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Type 2 diabetes mellitus is a long-lasting metabolic disease featuring mitigated insulin
sensitivity, compromised beta-cell performance, and elevated circulating glucose
concentrations. By 2030, T2DM is anticipated to rank as the seventh primary cause of
death. Pioglitazone is a thiazolidinedione (TZD) class medication used to treat T2DM. It
can be used alone or in combination with other glycemic-lowering medications. This
study aims to elucidate the mechanisms underlying pioglitazone's effects and its efficacy
in T2DM by means of in vitro and in vivo analyses. Clinical studies have reported
pioglitazone's efficacy in lowering glycated hemoglobin (HbA1c), fasting blood glucose
(FBS), and homeostasis model assessment-insulin resistance (HOMA-IR). Pioglitazone
functions as an insulin-sensitizing agent and improves blood glucose control by
increasing peripheral glucose uptake, lowering hepatic glucose release, and
gluconeogenesis. Furthermore, the betterment in insulin secretion and sensitivity by
pioglitazone is partly attributable to the anti-inflammatory and antioxidant functions of
peroxisome proliferator-activated receptor-gamma (PPAR-y) and PPAR-a. Also, the
pioglitazone contributes to improving lipid profiles, reducing blood pressure, and helps
to prevent atherosclerosis and liver diseases that are associated with decreased diabetic
complications. However, studies have shown that pioglitazone may activate mechanisms
associated with -cell apoptosis, heart failure, fracture risk, and weight gain. Therefore,

physicians should anticipate the possibility of these side effects at high doses.
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Introduction

Type 2 diabetes mellitus (T2DM) is a lasting metabolic
abnormality defined by insulin resistance, mitigated
beta-cell functionality, and enhanced blood glucose
values. It contributes significantly to global mortality
rates. T2DM accounts for more than 90% of diabetic
patients. By 2030, T2DM is expected to become the
seventh major contributor to global mortality (1-3). It
may involve damage to the kidneys, liver, eyes,
peripheral nerves, heart, and vascular system, leading
to greater incidences of renal failure, diabetic
retinopathy, heart attacks, and strokes (4, 5). With the
increasing global spread of obesity and the aging
population, the need for effective antidiabetic
treatments, control glycemic indices, and address the
long-term complications of diabetes remains critical
(6). Pioglitazone is a thiazolidinedione (TZD) class
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drug. It took a long time from its initial discovery to
become a widely used treatment for T2DM. Pioglitazone
can be utilized alone or alongside other drugs that
attenuate glycemic indexes. Takeda Pharmaceutical
Company was produced pioglitazone. It received Food
and Drug Administration (FDA) approval on 1999 under
the brand name Actos. Then, in 2000, pioglitazone was
approved by the European Medicines Agency (EMA).
Currently, pioglitazone is commonly given either by itself
or together with other oral hypoglycemic agents for
overweight patients with T2DM who are unresponsive to
metformin (2, 7). Clinical studies have declared
pioglitazone’s efficacy in attenuation of glycated
hemoglobin (HbAlc), fasting blood glucose (FBS),
homeostasis model assessment-insulin resistance
(HOMA-IR) with some evidence suggesting superiority
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over other oral agents in certain patient subgroups,
particularly those with decreased insulin sensitivity
and dyslipidemia (8). In this study, we aim to elucidate
the underlying mechanisms and therapeutic potential
of pioglitazone in T2DM through in vitro and in vivo
analyses

Methods

This study taked the form of a narrative review. We
conducted a search of PubMed, Scopus, and Google
Scholar to retrieve relevant studies for the evaluation.
The bulk of the studies examined were released
between 2010 and 2026. The keywords included
T2DM, Pioglitazone, FBS, HOMA-IR, PPAR-a, PPAR-y,
GLUT4, Adiponectin, AMPK, NF-xB, TNF-a, IL-18,
NLRP3, CRP, ICAM-1, PAI-1, MCP-1, NRF2, Triglyceride,
Cholesterol, HDL-C, LDL-C, Blood pressure,
Atherosclerosis, NAFLD, NASH, ALT, AST, GGT, HOMA-
B. In vitro and In vivo studies as well as review studies
related to the mechanism of action of pioglitazone in
T2DM patients were collected.

