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Abstract: The increase in obesity and the aging of the population has lead to an increase in the incidence of type 2 diabetes. This has
led to the development of new drugs such as thiazolidinediones (TZDs) which are Peroxisome Proliferator-Activated Receptor (PPAR-
gamma) agonists, to treat type 2 diabetes. TZDs have recently been at the center of a controversy with regards to their cardiovascular
safety. Pioglitazone is a TZD which has been shown to be effective in glycemic control by lowering insulin resistance. Pioglitazone also
has beneficial effects on lipid metabolism and cardiovascular risk. The safety and efficacy of pioglitazone including its pleotropic effects
are discussed at length in this article.
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Introduction

The incidence of type 2 diabetes is at epidemic pro-
portions through out the world. Patients with diabetes
have a 24 fold increased risk of cardiovascular dis-
ease when compared to the general population. They
also have a greatly increased risk for microvascular
disease. Hence medications that successfully control
hyperglycemia in type 2 diabetes patients are of utmost
importance. The underlying primary pathology in type
2 diabetes is insulin resistance. Drugs that address
insulin resistance are effective in controlling hyperg-
lycemia. Thiazolidinediones (TZD) are one such class
of drugs that work through PPAR gamma activation.
Pioglitazone is a TZD which is widely used for treating
patients with type 2 diabetes. Discussed in this review
are the overall safety and efficacy, cardiovascular safety
and other pleotropic effects of pioglitazone.

Pioglitazone safety review
Cardiovascular safety
There has been much discussion about the cardiovas-
cular safety of TZDs over the last few years since the
findings of a meta-analysis of 42 trials, in which Nissen
et al compared the risk for MI associated with rosigli-
tazone with that of placebo or other antihyperglycemic
agents. Rosiglitazone was associated with a significant
43% increased risk for MI (P = 0.03).! Since then sev-
eral studies have shown some risk of increased myo-
cardial infarction associated with rosiglitazone use.
The PROspective pioglitAzone Clinical Trial
In macroVascular Events (PROactive) study was
the first randomized, double-blind outcome study
in patients with type 2 diabetes managed with diet
and/or oral blood glucose-lowering drugs and/or
insulin who had a history of macrovascular disease,
assessing the effect of pioglitazone on the second-
ary prevention of macrovascular events.? A total of
5238 patients were randomized with the cohort of
patients, a typical type 2 diabetic population at high
risk of further macrovascular events. The average
time of observation was 34.5 months. Treatment
with pioglitazone reduced the secondary endpoint of
combined all-cause mortality, non-fatal myocardial
infarction, and stroke by 16%.> However the primary
outcome composite consisting of death, myocardial
infarction, stroke, acute coronary syndrome, leg
amputation or coronary/leg vascularization was not
statistically less although a declining trend was seen.

Another subgroup analysis from PROactive demon-
strated that pioglitazone reduced the risk of recurrent
stroke significantly in high-risk patients with T2D.?
However the criticism for PROactive was that the
choice of its primary composite end-point, which
included peripheral vascular disease was a physi-
cian driven rather than disease-driven outcome. In a
meta-analysis of 94 trials that excluded the PROac-
tive trial pioglitazone was associated with a reduced
all-cause mortality with no relevant effect on coro-
nary events.*

The CHICAGO study (Carotid Intima-Media Thick-
ness in Atherosclerosis Using Pioglitazone) tested the
hypothesis that pioglitazone would have a beneficial
effect for reducing CIMT progression, compared with
glimepiride.” Treatment with pioglitazone produced
improvement in several parameters, such as sys-
tolic blood pressure and lipid levels, including a 14%
increase in HDL cholesterol, and reduced CIMT pro-
gression, compared with glimepiride. However, only
the beneficial effect on HDL cholesterol predicted its
beneficial effect for reducing CIMT progression. Data
from the CHICAGO study indicate that the progres-
sion of carotid artery intima-media thickness, a marker
of atherosclerosis and a surrogate end point for cardio-
vascular disease, was slowed more with pioglitazone
than glimepiride in a racially diverse population of
men and women with diabetes mellitus type 2.°

