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Abstract
Objectives: Court documents have proven that a manufacturer-orchestrated strategy tried to promote gabapentin by distorting evidence
in randomized trials. Given this background, we aimed to assess whether implausibly large treatment effects for gabapentin and for a similar
gabapentinoid, pregabalin may have been published.

Study Design and Setting: We identified meta-analyses on gabapentin or pregabalin on any outcome from Google Scholar, PubMed,
and EMBASE. We explored excess of significance in meta-analyses and whether outlier studies with extreme results (differing O0.8 stan-
dard deviations from the summary effect of the meta-analysis) were scrutinized.

Results: All 10 evaluated meta-analyses showed statistically significant favorable findings. Heterogeneity I2 estimates exceeding 90%
were noted in four meta-analyses of postoperative pain. In these four meta-analyses, 77 studies had estimates differing O0.8 standard de-
viations from the summary estimate. Thirty-nine of 77 represented extremely favorable results, and 33 of them came from less developed
countries with no tradition of clinical research, 22 reported no information on funding, and 20 reported no conflicts of interest. Conversely,
27 of 38 studies with unfavorable results came from more developed countries.

Conclusion: Extremely favorable outlier studies in the meta-analyzed literature of gabapentin and pregabalin may be a footprint of bias
in studies done in less developed countries. � 2018 Elsevier Inc. All rights reserved.
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1. Introduction

In 1993, Neurontin was originally approved by the US
Food and Drug Administration (FDA) for adults for partial
seizures. However, the drug was increasingly used for off-
label treatment of pain and psychiatric conditions. In
1996, a lawsuit was filed for illegal marketing of
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gabapentin for off-label use [1]. In 2004, Warner-
Lambert, now a subsidiary of Pfizer, pleaded guilty to
these charges and paid about $430 million dollars for
criminal and civil liability [2].

Internal company documents released as part of the liti-
gation [3] show that Pfizer and Parke-Davis executed a
strategy to conduct trials and disseminate trial findings
for off-label uses, influence publication content, select find-
ings for presentation/publication, and have their staff author
articles for others without attribution. Using these internal
documents, an evaluation of 11 published gabapentin trials
[4,5] demonstrated extensive manipulation and selective re-
porting of outcomes. Other authors have dissected
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What is new?

Key findings
� We found a large number of published studies with

implausible, extremely favorable results for gaba-
pentin and pregabalin.

� Most of these studies had been done in less devel-
oped countries and reported no information on
funding or conflicts of interest.

� Most of the studies with unfavorable results came
from more developed countries.

What this adds to what was known?
� Our analysis suggests strong bias in the global

literature on a topic with an already well-
documented manufacturer-orchestrated strategy
that distorted evidence in randomized trials.

What is the implication and what should change
now?
� Trials with extreme, implausible results should be

scrutinized and raise suspicion for the integrity of
the evidence included in a meta-analysis.

gabapentin seeding trials, that is, trials run for marketing
rather than real clinical purposes [6].

Since gabapentin was released in 1993, many trials have
assessed the utility of gabapentin for diverse off-label indi-
cations; perhaps, most commonly for the reduction of post-
operative pain where many dozens of relatively small
studies have been published. This evidence has been as-
sessed by several meta-analyses that try to summarize these
findings [7e11]. Even when the meta-analysts have no con-
flicts, they still synthesize primary data that may have been
generated by a biased, skewed process that causes inflated
summary results. One may be particularly worried about
studies with very extreme effects because these would
cause the greatest inflation of the summary result. Reported
extremely large effects are implausible. Very few interven-
tions in medicine have truly huge effects [12,13]. Further-
more, the documented history of gabapentin marketing
may add further suspicion when extremely large effects
are reported in specific trials.

The present study aims to explore gabapentin meta-
analyses for the presence of studies with implausibly favor-
able results. We first sought evidence of excess significance
(having too many studies with significant results), which
may reflect publication bias, selective analysis, and
outcome reporting bias [14]. Then we focused specifically
on studies with extremely large effect sizes and tried to
examine their provenance, reported funding, and reported
conflicts of interest. We considered both gabapentin and
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pregabalin, given their similarity in terms of drug class (ga-
bapentinoids), mechanism of action, and manufacturer [15].
2. Methods

2.1. Data sources and search strategy

We aimed to identify meta-analyses on gabapentin or
pregabalin on any outcome. The last search was conducted
in June 2016. Google Scholar, PubMed, and Embase were
used for searches. We searched for relevant articles with
the strings: gabapentin AND meta-analysis, pregabalin
AND meta-analysis, gabapentin AND systematic review,
pregabalin AND systematic review, gabapentin AND
pooled analysis, and pregabalin AND pooled analysis.

