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Abstract

repurposing for reversal of organ fibrosis.

mellitus

Background: Pioglitazone’s role in the induction of atheroma regression in diabetics was suggested by several RCT.
The aim of our study was to evaluate this role through a systematic review of all RCT conducted on this subject.

Methods: Literature was searched for relevant studies. We included all RCT that compared pioglitazone versus
other antidiabetic agents. Mean differences of either AV or CIMT, HbA1C, HDL, and LDL between the two groups
were used to assess the effect of pioglitazone versus alternative therapies.

Results: Six RCT were included with a total of 1180 patients. Pioglitazone was significantly superior to glimepiride
and gliclazide in improving IMT. No significant difference was observed in overall AV, HbA1C, and LDL.

Conclusion: The latter findings confirm that anti-atheroma action of pioglitazone is not achieved through its
antiglycemic or antidyslipidemia effects, but probably through a DNA-mediated effect, and may lead to its
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1 Background

Regenerative medicine is a relatively new term in mod-
ern medicine that has flourished over the last four de-
cades. It includes any drug or intervention that can
induce regeneration of human cells, tissues, and organs
with the intention of reestablishing normal functionality.
The main focus of regenerative medicine was organ and
stem cell transplantation [1]. However, new bodies of
evidence suggest the increasing role of drugs as part of
regenerative medicine. Regenerative pharmacology sug-
gests that drugs might be used to induce complete
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regeneration of certain organs by exerting effects on nu-
clei and deoxyribonucleic acid (DNA) [2]. Recently,
Afdal et al. suggested a potential role of peroxisome
proliferator-activated receptor (PPAR) y agonists in the
induction of regression pulmonary vascular disease,
which might be regarded as a breakthrough to eliminate,
with time, the need for heart-lung transplantation [3, 4].
PPAR vy agonists, especially pioglitazone, act by epigen-
etic mechanisms to alter DNA expression and therefore
play a crucial role in triggering organ reverse remodeling
at multiple levels [5, 6]. This effect has encouraged many
scientists over the years to study the effect of pioglita-
zone on atheroma regression. Atheroma is the key lesion
in macrovascular disease seen in patients with metabolic
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syndrome [7—12]. Along with its cardiac and cerebral se-
quelae, it is regarded as the number one cause of death
worldwide. The estimates from the World Health
Organization suggest that up to 31% of deaths world-
wide are atheroma related [13]. The primary outcome
parameter of this study was to use the totality of previ-
ous randomized clinical trials on the effect of pioglita-
zone on atheroma regression, by quantitatively
evaluating its potential ability to do so through its effect
on atheroma volume (AV), and carotid intima media
thickness (CIMT), as well determine through which sec-
ondary outcome parameters pioglitazone was inducing
such changes by determining any correlation between its
use and glycated hemoglobin (HbAlc), low-density lipo-
proteins (LDL), and high-density lipoprotein (HDL)
levels.

2 Materials and methods

This systematic review has been conducted in agreement with
the guidelines of the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analysis) statement [14].

2.1 Data search
An electronic search for relevant studies was performed
using EMBASE, Medline, and the Cochrane Central
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Register (Januaryl990 to January 2019) of Controlled
Trials.

2.2 Study selection criteria
2.2.1 Inclusion criteria
Population: diabetic and non-diabetic patients with ca-
rotid/coronary atheroma

Intervention: pioglitazone * standard therapy/control:
placebo or no treatment + standard therapy/outcomes:
atheroma volume by intravascular ultrasound (IVUS) or
by carotid intima media thickness/study design: random-
ized controlled trials (RCT) [15]

2.2.2 Exclusion criteria
Any study that failed to tackle the primary outcome pa-
rameters or was lacking the patients’ characteristics

2.3 Data extraction

All data from eligible studies were extracted by two in-
dependent investigators according to a standard proto-
col. Recorded data variables included trial name, year of
publication, country of origin, eligibility criteria, baseline
characteristics, duration of follow-up, and number of
participants. Other variables considered were standard-
ized mean difference of atheroma volume or carotid