Mechanisms of Action
Pioglitazone acts as an insulin sensitizer and improves
blood glucose control by increasing peripheral glucose
uptake, decreasing hepatic glucose release, and
gluconeogenesis (9).

Peroxisome proliferator-activated receptor (PPAR)
Activation

Activation of peroxisome proliferator-activated
receptor (PPAR) is the principal pathway through
which pioglitazone exerts its antidiabetic activity.
Because PPAR is fundamentally involved in glucose
and lipid regulation, it is a key therapeutic target in
T2DM (10). The PPAR family includes three subtypes:
PPAR-a, PPAR-§, and PPAR-y. These are all ligand-
inducible transcription factors that fall within the
nuclear hormone receptor superfamily. Pioglitazone
specifically targets PPAR-a and PPAR-y. PPARs
associate with retinoid X receptor (RXR) to create
heterodimers, binding to peroxisome proliferator-
activated response elements (PPREs) and modifying
the transcription of specific target genes. Pioglitazone
interacts to the ligand binding domain (LBD) of PPAR-
Y, stimulating peculiar conformational changes that
enable transcriptional regulation. Hydrogen bonds are
established between the head group of pioglitazone
and the polar residues of the AF-2 pocket and helix 12,
serving to stabilize the active state of the LBD (11).

PPAR-y

The stimulation of PPAR-y by pioglitazone modulates
multiple genes related to metabolic homeostasis. PPAR-
y interacts to PPREs in the promoter region of the
glucose transporter 4 (GLUT4) gene, upregulating its
expression. Higher expression of GLUT4 at both the
mRNA and protein levels result in a higher presence of
GLUT4 storage vesicles (GSVs) within the cell (12). The
PI3K/AKT pathway mediates PPAR-y's beneficial effects
on insulin signaling, leading to increased GLUT4

translocation to the membrane (13).

Adiponectin: PPAR-y increases adiponectin secretion
(14). In a randomized controlled trial (RCT) conducted by
Esteghamati et al., the serum levels of adiponectin were
significantly enhanced by the intake of pioglitazone at 30
mg per day over a period of three months (15). Ciaraldi et
al. reported that consumption pioglitazone (45 mg/day)
for 6 months in polycystic ovary syndrome (PCOS)
patients improved serum adiponectin levels that was
more effective than metformin (16). Furthermore, in a
RCT conducted by Yoneda et al, the combination of
pioglitazone (15-30 mg) and tofogliflozin over a period of
six months in patients with NAFLD significantly increased
the levels of adiponectin (17). The hormone stimulates
glucose uptake by activating AMP activated protein kinase
(AMPK), which facilitates the redistribution of GLUT4 to
the plasma membrane. It prohibits gluconeogenesis in the
liver by inhibiting main enzymes like
phosphoenolpyruvate carboxykinase (PEPCK) and
glucose-6-phosphatase (G6Pase). In a study published by
Yadollah et al., induction of HepG2 cells with pioglitazone
(10 pM) downregulated PEPCK and G6Pase (18). de
Mendonga et al. showed that pioglitazone at a dose of 35
mg/kg/day attenuated the expression of hepatic PEPCK in
adipoWT mice suffering from nonalcoholic fatty liver
disease (NAFLD) (19). Furthermore, adiponectin drives
fatty acid oxidation and attenuates lipolysis, decreasing
circulating free fatty acids (FFAs) that enhance insulin
resistance (20, 21). Adiponectin exerts anti-inflammatory
effects that help attenuates insulin resistance. In a study
by Dikmen and colleagues, administration of recombinant
adiponectin to rats with acute pancreatitis resulted in
reduced nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) activity and lower levels of
interleukin-1f3 (IL-1B) and tumor necrosis factor alpha
(TNF-a). IL-1B and TNF-a exacerbate insulin resistance
(22). IkappaB alpha (IkBa) keeps NF-xB in an inactive
state in the cytoplasm. A further observation from Ciaraldi
et al's study was that pioglitazone treatment elevated
IkBa protein levels in muscle, suggesting a decrease in
inflammation (16). Guo et al. showed that the
administration of pioglitazone-metformin complex (75
mg of pioglitazone and 1500 mg of metformin per day) for
12 weeks in PCOS patients resulted in a further
downregulation of IL-18 and TNF-a compared to the
metformin group. Additionally, the treatment complex
downregulated the NLR family pyrin domain containing 3
(NLRP3) and caspase-1 (23). Caspase-1 is a component of
the NLRP3 inflammasome that participates in the
secretion of IL-1f (23, 24). Adiponectin helps protect beta-
cell function by attenuating both oxidative stress and
inflammatory processes, which facilitates adequate
insulin secretion. Therefore, low levels of adiponectin are
linked to obesity, T2DM, and metabolic syndrome (25).
NF-kB: PPAR-y is capable of interacting to the p65 subunit
of NF-kB, which halts NF-kB from attaching to DNA,
thereby hindering the transcription of genes that promote
inflammation (26). Furthermore, PPAR-y prohibits IkB
kinase (IKK) activation, thus blocks NF-xB translocation to
the nucleus (27). The relationship between pioglitazone
and NF-kB-associated inflammatory markers has been the
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subject of multiple studies.