2.2. Study selection and evaluation

The full text of potentially eligible articles was evalu-
ated. Articles were retained if they were in English for
any indication/condition, and there was enough information
provided to use study-level data, particularly the number of
participants in each of the two compared groups and the
standardized effect size (expressed as Cohen’s d, Hedges’
g, or other similar standardized metrics) for continuous out-
comes or the 2 � 2 table for binary outcomes.

When more than one meta-analyses on the same condi-
tion were eligible, only the most recent more inclusive
article (the one with the largest number of studies) was re-
tained. We assessed the primary outcomes within each
meta-analysis, and when it was not clearly stated which
outcome was the primary one, we selected the first reported
outcome with available data presented per study. For the
two largest meta-analyses (effects of gabapentin and of pre-
gabalin on postoperative pain), we considered secondarily
all outcomes that presented forest plots or tabulated data
with study-level information, so that we can examine better
the prevalence of studies with outlier extremely large
effects.

2.3. Excess significance testing

A single investigator (K.D.) extracted data from forest
plots and tables of relevant outcomes for each meta-
analysis. Standardized effect sizes were extracted in each
data set, and it was noted whether the results were statisti-
cally significant (‘‘positive,’’ P ! 0.05) or not. All effect
sizes were calculated as standardized mean differences
(SMD); for dichotomous binary outcomes, odds ratios were
calculated and converted to SMD using the Chinn transfor-
mation [16]. For each dataset in each meta-analysis, we
estimated the power to detect at a5 0.05 a plausible effect.
We used a previously developed method to test for excess
of significance in meta-analyses [14,17]. The sum of the
power estimates gives the number of expected ‘‘positive’’
datasets. The expected number of ‘‘positive’’ datasets was
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then compared against the observed number of ‘‘positive’’
studies for each outcome using chi-square exact tests.

In the speculated presence of major bias, we used
different approaches and estimates on what a plausible ef-
fect for gabapentin or pregabalin would be for these out-
comes. Typically, one wants to minimize the impact of
publication and other reporting biases on the calculation
of the plausible effect using the results of the largest studies
[14,18]. However, in these meta-analyses, no trials stood
out as being particularly large, and several trials had
extremely large effect sizes. Therefore, first, we estimated
the summary effect size according to fixed effects, and
we identified outlier studies with extreme effects, defined
a priori as those with effect size O0.8 standard deviations
away from the summary fixed effect size. The rationale for
our ‘‘rule of 0.8’’ is that large effects in the standardized
scale are typically considered those that are O0.8. Then
we estimated the fixed effects summary of the three largest
studies, excluding any outliers, and we calculated the ex-
pected number of ‘‘positive’’ studies based on that sum-
mary effect. Furthermore, because this estimate is also
likely to be biased (perhaps even heavily so for these
drugs), we calculated also expected numbers of ‘‘positive’’
studies with different assumed effect sizes ranging from 0.2
(small effect) to 0.8 (large effect).
2.4. Evaluation of outlier studies

Finally, we identified all outlier studies (as defined pre-
viously) for all eligible meta-analyses and examined their
primary publications in more depth. We explored whether
outliers with more extremely favorable results than the
summary effect (favorable outliers) differed from unfavor-
able outliers in country of origin (whether they came from
less developed countries without long-standing tradition in
Table 1. Summary table for included meta-analyses

Drug, article, condition Outcome
Stu
s

Gabapentin

Al-Bachari, partial epilepsy 50% reduction in seizure
frequency

Doleman, postoperative pain 24-h morphine consumption

Achuthavan, postoperative
nausea and vomiting

Nausea

Finnerup, neuropathic pain 50% pain intensity reduction

Pregabalin

Lam, postoperative pain 2-hr pain scores

Lam, postoperative pain 24-hr pain scores

Lam, postoperative pain 24-hr morphine consumption

Boshcen, anxiety Total score on Hamilton
Anxiety Rating Scale

Costa, epilepsy �50% reduction in seizure
frequency

Finnerup, neuropathic Pain 50% pain intensity reduction
clinical research, as defined in the study by Ioannidis et al.
[19]). When we documented a strong difference in this re-
gard, we performed additional exploratory analyses to try to
explain the observed patterns. Specifically, we explored
whether favorable and unfavorable outliers differed in re-
ported funding and reported conflicts of interest. We do
not report P values for these exploratory analyses because
they were done post hoc. Moreover, given the observed pat-
terns of potential bias, we also performed meta-analyses
summarizing the results of studies that came from more
developed countries and that also had no hints of bias in
funding of conflicts of interest (i.e., they reported funding
only from nonprofit sources or declared specifically that
there was no funding and no conflicts of interest).
3. Results