Table 1 Summary statistics of the studied populations in the 6 selected studies

Trial Steven E. Nissen Mazzone Kanazawa Nakayama, Park Ogasawara,
et al. [8] et al. [12] etal. [11] et al. [10] et al. [9] et al. [7]
Publication year 2008 2006 2010 2010 2007 2009
Country North and South USA Chicago  Japan Japan Korea Japan
America
Active/control Pioglitazone vs Pioglitazone  Pioglitazone Pioglitazone vs Pioglitazone  Pioglitazone vs
glimepiride vs glimepiride vs metformin standard therapy vs gliclazide  group with their
(control) (control) previous antidiabetic
regimen (control)
Sample size 543 patients with 462 adults 55 patients with 26 patients with 40 patients 54 patients with type
type 2 diabetes and with type 2 type 2 diabetes  stable angina and with type 2 2 diabetes and stable
coronary disease diabetes mellitus type 2 diabetes  diabetes angina pectoris
Age in years (mean + SD) 60 + 94 P/59.7 £9.1C 589+78P/ 67+ 10P/66 670+ 75P/630 631+72P/ 686+79P/668
598 +8.1C 10M +105C 642 +7.1C +81C
Baseline HbA1c, % (mean + SD) 74 +£1P/74+1C 744 (100 P/ 79+17P/79 6+£13P/54 90+ 23P/88 7.17+0.72 P/6.80
736 (095G +13M +09C +22C +085C
Baseline fasting glucose, 1472 + 41 P/148 149.2 (48.3) P/ Not supplied 103 + 12 P/99 985+ 127 P/ 1393 + 353 P/129.2
mg/dL (mean + SD) +434C 1482 (44.7) C +12C 951+£096C +270C
BMI (mean + SD) 321 £53P/32 322+51P/ 220+ 23P/249 Not supplied 243+ 4.1 P/ 238+ 3.0P/24.
+52C 320+£51C +37C 241 +3C +21C
Median follow-up 18 months 72 weeks 12 months 6 months 3 months 6 months
Changes from baseline to year 1 or final visit
HbA1C post ttt (diabetics/ 69+09P/7+1C Not supplied 7.1 + 1.2 P/7.1 58+ 08P/53 71 +13P/7.1 650+ 1.05 P/6.81
non-diabetics) (mean + SD) 11C +08C +12C +087 C
Fasting glucose post ttt 1393 £ 29.1 P/ Not supplied  Not Supplied 97 + 14 P/102 795+ 103 P/ 1137 +289P/1378
(diabetics/non-diabetics) 1479 + 338 C +21C 747 £074C +£398C

(mean =+ SD)

C controls, P pioglitazone group, SD standard deviation, TTT Treatment
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Pioglitazone Gliptins

Mean Difference

Mean Difference

Heterogeneity: Chi? = 0.37, df =2 (P = 0.83); I’= 0%
Test for overall effect: Z=4.10 (P < 0.0001)

IV, intravitreal; SD, standard deviation; Z, overall effect

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI
Mazzone 2006 -0.005 0.07 230 0.011 0.06 228 51.8% -0.02[-0.03,-0.00] 2006 .

Jong Suk Park 2007  -0.005 0.02 20 0.015 0.02 20 48.1% -0.02[-0.03,-0.01] 2007 s
Kanazawa 2010 -0.01 0.41 22 0.06 045 23 0.1% -0.07[-0.32,0.18] 2010 ¢

Total (95% Cl) 272 271 100.0% -0.02 [-0.03, -0.01] *

Fig. 1 Effect of pioglitazone vs. other antidiabetic agents on CIMT. CIMT, carotid intima media thickness; Cl, confidence interval; , heterogeneity;

02 -0.1 0 0.1 02
Favours Pioglitazone Favours Gliptins

intima media thickness, glycated hemoglobin (HbA1C),
low-density lipoproteins (LDL), and high-density lipo-
proteins (HDL) in recipients of pioglitazone vs. controls
(recipients of other antidiabetic drugs). We assessed
study quality using the Cochrane risk-of-bias algorithm.