The PERISCOPE Trial (Pioglitazone Effect on
Regression of Intravascular Sonographic Coronary
Obstruction Prospective Evaluation) compared the
effects of an insulin sensitizer pioglitazone, with an
insulin secretagogue, glimepiride, on the progression
of coronary atherosclerosis in patients with type 2
diabetes.® A total of 543 patients underwent coronary
intravascular ultrasonography and were randomized
to receive glimepiride, or pioglitazone, for 18 months
with titration to maximum dosage, if tolerated. Athero-
sclerosis progression was measured by repeat intravas-
cular ultrasonography examination in 360 patients at
study completion. In patients with type 2 diabetes and
coronary artery disease, treatment with pioglitazone
resulted in a significantly lower rate of progression of
coronary atherosclerosis compared with glimepiride.

The risk of developing congestive heart failure or
worsening of present heart failure is a constant fea-
ture of the thiazolidinediones. The PROactive stud-
ies as well as other studies show increased risk for
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congestive heart failure with pioglitazone.” However
the risk is small and some some large studies show
non significant increases in heart failure risk.®

Pioglitazone’s cardiovascular effects may be linked
in part to its effects on lipid metabolism. The PROac-
tive and CHICAGO studies as well as other studies
show that pioglitazone significantly lowers triglycer-
ides (11%—15%) and increases HDL(9%—14%)(5-9).
Even though pioglitazone increases LDL (5%—7%),
the quality of LDL may be altered so as to be less
artherogenic. Pioglitazone improves insulin resis-
tance in T2DM in association with mobilization of fat
and toxic lipid metabolites out of muscle.'”

Mechanisms by which pioglitazone

may mediate its cardiovascular effects
Taken together, animal and human data suggest that
pioglitazone may be beneficial in terms of improving
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cardiovascular outcomes. However the mechanisms
attributed to these cardiovascular effects are controver-
sial. PPAR-y agonists have widespread effects involv-
ing, inflammation, atherosclerosis, obesity and diabetes

(Fig. 1)."
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Thiazolidinediones have been shown to decrease post
angioplasty neointimal hyperplasia in both animals
and humans'?'* PPAR-y ligands have been shown
to inhibit and stimulate angiogenesis. Pioglitazone
has been shown to have anti-proliferative effects in
humans, decreasing in-stent neointimal proliferation.'
Pioglitazone inhibits the effects of inflammation such
as decreasing bFGF in obese non-diabetes patients.!”:'8
Pioglitazone decreases urinary TGF-betal excre-
tion in diabetes and obese non-diabetes patients."”
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Figure 1. Mechanisms underlying cardiovascular effects of pioglitazone.

Note: The cardiovascular effects of pioglitazone may be due in part to PPAR activation and in part due to direct effects. The cardiovascular outcome is depen-
dant upon the balance between proangiogenic and anti-nflammatory, anti-angiogenic effects, interacting with the underlying pathophysiological process.
Abbreviations: ERK; Extracellular signal regulated kinase, HIF; Hypoxia inducible factor-1, VEGF; Vascular endothelial growth factor, NFKB; Nuclear

factor Kappa-B.
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Pioglitazone decreases inflammatory responses in adi-
pose tissue/cells induced by monocytes/macrophages
by acting on either or both cell types. Another study
demonstrated that activation of PPARgamma and
PPAR beta/delta by pioglitazone in neurons triggers
diverse neuroprotective mechanisms.?’ A recent study
showed that pioglitazone decreases urinary TGF-betal
excretion in type 2 diabetics, which may be partly con-
tributed to its direct reno-protection.?” Thus a review
of the literature suggests that pioglitazone may have
vasculoprotective effects in several organs such as
heart, kidney and brain (Fig. 1).

