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Abstract
Background Studies investigating bladder cancer risk in pioglitazone-treated type 2 diabetes mellitus patients report conflict-
ing results. Previous meta-analyses on this topic utilized publications prior to 2013. More long-term observational studies 
have been published since then. We reviewed the accumulated evidence and updated findings from previous meta-analyses.
Methods This meta-analysis was based on a systematic review of peer-reviewed observational studies published prior to 
September 30, 2016. Eligible studies were identified using a specified MEDLINE search. References from included stud-
ies and from previous meta-analyses were screened for additional records. Meta-analysis hazards ratios were derived using 
a random-effects model. Several sensitivity analyses including hierarchical Bayesian meta-analysis with country-specific 
effects were conducted.
Results Of 363 identified records, 23 studies were included in this review and 18 in the actual meta-analyses. For bladder 
cancer outcome, the estimated effect size for ever vs. never use of pioglitazone was 1.16 [95% confidence interval (CI), 
1.04–1.28]. In the cumulative dose and duration analyses, highest effect was observed in the highest/longest exposure group, 
but substantial heterogeneity was present. In the sensitivity analysis, only studies adjusted for lifestyle-related factors were 
included and the frequentist effect size was 1.18 (95% CI, 1.00–1.40, p = 0.054). However, the risk was not verified in the 
Bayesian framework with an effect size of 1.17 [95% credible interval (CrI), 0.94–1.54].
Conclusions In line with previous meta-analyses, we observed a small but statistically significant association between ever 
(vs. never) use of pioglitazone and bladder cancer risk; however, causality is not established and alternative explanations 
cannot be ruled out.

Keywords Bladder cancer · Meta-analysis · Pioglitazone · Review · Observational studies

Introduction

The burden of diabetes has been rising with its increasing 
prevalence. Currently, type 2 diabetes mellitus (T2DM) 
presents a global public health problem not only in indus-
trialized countries, but across the globe. An estimated 422 

million individuals or 8.5% of the world’s population had 
diabetes in 2014 [1]. It is estimated that 29.1 million people 
had diabetes in the United States (US) in 2014; including 21 
million diagnosed and 8.1 million undiagnosed cases [2]. 
In the US alone, direct medical costs of $176 billion and 
indirect costs of $69 billion were spent on diabetic patients 
care in 2012 [3].

Pioglitazone is an agonist of peroxisome proliferator acti-
vated receptor-γ (PPAR γ) in the class of thiazolidinedione 
and is used to treat T2DM. Pioglitazone has effective gly-
cemic control in both diabetic and pre-diabetic populations. 
The Actos Now for Prevention of Diabetes (ACT NOW) 
clinical trial showed that pioglitazone reduced the risk of 
T2DM conversion in adults with impaired glucose tolerance 
by 72% [4, 5]. Pioglitazone has been shown to be efficacious 
in glycemic control in T2DM patients alone or in combina-
tion with metformin, sulfonylurea, or insulin [6–9].
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The use of pioglitazone raised a safety concern after an 
increased number of bladder cancer cases were observed 
in exposed male rats, though the effect was not observed in 
female rats or mice of both sexes [10]. Several observational 
studies have been published investigating the possible risk of 
bladder cancer in pioglitazone users with conflicting results 
[11–17]. It is plausible that limitations, methodological dif-
ferences, residual confounding, and other biases may have 
contributed to discrepancies between the findings of these 
studies. Furthermore, several meta-analyses of published 
studies have suggested that pioglitazone use is associated 
with a small increase in the risk of bladder cancer [18–23]. 
All previous meta-analyses were conducted using studies 
published prior to 2013 and more observational studies have 
been published since then [24–26].

Recently, a 10-year follow-up study in the US with a 
diabetic cohort of 193,099 persons from 1997–2002 until 
December 2012 was published [24]. This study found no 
statistically significant association between pioglitazone 
use and risk of bladder cancer [adjusted hazard ratio (aHR), 
1.06; 95% confidence interval (CI), 0.89–1.26]. The same 
study also included a nested case–control analysis of 928 
persons with complete bladder cancer-related medical his-
tory which found no statistically significant association 
either [adjusted odds ratio (aOR), 1.18; 95% CI, 0.78–1.80]. 
Another recent cohort study pooled six large European 
databases and selected 56,337 eligible pioglitazone users 
matched to 56,337 non-users [27]. No association was 
observed in this study (aOR, 0.99; 95% CI, 0.75–1.30). 
Meanwhile, a study from the United Kingdom (UK) found 
that pioglitazone was associated with increased bladder can-
cer risk in comparison to other antidiabetic drugs among 
145,806 diabetic patients [26].

