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Background: Secondary prevention in patients with myocardial infarction (MI) is critically important to prevent
ischaemic heart failure and reduce social burden. Pioglitazone improves vascular dysfunction and prevents cor-
onary atherosclerosis, mainly via anti-inflammatory and antiatherogenic effects by enhancing adiponectin pro-
duction in addition to antihyperglycemic effects, thus suggesting that pioglitazone attenuates cardiovascular
events in patients with mild (HbA1c levels b 6·5%) diabetes mellitus (DM). Therefore, we evaluated the effects
of pioglitazone on cardiovascular events in patients with both previous MI and mild DM.
Methods: In this multicentre, prospective, randomised, open, blinded-endpoint trial, we randomly assigned 630
patients with mild DMwith a history of MI to undergo either DM therapy with (pioglitazone group) or without
(control group) pioglitazone. DMwas diagnosed using the 75-g oral glucose tolerance test, andmild DMwas de-
fined if HbA1c level was b6·5%. The primary endpoint was the composite of cardiovascular death and
hospitalisation caused by acute MI, unstable angina, coronary revascularisation (including percutaneous coro-
nary intervention and cardiac bypass surgery), and stroke.
Findings: HbA1C levels were 5·9 and 5·8% (p= 0·71) at baseline and 6·0 and 5·8% (p b 0·01) at 2 years for the
control and pioglitazone groups, respectively.
The primary endpoint was observed in 14·2% and 14·1% patients in the control and pioglitazone groups during
two years (95% confidential interval (CI):0.662–1·526, p= 0·98), respectively; the incidence of MI and cerebral
infarction was 0·3% and 2·2% (95%CI: 0·786–32·415, p = 0·09) and 1·0% and 0·3% (95%CI: 0·051–3·662, p =
0·44), respectively. Post-hoc analyses of the 7-year observation period showed that these trends were compara-
ble (21·9% and 19·2% in the control and pioglitazone groups, 95%CI: 0.618–1·237, p = 0·45).
Interpretation: Pioglitazone could not reduce the occurrence of cardiovascular events in patients with mild DM
and previous MI.

© 2018 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords:
Myocardial infarction
Diabetes mellitus
Pioglitazone
Blood glucose-lowering
Cardiovascular events
PROBE study
1. Introduction

Recently, there have been several advances in the treatment of car-
diovascular disorders [1]; however, heart failure (HF) remains a major
cause of increased morbidity and mortality [2]. The most common
cause of HF is myocardial infarction (MI) owing to impaired cardiac
function or recurrence of MI [3]. Therefore, preventing the recurrence
of MI is crucial for preventing HF in these patients, along with prognos-
tic treatment of chronic HF [4,5]. Type II diabetes mellitus (DM), which
rdiovascular Outcomes in Pa
https://doi.org/10.1016/j.eclin
is often complicated by ischaemic heart disease [6,7] constitutes a
strong risk factor for arteriosclerotic disease [8]. Pioglitazone is one of
the effective drugs used to treat DM [9], which may merit DM-
induced cardiovascular disorders by lowering blood glucose levels. Fur-
thermore, pioglitazone exhibits anti-inflammatory and anti-
atherogenic effects in animals and humans [10–14]. However, the ef-
fects of pioglitazone on cardiovascular outcomes are not conclusive
[15–17] partially owing to differences in vascular and heart effects [16,
18], combination of other drugs for DM [15], and comorbidity with
tients With Previous Myocardial Infarction and Mild Diabetes Mellitus
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Research in Context

Evidence Before This Study

There have been many lines of evidence as to whether the
treatment of diabetes mellitus (DM) decreases the occurrence of
the cardiovascular events, and the consensus at present is that
the blood-glucose lowering using the drugs for DM is not enough
to prevent the cardiovascular events, and the additional
cardioprotective property of the drugs for the DM is necessary. Pi-
oglitazone is one of such drugs of DM; pioglitazone affects PPARγ
and increases adiponectin production, which may merit the car-
diovascular dysfunction on the top of its blood-glucose lowering
effect. Therefore, pioglitazone may be beneficial for the preven-
tion of cardiovascular events in patientswith previousmyocardial
infarction (MI) andmild DM. However, the effects of pioglitazone
on cardiovascular outcomes are not conclusive partially owing to
comorbidity with DM, such as MI. Although the sub-analysis of
this PROactive study showed that pioglitazone reduces the recur-
rence of MI in patients with moderate DM with an HbA1c level
N 7.0% comparedwith placebo, this fact does not necessarily guar-
antee the effectiveness of supplemental treatment with pioglita-
zone in patients with both previous MI and well-controlled DM
in reducing the occurrence of cardiovascular events. Since recur-
rent cardiovascular events in patientswith previousMI are critical
in the cardiovascular practice, we need the evidence as to
whether pioglitazone decreases the cardiovascular events in DM
patients. Therefore, we conducted a multicentre, prospective,
randomised, open blinded-endpoint (PROBE) study to evaluate
the effects of supplemental treatment with pioglitazone on car-
diovascular events in patients with mild DM and previous MI.