Pro-angiogenic and proliferative effects

of pioglitazone

There is however contradictory evidence that suggests
that pioglitazone also has proangiogenic and prolifera-
tive effects. Diabetic mice with induced unilateral hind
limb ischemia, when treated with pioglitazone showed
normalization of VEGF, up-regulation of eNOS activity,
and partial restoration of blood flow recovery.*' In mice
treated with pioglitazone, VEGR-receptor-2 positive
endothelial progenitor cells (EPCs) were up-regulated
and migratory capacity was increased. /n vivo angio-
genesis was increased two-fold.?

Most study designs do not distinguish between direct
effects and indirect effects of pioglitazone and the end
outcome result is likely a sum of the different factors
that contribute to the pathological process (Fig. 1).

Hypoglycemia

Patients receiving pioglitazone in combination with
insulin or oral hypoglycemic agents may be at risk
for hypoglycemia, and a reduction in the dose of the
concomitant agent may be necessary. A recent obser-
vational study from the U.K. studying the incidence
of hypoglycemia in patients using different oral anti-
diabetic drugs concluded that the incidence rate of
hypoglycemia was 50%-100% less in pioglitazone
treated patients as opposed to those who were on
nateglinide or repaglinide.?® An interesting observation
was that hypoglycemia was more common in women
on TZDs (pioglitazone and rosiglitazone) than men on
similar drugs.” Pioglitazone monotherapy was asso-
ciated with much less hypoglycemia than glyburide
treated patients with newly diagnosed type 2 diabetes
(24.3% 1in glyburide group vs. 4.4% in pioglitazone
group, P=0.0001).>* Also, pioglitazone treated patients

had significantly less hypoglycemia when used as an
add on therapy to sulfonylurea or metformin, as com-
pared to insulin glargine.® In combination with insulin
the rates of hypoglycemia are higher than insulin use
alone, as shown in the post hoc analysis of PROAC-
TIVE study (42.1% in the combination group vs. 29%
in the insulin alone group, P < 0.001).%

Edema

Pioglitazone treatment is associated with edema and
appears to be dose related.?” Peripheral edema occurs in
4 to 6 percent of patients treated with TZDs (vs. 1 to 2%
in control group) and more frequently in patients with
history of heart failure.”® Hence it should be used with
caution in patients with edema. In the post-marketing
experience, reports of initiation or worsening of edema
have been received (www.fda.gov). Pioglitazone was
associated with higher rates of heart failure and edema
in type 2 diabetics with mild cardiac disease, as com-
pared to glyburide.” Thus, pioglitazone should be used
with caution in patients at risk for heart failure and
monitored for signs and symptoms.

Weight gain

Pioglitazone causes dose-dependent and time-depen-
dent weight gain alone and in combination with other
hypoglycemic agents. The mechanism of weight gain
is unclear but probably involves a combination of
fluid retention and fat accumulation.?”*

Hematologic

Pioglitazone may cause decreases in hemoglobin and
hematocrit, possibly without clinical consequence.’!
Across all clinical studies, mean hemoglobin values
declined by 2% to 4% in patients treated with pioglita-
zone (www.fda.gov). These changes primarily occurred
within the first 4 to 12 weeks of therapy and remained rel-
atively constant thereafter. These changes may be related
to increased plasma volume and have rarely been associ-
ated with any significant hematologic clinical effects.

Hepatic effects

There was no evidence of pioglitazone-induced hepa-
totoxicity or elevation of ALT levels in the pre-approval
clinical studies (US and worldwide) (www.fda.gov).
The liver toxicity associated with troglitazone is likely
not a class effect.”? In a review of 13 double blind
studies, pioglitazone was associated with ALT eleva-
tion (3 X ULN) in 0.26% of 1526 patients as opposed
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to 1.91% of 2510 patients receiving troglitazone.*
ALT levels 10 x ULN was not observed in the piogli-
tazone group. However, 2 cases of hepatotoxicity have
been reported with pioglitazone, which resolved after
discontinuation of pioglitazone.**** In a randomized,
double blind, hepatic safety study of pioglitazone in
411 patients for 3 years, 3 people had ALT > 3 x ULN
compared to 9 people in a similar group on glimepir-
ide.*® The study concluded that pioglitazone has simi-
lar hepatic safety profile as glimepiride in long-term
use in poorly controlled diabetics.*® Also, pioglitazone
was not associated with liver impairment when used
as a add on therapy with other oral hypoglycemic
agents.’” The FDA recommends that patients treated
with pioglitazone undergo periodic monitoring of
liver enzymes. Therapy with pioglitazone should not
be initiated if the patient exhibits clinical evidence of
active liver disease or the ALT levels exceed 2.5 times
the upper limit of normal.

