results of these analyses
are presented in table 2 and a visual representa-
tion is shown in figure 2 and figure 3.

For the difference in HbA1c, the mean difference
was -0.59% (95% confidence interval -0.71% to
-46%) at 52 weeks figure 2. The distribution of the
mean differences estimated ranged from -0.97%
to —0.37% (range of 0.60%), with a median of
-0.60% (interquartile range —0.64% to -0.57%).
The effect estimates were -0.75% for the first
centile and —-0.48% for the 99th centile, indicating
the absence of a Janus effect. In 15994 (97.93%)
pooled analyses, we observed a statistically signif-
icant superiority of canagliflozin over placebo.

For major adverse cardiovascular events, the
hazard ratio was 0.75 (95% confidence interval
0.61 to 0.92) at 52 weeksfigure 2. The distribu-
tion of the hazard ratios estimated ranged from
0.05 to 2.76 (range of 2.71), with a median of
0.62 (interquartile range 0.50-0.73). Hazard
ratios were 0.20 for the first centile and 0.89 for
the 99th centile. Of 8144 meta-analyses, 8100
(99.46%) had hazard ratios in favour of canagli-
flozin (33.40% (2705/8100) were significant), and
0.54% (44/8144) of the meta-analyses had hazard
ratios in favour of placebo (none was significant).

For serious adverse events, the hazard ratio was
0.91 (95% confidence interval 0.86 to 0.96) at
52 weeks figure 3. The distribution of the hazard
ratios estimated ranged from 0.38 to 1.88 (range
of 1.5), with a median of 0.87 (interquartile range
0.80-0.89). Hazard ratios were 0.59 for the first
centile and 1.14 for the 99th centile, indicating
the presence of a Janus effect. Of 16 332 meta-
analyses, 15 864 (97.13%) had a hazard ratio in
favour of canagliflozin (36.27% (5754/15 864)
were significant), and 468 (2.87%) had a hazard
ratio in favour of placebo (8.33% (39/468) were
significant). Figure 4 details overlap between point
estimates and confidence intervals confidence
intervals for all pooled analyses.
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Post hoc sensitivity analysis

The post hoc sensitivity analysis excluded major
adverse cardiovascular events from the defini-
tion of serious adverse events (table 2). At weeks
12 and 18, one study was excluded because no
events were observed, resulting in 2036 possible
combination for these two time points and 12 238
(2x2036 + 2x4083) pooled analyses. The hazard
ratio was 0.91 (95% confidence interval 0.83 to
1.01) at 52 weeks (figure 3). The distribution of the
hazard ratios estimated ranged from 0.40 to 4.28
(range of 3.88), with a median of 0.91 (interquar-
tile range 0.87-0.94). The hazard ratio was 0.66
for the first centile and 1.55 for the 99th centile,
indicating the presence of a Janus effect. Of 12 238
meta-analyses, 10 802 (88.27%) had hazard ratios
in favour of canagliflozin (4.01% (433/10 802)
were significant) and 1436 (11.73%) had hazard
ratios in favour of placebo (3.69% (53/1436) were
significant). The numbers of major adverse cardi-
ovascular events and serious adverse events per
randomised controlled trial are presented in online
supplemental appendix 7.

Discussion

Summary of evidence

In this case study, we explored vibration of effect
in more than 16 000 pooled analyses of IPD data
from 12 randomised controlled trials comparing
canagliflozin with placebo for type 2 diabetes
mellitus. We observed no Janus effect for the mean
difference in HbA1c, suggesting that the vibration
of effect did not have an impact on the direction
of the effect observed, although the point estimate
varied considerably. Almost all the pooled anal-
yses on this endpoint showed significant differ-
ences, which indicates that the uncertainty related
to vibration of effect concerned the magnitude of
the change. Nevertheless, a difference in HbAlc
is controversial as a valid surrogate for macrovas-
cular and microvascular complications in type 2
diabetes mellitus, and it is difficult to interpret in
terms of clinical relevance.!! *?