3.1. Eligible meta-analyses

The literature search yielded 82 items that required a
detailed screening, of which 34 were excluded after
perusing the full-length articles. The remaining 48 articles
were potentially eligible. Twenty-four were for gabapen-
tin,10 were for pregabalin, and 14 were for both gabapentin
and pregabalin. All articles were categorized based on indi-
cation, and within each category, the articles were exam-
ined for potential overlap. The most recent and
comprehensive meta-analyses within each category were
included in the analytical sample. Therefore, eventually,
data from seven articles were eligible for in-depth analysis.

Table 1 summarizes the seven articles evaluated in-
depth. They included 296 distinct datasets spread across
seven different conditions, measuring 10 different out-
comes that were subjected to meta-analysis. The size of
each meta-analysis varied with the smallest including 647
dy data
et, no.

Experimental/
controls, no.

Effect size, standardized
mean difference (95% CI) I2, %

6 705/501 0.41 (0.22, 0.60) 0

66 2,852/2,405 �1.08 (�1.14, �1.02) 93.5

10 324/323 0.29 (0.08, 0.49) 12

14 1,963/1,738 0.13 (0.11, 0.15) 55.5

60 2,514/2,104 �0.97 (�1.19, �0.74) 92.3

56 2,894/2,043 �0.44 (�0.66, �0.22) 91.5

46 2,307/1,658 �0.93 (�1.2, �0.65) 92.5

7 719/633 0.36 (0.26, 0.47) 58

6 1,300/567 0.71 (0.43, 0.98) 68.4

25 4,000/5,024 0.13 (0.11, 0.15) 68.4
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participants and the largest including 9,024. The largest
meta-analyses for both drugs were on postoperative pain,
including between 46 and 66 study datasets each. All
meta-analyses showed statistically significant findings in
favor of gabapentin and pregabalin for the selected
outcomes.

Three outcomes from two different articles had large
point estimates (d O 0.8 in absolute magnitude), and
another five effects were also substantial (d 5 0.29e0.71
in absolute magnitude). Heterogeneity I2 estimates
exceeding 50% were noted in eight of the 10 outcomes in
the meta-analyses, and four (the ones on postoperative
pain) had extreme I2 estimates exceeding 90%; all of which
also had large summary effects (absolute d O 0.8).

The extreme heterogeneity was driven by the presence
of multiple studies with outlier extreme effects in these four
meta-analyses of postoperative pain (15e26 outlier studies
per meta-analysis, total of 77 outlier study estimates; Ta-
ble 2). These four meta-analyses were the ones with the
largest number of studies, that is, 24-hour morphine con-
sumption for gabapentin in postoperative pain, and three
outcomes for pregabalin in postoperative pain (2-hour pain
[primary outcome], 24-hour pain, and 24-hour morphine
consumption). For gabapentin in postoperative pain, 26 of
the 66 studies were outliers. For pregabalin in postoperative
pain, 39 studies had an outlier in at least one of the three
outcomes. Of the other six meta-analyses, one had only
one outlier study, and the other five meta-analyses had no
outliers (Table 2). Of the 77 outliers, 39 showed larger ben-
efits for gabapentin or pregabalin than the summary effect
would suggest (favorable outliers), and 38 showed smaller
benefits or no benefit (unfavorable outliers).
Table 2. Plausible effect, observed, and expected positive data

Drug, article, condition Outcome
Number

of outliers
e

Gabapentin

Al-Bachari, partial epilepsy 50% reduction in seizure
frequency

0 4

Doleman, postoperative pain 24-h morphine consumption 26 2

Achuthavan, postoperative
nausea and vomiting

Nausea 1 1

Finnerup, neuropathic pain 50% pain intensity reduction 0 6

Pregabalin

Lam, postoperative pain 2-hr pain scores 17 2

Lam, postoperative pain 24-hr pain scores 15 6

Lam, postoperative pain 24-hr morphine consumption 19 2

Boshcen, anxiety Total score on Hamilton
Anxiety Rating Scale

0 4

Costa, epilepsy �50% reduction in seizure
frequency

0 6

Finnerup, neuropathic pain 50% pain intensity reduction 0 6
3.2. Expected and observed ‘‘positive’’ datasets

Table 2 also shows the effect size that we estimated
based on the three largest studies in each meta-analysis
(excluding outliers). As shown, these three studies typically
were still not very large (total sample size 150e1,475 per
meta-analysis). For five of 10 outcomes, the observed num-
ber of ‘‘positive’’ datasets was significantly larger than the
expected using this plausible effect (Table 2), but as ex-
plained in the Section 2, we felt that even this plausible ef-
fect is probably inflated.

