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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 (MH—OR) 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 (MH—OR: 0.90, 95% CI
0.78—1.03, 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 (MH—OR
0.84, 95% CI 0.72—0.99).

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 [3—7], 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-y
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 [10—12],
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 [15—17] 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.

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].
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2.2. Statistical analyses

Mantel-Haenszel odds ratio (MH—OR) 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
[14,22—44] (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
[14,27,32,34,35,42—44] 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 = 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 (MH—OR: 0.90, 95% CI 0.78—1.03,
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 (MH—OR 0.84, 95% CI
0.72—0.99; P = 0%), but not in those without established
cardiovascular disease (MH—OR 1.11, 95% CI 0.84—1.48;
P = 0%), with a non-significant trend for between-group
difference (p for interaction of 0.09; Fig. 1).

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 = 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 (MH—OR 0.91,
95% C1 0.77, 1.09; P = 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 (MH—OR 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 = 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 (MH—OR 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 (MH—OR 1.33, 95% CI 1.08, 1.63,
p = 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 [15—17], 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 [26—29,31,32]. Moreover,
these two latter meta-analyses did not perform analyses
including only trials with adjudication of events, possibly
explaining the discrepancies in results.
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Figure 1 MACE with pioglitazone versus placebo/comparators (MH—OR, 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].

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 (n = 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-y 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
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Figure 2 All-cause death with pioglitazone versus placebo/comparators (MH—OR, 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

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 (MH—OR, 95% CI: Mantel-Haenzel Odds Ratio, with 95% of
Confidence Intervals) in trials enrolling patients in primary and secondary prevention.
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