With respect to our analyses examining the
vibration of effect on major adverse cardiovas-
cular events, a clinically relevant outcome, we
observed no Janus effect. However, the vibration
of effect had an impact on the detection of cana-
gliflozin efficacy on major adverse cardiovascular
events. Regarding individual studies, efficacy
on these events was identified in only one of the
12 trials included, perhaps as a consequence of
lack of power, or because it was only observed
in certain populations, such as patients at high
cardiovascular risk. Notably, two studies that
included patients with high cardiovascular risk
(NCT01032629 and NCT01989754) and reported
major adverse cardiovascular events as their
primary outcome were pooled into one paper,*®
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Figure 1 | Risk-of-bias assessment. RP=randomisation process; DEV=deviations from
the intended interventions; MIS=missing outcome data; MO=measurement of the
outcome; SRR=selection of the reported result. Green circles with + signs indicate low
risk. *For trials NCT01081834, NCT01032629, and NCT01989754, a risk of selective
outcome reporting in the publication was identified, but this risk was rated low in the
present analysis because all this information was available in the individual participant
data. tFor missing outcome data, see online supplemental appendix 4

with a significant result of the pooled analysis, but
not significant for any of the individual trials. This
pooled analysis was planned a priori*®> and the
efficacy of canagliflozin on major adverse cardio-
vascular events has now been robustly established
in another independent study for patients with

type 2 diabetes mellitus who have chronic kidney
disease,? a study for which data were not avail-
able at the time of our initial request through the
YODA project.

We observed a Janus effect in our analyses exam-
ining the vibration of effect on serious adverse
events. However, because these results could be
confounded by the results observed for major
adverse cardiovascular events, we excluded this
subgroup from our definition of serious adverse
events. This approach, excluding the benefi-
cial effects of a treatment from the composite of
serious adverse events, has been proposed in the
field of psoriasis research.’® Results on serious
adverse events were robust in this post hoc sensi-
tivity analysis.

Vibration of effect has been suggested as a stand-
ardised method that can be used to systematically
evaluate the breadth and divergence of study
results,” ° > depending on the various methodo-
logical choices. In the context of meta-analyses,
this approach is quite similar to the GOSH (graph-
ical display of study heterogeneity) method,
which was proposed for meta-analyses on aggre-
gated data.’” We believe that a method of this type,
exploring all possible subsets, makes even more
sense in the context of pooled analyses, because
these studies do not, by nature, exhaustively cover

Table 2 | Vibration of effect for comparison of canagliflozin with placebo for treatment of type 2 diabetes mellitus, by time point. Table includes
numerical results for pooled analysis using all 12 studies included and for the first and 99th centiles in terms of point estimates

HbA1c

Mean (95% CI) difference

2

First centile

99th centile

Median

Interquartile range
Major adverse cardiovascular events

Hazard ratio (95% Cl)

,[2

First centile

99th centile

Median

Interquartile range
Serious adverse events

Hazard ratio (95% Cl)

,[2

First centile

99th centile

Median

Interquartile range

Week 12 Week 18

-0.6 (-0.72 to -0.49) -0.62 (-0.73 to -0.5)

0.02 0.03
-0.75 -0.77
-0.5 -0.51
-0.61 -0.62
0.06 0.08

0.58 (0.4 t0 0.85) 0.67 (0.5 t0 0.9)
0 0

0.17 0.2

0.96 0.89

0.58 0.61

0.16 0.2

0.78 (0.66 t0 0.92) 0.87 (0.77 t0 0.98)
0 0

0.49 0.65

1.16 1.2

0.78 0.87

0.09 0.04

Serious adverse events without major adverse cardio-

vascular events
Hazard ratio (95% Cl)
=
First centile
99th centile
Median

Interquartile range

0.84 (0.66 to 1.05) 0.93(0.79t0 1.11)
0 0

0.54 0.69

1.81 1.61

0.85 0.94

0.11 0.08

Week 26 Week 52 All
-0.6 (-0.72 to -0.49) -0.59 (-0.71 to -0.46) =
0.02 0.03 =
-0.75 -0.74 -0.75
-0.5 -0.46 -0.48
-0.61 -0.59 -0.6
0.06 0.08 0.07
0.72 (0.55 t0 0.93) 0.75 (0.61t0 0.92) =