Table 3 depicts the expected number of ‘‘positive’’
studies assuming different plausible effect sizes. For a
small plausible effect (d 5 0.2), the total number of ex-
pected ‘‘positive’’ datasets would be 55 vs. 146 observed.
For d 5 0.2, all 10 meta-analyses showed excess signif-
icance (P ! 0.05 one-tailed) for the excess of observed
vs. expected ‘‘positive’’ results. The total number of ex-
pected ‘‘positive’’ datasets became 96, 137.8, and 179.2
with plausible effects of d 5 0.3, d 5 0.4, and
d 5 0.5. Therefore, there was excess significance for a
plausible d 5 0.3, but not for d 5 0.4 or higher.
3.3. Evaluation of outlier studies

Details on the outlier studies for the two topics with the
largest number of studies appear in Supplementary Table 1.
In the gabapentin meta-analyses for postoperative pain, 14
trials had favorable outliers, whereas 12 trials had unfavor-
able outliers. All 14 trials with favorable outliers, but only
four of the 12 trials with unfavorable outliers were from
less developed countries (exact P 5 0.0003). In the
Total sample size
in the three studies
used for plausible
ffects (experimental/

control)
Plausible
effect P values

Observed
positive data
sets, no.

Expected
positive data
sets, no.

90/335 0.40 0.55 3 4.3

27/179 0.84 0.006 41 58

25/125 0.23 0.27 3 1.5

34/505 0.11 0.006 9 2.0

16/162 0.63 !0.001 25 42.9

94/542 0.42 0.17 16 23.4

93/203 0.60 0.29 25 29.9

08/325 0.34 0.09 6 3.2

55/294 0.15 0.08 4 0.8

20/855 0.04 !0.001 14 1.8



Table 3. Expected positive data sets with varying plausible effect size

Drug, article

Expected
positive data
sets (plausible
effect [ 0.2),

no.

Expected
positive data
sets (plausible
effect [ 0.3),

no.

Expected
positive data
sets (plausible
effect [ 0.4),

no.

Expected
positive data
sets (plausible
effect [ 0.5),

no.

Expected
positive data
sets (plausible
effect [ 0.6),

no.

Expected
positive data
sets (plausible
effect [ 0.7),

no.

Expected
positive data
sets (plausible
effect [ 0.8),

no.

Gabapentin

Al-Bachari,
partial
epilepsy

1.7 3.1 4.3 5 5.4 5.6 5.7

Doleman,
postoperative
pain

9.2 16.5 25.8 35.2 44.5 51.6 56.1

Achuthavan,
postoperative
nausea

1.3 2.0 3.5 4.9 6.4 7.6 8.7

Finnerup,
neuropathic
pain

4.8 7.8 10.2 11.4 12.1 11.6 12.9

Pregabalin

Lam,
postoperative
pain, 2-h pain

8.3 14.7 23.1 32.2 40.7 47.7 52.8

Lam,
postoperative
pain, 24-h
pain

8.1 14.5 22.4 30.8 38.6 44.8 49.3

Lam,
postoperative
pain, 24-h
morphine
consumption

6.4 11.6 17.5 23.9 29.9 35.1 39.1

Boshcen,
anxiety

1.9 3.7 5.3 6.4 6.8 6.9 7.0

Costa, epilepsy 2.1 3.9 5.2 5.8 6.0 6.0 6.0

Finnerup,
neuropathic
pain

11.2 18.2 20.5 23.6 24.3 24.5 24.7
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pregabalin meta-analyses for postoperative pain, there were
51 outliers for the three outcomes from 39 different trials.
Of these 51 outliers, 25 were favorable, and 26 were unfa-
vorable. Nineteen of the 25 favorable outliers, but only nine
of the 26 unfavorable ones were from less developed coun-
tries (exact P 5 0.0047). For gabapentin and pregabalin
combined, most unfavorable outliers (27 of 38) were in tri-
als from more developed countries, whereas very few
favorable outliers (6 of 39) were in trials from more devel-
oped countries (exact P ! 0.0001).

