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Abstract Aim: In 2019, the Italian Society of Diabetology and the Italian Association of Clinical
Diabetologists nominated an expert panel to develop guidelines for drug treatment of type 2 dia-
betes. After identifying the effects of glucose-lowering agents on major adverse cardiovascular
events (MACEs), all-cause mortality, and hospitalization for heart failure (HHF) as critical out-
comes, the experts decided to perform a systematic review and meta-analysis on the effect of
pioglitazone with this respect.
Data synthesis: A MEDLINE database search was performed to identify RCTs, up to June 1st, 2021,
with duration�52 weeks, in which pioglitazone was compared with either placebo or active
comparators. The principal endpoints were MACE and HHF (restricted for RCT reporting MACEs
within their outcomes), all-cause mortality (irrespective of the inclusion of MACEs among the
pre-specified outcomes). Mantel-Haenszel odds ratio (MHeOR) with 95% Confidence Interval
(95% CI) was calculated for all the endpoints considered.

Eight RCTs were included in the analysis for MACEs and HF (5048 and 5117 patients in the pio-
glitazone and control group, respectively), and 24 in that for all-cause mortality (10,682 and 9674 
patients). Pioglitazone neither significantly increased nor reduced the risk of MACE, all-cause 
mortality, and HHF in comparison with placebo/active comparators (MHeOR: 0.90, 95% CI
0.78e1.03, 0.91, 95% CI 0.77, 1.09, and 1.16, 95% CI 0.73, 1.83, respectively). Pioglitazone was asso-
ciated with a significant reduction of MACE in patients with prior cardiovascular events (MHeOR 
0.84, 95% CI 0.72e0.99).
Conclusions: This meta-analysis showed no significant effects of pioglitazone on incident MACE, 
all-cause mortality, and HHF.
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1. Introduction

Type 2 diabetes mellitus (T2DM) is associated with an
increased risk of cardiovascular disease [1] and mortality
[2]. Several cardiovascular outcome trials (CVOTs) have
consistently shown that some glucose-lowering agents,
such as glucagon-like peptide 1 receptor agonists (GLP-
1RAs) and sodium-glucose co-transporter-2 inhibitors
(SGLT-2i), significantly reduce the incidence of major car-
diovascular adverse events (MACE), defined as a composite
endpoint inclusive of non-fatal myocardial infarction and
stroke, and cardiovascular mortality [3e7], particularly in
T2DM patients with prior cardiovascular disease [3].
Furthermore, SGLT2i also significantly reduce the risk of
hospitalization for heart failure (HHF).

The peroxisome proliferator-activated receptor-g
agonist pioglitazone is used for the treatment of T2DM,
due to its favorable effects on blood glucose and insulin
sensitivity [8,9]. This drug has also some beneficial effects
on inflammation and cytokine production [10e12],
thereby supporting a protective action on the cardiovas-
cular system. Interestingly, a meta-analysis of randomized
trials showed that pioglitazone can prevent restenosis
after coronary artery angioplasty [13]. In the PROspective
PioglitAzone Clinical Trial In MacroVascular Events (PRO-
ACTIVE) trial [14], involving subjects with T2DM and prior
cardiovascular events, the difference between pioglitazone
and placebo did not reach statistical significance for the
principal study endpoint, which was a broadly defined
composite of cardiovascular events. Conversely, a signifi-
cant reduction of events was observed for a more narrowly
defined main secondary endpoint of cardiovascular events.
In the same trial, treatment with pioglitazone was asso-
ciated with an increased risk of HHF [14].

To date, published meta-analyses of randomized trials
on the cardiovascular effects of pioglitazone reported
conflicting results. The incidence of myocardial infarction,
stroke, and MACE has been reported to be either un-
changed [15e17] or reduced [18,19] by pioglitazone.
Similarly, mortality has been reported to be unchanged
[18,19] or reduced [15,16], whereas HHF has been reported
to be either unchanged [16,17] or increased [15,18,19].

In 2019, the Italian Society of Diabetology (SID) and the
Italian Association of Clinical Diabetologists (AMD) decided
to release new guidelines for the treatment of T2DM.
Following the GRADE method [20], a panel of experts from
the two societies identified MACE and all-cause mortality
among the critical outcomes for clinical decision. Thus, this
systematic review and meta-analysis of randomized
controlled trials (RCTs) testing the effects of pioglitazone on
the risk of MACE, all-cause mortality, and HHF was per-
formed as a part of the development of the aforementioned
new Italian guidelines for the treatment of T2DM.