Macular edema

It is unknown whether or not there is a causal relation-
ship between pioglitazone and macular edema. Con-
cern for TZD associated macular edema has risen due
to multiple case reports.®®* A case report of macular
edema being resolved with systemic furosemide sug-
gests that thiazolidinediones may exacerbate macular
edema.”’ In a larger study of 292 patients, Shen et al
found no association of rosiglitazone with macular
edema.*' The largest cross-sectional study to date did
not show an association between thiazolidinedione
exposure and macular edema in patients with type 2
diabetes.* In conclusion, TZDs do not appear to be
associated with macular edema in the largest study to-
date. Further studies are needed to confirm this lack
of effect. Patients with diabetes should have regular
eye exams, as recommended by ADA.*

Pioglitazone’s effect on bone

Thiazolidinediones have been associated with low bone
density and increased fracture risk.** A 4y observa-
tional study in older diabetic population showed that
pioglitazone (and rosiglitazone) lowered bone density
at trochanter, spine and whole body compared to
those not taking TZDs.* Separately pioglitazone has
been shown to increase peripheral fractures in women
compared to control groups (1.9 fracture vs. 1.1 per
100 patient years), but not in men, in the PROactive

trial. Similar findings have been reported in other
trials.®*4” There is insufficient data to suggest that
pioglitazone increases risk of hip or spine fracture.

Drug interactions

Invivo drug-drug interaction studies have suggested that
pioglitazone may be a weak inducer of CYP 450 iso-
form 3 A4 substrate. An enzyme inhibitor of CYP2C8
(such as gemfibrozil) may significantly increase
the AUC of pioglitazone and an enzyme inducer of
CYP2CS (such as rifampin) may significantly decrease
the AUC of pioglitazone. Therefore, if an inhibitor or
inducer of CYP2CS is started or stopped during treat-
ment with pioglitazone, changes in diabetes treatment
may be needed based on clinical response.

Special populations

Pioglitazone is labeled as Category C for pregnancy. It
is not known whether pioglitazone is secreted in human
milk. Since many drugs are excreted in human milk,
pioglitazone should not be administered to a breast-
feeding woman. Safety and effectiveness of pioglita-
zone in pediatric patients have not been established.
No adjustment is necessary for renal impairment.

Common adverse effects

Adverse effects of pioglitazone occurring in at least 5%
of patients include upper respiratory tract infection, head-
ache, sinusitis, myalgia, tooth disorder, aggravation of
diabetes mellitus, and pharyngitis (www.fda.gov). A post-
marketing safety study of pioglitazone from 2008 showed
that malaise/lassitude and nausea/vomiting were the most
frequently reported adverse reactions.”® Other adverse
reactions included dizziness, headache/migraine, diar-
rhea, weight gain and abnormal liver function tests.*®

Pioglitazone Efficacy

Prevention of type 2 diabetes

TZDs have been shown to prevent the onset of type 2 dia-
betes, which appears to be a class effect.*>! Most recent
data from Defronzo et al has shown that use of pioglita-
zone 45 mg reduced the incidence of type 2 diabetes by
around 62%.%" Separately rosiglitzone and troglitazone
have also been shown to be effective in prevention of type
2 diabetes.”* It is plausible that this effect is mediated
by preservation of beta cell function as shown in studies
of pioglitazone and troglitazone in the prevention of type
2 diabetes in insulin resistance Hispanic women.***’