New data since the recent meta-analyses [18–23] have 
not been incorporated in the latest observational knowl-
edge by meta-analysis methods. There are also some limi-
tations to the previous meta-analyses. For instance, in the 
Turner et al. review [21], only eight observational studies 
were included for pioglitazone. Of the studies included, one 
observational US-based study (KPNC  study13) has more 
recent data following completion of longer-term follow-
up.26 The updated KPNC results did not show an increased 
risk of bladder cancer with any duration of pioglitazone use. 
In addition, a meta-analysis may be subject to publication 
bias, as articles of non-significant results tend to be pub-
lished later than those with significant results. Turner et al. 
[21] did not evaluate publication bias due to small sample 
size. In addition, they used a fixed-effect model for analysis 
based on small I2 statistic for heterogeneity, which is heavily 
biased by small sample size [28]. Furthermore, three of the 
eight observational studies included were from Taiwan. As 
a result, patients in the Taiwanese population could have a 
disproportionally higher contribution than patients in other 

populations. The other meta-analyses reviewed the asso-
ciation of the risk of bladder cancer and pioglitazone with 
slightly different methods [18–20, 22, 23]. However; all 
these meta-analyses largely utilized the same relatively small 
number of studies, underlining the need to update knowledge 
with observational data from newer studies.

The objective of this meta-analysis was to assess the 
association between risk of bladder cancer and exposure to 
pioglitazone among subjects with T2DM in a meta-analysis 
of observational studies and to update the findings reported 
in previously published meta-analyses by extending the 
accumulated evidence prior to 2013 with subsequently 
published studies up to September 30, 2016. The primary 
research question was whether T2DM patients treated with 
pioglitazone had a higher risk of bladder cancer compared to 
those who were not treated with pioglitazone. The second-
ary research question was whether an increased cumulative 
duration or dose of pioglitazone was associated with higher 
risk of bladder cancer.

Methods

Selection of studies

This meta-analysis was based on a comprehensive literature 
review that identified eligible observational studies from 
peer-reviewed scientific journals. Studies published prior 
to September 30, 2016 were identified using a MEDLINE 
search strategy and the inclusion criteria (Table 1, Sup-
plementary Table 1). Observational studies presenting a 
measure of association between risk of bladder cancer and 
pioglitazone use in type 2 diabetes mellitus patients were 
eligible for inclusion in this meta-analysis. The references of 
each included study and from previous meta-analyses were 
screened for additional records. After removing duplicates, 
titles and abstracts yielded by the search were independently 
screened against the inclusion criteria by two review authors. 
Disagreement between the reviewers was resolved through 
a discussion.

Data collection and variables

All included studies were searched to extract the follow-
ing variables: authorship, year of publication, country or 
region of source data, setting (database used), study design 
(e.g., cohort, case–control, nested case–case control), study 
period, inclusion and exclusion criteria, study population 
size, follow-up time, age, proportion of male subjects, out-
come identification, number of bladder cancer cases, type(s) 
of pioglitazone exposure studied, estimated effect sizes for 
pioglitazone–bladder cancer association, adjusting covari-
ates, and any additional information that might guide the 
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reviewers when assessing the risk of bias within individual 
studies.

Assessment of bias

The risk of bias in the included studies was evaluated regard-
ing potential confounding by indication/channeling bias, 
immortal time bias, and information bias by addressing 
pre-specified questions detailed in the supplement. For each 
eligible study, a judgement as to the possible risk of bias was 
made for each of the pre-specified questions based on the 
extracted information and rated as ‘high risk’ or ‘low risk’. 
The risk of bias was judged ‘unclear’ if there was insufficient 
detail reported in the study.