Added Value of This Study

The present study showed that pioglitazone did not prevent
the occurrence of cardiovascular events, such as cardiovascular
death and hospitalisation caused by acute MI, unstable angina,
coronary revascularisation including percutaneous coronary in-
tervention and cardiac bypass surgery, and stroke in patients
with mild DM with previous MI, and observed that pioglitazone
did not decrease the incidence of the primary endpoint of cardio-
vascular composite events. This indicates that pioglitazone may
be unable to induce cardiovascular protection beyond the blood
glucose-lowering effects at least for patients with previous MI, al-
though several basic investigations showed the cardioprotective
sequences. This study hints that the fruitful results of the basic re-
search cannot be necessarily extended to the clinical medicine.
The other important observation of the present study reveals
that pioglitazone increases the deleterious adverse actions such
as bladder cancers or heart failure.

Implications of All the Available Evidence

Although the present study concluded that pioglitazone could
not reduce the occurrence of cardiovascular events in patients
with mild DM and previous MI, we understand that mild DM or
previous MI independently increases the occurrence of the car-
diovascular events, and thus the cardiovascular death, indicating
that we should treat such patients appropriately to improve the
quality and quantity of life and decrease the social burden. To
achieve the cardiovascular protection, we need to apply all of
the previous evidence for the correction of blood pressure, lipid
profiles and the inhibition of either renin-angiotensin or

sympathetic nerve systems, use of aspirin on the top of blood-
glucose lowering without hypoglycemia to treat the patients
with DM. Since recent large scale trials using SGLT2 inhibitors
show the reduction of cardiovascular events in patients with
DM, it would be important to test whether SGLT2 inhibitors in-
hibit cardiovascular events in patients with MI and DM.
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DM, such as MI [15,17,19,20]. Furthermore, the difference of glucose
controls in some clinical trials used placebo for pioglitazone may make
the differences in the clinical outcomes. Indeed, although the sub-
analysis of this PROactive study showed that pioglitazone reduces the
recurrence of MI in patients with moderate DM with an HbA1c level
N 7.0% compared with placebo [21], this fact does not necessarily guar-
antee the effectiveness of supplemental treatment with pioglitazone in
patients with both previous MI and well-controlled DM in reducing the
occurrence of cardiovascular events.

Therefore, we conducted a multicentre, prospective, randomised,
open blinded-endpoint (PROBE) study to evaluate the effects of supple-
mental treatment with pioglitazone on cardiovascular events in pa-
tients with mild DM and previous MI. We defined mild DM as a
HbA1c level b 6·5% to minimise the confounding blood glucose-
lowering effects of pioglitazone, with compliance of the guidelines of
the Japanese DM Society.

2. Methods

2.1. Study Design

The Pioglitazone Protects DM Patients Against Re-Infarction (PPAR)
study was a multicenter, prospective, randomised (1:1), open blinded
endpoint (PROBE) study conducted across 106 hospitals and clinics in
Japan. The trial has been registered with Clinicaltrials.gov (No.
NCT00212004) and UMIN (No C0000000091).

2.2. Participants

We recruited patients with clinically overt MI and DM. Inclusion
criteria were as follows: 1) age between 20 and 79 years, 2) fasting
plasma glucose levels ≥126 mg/dL or 2-h 75-g oral glucose tolerance
test (OGTT) value ≥200 mg/dL, and 3) HbA1c levels b6·5% (47·5
IFCC). As for DM, we enrolled the previously diagnosed DM patients or
newly diagnosed DM patients by the confirmation of the condition
2) in two different days.

Patients with DM with previous MI were randomly allocated to re-
ceive either 1) pioglitazone or 2) any DM drug other than pioglitazone
such as sulfonylurea (SU) agents on the top of lifestyle modification of
weight reduction, appropriate diet, regular exercise. If good glycemic
control is not maintained in either group, the additional drugs can be
administered.

The target number of patients for recruitment was 720 and the tar-
get number of cardiovascular events for the primary endpoints was
81, and the compulsory period for follow-up was 2 years to assess clin-
ical events to reach a firm conclusion. We extended the follow-up pe-
riod to the time of the last patient out from 2 years to approximately
7 years to strengthen the conclusion of this study.

The exclusion criteria were as follows: acuteMI occurringwithin the
last 7 days; patients with NYHA symptoms of II-IV or with left ventricu-
lar ejection fraction ≤40%; suspected type I DM; patientswith scheduled
coronary angioplasty or history of coronary artery bypass graft surgery;
patients with severe liver or kidney injury, history of allergy or drug hy-
persensitivity, arteriosclerosis obliterans with Fontaine stage III or
worse, inability to understand and/or comply with study medications,
procedures and/or follow-up or any conditions that may render the pa-
tient unable to complete the study in the opinion of the investigator.
tients With Previous Myocardial Infarction and Mild Diabetes Mellitus
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All patients provided written informed consent. The study protocol
was approved by the institutional reviewboards and the ethics commit-
tees of all the involvedhospitals. The studywas performed following the
principles of the Declaration of Helsinki and the Japanese ethical guide-
lines for clinical research.