Clinical Medicine Insights: Endocrinology and Diabetes 2010:3

47


http://www.la-press.com

Desouza and Shivaswamy

2

Treatment of type 2 diabetes

Pioglitazone is approved to be used as monotherapy or in
combination with metformin, sulfonylurea or insulin. It has
been shown to be moderately effective in achieving glyce-
mic control in placebo-controlled studies of patients with
type 2 diabetes, either as monotherapy or in combination
with metformin, sulfonylurea or insulin.****%¢ Scherbaum
et al showed that pioglitazone, both 15 and 30 mg/day, in
addition to dietary control, was associated with significant
reductions (vs. placebo) in mean levels of both glycosylated
haemoglobin (HbA 1C) and fasting blood glucose. HbA1C
was reduced by 0.92% and 1.05%, respectively, and fast-
ing blood glucose was reduced by 34.3 and 36.0 mg/dl,
respectively, compared with the control group. Pioglita-
zone also significantly reduced postprandial blood glucose
levels at all visits (—163 and—165 mg/dl/hour, respec-
tively).”* A study by Einhorn et al showed that patients
receiving piogli- tazone 30 mg + metformin had statisti-
cally significant mean decreases in HbAlc (—0.83%) and
fasting plasma glucose levels (—37.7 mg/dL) compared
with placebo + metformin.>* Adding pioglitazone (15 mg
or 30 mg) to a stable insulin regimen resulted in a mean
decrease in HbAlc of —1.0 and —1.3, respectively.*

Nonalcoholic steatohepatitis (NASH)
NASH is an increasingly frequent liver disease in
patients with overweight/obesity, diabetes, hyperten-
sion and dyslipidemia.’”>® Although most of patients
with NASH have a mild hepatic course, significant
proportions do progress to cirrhosis, hepatocellular
carcinoma, and endstage liver disease.*® %’ Thiazolidin-
ediones have multiple insulin-sensitizing actions and
counteract insulin resistance, which is an important part
of pathogenesis of NASH. Few randomized, controlled
trials with either pioglitazone or rosiglitazone have
been reported, with a variable effect on liver histology,
mostly improving steatosis, but one study reported a
marginal improvement in fibrosis.®* In conclusion,
although TZDs improve hepatic steatosis, the ensuing
injury i.e. NASH, does not appear to be affected.

Treatment of polycystic ovary syndrome
Therapy with pioglitazone, like other thiazolidine-
diones, may result in ovulation in some premenopausal
anovulatory women.®*” As a result, these patients
may be at an increased risk for pregnancy while
taking pioglitazone. Thus, adequate contraception in
premenopausal women should be recommended.

Treatment of diabetic nephropathy

Small studies have suggested that TZDs may have pro-
tective effects on the kidney. A recent systematic review
and meta-analysis comparing the use of TZDs (pioglita-
zone and rosiglitazone) to placebo or other anti-diabetic
agents concluded that thiazolidinedione treatment was
associated with a significant decrease in urinary albu-
min excretion.®® Limitations of this study included sig-
nificant heterogeneity across included studies in several
subgroup analyses and unavailable patient-level data.
In a small 1-year open labeled randomized controlled
trial of 34 normoalbuminuric patients with type 2 dia-
betes, rosiglitazone appeared to exert nephroprotective
effects beyond glycemic control.®® Future clinical trials
looking into hard renal outcomes should be conducted
to further delineate the potential benefits of thiazolidin-
ediones on diabetic nephropathy.

Pioglitazone and nontraditional

risk factors

Nontraditional cardiovascular risk factors are increas-
ingly being recognized as novel targets to reduce
CVD."™ Pioglitazone has been shown to decrease a
variety of different mediators of inflammation, includ-
ing C reactive protein, vascular endothelial growth
factor and others.”! Treatment with pioglitazone in
subjects with type 2 diabetes and metabolic syn-
drome for 12 months provided a significant decrease
in Lp(a) concentration despite a substantial neutrality
of rosiglitazone plus metformin combination.” Thus
pioglitazone appears to have affect both the tradi-
tional as nontraditional risk factors of CVD.