Study conduct

The study was conducted according to a study protocol 
developed following the code of conduct of the European 
Network of Centres for Pharmacoepidemiology and Phar-
macovigilance (ENCePP). The study protocol is registered 
and available at the ENCePP E-Register of Studies, no 
EUPAS16082.

Statistical methods

Primary and secondary analyses

As the primary analysis, the pooled HR for the risk of inci-
dent bladder cancer with pioglitazone use (ever) vs. no use 
(never) was estimated. In the first secondary analysis, among 
studies where the results for cumulative dose were available, 
the pooled HR was estimated in the following subgroups and 
compared to never use category: < 10,500, 10,500–28,000, 
and > 28,000 mg. In the second secondary analysis, among 
studies where the results for cumulative exposure duration 
of pioglitazone were available, the pooled HR was esti-
mated in the following subgroups and compared to never 

use category: < 12 months, 12–24 months, and > 24 months. 
Random-effects model was used in both primary and sec-
ondary analyses. Most comprehensively adjusted results 
were used from each study. For multi-country studies report-
ing both country-specific and overall effect sizes (combining 
all countries), the overall estimate was used.

Assessment of heterogeneity

Heterogeneity across studies was assessed using the I2 sta-
tistic [29, 30] with pre-specified categorization including 
0–40%: might not be important; 30–60%: may represent 
moderate heterogeneity; 50–90%: may represent substantial 
heterogeneity; 75–100%: considerable heterogeneity. Het-
erogeneity with a significance level of 0.1 was tested using 
the Chi squared test.

Assessment of publication bias

Publication bias was studied with the funnel plot [31] and 
tested using Begg’s rank correlation test [32] and Egger’s 
regression test [33].

Sensitivity analyses

Regarding the never vs. ever exposure for pioglitazone use 
and bladder cancer risk, the following sensitivity analyses 
were conducted. First, studies considered prone to high risk 
of bias were excluded. Second, the pooled HR was estimated 
using a Bayesian random-effects model. Third, the pooled 
HR was estimated using a Bayesian random-effects model 
with extra level of hierarchy (study country). This approach 
combines study-specific estimates from the same country 
into country-specific estimates that in turn contribute to the 
estimation of the overall effect. This provides a potential 
solution to account for the possible correlation between stud-
ies within the same country caused by the overlapping study 
subjects. Model details are presented in the supplement. 

Table 1  Criteria for considering studies in this review

The MEDLINE search strategy is presented in Supplementary Table 1

Types of studies Observational studies, e.g., cohort studies, case–control studies, nested case–control studies (open label extensions of 
clinical trials were not eligible)

Types of participants Human subjects with T2DM
Types of comparisons Pioglitazone users vs. non-users (including users of other diabetes medications), and/or, increasing duration of piogl-

itazone exposure, and/or increasing cumulative pioglitazone dose (reference group defined as never use of pioglita-
zone including use of any other antidiabetic medications)

Type of outcome Incident bladder cancer
Published results Full text available, i.e., fully published article in a peer-reviewed journal
Data on outcome A measure of association between bladder cancer and pioglitazone use (odds ratio [OR], relative risk [RR] or hazard 

ratio [HR]), or sufficient data to enable estimation of HR
Language Abstract should be available in English
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Fourth, the primary analysis was repeated using a fixed-
effect model. Fifth, studies excluded in the original primary 
analysis due to not reporting results for never vs. ever expo-
sure in the total population were included by first estimating 
the overall effect with a fixed-effect meta-analysis model. 
Sixth, separate meta-analysis was performed for case–con-
trol and cohort studies.