2. Methods

The present meta-analysis was registered on PROSPERO
website (CDR: #2021259834) and conducted following the
PRISMA guidelines.
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A MEDLINE, SCOPUS and EMBASE database search was
performed to identify all available RCTs; published in En-
glish, up to June 1st, 2021, in which treatment with pio-
glitazone was compared with either placebo/no therapy,
current care, or other active glucose-lowering compara-
tors. Selected articles were imported into Endnote and
then duplicate articles were removed. Only drugs
approved by European Medicine Agency (EMA) and
currently available in Europe, at EMA-approved doses,
were considered, both as investigational drugs and com-
parators. Further inclusion criteria for the systematic re-
view on MACE were:

1) RCTs reporting MACE within their primary outcome,
or as a pre-defined secondary outcome with event
adjudication.

2) RCTs enrolling only patients with established T2DM,
or with available subgroup analyses for patients with
T2DM.

3) RCTs enrolling at least 100 patients with T2DM.
4) RCT’s duration of follow-up of at least 52 weeks.

For the systematic review on all-cause mortality, we
applied the same inclusion criteria reported above, except
for #1 (i.e., RCTs were included, irrespective of the pres-
ence of MACE among primary or secondary outcomes).

Detailed information on the search string is reported in
the Supplementary material (Table S1).

The identification of relevant abstracts, the selection of
studies, and the extraction were performed independently
by two of the authors (M.M. and M.G.), and conflicts were
resolved by a third investigator (E.M). An attempt to
retrieve further articles was made by searching the so-
called grey literature (i.e. references of previous original
articles, meta-analyses, and Google scholar).

The following parameters/information were extracted
from each eligible trial: first author, year of publication,
name of investigational drug, comparator, duration of
follow-up, number of patients in each treatment arm, and
mean age.

2.1. Data analysis

For all eligible RCTs, results reported in published papers
were used as the primary source of information; when
data on the endpoints considered were not available in the
primary publication, an attempt of retrieving information
was made on http://www.clinicaltrials.gov.

The principal endpoints considered were the following:

1) MACE, defined as nonfatal myocardial infarction,
nonfatal stroke, and cardiovascular death.

2) All-cause mortality (including also RCTs not report-
ing MACE within the primary outcome, or as pre-
defined secondary outcome).

3) Hospital admission for heart failure.

The overall quality of each RCTwas assessed using the
parameters proposed by the Cochrane Collaboration tool
for assessing risk of bias [21].

http://www.clinicaltrials.gov


2.2. Statistical analyses

Mantel-Haenszel odds ratio (MHeOR) with 95% Confi-
dence Interval (95% CI) was calculated for all the endpoints
considered, on an intention-to-treat basis, excluding trials
with zero events, using a random-effects model. Hetero-
geneity was assessed using I [2]-statistics.The funnel plot
for MACE was examined and Kendall’s tau without conti-
nuity correction was calculated to estimate possible pub-
lication/disclosure bias.

All statistical analyses specified above were performed
using Review Manager 5.3; Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014.

3. Results

The flow diagram of the meta-analysis was summarized in
supplementary Figure S1. A total of 24 eligible RCTs
[14,22e44] (as specified in supplementary Table S2) ful-
filled our inclusion criteria and were included in the meta-
analysis on all-cause mortality. Eight of those RCTs
[14,27,32,34,35,42e44] also considered MACE within their
primary or adjudicated secondary endpoints and could,
therefore, be included in the meta-analysis on MACE and
HHF. The overall quality of eligible RCTs was satisfactory
for the majority of the items of the Cochrane Collabora-
tion’s tool, except for “performance bias” (i.e., blinding of
participants and personnel; as summarized in
Supplementary Figure S3).

3.1. 3-Point MACE

Out of eight RCTs reporting information on adjudicated
cardiovascular events, one [24] did not report the inci-
dence of the first MACE as a composite endpoint and was,
therefore, excluded from the analysis. Overall, these RCTs
included 5048 T2DM patients treated with pioglitazone
(with a total of 428 MACE) and 5117 T2DM patients treated
with placebo or any other active comparators (with a total
of 476 MACE). No publication bias was detected at the
visual analysis of the Funnel plot (Supplementary
Figure S2) and Egger’s test (Kendall’s tau without conti-
nuity correction: �0.01; p Z 0.68). Treatment with pio-
glitazone neither significantly increased nor reduced the
risk of MACE in comparison with either placebo or any
other active comparators (MHeOR: 0.90, 95% CI 0.78e1.03,
as assessed by a random-effect model), as shown in Fig. 1.
Almost identical results were obtained using a fixed-effect
model (data not shown).