The median sample size of trials with favorable outliers
and those with unfavorable outliers was similar (data not
shown). Outliers from more vs. less developed countries
also had similar sample sizes (median 63.5 vs. 60).

Thirteen favorable outliers of gabapentin for postopera-
tive pain did not mention any sponsor/funding source, and
one stated that they received no funding. Nine favorable
outliers of pregabalin did not mention any sponsor/funding,
three acknowledged industry funding, three were funded by
other not-for-profit organizations, and six stated that they
received no funding. Of the trials with unfavorable outliers
with gabapentin or pregabalin, 10 did not mention any
funding, three acknowledged funding by the industry, eight
were funded by nonprofit organizations, and five stated that
they received no funding.

Among gabapentin trials with favorable outliers, 13 did
not mention anything about conflicts of interest, and one
declared no conflicts of interest. Among pregabalin trials
with favorable outliers, seven did not mention anything
about conflicts of interest, 11 declared no conflict of inter-
est, and three reported conflict of interest because of indus-
try affiliations. Of the trials with unfavorable outliers with
gabapentin or pregabalin, eight did not mention anything
about conflicts of interest, 12 declared no conflict of inter-
est, and five reported conflict of interest because of industry
affiliation.

Meta-analysis of the trials from more developed coun-
tries and no hints of bias showed a summary effect of
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�0.22 (95% confidence interval [CI], �0.53 to 0.07), that
is, a nonsignificant benefit, for gabapentin for postoperative
pain (two trials, n5 181 participants). The meta-analysis of
trials from more developed countries and no hints of bias
for pregabalin had a summary effect of �0.55 (95% CI,
�0.81 to �0.28) for the outcome pain after 2 hours (four
trials, n 5 255 participants), 0.22 (95% CI, 0.02e0.43)
for pain at 24 hours (five trials, n 5 385 participants),
and �0.44 (95% CI, �0.71 to �0.18) for morphine con-
sumption at 24 hours (four trials, n5 255 participants). Re-
sults should be viewed cautiously, given the imprecision
because of few remaining studies.
4. Discussion

Our evaluation of meta-analyses of gabapentin and prega-
balin on 10 different outcomes for different conditions
showed strong evidence for excess significance bias in this
literature. The number of statistically significant results in
the component studies included in these meta-analyses was
much larger than could be reasonably expected, given that
the vast majority of these studies have been of very small
sample size. For the largest meta-analyses (those on postop-
erative pain management), we identified both favorable and
unfavorable outliers for gabapentin and pregabalin. Favor-
able and unfavorable outliers were markedly different.
Favorable outliers almost always came from less developed
countries with no well-established tradition of clinical
research, and they typically reported no information on fund-
ing or conflicts of interest. Conversely, unfavorable outliers
came mostly from more developed countries and reported
funding sources and conflicts of interest. When limited to
the data from studies from more developed countries and
no hints of bias, the limited evidence showed no benefit from
gabapentin for postoperative pain and either harm or much
more modest benefit from pregabalin for the same indication
(three outcomes), whereas the meta-analyses of all studies
had suggested very large benefits.

Studies with outlier, extremely favorable effect sizes
were always of small or very small sample size. An empir-
ical assessment of very large effects (odds ratios O5)
across the entire Cochrane Library [19] has shown that very
large effects are seen occasionally in very small studies, but
almost never get validated when a second trial is done on
the same topic. Other empirical evaluations [13] show that
genuine, very large effects are extremely rare. It is unlikely
that the pain literature should be much different in this re-
gard. Even if we assume that some pain treatments may
achieve very good results, treatment effects exceeding by
far the threshold of large effects (d 5 0.8), as we observed
here, are suspicious. Most of the favorable outliers repre-
sented logically implausible standardized effects of
d 5 2e4 or even larger. Thus, we presume that the favor-
able outliers reported are unlikely to reflect the underlying
true effect (if any) of gabapentin or pregabalin. Studies
from countries with well-established clinical research tradi-
tion and no hints of bias are few, but they clearly contradict
the results of the favorable outlier studies.