Results

After a systematic review of 363 identified records, 23 stud-
ies were included in this review and 18 studies in the actual 
meta-analysis. Among the 5 studies excluded from the meta-
analysis, 2 studies were interim analysis of a more recently 
published study with updated data. Only the most recent 
published results were included in the meta-analysis. Three 
studies failing to adjust for any confounding variables and 
reporting only crude estimates were judged as having a high 
risk of bias and excluded from the meta-analysis. Figure 1 
shows a flowchart describing the selection of studies. A sum-
mary of 23 studies included in this review, including 5 that 
were excluded from the actual meta-analysis, is provided in 
Table 2. The total population size was 3,499,600 patients, 
ranging from 28,514 to 1,491,060 patients per study. The 
study periods were between 1988 and 2014 and the average 
follow-up varied between 2 and 7.9 years. Study-specific 
effect sizes are presented in Supplementary Table 2. Among 
the 18 studies included in the meta-analysis, 2 involved a 
nested case–control setting within a cohort study [25, 34]. 
The main reason for having the nested case–control setting 
was the ability to control for more confounding variables 
among specific study subjects. In the primary analysis, we 
selected the use of the nested case–control study results from 
Jin et al. [34] instead of the cohort study results, because the 
latter was only adjusted for age and sex. Conversely, even 
though the Lewis et al. [25] case–control study had com-
plete information on certain adjusting variables, we used 
the cohort study in the primary analysis since it was also 
adjusted for several variables.

Figure 2 shows the association estimates between ever 
vs. never use of pioglitazone and bladder cancer among the 
individual studies, and the overall effect derived using a 
random-effects model in the meta-analysis (effect size, 1.16; 
95%, CI 1.04–1.28). The figure also presents the heteroge-
neity assessment, which indicated no heterogeneity across 
individual studies (I2 = 21%, p = 0.377).

Figure 3 shows the funnel plot assessing possible pub-
lication bias among individual studies. Overall, the figure 
does not indicate clear asymmetry, i.e., publication bias. The 
regression test for asymmetry yielded test statistic z = 0.58 
with a p value of 0.565. The rank correlation test yielded 

Kendall’s tau value of 0.03 with a p value of 0.923. Based 
on these results, there was no sign of publication bias.

Figure 4 shows the estimates of association between 
cumulative dose of pioglitazone exposure and bladder cancer 
among the individual studies and the overall effect derived 
using a random-effects model. Among cumulative expo-
sure categories < 10,500, 10,500–28,000, and > 28,000 mg, 
the overall effect size for risks of bladder cancer against 
never use were 1.12 (95%, CI 0.98–1.30), 1.09 (95% CI, 
0.83–1.42), and 1.41 (95% CI, 1.06–1.88), respectively. In 
contrast to ever exposure (Fig. 2) and < 10,500 mg (Fig. 4, 
upmost part) exposure categories, substantial heterogeneity 
was found in the 10,500–28,000 and > 28,000 mg groups 
(I2 = 54%, p = 0.075 and I2 = 55%, p = 0.066, respectively).

Figure 5 shows the estimates of association between 
cumulative duration of pioglitazone exposure and blad-
der cancer among the individual studies, and the overall 
effect derived using a random-effects model. Among cumu-
lative duration categories < 12  months, 12–24  months, 
and > 24 months, the overall effect sizes for risks of bladder 
cancer against never use were 1.07 (95% CI, 0.94–1.22), 
1.19 (95% CI, 1.07–1.32), and 1.38 (95% CI, 1.04–1.82), 
respectively. Substantial heterogeneity was only found in 
the > 24 months exposure group across individual study 
results (I2 > 82%, p = 0.002).

Sensitivity analyses

In sensitivity analysis 1, all studies that were unable to adjust 
for lifestyle-related factors such as smoking and obesity were 
excluded. In addition, the result from the Korhonen study 
[27] adjusted for these factors (all countries not included, 
HR, 0.83; 95% CI, 0.54–1.28) was used. The effect size in 
this analysis was similar to that in the original primary anal-
ysis (effect size, 1.18; 95% CI, 1.00–1.40), but the treatment 
effect size was not statistically significant (p = 0.054). Full 
results are presented in Supplementary Fig. 1.

In sensitivity analysis 2 (Supplementary Fig. 2), the 
Bayesian random-effects model yielded similar results to 
the original primary approach.

The results from sensitivity analysis 3 are shown in Fig. 6. 
In a hierarchical Bayesian model, the overall effect size had 
similar magnitude (effect size, 1.17) to the primary analysis, 
but the 95% credible interval [CrI]: (0.94–1.54) crossed 1.0. 
Country-specific effects in this analysis resulted in overlap-
ping posterior CrIs with small differences in the posterior 
median. The Netherlands and Sweden had the highest pos-
terior median value (1.27) and Finland the lowest (0.96). 
From the nine country-specific effects, only the UK had a 
95% posterior CrI that did not cross with 1.