Mechanisms of non-cardiovascular

effects of pioglitazone
Renal and vascular mechanisms have been proposed for
pioglitazoneinduced peripheraledema(Table 1). Under-
lying molecular mechanisms are unclear. Pioglitazone
stimulates plasma renin activity and increases sodium
retention and weight gain in healthy subjects, which
might explain the edema seen in type 2 diabetics treated
with pioglitazone.” Renal collecting duct is a major site
for increased fluid reabsorption in response to piogli-
tazone. Increased vascular permeability in adipose tis-
sues may also contribute to edema formation and body
weight gain™ (Table 1).

Decreased osteoblast formation and increased
osteoclast activity may potentially mediate pioglita-
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Table 1. Non cardiac effects of pioglitazone.

Effect Mechanism References
Peripheral edema Renal and vascular 49, 50
Hematologic Increased plasma 31

volume

Decreased osteoblast 51-56
and increased

osteoclast activity
Improvement of 61-65
insulin sensitivity

Low bone density
and peripheral
fractures
Improvement of
Non-alcoholic
steatosis

zone induced bone loss (Table 1). Naturally occurring
PPAR-gamma ligand reduce osteoblast formation
while increasing bone adipocytes in vitro™ and in
vivo.’® Pioglitazone has been shown to reduce alkaline
phosphatase, marker of bone formation, after 16 week
treatment of premenopausal women with PCOS.”” No
changes were observed in markers of bone resoprtion
in the same study. Studies with rosiglitazone have
shown similar effect on reduction of bone formation
markers but in addition have been associated with
increased bone resorption markers.”® %

Insulin resistance and oxidative stress have been
implicated as key players in the pathophysiology of
non-alcoholic steatohepatitis.®' Pilot studies of TZDs,
which improve insulin sensitivity, have been shown to
improve clinical and histologic features NASH, primar-
ily improving steatosis, without improvement in mark-
ers of cell injury.®'°

Discussion

As reviewed in the above sections pioglitazone has
some potential cardiovascular protective effects as
shown in some trials but at least it does not increase car-
diovascular risk. The mechanism by which this occurs
is controversial. Studies show that pioglitazone has
anti-inflammatory, anti-proliferative, anti-angiogenic
and plaque stabilizing properties. At the same time
pioglitazone also has proangiogenic and proliferative
properties in certain situations. The net effect of the
vascular effects of pioglitazone is likely tissue specific
and depends on the biological context of the pathophys-
iological process. For example, its anti-proliferative,
anti-inflammatory effects effects may be beneficial
in terms of decreasing post angioplasty restenosis or
damage post-stroke ischemia. These mechanisms may
also be beneficial in the setting of NASH. However, its
proangiogenic, proliferative properties exerted through

VEGF, may be beneficial in wound healing in type 2
diabetes patients who lack adequate vascular supply to
chronic wounds such as ulcers. Congestive heart fail-
ure may be one of the detrimental effects of pioglita-
zone mediated by a stimulation of VEGF expression.
It is unknown whether these are effects due to PPAR-
gamma agonism or direct pleotrophic effects. Studies
are needed to delineate these effects.

Weight gain remains one of the main issues with
pioglitazone treatment. This is likely due to fluid gain
as well as fat accumulation. However fat accumula-
tion has been observed to be subcutaneous and not
intra-abdominal. Moreover there may be a transfer of
fat from the intra-abdominal compartment to the sub-
cutaneous compartment. This might lead to decreased
cardiovascular risk as increased visceral fat is strongly
linked to adverse cardiovascular outcomes.

Newer detrimental effects on bone health and mac-
ular edema are yet to be characterized by adequately
powered and designed studies. Mechanisms by which
these occur are not clear at this time.

In terms of efficacy, overall reduction of insulin
resistance and hyperglycemia shows that pioglitazone
is clinically efficacious in type 2 diabetes.

In conclusion current evident suggests that pio-
glitazone has an acceptable safety profile, may have
beneficial cardiovascular and pleotropic effects and is
clinically efficacious in patients with type 2 diabetes.
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