However, as also shown in Fig. 1, when the eligible RCTs
were stratified by prior history of cardiovascular events
(primary vs. secondary CVD prevention), we found that
treatment with pioglitazone was associated with a signif-
icant reduction of MACE in RCTs including T2DM patients
with prior cardiovascular events (MHeOR 0.84, 95% CI
0.72e0.99; I2 Z 0%), but not in those without established
cardiovascular disease (MHeOR 1.11, 95% CI 0.84e1.48;
I2 Z 0%), with a non-significant trend for between-group
difference (p for interaction of 0.09; Fig. 1).
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3.2. All-cause mortality

Out of 24 studies included in the meta-analysis (10,682
and 9674 patients in the pioglitazone and control group,
respectively), only one [44] did not report information on
mortality. Twenty studies reported at least one death (249
vs. 273 in pioglitazone and control group, respectively)
and, therefore, were included in the meta-analysis. Publi-
cation bias (Kendall’s tau without continuity correction:
Tau: �0.50, p Z 0.006) was detected at a visual analysis of
the Funnel plot (Figure S4).

As shown in Fig. 2, neither treatment with pioglitazone
was associated with a significant increase nor with a
reduction in the risk of all-cause mortality (MHeOR 0.91,
95% CI 0.77, 1.09; I2 Z 0%), with no significant differences
between RCTs that included patients with or without prior
cardiovascular events. Identical results were obtained
using a fixed-effect model (MHeOR 0.90, 95% CI 0.76, 1.07).
3.3. Hospitalizations for heart failure

Out of eight RCTs reporting information on adjudicated
cardiovascular events, one [44] did not report information
on hospitalization for heart failure and only four trials
reported at least one event. No publication bias was
detected both at Egger’s test (Kendall’s tau without con-
tinuity correction: Tau: 0.00, p Z 1.00) and at the visual
analysis of the Funnel plot (Figure S5).

Overall, as shown in Fig. 3, treatment with pioglitazone
was not associated with a significant increase in the risk of
HHF (MHeOR 1.16, 95% CI 0.73, 1.83). A mild heterogeneity
(I [2]: 31%) was detected for this endpoint. A significantly
increased risk of incident heart failure was observed using
a fixed-effect model (MHeOR 1.33, 95% CI 1.08, 1.63,
p Z 0.006). As also shown in Fig. 3, a significantly
increased risk of HHF with pioglitazone use was observed
in eligible RCTs including patients with, but not in those
without prior cardiovascular events, with a non-significant
trend for between-group difference (p for interaction:
0.06).
4. Discussion

The present meta-analysis performed on RCTsreporting
adjudicated MACE within their primary or secondary
endpoint showed no significant effect of pioglitazone on
incident MACE in people with T2DM. Two previous meta-
analyses had reported similar results [15e17], whereas the
other two meta-analyses observed a significant reduction
of MACE with pioglitazone [15,16]. Of the two latter
studies, one was an individual patient-level time-to-event
data meta-analysis including a limited number of trials
[15]; the other was a wide meta-analysis, including also
short- and very short-term trials, but not some relevant
trials published more recently [26e29,31,32]. Moreover,
these two latter meta-analyses did not perform analyses
including only trials with adjudication of events, possibly
explaining the discrepancies in results.



Figure 1 MACE with pioglitazone versus placebo/comparators (MHeOR, 95% CI: Mantel-Haenzel Odds Ratio, with 95% of Confidence Intervals) in
trials enrolling patients in primary and secondary prevention.
In a recent narrative review, De Fronzo et al. defined
pioglitazone as “the forgotten, cost-effective cardioprotective
drug for T2DM” [45]. Several mechanistic studies per-
formed on pioglitazone suggested cardioprotective effects
[46,47] with a marked anti-inflammatory action [47],
possibly explaining some positive results in trials enrolling
patients with or without T2DM undergoing percutaneous
coronary angioplasty [32,48,49]. However, cardioprotective
effects observed in experimental studies are not neces-
sarily associated with actual clinical benefits in clinical
trials. In fact, despite expectations arisen from patho-
physiological studies, the PROactive trial [14] failed to
show a significant effect of pioglitazone on the primary
endpoint in patients with established T2DM, although
some benefits were observed for some pre-defined car-
diovascular secondary endpoints.

Notably, pioglitazone could have differential effects on
the risk of MACE in T2DM patients in primary and sec-
ondary prevention, as clearly shown in the present meta-
analysis. These results are in line with a recent meta-
analysis, which included also trials on patients at high
risk for diabetes, suggesting that pioglitazone could
reduce the incidence of MACE in patients with estab-
lished cardiovascular disease to a greater extent than
those without [21]. Other antidiabetic agents have shown
similar divergent results, with greater cardiovascular
protection among patients with previous cardiovascular
events [3].
4

Pioglitazone did not appear to modify all-cause mor-
tality in the present meta-analysis. Although the analysis
on all-cause mortality included also some trials with
metabolic endpoints, the large majority of events was
observed in cardiovascular outcome studies, and particu-
larly in the PROactive [14] and TOSCA trials [50]. It should
also be considered that the total number of recorded
deaths (nZ 522) in available trials was substantially lower
than that of MACE, thus reducing the statistical power of
this analysis.