2.3. Randomisation and Masking

All patients were randomly assigned (1:1) through a web-based
central randomisation system using computer-generated randomnum-
bers (NTT Data, Tokyo, Japan) to undergo either pharmacologic inter-
vention with pioglitazone (pioglitazone group) or non-pharmacologic
or pharmacological interventions using SUs or additional drugs other
than pioglitazone (control group). We used permuted blocked
randomisation. This study was open-labelled, and allocation was
unmasked to the patients and investigators; however, the event adjudi-
cation committee and the data and safety monitoring board were
blinded to the study characteristics.

2.4. Procedures

Participants in the pioglitazone group were administered a pioglita-
zone tablet (15mg) once a day. The dosage of pioglitazonewas reduced
to half or quarter of the original dosage if side effects, such as oedema,
occurred. Otherwise, the dose of pioglitazone was increased to
30 mg/day. Participants assigned to the control group were treated
with diet and exercise therapy or SUs or additional drugs other than
pioglitazone.

Diet or exercise therapy was strengthened by expert nutritionists
and/or physical therapists besides the attending physicians if DM exac-
erbated in patients in any of the groups. Concomitant use of SUs was
permitted if the strengthened non-pharmacological therapies could no
� Declined to participate/withdrew consent (n 
= 5)

� Death (n = 7)
� Protocol violation (n = 0)
� Lost to follow-up (n = 1)
� Others (n = 3)

Allocated to control intervention (n = 312)
� Received allocated intervention (n = 312)

Alloca

Enrollm

Randomised

Follow

ITT analysed (n = 311 )
� Declined to participate and use data (n = 0)
� Site data quality (n = 0) 
� Double participate entry (n = 1)
PPS analysed (n = 305)
� Not meeting inclusion criteria (n = 6)

Analy

Fig. 1. Trial profile of
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longer improve DM. Body weight, blood pressure, results of 75-g
OGTT, HbA1c levels, serum triglyceride, and total cholesterol levels,
plasma BNP levels, left ventricular ejection fraction (LVEF), LV diastolic
parameter (E/A) and LV deceleration time by echocardiography were
measured, and medications were documented at baseline and at
24 months. All data were compiled at the data center in the NTT Data
(Tokyo, Japan) and G-ONE (Osaka, Japan).

2.5. Outcomes

The primary outcome was the time until the first cardiovascular
composite endpoint of death from cardiovascular death, hospitalisation
due to nonfatal MI, nonfatal unstable angina [22], treatment with coro-
nary revascularisation (percutaneous coronary intervention or coronary
artery bypass graft) and cerebral infarction. Secondary outcomes were
an all-cause death, each factor of the primary endpoints, DM progres-
sion (HbA1c levels N7·0%) andworsening of renal function (serum cre-
atine levels ≥2·5 mg/dL or increase in serum creatine levels by
≥2 mg/dL).

2.6. Statistical Analysis

The sample sizewas calculated based on the estimated occurrence of
the composite primary endpoint following 24 months of the study pe-
riod. The sample size was originally calculated 3000 (1500 each for
the pioglitazone and control groups) using the preliminary and uncer-
tain information of our clinical database because no data were available
for the cardiovascular event rate for previousMI patients withmild DM.
Therefore, we conducted an interimdata reviewwhile the treatment as-
signments to patients were still blinded to the principle investigators,
statistician and data managers. Since the cardiovascular events for the
primary endpoints occurred more than we expected, we recalculated
Allocated to pioglitazone intervention (n = 318 )
� Received allocated intervention (n = 318)

tion

ent

 (N = 630)

� Declined to participate/withdrew consent (n 
= 19)

� Death (n = 2)
� Protocol violation (n = 1)
� Lost to follow-up (n = 0)
� Others (n = 2)

-up

ITT analysed (n = 313)
� Declined to participate and use data (n = 4)
� Site data quality (n = 1) 
� Double participate entry (n = 0)
PPS analysed (n = 305)
� Not meeting inclusion criteria (n = 8)
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the PPAR study.
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Table 1
Baseline characteristics of patients.