2.4 Statistical analysis

Mean differences in atheroma volume by intravascular
ultrasound or carotid intima media thickness (CIMT)
were all included as primary outcome parameters for
comparison between pioglitazone versus control. We
calculated the standardized mean difference and their
corresponding 95% Cls. For the statistical analysis, we
used a random-effects model and explored for sources
of inconsistency (I*) and heterogeneity. We considered
study-level estimates to be heterogeneous if the x* test
was significant (P < 0.05). The Cochrane Collaborations
Review Manager Software Package (RevMan 5.3) was
used for this meta-analysis. Tests for heterogeneity, as
well as Z test and P values, were determined for second-
ary outcome parameters including HbAlc, LDL, and
HDL.

3 Results

3.1 Main findings

The literature review identified 10 studies that were
deemed suitable for detailed assessment, four of
which were excluded. Koshiyama et al’s [16] study
was excluded due to the lack of patient characteristics
which might induce a major selection bias. Nozue
et al’s [17] series was excluded due to lack of

comparison between a pioglitazone group and a con-
trol group; comparison was conducted between a dia-
betes mellitus (DM) group and a non-DM group.
Finally, Dormandy et al. and Liu et al. [18, 19] were
excluded due to different clinical endpoints or out-
come parameters than those previously mentioned,
namely CIMT and atheroma volume by IVUS.

Six studies were ultimately included with a totality of
1990 patients.

Patient characteristics have been summarized for each
study in Table 1.

Pioglitazone use showed a statistically significant su-
perior effect on CIMT compared to other antidiabetic
therapies (P < 0.001) (Fig. 1). In contrast, pioglitazone
did not achieve a superior effect in decreasing atheroma
volume as assessed by IVUS (Fig. 2). Furthermore, exam-
ination of secondary outcome parameters revealed no
superior effect of pioglitazone use in reduction of HbAlc
and LDL levels (P = 0.11 and P = 0.97 respectively)
(Figs. 3 and 4). HDL levels were significantly improved
with the use of pioglitazone (P < 0.00001) (Fig. 5). This
strongly suggests that the means through which pioglita-
zone affects carotid intima media thickness is by an
HDL-mediated anti-inflammatory and antifibrotic
function.

3.2 Bias assessment of the quality of included RCTs

Any potential bias has been discussed in Fig. 6, accord-
ing to the revised Cochrane risk-of-bias tool for random-
ized trials [20]. The main limitation that can interfere
with the credibility of these results is the lack of

Pioglitazone Gliptins
Study or Subgroup  Mean SD Total Mean SD Total Weight

Mean Difference
IV, Fixed, 95% CI Year

Mean Difference
1V, Fixed, 95% CI

Steven E.2008 -0.1 845 274 0.7 895 273 99.5%
Ogasawara 2009 3.9 60.34 22 1.2 64.33 24 0.2%
Nakayama 2010 -6.7 32.86 13 2.4 30.05 13

Total (95% CI) 309 310 100.0%
Heterogeneity: Chi? = 0.49, df =2 (P = 0.78); 1= 0%

Test for overall effect: Z=1.11 (P = 0.27)

standard deviation; Z, overall effect

-0.80 [-2.26, 0.66] 2008
2.70[-33.33, 38.73] 2009 *
0.4% -9.10[-33.31, 15.11] 2010 *

-0.82 [-2.28, 0.63] ‘r

Fig. 2 Effect of pioglitazone vs. other antidiabetic agents on atheroma volume. Cl, confidence interval; P, heterogeneity; IV, intravitreal; SD,

-20 -10 0 10 20
Favours pioglitazone Favours Gliptins
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Pioglitazone Gliptins Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI Year IV, Fixed, 95% CI
Mazzone 2006 -0.34 116 230 -0.26 1.08 228 35.5% -0.08[-0.29,0.13] 2006 —
Jong Suk Park 2007 -3.2 1.72 20 -35 1.66 20 1.4% 0.30[-0.75, 1.35] 2007 >
Steven E.2008 05 095 274 -04 1 273 559% -0.10[-0.26,0.06] 2008 —
Ogasawara 2009 007 099 22 03 098 24 46% -0.37[-0.94,0.20] 2009
Nakayama 2010 02 108 13 -01 085 13 2.7% -0.10[-0.85,0.65] 2010
Total (95% Cl) 559 558 100.0% -0.10 [-0.22, 0.02] o
Heterogeneity: Chi? = 1.46, df = 4 (P = 0.83); I>= 0% t t t 1
Test for overall effect: Z = 1.60 (P = 0.11) - 05 0 05 L
Favours Pioglitazone Favours Gliptins
Fig. 3 Effect of pioglitazone vs. other antidiabetic agents on HbA1c. Cl, confidence interval; HbA1c, glycated hemoglobin; F, heterogeneity; IV,
intravitreal; SD, standard deviation; Z, overall effect