In our meta-analysis, treatment with pioglitazone was
associated with a significant increase in the risk of HHF
among T2DM patients with prior cardiovascular events.
Such effect was not detectable in eligible RCTs enrolling
patients without prior cardiovascular events. However, it
should be noted that the low incidence of HHF in primary
prevention cohorts and the resulting small number of
recorded events limited the reliability of this analysis.
Pioglitazone, as well as other PPAR-g agonists, induces
fluid retention and therefore facilitates the occurrence of
congestive heart failure. This detrimental effect is not
correlated to any cardiotoxic effect of the drug, since pio-
glitazone does not reduce left ventricular systolic or dia-
stolic function. All RCTs included in the present meta-
analysis excluded patients with previous history of or with
signs of heart failure; however, no RCT evaluated the
presence of left ventricular dysfunction before enrolling
patients; therefore, it is possible that some patients with



Figure 2 All-cause death with pioglitazone versus placebo/comparators (MHeOR, 95% CI: Mantel-Haenzel Odds Ratio, with 95% of Confidence
Intervals) in trials enrolling patients in primary and secondary prevention.
previous cardiovascular disease and unknown/undetected
cardiac dysfunction have been allocated in pioglitazone
arms, thus increasing the risk of HHF in this subpopulation
of patients.

Collectively, the results of our meta-analysis should be
interpreted with some degree of caution, due to the rela-
tively small number of eligible RCTs with MACE within
their pre-specified endpoints and of recorded events,
mainly derived from one single trial (i.e. PROACTIVE trial
[14]). Moreover, the inclusion criteria used are very strin-
gent (i.e. only RCT with a duration of at least 52 weeks,
with MACE within their primary or secondary endpoint) to
obtain a reliable evidence base for developing treatment
guidelines.

In conclusion, the present meta-analysis performed on
RCTs reporting adjudicated MACE within their endpoints
showed no significant effects of pioglitazone on incident
MACE in patients with established T2DM. However, the
5

possibility that pioglitazone can reduce the incidence of
MACE in patients with established cardiovascular disease
cannot be ruled out. The effect of pioglitazone on HHF,
more pronounced in RCTs in secondary cardiovascular
prevention, is not surprising and well specified in the
pioglitazone summary of product characteristics.
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Figure 3 Hospitalization for heart failure with pioglitazone versus placebo/comparators (MHeOR, 95% CI: Mantel-Haenzel Odds Ratio, with 95% of
Confidence Intervals) in trials enrolling patients in primary and secondary prevention.
Contributors

MM and EMwere involved in each of the following points:
1. Design
2. Data Collection
3. Analysis
4. Writing manuscript
BP, MG, GT, RC, and AG were involved in each of the

following points:
1. Manuscript revision.
Research involving human participants and/or animals

This article does not contain any studies with human
participants or animals performed by any of the authors.
Declaration of competing interest

MM has received speaking fees from Astra Zeneca, Bristol
Myers Squibb, Boehringer-Ingelheim, Eli-Lilly, Merck, Novo
Nordisk, Sanofi, and Novartis and research grants from
Bristol Myers Squibb; EM has received consultancy fees
from Merck and Novartis speaking fees from Astra Zeneca,
Bristol Myers Squibb, Boehringer-Ingelheim, Eli-Lilly,
Merck, Novo Nordisk, Sanofi, and Novartis and research
grants from Merck, Novartis, and Takeda. AG has received
speaking fees and/or advisory board invitations from
Abbott, Astra Zeneca, Boehringer-Ingelheim, Eli Lilly, MSD,
6

Mundipharma, Novo-Nordisk, Sanofi. The other authors
did not report any relevant conflicts of interest.

All the authors approved the final version of this
manuscript. Dr. Edoardo Mannucci is the person who takes
full responsibility for the work as a whole, including the
study design, access to data, and the decision to submit
and publish the manuscript.
References

[1] Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E,
Nauck M, et al. Management of hyperglycemia in type 2 diabetes: a
patient-centered approach: position statement of the American
Diabetes Association (ADA) and the European Association for the
Study of Diabetes (EASD). Diabetes Care 2012;35(6):1364e79.

[2] Stratton IM, Adler AI, Neil HA, Matthews DR, Manley SE, Cull CA,
et al. Association of glycaemia with macrovascular and microvas-
cular complications of type 2 diabetes (UKPDS 35): prospective
observational study. BMJ 2000;321(7258):405e12.