Time
(min)

Unit Control group
N = 311

Pioglitazone group
N = 313

Male %; n 85.2%; 265 86.3%; 270
Age (years) Mean ± SD; n 66.0±9.1; 311 66.0 ±10.1; 13
BMI Mean ± SD; n 24.8±3.2; 309 24.8 ± 3.3; 312
Blood glucose level (mg/dL) 0 Median (25%–75%); n 111.0 (98.0–122.0); 309 110.0 (98.0–122.0); 309

30 187.0 (166.5–207.0); 220 186.0 (169.0–209.5); 220
60 237.0 (211.0–256.0); 245 237.0 (212.0–260.0); 247
120 231.0 (213.0–259.0); 309 230.0 (211.0–254.0); 309

Insulin level (μg/dL) 0 Median (25%–75%); n 7.0 (4.7–10.0); 288 6.9 (4.5–9.8); 278
30 27.0 (17.6–43.0);191 29.2 (18.8–47.0); 176
60 43.2 (28.5–74.5); 199 49.0 (29.5–83.2); 190
120 75.6 (47.1–119.7); 282 75.4 (45.7–126.4); 270

Time from previous MI Median (25%–75%); n 83.0 (13.0–1213.0); 309 80.0 (15.0–1198.0); 313
Hypertension %; n 78.3%; 238 79.4%; 244
Dyslipidemia %; n 81.2%; 246 81.4%; 249
Smoking %; n 59.9%; 181 57.4%; 174
Stroke %; n 3.3%; 10 5.9%; 18
Arteriosclerosis (ASO) %; n 3.6%; 11 3.9%; 12

Values are presented as mean (±SD, interquartile range, n or % as appropriate). Abbreviations: BMI, body mass index.

M. Asakura et al. / EClinicalMedicine xxx (xxxx) xxx–xxx
the sample size and the required number of events. If we assumed the
event-free survival rates at 24months of 83.2% and 90.6% in the control
and pioglitazone groups (hazard ratio: 1.863) [23–26], we calculated
the total required events number of 81 and a sample size of 330 subjects
per group to detect the treatment effect with 80% power at the signifi-
cance level 0.05 by using two-sided log-rank test (Collett approxima-
tion). When patients lost to follow-up were assumed to reach up to
8%, we estimated the total sample size of 720 subjects (360 per
group). Then we decided to terminate the patient enrollment when
720 subjects were enrolled or the number of cardiovascular events
exceeded 81.

Efficacy analysis was based on the intention-to-treat (ITT) principle.
Continuous data were presented as median with interquartile range
(IQR), where IQRswere presented in terms of 25th and 75th percentiles.
Categorical data were presented as frequencies (%). Event-free survival
for the primary composite event was calculated from the date of
randomisation to composite endpoints, whichever occurred first. Data
concerning patients who were alive and did not experience events
were censored at their last date of follow-up. The event-free survival
curves were estimated using the Kaplan–Meier method. Between-
group differences in survival were assessed using the log-rank test.
HRs with 95% confidence interval (CI) were calculated using Cox pro-
portional hazard regression, including those for the subgroup analyses.
The proportional hazards assumption was graphically investigated
based on the Schoenfeld residuals over time. The primary outcomes
were also analyzed based on the per-protocol set (PPS) population to
Table 2
Data of blood pressure, blood chemistry, and echocardiogram at the time of entry.

Systolic BP (mm Hg) Median (25%–75%); n
Diastolic BP (mm Hg) Median (25%–75%); n
HbA1c (%) Mean±SD; n
Creatinine levels (mg/dL) Mean± SD; n
Total cholesterol levels (mg/dL) Mean±SD; n
Triglyceride levels (mg/dL) Median (25%–75%); n
HDL cholesterol levels (mg/dL) Mean±SD; n
BNP levels (pg/mL) Median (25%–75%); n
LV diastolic dimension (mm) Mean±SD; n
LV systolic dimension (mm) Mean±SD; n
E/A ratio Median (25%–75%); n
LV deceleration time (ms) Mean±SD; n
LV ejection fraction (%) Mean±SD; n

Values are presented as mean (±SD, interquartile range, n or % as appropriate).
Abbreviations: BP, blood pressure; LV, left ventricular; E/A, peak early diastolic LV filling veloci
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assess the robustness of the conclusion from the ITT analysis. All tests
were two-sided, and p b 0·05 was considered statistically significant.
All analyses were performed using the statistical analysis software
SAS, version 9·3 for Windows (SAS Institute, Cary, NC, USA).

2.7. Role of the Funding Source

The sponsor of the study had no role in study design, data collection,
data analysis, data interpretation, or in the writing of the report. The
corresponding author had full access to all the data in the study at the
end of the study and had final responsibility for the decision to submit
for publication.