A previous evaluation has shown that studies done in
less developed countries with no tradition in clinical
research are reporting on average stronger effects than
those done on the same topic in more developed countries
[20]. However, in the previous evaluation, the difference in
effect sizes was small (relative odds ratio of �1.15). This
may also reflect the fact that mortality and major hard clin-
ical outcomes were assessed in that previous evaluation.
Here, we have documented extremely large, outlying ef-
fects in studies from such countries. It is possible that very
small studies need to report extreme results to reach signif-
icance and have some perceived ‘‘positive’’ message to get
published. Authors may think that this is a way to attract
attention and allow their publication. Our data suggest that
reviewers and editors should be wary of such extreme ef-
fects in the absence of strong evidence for plausibility.

One may speculate whether these extremely favorable
outlier effects conceal hidden industry conflicts of interest.
Of the 11 published trials that were analyzed because of be-
ing present in the court documents [5], two were included
in the meta-analyses discussed in this article, and both were
not found to be outliers. This very low rate of reporting of
industry funding in these trials does not exclude industry
involvement, however. Several empirical studies have
shown the large underreporting of conflicts of interest in
medical research in a wide variety of settings [21,22]. With
improved reporting over time [23], it seems that industry
sponsoring and conflicts are more prevalent than previously
reported. It is unknown whether trials funded by the indus-
try in less developed countries may be particularly prone
not to report their funding. Alternatively, it may be that
these extremely favorable results with no mention of indus-
try funding did indeed receive no industry support. In this
scenario, trials in less developed countries offered implau-
sible results because of various flaws in the design, conduct,
analysis, and reporting without any industry interference.

One may speculate whether differences between trials
done in more vs. less developed countries may also reflect
methodological limitations in the latter group. Two system-
atic evaluations of gabapentin that were published recently
(after our search dates) [24,25] found that the large majority
had high risk of bias. Among 74 randomized trials of gaba-
pentin for postoperative pain, only eight had low risk of bias;
and thus, the reviewers were careful to avoid strong conclu-
sions [24]. Another publication assessed 132 trials of gaba-
pentin. The analysis of reduction in 24-hour opioid
consumption could include only 13 trials with low risk of
bias, and the analysis of serious adverse events could include
only nine trials with low risk of bias. The reviewers
concluded that the evidence, also appraised on the Grading
of Recommendations Assessment, Development and Evalu-
ation scale, was very tenuous [25]. Both meta-analyses on
postoperative pain that we included had also used Cochrane
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risk of bias assessments for the included trials. Only three
outliers from less developed countries were assessed as hav-
ing high risk of bias on any item. However, this may reflect
missing information, optimistic evaluation by the data ex-
tractors (especially in the pregabalin meta-analysis where
only four trials had any item assessed as high risk of bias),
or even an effort by the trialists to hide bias.

Some genuine differences in the management of pain
may also exist between more and less developed countries.
Doleman et al. [26] have observed that trials with higher
baseline pain or higher morphine consumption in their par-
ticipants have higher treatment effects. One may speculate
whether trials in less developed countries use less intensive
concurrent analgesic strategies after surgery and thus have
higher baseline pain. Nevertheless, the use of standardized
treatment effect helps reduce this as a potential issue, as the
higher baseline trials tend to have a large SDs.

Some limitations should be discussed. First, excess sig-
nificance tests offer hints of bias but are not offering defin-
itive proof for bias or its exact mechanism. Similarly, a
negative test for excess significance, especially for meta-
analyses with a limited number of studies, does not exclude
the potential for bias. Second, the exact estimation of
excess statistical significance is influenced by the choice
of plausible effect size. We performed analyses using
different plausible effect sizes, and under most scenarios,
there is evidence for substantial excess significance. Even
if the plausible effect for these drugs in the assessed condi-
tions is large, the multiple outlier studies are still presenting
a strong paradox that is difficult to explain in the absence of
bias. Finally, our choice of how to define the outlier studies
is using a cut-off of 0.8 standard deviations away from the
summary effect. Different cut-off definitions would give a
different number of outliers. In all, the stark contrast of
the results of these outliers distinguishes them from the
other studies included in the meta-analysis. However, even
some/many of the other studies may still be biased and may
be subject to some of the same conflicts of interest or other
flaws. A literature that has such a well-documented history
of known subversion needs to be seen with substantial
skepticism even for more modest results.

In conclusion, we document the high prevalence of
extreme effects with a large number of outlier studies
in the meta-analyzed literature of gabapentin and prega-
balin, in particular, for the most commonly studied topic
of postoperative pain. Extreme heterogeneity and the
high prevalence of extreme effects in outlier studies
should be hallmarks that raise suspicion in meta-
analyses of medical interventions and may be the foot-
print of major biases.
Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jclinepi.2018.10.012.
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