[3] Mannucci E, Dicembrini I, Nreu B, Monami M. Exploring the het-
erogeneity of the effects of SGLT-2 inhibitors in cardiovascular
outcome trials. Nutr Metabol Cardiovasc Dis : Nutr Metabol Car-
diovasc Dis 2020;30(1):71e6.

[4] Monami M, Dicembrini I, Mannucci E. Effects of SGLT-2 inhibitors on
mortality and cardiovascular events: a comprehensive meta-analysis
of randomized controlled trials. Acta Diabetol 2017;54(1):19e36.

[5] Wu JH, Foote C, Blomster J, et al. Effects of sodium-glucose
cotransporter-2 inhibitors on cardiovascular events, death, and

https://doi.org/10.1016/j.numecd.2021.12.006
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref1
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref1
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref1
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref1
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref1
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref1
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref2
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref2
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref2
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref2
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref2
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref3
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref3
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref3
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref3
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref3
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref4
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref4
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref4
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref4
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref5
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref5


major safety outcomes in adults with type 2 diabetes: a systematic
review and meta-analysis. Lancet Diabetes Endocrinol 2016;4(5):
411e9.

[6] Nreu B, Dicembrini I, Tinti F, Sesti G, Mannucci E, Monami M. Major
cardiovascular events, heart failure, and atrial fibrillation in pa-
tients treated with glucagon-like peptide-1 receptor agonists: an
updated meta-analysis of randomized controlled trials. Nutr
Metabol Cardiovasc Dis : Nutr Metabol Cardiovasc Dis 2020;30(7):
1106e14.

[7] Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Furtado RHM,
et al. Comparison of the effects of glucagon-like peptide receptor
agonists and sodium-glucose cotransporter 2 inhibitors for pre-
vention of major adverse cardiovascular and renal outcomes in type
2 diabetes mellitus. Circulation 2019;139(17):2022e31.

[8] Tonelli J, Li W, Kishore P, Pajvani UB, Kwon E, Weaver C, et al.
Mechanisms of early insulin-sensitizing effects of thiazolidine-
diones in type 2 diabetes. Diabetes 2004;53(6):1621e9.

[9] Miyazaki Y, Mahankali A, Matsuda M, Glass L, Mahankali S,
Ferrannini E, et al. Improved glycemic control and enhanced insulin
sensitivity in type 2 diabetic subjects treated with pioglitazone.
Diabetes Care 2001;24(4):710e9.

[10] Miyazaki Y, Mahankali A, Wajcberg E, Bajaj M, Mandarino LJ,
DeFronzo RA. Effect of pioglitazone on circulating adipocytokine
levels and insulin sensitivity in type 2 diabetic patients. J Clin
Endocrinol Metab 2004;89(9):4312e9.

[11] Pfützner A, Hanefeld M, Dekordi LA, Müller J, Kleine I, Fuchs W,
et al. Effect of pioglitazone and ramipril on biomarkers of low-
grade inflammation and vascular function in nondiabetic patients
with increased cardiovascular risk and an activated inflammation:
results from the PIOace study. J Diabetes Sci Technol 2011;5(4):
989e98.

[12] Pfützner A, Marx N, Lübben G, Langenfeld M, Walcher D, Konrad T,
et al. Improvement of cardiovascular risk markers by pioglitazone
is independent from glycemic control: results from the pioneer
study. J Am Coll Cardiol 2005;45(12):1925e31.

[13] Riche DM, Valderrama R, Henyan NN. Thiazolidinediones and risk
of repeat target vessel revascularization following percutaneous
coronary intervention: a meta-analysis. Diabetes Care 2007;30(2):
384e8.

[14] Dormandy JA, Charbonnel B, Eckland DJ, Erdmann E, Massi-
Benedetti M, Moules IK, et al., PROactive Investigators. Secondary
prevention of macrovascular events in patients with type 2 dia-
betes in the PROactive Study (PROspective pioglitAzone Clinical
Trial in macroVascular Events): a randomised controlled trial.
Lancet 2005;366(9493):1279e89.

[15] Lincoff AM, Wolski K, Nicholls SJ, Nissen SE. Pioglitazone and risk
of cardiovascular events in patients with type 2 diabetes mellitus:
a meta-analysis of randomized trials. JAMA 2007;298(10):1180e8.

[16] Mannucci E, Monami M, Lamanna C, Gensini GF, Marchionni N.
Pioglitazone and cardiovascular risk. A comprehensive meta-
analysis of randomized clinical trials. Diabetes Obes Metabol
2008;10(12):1221e38.

[17] Nagajothi N, Adigopula S, Balamuthusamy S, Velazquez-Cecena JL,
Raghunathan K, Khraisat A, et al. Pioglitazone and the risk of
myocardial infarction and other major adverse cardiac events: a
meta-analysis of randomized, controlled trials. Am J Therapeut
2008;15(6):506e11.