3. Results

Fig. 1 presents the trial profile. We enrolled 630 patients between
May2005 and June 2014 until we obtainedmore than 81 cardiovascular
events of the primary endpoints, andwe ended this studywhen the car-
diovascular events became more than 81. Of these, 6 patients were ex-
cluded from the ITT population owing to withdrawal of informed
consent, inappropriate enrolment, and low-quality site data. Fourteen
patients were excluded from the PPS population owing to failure to
meet the entry criteria. Thus, 624 and 610 participants were included
in the ITT and PPS populations, respectively. Table 1 presents the base-
line characteristics of the patients. The follow-up period was at least
2 years in both groups. The median follow-up durations were
Control group
N = 311

Pioglitazone group
N = 313

128.0 (114.0–140.0); 303 125.0 (115.0–136.0); 306
74.0 (66.0–80.0); 303 74.0 (65.0–80.0); 306
5.9±0.4; 288 5.8±0.4; 292
0.9±0.2; 280 0.9±0.2; 288
177.6±36.3; 251 174.0±35.9; 265
133.0 (95.0–193.0); 276 123.0 (87.0–174.5); 284
47.1±12.4; 272 48.5±14.2; 281
48.1 (23.1–110.0); 199 52.1 (22.2–114.7); 194
49.4±6.5; 190 49.2±6.8; 233
33.8±7.8; 186 33.3±6.8; 220
0.8 (0.7–1.0); 162 0.8 (0.7–0.9); 196
216.9±4.8; 163 215.9±63.1; 195
57.4±11.6; 179 58.2±11.8; 214

ty/peak atrial filling velocity ratio.
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Table 4
Concomitant drugs at the time of entry and at two years after entry.

Control group, N =
311

Pioglitazone group, N =
313

At the time of entry
ACEI-ARB %; n 76.2%;237 76.4%;239
Statin %; n 80.7%;251 84.0%;263
Ca-blocker %; n 33.1%;103 30.4%;95
Beta-blocker %; n 59.5%;185 55.9%;175
Diuretics %; n 15.4%;48 16.3%;51
Anti-platelet drugs %; n 92.9%;289 92.7%;290
Anti-coagulant drugs %; n 10.0%;31 7.0%;22
Vasodilators %; n 17.7%;55 17.3%;54
Anti-ulcer drugs %; n 68.8%;214 61.7%;193
Nicorandil %; n 21.5%;67 16.0%;50

2 years after
ACEI-ARB %; n 63.0%;196 61.0%;191
Statin %; n 72.4%;225 69.0%;216
Ca blocker %; n 33.4%;104 27.8%;87
Beta-blocker %; n 48.6%;151 46.0%;144
Diuretics %; n 13.2%;41 15.3%;48
Anti-platelet drugs %; n 81.4%;253 75.7%;237
Anti-coagulant drugs %; n 7.4%;23 5.4%;17
Vasodilators %; n 13.2%;41 11.5%;36
Anti-ulcer drugs %; n 59.2%;184 51.4%;161
Nicorandil %; n 15.4%;48 12.8%;40

Values are presented as mean (n or % as appropriate).
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II recep-
tor blocker; Ca blocker, calcium channel blocker.

Table 3
Data of blood pressure, blood chemistry, and echocardiogram at two years after entry.

Control group
N = 311

Pioglitazone group
N = 313

Systolic BP (mm Hg) Median (25%–75%); n 126.5 (118.0–140.0); 254 128.0 (118.0–136.0); 250
Diastolic BP (mm Hg) Median (25%–75%); n 72.5 (68.0–80.0); 254 70.0 (65.0–80.0); 250
HbA1c (%) Mean±SD; n 6.0±0.5; 241 5.8±0.4; 243
Creatinine levels (mg/dL) Mean±SD; n 0.9±0.7; 236 0.9±0.3; 234
Total cholesterol levels (mg/dL) Mean±SD; n 170.8±31.9; 207 170.7±30.2; 206
Triglyceride levels (mg/dL) Median (25%–75%); n 124.0 (84.5–163.0); 232 110.0 (76.0–159.0); 229
HDL cholesterol levels (mg/dL) Mean±SD; n 50.5±12.4; 235 53.7±14.3; 233
BNP levels (pg/mL) Median (25%–75%); n 27.5 (16.1–50.1); 166 53.0 (22.5–90.5); 169
LV diastolic dimension (mm) Mean±SD; n 49.9±7.0; 176 50.4±6.8; 181
LV systolic dimension (mm) Mean±SD; n 33.9±8.2; 171 34.6±8.0; 176
E/A ratio Median (25%–75%); n 0.8 (0.6–0.9); 156 0.8 (0.7–1.0); 162
LV deceleration time (ms) Mean±SD; n 227.9±57.0; 157 220.4±63.1; 167
LV ejection fraction (%) Mean±SD; n 59.3±11.4; 170 59.4±11.8; 177

Values are presented as mean (±SD, interquartile range, n or % as appropriate).
Abbreviations are similar to those in Table 2.
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1813.0 days (25%–75%; 1120·5, 2520·0 days) for 624 patients, and
1848·0 days (25%–75%; 1127·0, 2499·0 days) and 1778.0 days (25%–
75%; 1110·0, 2535·0 days) for the control (n = 311) and the pioglita-
zone (n = 313) groups, respectively.