uniformity of outcome parameters assessed in the differ-
ent studies. Three studies only assessed the CIMT [9,
11, 12], while the other three assessed the AV [7, 8, 10].
Kanazawa et al. did not assess all the secondary outcome
parameters [11]. Finally, yet importantly, Mazzone et al.
did not assess LDL [12]. Another important source of
bias is the lack of variability of races in the included tri-
als. Most of the trials have been performed in Asian
populations; the atheroma regression by pioglitazone ob-
served can vary according to races.

4 Discussion
Since their first discovery as antiglycemic drugs in 1990,
glitazones have gained interest as potential pharmaco-
logical targets for other disorders. They have multiple
DNA-mediated effects that make them potential antifi-
brotic agents. Atheroma represents an important bio-
logic model of fibrotic pathology, comprising diseases
such as liver cirrhosis, pulmonary vascular disease, pul-
monary fibrosis, and finally age-related male infertility
and androgen decline due to under-studied vascular and
atherosclerotic changes within the testicular tissue [21].
The potential regenerative therapeutic ability of pioglita-
zone on atheroma regression will be useful to patients
with coronary or cerebrovascular diseases, as well give
hope to diseased patients suffering from the aforemen-
tioned disorders [22—24].

In our study, we have examined the role of pioglita-
zone as an antidiabetic agent for the induction of ather-

demonstrated in six series comprising a total of 1180 pa-
tients who received pioglitazone vs. other antidiabetic
agents. Our study has proved a statistically significant
difference between pioglitazone and other alternative
therapies, namely glimepiride and gliclazide, in decreas-
ing CIMT as shown in Fig. 1. This superior effect could
not be proved on AV by IVUS as shown in Fig. 2.

IMT is the earliest lesion to develop in the context of
atherosclerosis, which could explain why pioglitazone
has an effect on CIMT rather than atheroma volume.
An established atheroma can be more resistant to any
antifibrotic treatment, thus needing more time to
achieve palpable results. Two out of the three studies
that assessed the effect of pioglitazone had a relatively
short duration, namely Ogasawara et al. and Nakayama
et al. [7, 10]. More effect could have been achieved if the
period of the clinical trial would have been extended
[25].

The exact mechanisms by which pioglitazone reverse
atheroma and fibrosis are not completely understood.

In our study, pioglitazone achieved no superior effect
compared to other antidiabetic agents in the control of
hyperglycemia or in reducing LDL lipoproteins. This
suggests that pioglitazone operates through other mech-
anisms to allow for the regression of atherosclerosis.

Endothelial cell (EC) dysfunction stands as a corner-
stone in the pathogenesis of atherosclerosis. The func-
tion of ECs might be compromised by increased shear
stress, dyslipidemia, inflammation, and many other fac-

oma regression in diabetic patients, which was tors [26]. The disturbed function of ECs might induce
Pioglitazone Gliptins Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI

-1.95 19.19 20
1.7 3167 273
-5.6 25.16 24
-8 28.71 13

Jong Suk Park 2007
Steven E.2008
Ogasawara 2009
Nakayama 2010

-232 176 20
2.1 2981 274
-15.8  28.6 22
3 16.28 13

71.7%
5.9%

Total (95% CI) 329 330 100.0%

Heterogeneity: Chi* = 3.11, df =3 (P = 0.38); I? = 3%
Test for overall effect: Z=0.04 (P = 0.97)

lipoproteins; SD, standard deviation; Z, overall effect

14.6% -0.37 [-11.78, 11.04] 2007
0.40 [-4.75, 5.55] 2008
7.8% -10.20[-25.83, 5.43] 2009 ¢
11.00 [-6.94, 28.94] 2010

0.09 [-4.28, 4.45]