[18] de Jong M, van der Worp HB, van der Graaf Y, Visseren FLJ,
Westerink J. Pioglitazone and the secondary prevention of car-
diovascular disease. A meta-analysis of randomized-controlled
trials. Cardiovasc Diabetol 2017;16(1):134.

[19] Zhou Y, Huang Y, Ji X, Wang X, Shen L, Wang Y. Pioglitazone for the
primary and secondary prevention of cardiovascular and renal
outcomes in patients with or at high risk of type 2 diabetes mel-
litus: a meta-analysis. J Clin Endocrinol Metab 2020;105(5).

[20] Guyatt GH, Oxman AD, Santesso N, Helfand M, Vist G, Kunz R, et al.
GRADE guidelines: 12. Preparing summary of findings tables-bi-
nary outcomes. J Clin Epidemiol 2013;66(2):158e72.

[21] Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher M, Oxman AD,
et al., Cochrane Bias Methods Group, Cochrane Statistical Methods
Group. The Cochrane Collaboration’s tool for assessing risk of bias
in randomised trials. BMJ 2011;343:d5928.

[22] Bolli G, Dotta F, Colin L, Minic B, Goodman M. Comparison of
vildagliptin and pioglitazone in patients with type 2 diabetes
7

inadequately controlled with metformin. Diabetes Obes Metabol
2009;11(6):589e95.

[23] Bosi E, Ellis GC, Wilson CA, Fleck PR. Alogliptin as a third oral
antidiabetic drug in patients with type 2 diabetes and inadequate
glycaemic control on metformin and pioglitazone: a 52-week,
randomized, double-blind, active-controlled, parallel-group study.
Diabetes Obes Metabol 2011;13(12):1088e96.

[24] Charbonnel B, Dormandy J, Erdmann E, Massi-Benedetti M, Skene A.
The prospective pioglitazone clinical trial in macrovascular events
(PROactive): can pioglitazone reduce cardiovascular events in dia-
betes? Study design and baseline characteristics of 5238 patients.
Diabetes Care 2004;27(7):1647e53.

[25] Charbonnel B, Schernthaner G, Brunetti P, Matthews DR,
Urquhart R, Tan MH, et al. Long-term efficacy and tolerability of
add-on pioglitazone therapy to failing monotherapy compared
with addition of gliclazide or metformin in patients with type 2
diabetes. Diabetologia 2005;48(6):1093e104.

[26] Derosa G, Mereu R, Salvadeo SA, et al. Pioglitazone metabolic ef-
fect in metformin-intolerant obese patients treated with sibutr-
amine. Intern Med 2009;48(5):265e71.

[27] Giles TD, Elkayam U, Bhattacharya M, Perez A, Miller AB. Com-
parison of pioglitazone vs glyburide in early heart failure: insights
from a randomized controlled study of patients with type 2 dia-
betes and mild cardiac disease. Congest Heart Fail 2010;16(3):
111e7.

[28] Henry RR, Staels B, Fonseca VA, Chou MZ, Teng R, Golm GT, et al.
Efficacy and safety of initial combination treatment with sita-
gliptin and pioglitazone–a factorial study. Diabetes Obes Metabol
2014;16(3):223e30.

[29] Home PD, Shamanna P, Stewart M, Yang F, Miller M, Perry C, et al.
Efficacy and tolerability of albiglutide versus placebo or pioglita-
zone over 1yearin people with type 2 diabetes currently taking
metformin and glimepiride :HARMONY 5. Diabetes Obes Metab
2015;17(2):179e87.

[30] Jain R, Osei K, Kupfer S, Perez AT, Zhang J. Long-term safety of
pioglitazone versus glyburide in patients with recently diagnosed
type 2 diabetes mellitus. Pharmacotherapy 2006;26(10):1388e95.

[31] Khaloo P, Asadi Komeleh S, Alemi H, Mansournia MA,
Mohammadi A, Yadegar A, et al. Sitagliptin vs. pioglitazone as add-
on treatments in patients with uncontrolled type 2 diabetes on the
maximal dose of metformin plus sulfonylurea. J Endocrinol Invest
2019;42(7):851e7.

[32] Lee HW, Lee HC, Kim BW, Yang MJ, Park S, Oh JH, et al. Effects of
low dose pioglitazone on restenosis and coronary atherosclerosis
in diabetic patients undergoing drug eluting stent implantation.
Yonsei Med J 2013;54(6):1313e20.

[33] Matthews DR, Charbonnel BH, Hanefeld M, Brunetti P,
Schernthaner G. Long-term therapy with addition of pioglitazone
to metformin compared with the addition of gliclazide to met-
formin in patients with type 2 diabetes: a randomized, compar-
ative study. Diabetes Metab Res Rev 2005;21(2):167e74.