Tables 2 and 3 present data concerning blood pressure, laboratory
investigations, and echocardiography at the time of entry and 2 years
after, respectively. Although blood pressure, HbA1c levels, total and
HDL cholesterol levels, and BNP levels were not significantly altered,
changes in blood HbA1c levels in the pioglitazone group (0·0% ±
0·4%; n= 223) were slightly lower (p b 0·01) than those in the control
group (0·1± 0·5; n= 230). Themajor dose of pioglitazonewas 15mg
(55% of the pioglitazone group), and the ratio of the patients treated
with 30 mg of pioglitazone was 14%. The compliance rate was N80% in
87% and 68% of the patients in the pioglitazone group at 1–3 months
and 2 years after enrolment. Table 4 presents the concomitant drugs
used at the time of entry and 2 years after. Most patients were adminis-
tered renin–angiotensin inhibitors and blockers, statins, beta-blockers,
and anti-coagulant drugs, because the patients had previous MI. Fig. 2
and Table 5 indicate that pioglitazone did not decrease the frequency
of the cardiovascular composite endpoints. This result was comparable
with the primary outcome assessed using the PPS population. Table 6
shows the results of subgroup analysis and no significant deviation of
the primary endpoints according to subgroups. Fig. 3 indicates that the
results were identical even if the observational period was increased
to up to almost 7 years, thus showing that pioglitazone did not improve
the occurrence probability of cardiovascular outcomes.

In addition to the severe adverse events detected as primary and sec-
ondary endpoints (Table 5), the frequencies of additional adverse
events in the control and pioglitazone groups were 123 vs. 127 events.
Themajor detailed adverse events were as follows: gastrointestinal dis-
orders (7 vs. 8 events); hepatic disorders (2 vs. 2 events); respiratory
disorders (2 vs. 4 events); benign and malignant disorders (11 vs. 5
events), including bladder cancer (1 vs. 0 events);metabolic, endocrine,
and nutritional disorders (20 vs. 15 events), includinghypoglycaemia (1
vs. 0 events); nervous system disorders (9 vs. 2 events); ophthalmolog-
ical disorders (3 vs. 2 events); infectious disorders (4 vs. 6 events); renal
and urinary disorders (2 vs. 4 events); cardiac disorders (41 vs. 51
events), includingHF (2 vs. 7 events); vascular disorders (5 vs. 5 events)
and oedema (2 vs. 10 events) in the control and pioglitazone groups,
respectively.

4. Discussion

Here, we tested the hypothesis that pioglitazone prevents the occur-
rence of cardiovascular events, such as secondary prevention in patients
with mild DMwith previous MI, and observed that pioglitazone did not
decrease the incidence of the primary endpoint of cardiovascular
Please cite this article as: Asakura M, et al, Cardiovascular Outcomes in Pa
Following Treatment With Piogli..., (2018), https://doi.org/10.1016/j.eclin
composite events. Further, we found that sex, age, bodymass index, his-
tory of hypertension, dyslipidaemia, and arteriosclerosis or treatment
with statins, angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers and beta-blockers did not affect primary outcomes.
Similarly, no effect was observed with respect to the secondary end-
points, although pioglitazone, slightly but significantly, improved the
severity of DM based on the HbA1c levels. Thus, pioglitazone did not
provide any substantial and significant benefits for cardiovascular clini-
cal outcomes in patients with both previous MI and mild DM. Although
the negative results of the present study may shed light on the second-
ary prevention of MI, several issues need to be considered while
interpreting the results.

First of all, the present study seems to contradict the results of either
PROactive [16] or IRIS studies [17] In the PROactive study, the results
were neutral for the primary outcomes and positive for the main sec-
ondary endpoints; In the IRIS study, the resultswere positive for the pri-
mary outcome, but neutral for each component of the primary outcome.
However, the hypotheses and protocols of those studies are different
from that of the present study. The HbA1c levels in the PROactive
studywere higher (7.9% vs 7.8% in the placebo and pioglitazone groups)
tients With Previous Myocardial Infarction and Mild Diabetes Mellitus
m.2018.09.006
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Fig. 2. Effects of pioglitazone on composite cardiovascular events of primary endpoints for 2 years in patients with mild DM and history of MI using ITT analysis.
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than those in the present study (5·9% vs 5·8% in the comparator and pi-
oglitazone groups). Indeed, the PROACTIVE study had beneficial effects
on secondary cardiovascular events in severely diseased persons, since
pioglitazone was the more effective in the most seriously affected pa-
tients. Because the PROactive study was designed to use placebo, the
HbA1c levels decreased by 0·8% and by 0·3% in the pioglitazone and
placebo groups, respectively. However, in the present study, pioglita-
zone did not further decrease theHbA1c levels (5.8%) because of the fol-
lowing factors: 1)we enrolled patients withmild DMwithHbA1c levels
b6·5% and 2) the target HbA1c level after the onset of the study was
b6·3%, and other anti-DM drugs were decreased or withdrawn when
pioglitazone was additionally administered in the pioglitazone group.
The PROactive study investigated both blood glucose-lowering and
pleotropic effects of pioglitazone in patients with moderate or severe
DM, whereas in this study, we mainly observed the pleotropic effects
of pioglitazone while maintaining the blood glucose levels at an almost
constant level. We observed no pleotropic cardiovascular protective ef-
fects of pioglitazone in patients with previous MI with mild DM.
Table 5
Effects of pioglitazone on composite cardiovascular events of the primary endpoints for two ye