Sensitivity analysis 4, using a fixed-effect model, yielded 
a similar association of ever use of pioglitazone and bladder 
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cancer (effect size, 1.16; 95% CI, 1.04–1.28) to the original 
random-effects model.

In the primary analysis, two studies that had only cumu-
lative exposure results [35, 36]. and one study reporting 

results separately for men and women [24] were excluded. 
In sensitivity analysis 5, the results within these studies were 
combined using a fixed-effect model. After this, the original 
random-effects meta-analysis was re-performed with a result 

Combined records 

N = 364 

Records identified through 
previous meta-analysis 

N = 0 

Records identified in 
MEDLINE database 

N = 364 

Records after removing 
duplicates 

N = 363 

Records included in the 
review 

N = 23 

Records that were eligible 
for detailed inspection 

N = 33 
Records excluded in detailed 

inspection 

N = 10 

No abstract found in English, N = 2 
No pioglitazone exposure, N = 2 
Follow-up of RCT, N = 2 
Review articles, N = 2 
Zero bladder cancer cases, N = 1 
Not an observational study, N = 1 

Records included in the 
meta-analysis 

N = 18 

Records excluded from meta-
analyses 

N = 5 

Interim analyses of a more recent 
study, N = 2 
Case reports without adjustment / 
possibility to adjust for any 
confounders, N = 3 

Records excluded based on 
screening titles and abstracts 
against the inclusion criteria 

independently by two reviewers. 

N = 330 

Fig. 1  Flowchart diagram showing results of the electronic search, screening of studies against the inclusion criteria for eligibility, and final 
number of included studies
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of 1.19 (95% CI, 1.08–1.32), similar to the original primary 
analysis. However, in the three studies that were originally 
excluded, the effect size after combining results using a 
fixed-effect model were generally higher than in other stud-
ies. This also led to moderate heterogeneity across studies 
(I2 = 50%, p = 0.039). Full results are presented in Supple-
mentary Fig. 3.

In sensitivity analysis 6, random-effects meta-analysis 
was performed separately for case–control and cohort 
studies (Supplementary Fig. 4). The overall effect size for 
case–control studies (effect size: 1.20; 95% CI, 0.95–1.52) 
was higher than those among cohort studies (effect size: 
1.15; 95% CI, 1.04–1.28). However, the confidence interval 

for the overall effect among case–control studies was clearly 
wider (p = 0.128) than among cohort studies (p = 0.007).

Discussion

In this review, we included 23 studies and 18 studies in 
the actual meta-analyses. For the bladder cancer outcome, 
the estimated overall effect size for ever vs. never use of 
pioglitazone was 1.16 (95% CI, 1.04–1.28). In the sensitiv-
ity analysis excluding studies that did not adjust for life-
style-related factors the treatment effect size was 1.18 (95% 
CI, 1.00–1.40), but the result was no longer statistically 

Fig. 2  Meta-analysis results for the association of ever exposure (vs. 
never) to pioglitazone and bladder cancer. Studies included in the 
meta-analysis are shown with the adjusted risk estimates, 95% confi-

dence interval (CI), and the relative weight in the meta-analysis. The 
meta-analysis result was derived using a random effect model

Fig. 3  Funnel plot of studies included in the meta-analysis assessing the association of ever exposure (vs. never) of pioglitazone use and bladder 
cancer
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significant (p = 0.054). These new results are in line with 
a previously published meta-analysis [21] that covered 8 of 
the 18 studies included in this analysis showing a small but 
significant association between pioglitazone use and blad-
der cancer with an effect size of 1.21 (95% CI, 1.09–1.35).

A major challenge for meta-analyses studying pioglita-
zone use and bladder cancer risk is inclusion of overlapping 
studies, i.e., a potential duplication of some individuals in 
several studies that have used the same database. As a result, 
spurious associations and bias may arise if overlap between 
studies is not controlled for. To account for this challenge, 
a Bayesian random-effects model with study country as one 
extra level of hierarchy was utilized (sensitivity analysis 3). 
The effect size of the Bayesian analysis was 1.17 (95% CrI, 
0.94–1.54, crossing 1.0). In our view, this approach pro-
vides a sound solution to account for the possible correlation 
between studies caused by the overlapping subjects; thus, 
our results become more robust and precise.