0 0 =
0.22 0.23 0.20
0.95 0.81 0.89
0.66 0.72 0.62
0.21 0.23 0.22
0.87 (0.79 t0 0.96) 0.91 (0.86 to 0.96) =

0 0 =
0.67 0.66 0.59
1.06 0.97 1.14
0.87 0.9 0.87
0.04 0.04 0.09
0.91 (0.81 to 1.03) 0.91 (0.83 to 1.01) =

0 0 =
0.7 0.68 0.66
1.27 1.25 1.55
0.91 0.92 0.91
0.07 0.03 0.07

Cl=confidence interval; HbA1c=serum glycated haemoglobin (HbA1c), expressed as a percentage.
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Random effects model - -0.59 (-0.71 to -0.46)
-1 -0.5 0
Major adverse . .
cardiovascular events Hazard ratio Hazard ratio
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NCT01032629 ® 0.77 (0.45 t0 1.10)
NCT01106651 —0;— 0.52 (-0.49 to 1.54)
NCT01106690 —— 0.17(-2.10t0 2.43)
NCT01381900 —_— 0.10 (-2.05 t0 2.25)
NCT01989754 ‘ 0.80 (0.55 to 1.04)
NCT02025907 0 0.68(-1.78t0 3.14)
Random effects model h 0.77 (0.65 to 0.88)
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Figure 2 | Vibration of effects for the comparison of canagliflozin with placebo for treatment of type 2 diabetes
mellitus, according to haemoglobin Alc (HbA1c) difference from baseline and time to occurrence of the first major
adverse cardiovascular event. For HbA1c, a negative mean difference is in favour of cangliflozin. For major adverse
cardiovascular events, a hazard ratio <1 is in favour of cangliflozin. In the graphs on the right, dots represent meta-
analyses and colours represent densities of dots (red=high; blue=low)

all existing studies. In addition, the use of IPD
enabled us to explore and extract outcomes (ie,
major adverse cardiovascular events and serious
adverse events) that would have been difficult to
extract from aggregated data, because they would
not have been measured or reported in the initial
publications, thus increasing the relevance of our
study beyond the classic GOSH approach.

Lastly, we used a definition of the Janus effect
that is only contingent on point estimates, and not
on statistical significance, as in previous work.” ? 3¢
When looking for statistical significance, our case
study very rarely identified contradictory results.
Observing changes in the direction of effect esti-
mates and occasionally in significance is to be
expected because of sampling variability only.
Heterogeneity, bias in some of the initial studies,
and the magnitude of the effect might also affect
the existence of vibration of effect and the pres-
ence of a Janus effect. However, we believe that the
bigger concern for pooled analyses is the presence

Gouraud H, et al. BMJMED 2022;1:e000154. doi:10.1136/bmjmed-2022-000154

of selection or availability bias in the IPD used in
the meta-analysis.®

Strengths and limitations of the study

The findings from our case study might not be
generalisable across all fields. Firstly, we selected
an example involving a large number (and there-
fore a large number of possible combinations) of
randomised controlled trials. Identifying vibration
of effect in fields with only a few trials could be
more challenging. Secondly, we only considered
two methodological choices—that is, study inclu-
sion and timing of endpoints. Vibration of effect
can be influenced by many other characteristics,
including subgroup analyses, different defini-
tions of outcomes (eg, a different construction of
major adverse cardiovascular events), different
groupings of doses, and different analytical strat-
egies (eg, choice of one stage v two stage IPD,
model specification, or different handling of
missing data). Therefore, our results could in fact
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Figure 3 | Vibration of effects for the comparison of canagliflozin with placebo for treatment of type 2 diabetes
mellitus, according to time to occurrence of the first serious adverse event (with and without major adverse
cardiovascular events). A hazard ratio <1 is in favour of cangliflozin. In the graphs on the right, dots represent meta-
analyses and colours represent densities (red=high; blue=low).

underestimate the vibration of effect that might
have resulted from many other researchers' degrees
of freedom in the analysis. However, our evalua-
tion concerned 16332 analyses and provides an
idea of the impact of different trial combinations
and repeated endpoint measures. Our choice to
focus such combinations of studies was driven by
the fact that many pooled analyses are run with
the risk of manipulating the results, by selecting
favourable combinations of studies.’ Nevertheless,
subgroup analyses might be frequently conducted
in pooled analyses (eg, for duloxetine’), a consid-
eration that deserves attention in future research.