Control group
N = 311

Composite % (n) 14.2% (44)
Cardiovascular death % (n) 0.2% [1]
MI % (n) 0.3% [1]
Unstable angina % (n) 1.0% [3]
Coronary revascularization % (n) 11.5% (36)
Cerebral infarction % (n) 1.0% [3]

All-cause death % (n) 2.3% [7]
Cardiovascular death % (n) 0.2% [1]
MI % (n) 0.3% [1]
Unstable angina % (n) 1.0% [3]
Coronary revascularization % (n) 12.9% (40)
Cerebral infarction % (n) 1.0% [3]
ACS (MI + unstable angina) %(n) 1.3% [4]

Control
N = 311

Progression of diabetes mellitus % (n) 7.1% [22]
Worsening of renal function % (n) 0.6% [2]

Values are presented as mean (95% confidential interval (CI), n or % as appropriate). Abbreviat
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The PROactive study also enrolled patients with not only previous
MI but also macrovascular diseases, such as coronary artery disease
and sympathetic peripheral arterial obstructive diseases, thus making
the results of the outcome different from those of the present study.
However, the sub-analysis [21] of the PROactive study, wherein the en-
rolled patients were limited to those with previous MI showing identi-
cal results with those of the PROactive study, suggested that the
difference between the PROactive andpresent studies is not attributable
to the basal cardiovascular diseases but to the differences of HbA1c con-
trols attributable to the use of placebo or comparators.

On the other hand, the HbA1c levels in the IRIS study are similar to
those observed in our study; the mean HbA1c level at baseline is 5·8%.
However, the differences between the IRIS and PPAR studies were the
basal diseases; N80% of the patients had a history of stroke, the other pa-
tients had a history of transient ischaemic attack in the IRIS study, and
100% of the patients had previous MI in the present study. The IRIS
study showed positive results for the primary endpoint (stroke + MI);
however, the results were negative for each endpoint of stroke or MI
ars in patients with mild DM and history of MI.

Pioglitazone group
N = 313

HR
(95%CI)

Wald
p-Value

14.1% (44) 1.005 (0.662, 1.526) 0.98
0% (0)
2.2% [7]
1.9% [6]
9.6% [30]
0.3% [1]
1.6% [5] 0.722 (0.229, 2.274) 0.58
0% (0) 0.334 (0.004, 30.794) 0.64
2.2% [7] 5.049 (0.786, 32.415) 0.09
1.9% [6] 1.876 (0.477, 7.380) 0.37
13.7% (43) 1.083 (0.704,1.666) 0.72
0.3% [1] 0.431 (0.051, 3.662) 0.44
4.2% [13] 3.058 (1.020, 9.165) 0.05

Poglitazone
N = 313

OR (95%CI) Chisq
p-Value

3.8% [15] 1.497 (0.767, 2.919) 0.23
0.3% [1] 1.683 (0.220, 12.859) 0.56

ions: MI, myocardial infarction; ACS, acute coronary syndrome.
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Table 6
Subgroup analysis of the effects of pioglitazone on composite cardiovascular events of the primary endpoints for two years in patients with mild DM and history of MI.

Control group Pioglitazone group HR (95%CI) Wald
p-Value

p-Value for interaction

Overall 14.2%(44/311) 14.1%(44/313) 1.005 (0.662, 1.526) 0.98
Sex Male 14.0%(37/265) 14.4%(39/270) 1.048 (0.668, 1.643) 0.84 0.63

Female 15.2%(7/46) 11.6(5/43) 0.781 (0.248, 2.454) 0.67
Age (years) b65 10.9%(15/138) 12.4%(17/137) 1.164 (0.581, 2.331) 0.67 0.61

≥65 16.8%(29/173) 15.3%(27/176) 0.922 (0.546, 1.557) 0.76
Body mass index b25 14.7%(26/177) 15.3%(26/170) 1.050 (0.610, 1.808) 0.86 0.90

≥25 12.9%(17/132) 12.7%(18/142) 0.990 (0.510, 1.920) 0.98
Hypertension No 16.7%(11/66) 14.5%(9/62) 0.966 (0.401, 2.331) 0.94 0.95

Yes 13.9%(33/238) 13.9%(34/244) 1.000 (0.619, 1.614) 1.00
Dyslipidemia No 21.1%(12/57) 17.5%(10/57) 0.858 (0.371, 1.985) 0.72 0.71