Fig. 4 Effect of pioglitazone vs. other antidiabetic agents on LDL. Cl, confidence interval; /*, heterogeneity; IV, intravitreal; LDL, low-density
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P
Pioglitazone Gliptins Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI Year IV, Fixed, 95% CI
Mazzone 2006 559 1.13 230 -0.99 12 228 98.6% 6.58[6.37,6.79] 2006
Jong Suk Park 2007 38 699 20 116 737 20 02% 2.64[-1.81,7.09] 2007 —
Steven E.2008 6 116 274 0.3 13.17 273 1.0% 5.70[3.62,7.78] 2008 e —
Ogasawara 2009 76 11.11 22 42 1268 24 0.1% 3.40[-3.48,10.28] 2009
Nakayama 2010 10 13.34 13 5 13.95 13 0.0% 5.00[-5.49, 15.49] 2010 >
Total (95% Cl) 559 558 100.0% 6.56 [6.35, 6.77] )
Heterogeneity: Chi2 = 4.56, df = 4 (P = 0.33); 1= 12% _1=0 5 5 5 150
Test for overall effect: Z = 60.63 (P < 0.00001) Favours pioglitazone  Favours Gliptins
Fig. 5 Effect of pioglitazone vs. other antidiabetic agents on HDL. Cl, confidence interval, > heterogeneity, IV, intravitreal; HDL, high-density
lipoproteins; SD, standard deviation; Z, overall effect

J

the release of different injurious agents such as trans-
forming growth factor (TGF), fibroblast growth factor
(FGF), and vascular cell adhesion molecule (VCAM).
These key players and other molecular targets can be
directly downregulated by the epigenetic mechanisms
exerted by pioglitazone [26, 27].

Furthermore, the correlation between pioglitazone use
and HDL levels suggests that it is through an HDL-
mediated mechanism that pioglitazone is able to achieve
changes in atheroma volume and carotid intimal media
thickness. This finding is supported by other studies which
found a strong association between elevated non-HDL
levels and other body mass parameters with CIMT in par-
ticular [18]. The study suggests that atherosclerotic path-
ology and its progression is more so factored by CIMT
rather than plaque burden, and that this effect is mediated
by cholesterol levels [18]. Through its antiatherogenic ef-
fects, by means of a reverse cholesterol transport pathway,
elevated levels of HDL are an established method to de-
crease the risk of cardiovascular injury. The search for new
and effective drugs for this purpose continues, and of par-
ticular interest are drugs that can increase endogenous
levels of HDL, such as pioglitazone, rather than the use of
exogenous substances that only mimic the effect of HDL
[19]. Kardassis and colleagues showed that glitazones can
improve the expression of HDL genes which go in agree-
ment with our findings [28].

Decreased HDL levels are an established part of every
level of atheroma pathophysiology whereby the mecha-
nisms of (1) inhibiting monocyte adhesion to endothelial

cells at sites of plaque formation, (2) promoting NO pro-
duction which suppresses proliferation of the plaque, (3)
promoting fibrinolysis, and (4) preventing intra-plaque
hemorrhage and many other pleiotropic effects are lost
in the setting of decreased HDL levels [19].

5 Conclusion

The role of pioglitazone in the induction of atheroma re-
gression in diabetic patients has been confirmed through
our series. This effect seems to be independent of the
antiglycemic and antidyslipidemic effects of glitazones.
Glitazones might operate through decreasing the yield of
vascular pro-inflammatory molecules or through in-
creasing the expression of HDL genes as proven by Kar-
dassis et al. Longer duration studies are needed to
consolidate the beneficial effects of glitazones on ather-
oma volume. Also, new clinical trials exploring pioglita-
zone effects against statins and new antidiabetic agents
should be initiated to consolidate the role of pioglita-
zone. Such proof may help in re-tailoring the therapeutic
protocols of diabetic patients with atherosclerosis, mak-
ing abandoned glitazones as a first option again. Also,
atheroma is an important biological model for organ fi-
brosis that is encountered in many other disorders, such
as liver cirrhosis and pulmonary vascular disease. The
confirmed effect offers a new hope to many patients on
organ transplantation waiting list and officially unleashes
the potential of glitazones as members of regenerative
pharmacology.

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

:
B

Fig. 6 Bias assessment of included studies

25% 50% 75% 100%
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