[34] Mazzone T, Meyer PM, Feinstein SB, Davidson MH, Kondos GT,
D’Agostino Sr RB, et al. Effect of pioglitazone compared with gli-
mepiride on carotid intima-media thickness in type 2 diabetes: a
randomized trial. JAMA 2006;296(21):2572e81.

[35] Nissen SE, Nicholls SJ, Wolski K, Nesto R, Kupfer S, Perez A, et al.,
PERISCOPE Investigators. Comparison of pioglitazone vs glime-
piride on progression of coronary atherosclerosis in patients with
type 2 diabetes: the PERISCOPE randomized controlled trial. JAMA
2008;299(13):1561e73.

[36] Perriello G, Pampanelli S, Brunetti P, di Pietro C, Mariz S. Long-
term effects of pioglitazone versus gliclazide on hepatic and hu-
moral coagulation factors in patients with type 2 diabetes. Dia-
betes Vasc Dis Res 2007;4(3):226e30.

[37] Schernthaner G, Matthews DR, Charbonnel B, Hanefeld M,
Brunetti P. Efficacy and safety of pioglitazone versus metformin in
patients with type 2 diabetes mellitus: a double-blind, random-
ized trial. J Clin Endocrinol Metab 2004;89(12):6068e76.

[38] Tan MH, Glazer NB, Johns D, Widel M, Gilmore KJ. Pioglitazone as
monotherapy or in combination with sulfonylurea or metformin
enhances insulin sensitivity (HOMA-S or QUICKI) in patients with
type 2 diabetes. Curr Med Res Opin 2004;20(5):723e8.

[39] Tan MH, Johns D, Strand J, Halse J, Madsbad S, Eriksson JW, et al.,
GLAC Study Group. Sustained effects of pioglitazone vs.

http://refhub.elsevier.com/S0939-4753(21)00565-2/sref5
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref5
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref5
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref5
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref6
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref6
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref6
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref6
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref6
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref6
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref6
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref7
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref7
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref7
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref7
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref7
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref7
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref8
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref8
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref8
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref8
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref9
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref9
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref9
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref9
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref9
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref10
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref10
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref10
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref10
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref10
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref11
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref11
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref11
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref11
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref11
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref11
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref11
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref12
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref12
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref12
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref12
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref12
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref13
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref13
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref13
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref13
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref13
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref14
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref14
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref14
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref14
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref14
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref14
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref14
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref15
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref15
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref15
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref15
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref16
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref16
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref16
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref16
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref16
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref17
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref17
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref17
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref17
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref17
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref17
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref18
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref18
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref18
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref18
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref19
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref19
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref19
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref19
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref20
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref20
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref20
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref20
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref21
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref21
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref21
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref21
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref22
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref22
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref22
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref22
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref22
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref23
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref23
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref23
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref23
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref23
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref23
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref24
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref24
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref24
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref24
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref24
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref24
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref25
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref25
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref25
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref25
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref25
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref25
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref26
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref26
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref26
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref26
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref27
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref27
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref27
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref27
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref27
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref27
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref28
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref28
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref28
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref28
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref28
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref29
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref29
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref29
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref29
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref29
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref29
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref30
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref30
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref30
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref30
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref31
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref31
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref31
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref31
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref31
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref31
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref32
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref32
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref32
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref32
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref32
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref33
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref33
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref33
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref33
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref33
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref33
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref34
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref34
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref34
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref34
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref34
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref35
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref35
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref35
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref35
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref35
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref35
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref36
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref36
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref36
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref36
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref36
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref37
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref37
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref37
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref37
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref37
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref38
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref38
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref38
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref38
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref38
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref39
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref39


glibenclamide on insulin sensitivity, glycaemic control, and lipid
profiles in patients with Type 2 diabetes. Diabet Med 2004;21(8):
859e66.

[40] Tan M, Johns D, González Gálvez G, Tan M, Johns D, Onzález
Gálvez G, et al. Effects of pioglitazone and glimepiride on glycemic
control and insulin sensitivity in Mexican patients with type 2
diabetes mellitus: a multicenter, randomized, double-blind, par-
allel-group trial. Clin Therapeut 2004;26(5):680e93.