Thirdly, we relied only on studies available on
the YODA platform at the time of our request. All
these studies were sponsored by Janssen, and
we considered that this specific subset of studies
was adequately represented a sample that a given
sponsor would use when conducting a series of
secondary analyses. Relying on IPD from such
a homogeneous subset of studies allowed the
quality of studies to be better assessed, and for
analyses to be standardised. Therefore, selected
studies for the analysis could have less variability

and less potential for vibration of effect than in
the present study. We did not conduct a system-
atic search for other studies, for example, those
conducted in an academic context. Whether the
authors of academic studies would have shared
the trial IPD necessary to conduct our analyses
for vibration of effect is uncertain, and including
studies of this type could have added heteroge-
neity and vibration of effect.

Implications of the findings

Our findings have several implications. Especially
when performing post hoc evaluations of
published trials, pooled analyses focusing on a
subset of all available studies cannot be simply
assumed to be the preferred method. In particular,
our findings suggest that results from pooled
analyses should be critically appraised. Health
authorities, for instance, should not rely exclu-
sively on findings from pooled analyses when
approving treatments. Evidence suggests that
findings from pooled analyses have been used
to guide approvals by the European Medicine
Agency,* including that for nalmefene for alcohol
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Figure 4 | Overlap between points estimates and 95% confidence intervals, for all
pooled analyses and for the full meta-analysis (in black). Colours represent the
densities of estimates (red=high; blue=low). for clarity, X axis limits were set at -1.5

to 0.5 for continuous outcomes and 0.05 to five for survival outcomes. Large central

black dots and vertical lines correspond to the estimate and 95% confidence interval of

the pooled analysis including the all 12 studies. Curved lines are composed of smaller

points corresponding to the estimates. Coloured vertical lines correspond to the 95%
confidence interval of all the pooled analyses. Full figures including extreme values are
presented in online supplemental appendix 6

use disorders.® To enhance the quality of pooled
analyses and the evidence generated by them, we
suggest that pooled analyses should be planned a
priori, with detailed, pre-registered study proto-
cols, as with prospective meta-analyses.*’ This
step would minimise any methodological changes
during the analyses that could introduce vibration
of effect. If pre-registration is not possible (eg,
when the researchers conducting pooled analyses
are not involved in the design or conduct of the
original randomised controlled trial), analytical
plans should be registered before data analysis, to
maintain full transparency regarding any decision
made during the conduct of the study, such as the
selection of studies to be pooled in the analysis.
Pooled analyses should rely on IPD from studies
that are representative of the target population of
interest and high quality, in order to best estimate
the estimands of interest. These steps will continue
to be important as data sharing increases in medi-
cine and secondary uses of this type become more
popular.’®*

We think that the vibration-of-effect approach
shows promise in exploring issues related with
reproducibility, especially because overlapping
meta-analyses with divergent conclusions are not
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rare in the literature.”? However, to recommend
implementing the method in all IPD meta-analysis/
pooled analyses would be immature. Therefore,
we recommend that future research systematically
explores vibration of effect in a large set of meta-
analyses in order to give a better indication of its
relevance. Such a study will also help to investi-
gate associations between the vibration of effect
and the Janus effect with many parameters such
as heterogeneity, effect size, study quality, and
random sampling.

Conclusion

In this case study, we explored the vibration of
effect in more than 16 000 pooled analyses of
IPD data from 12 randomised controlled trials
comparing canagliflozin with placebo for treating
patients with type 2 diabetes mellitus. We found
substantial variations in the magnitude and,
for serious adverse events, the direction of the
effects estimated. These findings suggest that
when conducting pooled analyses of IPD from
randomised controlled trials, trial selection, anal-
ysis of subsets of all trials and their selection or
availability of IPD could have considerable conse-
quences on treatment effect estimation.
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