Yes 13.0%(32/246) 13.3%(33/249) 1.032 (0.635, 1.678) 0.90
Arteriosclerosis No 14.4%(42/291) 14.7%(43/293) 1.040 (0.680, 1.592) 0.86 0.22

Yes 18.2%(2/11) 0.0%(0/12) 0.172 (0.004, 7.108) 0.35
Statin No 16.7%(10/60) 12.0%(6/50) 0.704 (0.257, 1.931) 0.50 0.44

Yes 13.6%(34/251) 14.6%(38/263) 1.090 (0.686, 1.731) 0.72
ACEI−ARB No 9.5% (7/74) 8.1%(6/74) 0.894 (0.300, 2.658) 0.84 0.81

Yes 15.6%(37/237) 15.9%(38/239) 1.026 (0.652, 1.613) 0.91
Beta-blocker No 14.3%(18/126) 9.4%(13/138) 0.664 (0.326, 1.355) 0.26 0.14

Yes 14.1%(26/185) 17.7%(31/175) 1.285 (0.763, 2.164) 0.35

Values are presented as mean (95% confidential interval (CI), n or % as appropriate). Abbreviations are similar to those in Table 4.
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and acute coronary syndrome. Similarly, the present study showed that
pioglitazone did not improve any secondary endpoint of MI, unstable
angina and coronary revascularisation, which is similar to the effects
of pioglitazone on secondary endpoints, although the criteria for the en-
rolment of patients with either stroke or MI were different.

Finally, pioglitazonemay be unable to induce cardiovascular protec-
tion beyond the blood glucose-lowering effects [27], at least for patients
with previous MI, although several basic investigations showed
cardioprotective sequences [28]. The discrepant results of the previous
basic research and the present clinical trial may be explained by the fol-
lowing: 1. the pleotropic effects of pioglitazone are not potent enough to
mediate cardiovascular protection against patients with mild DM and
previous MI partially due to the relatively low dose of pioglitazone
withminimal influence for the lipid profile; 2. pioglitazone cannot elim-
inate hidden risks, such as genetic background and social stress, behind
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Fig. 3. Effects of pioglitazone on composite cardiovascular events of the primary endpoints for a
using ITT analysis.
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the previous MI, because, in addition to ordinary risks, such as DM,
smoking and hypertension, previous MI is a very potent risk factor for
the occurrence of cardiovascular events [29]; 3. basic research based
on biology may not preproduce the clinical trial based on statistics; 4.
in patients with MI, pioglitazone may have deleterious effects, such as
worsening of HF due to pioglitazone-induced fluid retention in patients
with HF; 5. this studywas conducted via the PROBEmethod [25], i.e. the
patients were not blinded to the group they were enrolled in owing to
limitations in the budget; 6. the mean time from MI in this study is
80 months, which has implications for modifiable risk compared with
earlier events and 7. In Japan, metformin is not so often used for the
treatment of DM, which may deviate the present results compared
with the results of other countries.

Most of all, the use of PROBEmethod in the present study may have
led the patients allocated to the control group to try to improve their
1440 1800 2160 2520 2910

177 136 121 55 48
171 137 137 90 33

HR = 0.45
95% CI, 0.618–1.237
p = 0.45

pproximately 7 years until the end of the study in patients with mild DM and history of MI
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mild DM by better adhering to exercise or diet to reduce the risk of car-
diovascular events [26]. Indeed, patients in both groups were followed-
up and prescribed every 1–3 months owing to the rule of the Japanese
medical insurance. At each visit, blood tests, including testing of the
plasma glucose level, were performed, and both diet and physical activ-
itywere assessed in all enrolled patients. Therefore,we cannot deny this
possibility; however, a 20-year follow-up from the original Da Qing Di-
abetes Prevention Study showed that although lifestyle changes could
produce long-term reduction in the incidence of type 2 DM, the effects
on cardiovascular events was at its bestmodest [30]. Finally, the cardio-
vascular event rate may be too low in the Japanese population to dem-
onstrate the effect of treatment. Furthermore, we followed up the
patients up to 2 years and this duration seems to be too short to observe
the metabolic effects of pioglitazone. However, we followed the pa-
tients until 7 years as a post-hoc test and observed no change in the
results.

Although the risk for recurrent MI in patients with previous MI is
4–5 times higher than that in patients with no history of MI in Finland
[29], we do not have sufficient data of morbidity or mortality in
JapaneseMI patientswith andwithoutmild DM. If there is no difference
of the morbidity or mortality in MI patients with and without mild DM
in Japan, the treatmentwith pioglitazonewould not decrease the occur-
rence of cardiovascular events in patientswith bothmild DMand previ-
ous MI, and the present study may just follow this scenario.

Taken together, we conclude that pioglitazone could not reduce the
occurrence of cardiovascular events in patients with mild DM and pre-
viousMI, however we need to follow up such patients carefully treating
with the drugs for DM.
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