To put the results into perspective, it is important to con-
sider the strength of an association. Generally accepted val-
ues by epidemiologists show that an RR of 1–2 is a ‘weak’ 
or ‘small’ association, 2–4 a ‘moderate’ association, and 5 

or larger a ‘strong’ association [37]. The observed associa-
tion between pioglitazone exposure and bladder cancer risk 
in the ever vs. never use of pioglitazone meta-analysis was 
less than 2 and found to be relatively small (16%); thus, can 
be considered a weak/small association. Since the effect size 
was small and the bladder cancer outcome rare, this type 
of association may be difficult to observe, even in a large 
single study.

It is also important to note that the meta-analytic method 
provides evidence extracted and integrated from a number of 
primary observational studies, not from a random sampling. 
Hence, causality is not established and alternative explana-
tions cannot be ruled out [38].

Systematic reviews and meta-analyses can provide cred-
ible and consistent evidence relevant to questions of inter-
est. The conclusions from meta-analysis are especially clear 
when the results of the included studies show clinically 
important effects of similar magnitude. The conclusions are 
much less clear, however, when the included studies have 
differing results. The degree of heterogeneity across indi-
vidual study results was found to increase by cumulative 
duration and cumulative exposure of pioglitazone. In the 

Fig. 4  Meta-analysis results for the association of cumulative dose 
exposure (vs. never use) to pioglitazone and bladder cancer. Studies 
included in the meta-analysis are shown with the adjusted risk esti-

mates, 95% CI and the relative weight in the meta-analysis. The meta-
analysis results were derived using a random effect model
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cumulative dose and duration analyses, the high I2 value 
shows that most of the variability across studies is due to 
heterogeneity rather than chance. In addition, the number of 
studies included in the cumulative dose analysis was only 5. 
These factors reduce the confidence of the estimated effect 
sizes and reduce the degree to which conclusions might 
be generalized to situations outside of these investigated 
studies.

This study has several strengths. This is one of the larg-
est and most comprehensive meta-analysis of observa-
tional studies evaluating a potential bladder cancer risk 
with pioglitazone use both in terms of number of studies 
and sample size. We also investigated cumulative dose 
and duration. Furthermore, we conducted several specific 
sensitivity analyses. However, there are also some limita-
tions. First, in our analysis we focused and included only 
observational studies since randomized controlled trials are 
difficult to conduct because of the rarity of bladder cancer 
incidence. Second, the evidence and conclusions generated 
by this meta-analysis strongly depend on the quality of the 
studies identified and included to estimate the pooled effect. 

For instance, many previous individual observational stud-
ies did not account for all parameters known to be associ-
ated with bladder cancer, such as smoking and occupational 
exposures, and thus might have substantially confounded 
the presented study results as meta-analyses cannot resolve 
confounding factors. Third, details on cumulative dose and 
duration of pioglitazone therapy were not complete in sev-
eral included studies, thus restricting those results to a subset 
of the studies.

Conclusions

In line with previous meta-analyses, we observed a small 
but statistically significant association between ever (vs. 
never) use of pioglitazone and bladder cancer risk; how-
ever, causality is not established and one cannot rule out 
alternative explanations. In the cumulative dose and dura-
tion analyses, the highest effect size was observed in the 
highest/longest exposure group, but substantial heteroge-
neity across individual studies was present. Importantly, 

Fig. 5  Meta-analysis results for the association of cumulative expo-
sure duration (vs. never use) random to pioglitazone and bladder can-
cer. Studies included in the meta-analysis are shown with the adjusted 

risk estimates, 95% CI, and the relative weight in the meta-analysis. 
The meta-analysis results were derived using a random-effects model
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when studies without adjustment for lifestyle factors were 
excluded, the effect size was not statistically significant. 
Also, when the imbalance in number of studies per coun-
try/overlap in subjects was addressed in the Bayesian sen-
sitivity analysis, the 95% CrI of the treatment effect size 
crossed 1.
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