[41] Tolman KG, Freston JW, Kupfer S, Perez A. Liver safety in patients
with type 2 diabetes treated with pioglitazone: results from a 3-
year, randomized, comparator-controlled study in the US. Drug
Saf 2009;32(9):787e800.

[42] Vaccaro O, Masulli M, Nicolucci A, Bonora E, Del Prato S,
Maggioni AP, et al., Thiazolidinediones Or Sulfonylureas Cardio-
vascular Accidents Intervention Trial (TOSCA.IT) study group. Ef-
fects on the incidence of cardiovascular events of the addition of
pioglitazone versus sulfonylureas in patients with type 2 diabetes
inadequately controlled with metformin (TOSCA.IT): a rando-
mised, multicentre trial. Lancet Diabetes Endocrinol 2017;5(11):
887e97.

[43] Yoshii H, Onuma T, Yamazaki T, Watada H, Matsuhisa M,
Matsumoto M, et al., PROFIT-J Study Group. Effects of pioglitazone
on macrovascular events in patients with type 2 diabetes mellitus
at high risk of stroke: the PROFIT-J study. J Atherosclerosis Thromb
2014;21(6):563e73.

[44] Yamasaki Y, Katakami N, Furukado S, et al. Long-term effects of
pioglitazone on carotid atherosclerosis in Japanese patients with
8

type 2 diabetes without a recent history of macrovascular
morbidity. J Atherosclerosis Thromb 2010;17(11):1132e40 [a].

[45] DeFronzo RA, Inzucchi S, Abdul-Ghani M, Nissen SE. Pioglitazone:
the forgotten, cost-effective cardioprotective drug for type 2 dia-
betes. Diabetes Vasc Dis Res 2019;16(2):133e43.

[46] Hanefeld M. The role of pioglitazone in modifying the atherogenic
lipoprotein profile. Diabetes Obes Metabol 2009;11(8):742e56.

[47] Szapary PO, Bloedon LT, Samaha FF, Duffy D, Wolfe ML, Soffer D,
et al. Effects of pioglitazone on lipoproteins, inflammatory
markers, and adipokines in nondiabetic patients with metabolic
syndrome. Arterioscler Thromb Vasc Biol 2006;26(1):182e8.

[48] Takagi T, Okura H, Kobayashi Y, Kataoka T, Taguchi H, Toda I, et al.,
POPPS Investigators. A prospective, multicenter, randomized trial
to assess efficacy of pioglitazone on in-stent neointimal suppres-
sion in type 2 diabetes: POPPS (Prevention of In-Stent Neointimal
Proliferation by Pioglitazone Study). JACC Cardiovasc Interv 2009;
2(6):524e31.

[49] Takagi T, Yamamuro A, Tamita K, Yamabe K, Katayama M,
Mizoguchi S, et al. Pioglitazone reduces neointimal tissue prolif-
eration after coronary stent implantation in patients with type 2
diabetes mellitus: an intravascular ultrasound scanning study. Am
Heart J 2003;146(2):E5.

[50] Vaccaro O, Masulli M, Bonora E, Del Prato S, Nicolucci A,
Rivellese AA, et al., TOSCA.IT Study Group. The TOSCA.IT trial: a
study designed to evaluate the effect of pioglitazone versus sul-
fonylureas on cardiovascular disease in type 2 diabetes. Diabetes
Care 2012;35(12):e82.

http://refhub.elsevier.com/S0939-4753(21)00565-2/sref39
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref39
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref39
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref39
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref40
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref40
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref40
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref40
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref40
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref40
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref41
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref41
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref41
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref41
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref41
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref42
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref42
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref42
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref42
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref42
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref42
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref42
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref42
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref42
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref43
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref43
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref43
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref43
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref43
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref43
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref44
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref44
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref44
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref44
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref44
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref45
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref45
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref45
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref45
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref46
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref46
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref46
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref47
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref47
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref47
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref47
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref47
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref48
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref48
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref48
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref48
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref48
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref48
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref48
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref49
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref49
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref49
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref49
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref49
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref50
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref50
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref50
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref50
http://refhub.elsevier.com/S0939-4753(21)00565-2/sref50

	Effects of pioglitazone on cardiovascular events and all-cause mortality in patients with type 2 diabetes: A meta-analysis  ...
	1. Introduction
	2. Methods
	2.1. Data analysis
	2.2. Statistical analyses

	3. Results
	3.1. 3-Point MACE
	3.2. All-cause mortality
	3.3. Hospitalizations for heart failure

	4. Discussion
	Role of funding
	Contributors
	Research involving human participants and/or animals
	Declaration of competing interest
	References