Liu et al. showed that the level of high-sensitivity C-
reactive protein (hs-CRP) declined after 6 months of
pioglitazone (30 mg/day) intake in patients with T2DM
(28). In another finding from the study by Esteghamati
et al, metformin and pioglitazone significantly
mitigated hs-CRP concentrations in T2DM patients, but
pioglitazone reduced intercellular adhesion molecule-
1 (ICAM-1) levels compared to metformin in male
T2DM patients (15). Erem et al. reported that after 12
months of treatment with pioglitazone (15-45 mg/day)
in patients with T2DM, the levels of homocysteine and
E-selectin were significantly diminished. As an amino
acid, homocysteine can activate the NF-kB signaling
pathway. NF-kB mediates the upregulation of E-
selectin in endothelial cells during inflammation (29).
In a study by Tripathy et al, obese T2DM patients
exhibited considerable declines in  hs-CRP,
plasminogen activator inhibitor type-1 (PAI-1), and
monocyte chemotactic protein-1 (MCP-1) following six
months of treatment with pioglitazone at 15 mg per
day (30).

Nuclear factor erythroid 2-related factor 2 (NRF2):
NRF2 functions as a central regulator of antioxidant
pathways that increases the expression of antioxidant
compounds. The binding of NRF2 to the antioxidant
response element (ARE) is necessary for its regulatory
activity. NRF2 and PPAR-y influence each other in
opposing ways. PPAR-y has the ability to activate
NRF2, while the activation of NRF2 may lead to an
increase in the expression of PPAR-y (31). In a study

reported by Zakaria et al., recieving pioglitazone 30
mg/kg for 7 days in lipopolysaccharide (LPS)-stimulated
mice upregulated heme oxygenase-1 (HO-1) (antioxidant
agent) mRNA and activity, and NRF2 mRNA. Meanwhile,
it downregulated p65 mRNA (32). Zhao et al. showed
that pioglitazone upregulated NRF2 and HO-1 in the
ischemic brain tissue. Furthermore, pioglitazone (5 and
10 uM) enhanced the activation of the ARE in neuronal
PC12 cells. These effects were dependent on PPAR-y
activation (33).

PPAR-a

PPAR-a upregulates enzymes involved in fatty acid
oxidation, such as carnitine palmitoyltransferase I
(CPT1) and acyl-CoA oxidase 1 (ACOX1). This process
prevents fat accumulation in tissues and mitigates the
insulin resistance and inflammation-related effects of
free fatty acids (FFAs) and triglyceride synthesis
intermediates, including diacylglycerol (DAG) (34, 35).
Like PPAR-y, PPAR-a hinders NF-kB activity by
regulating p65, IKK, and IxB activity (36, 37). Hsiao et al.
stated that pioglitazone (100 mg/kg/day) intake in mice
fed with high fat diet (HFD) upregulated hepatic
expression of CPT-1A, adipose triglyceride lipase
(ATGL), and hormone-sensitive lipase (HSL), thereby
promoting lipolysis and beta-oxidation. Furthermore,
the examination on alpha mouse liver 12 (AML12) cells
showed that these regulatory roles in lipolysis and beta-
oxidation were dependent on PPAR-a and PPAR-y (38)
Tablel.

Tablel. Effects of pioglitazone in improving diabetic conditions through the involvement of PPAR-a and PPAR-y

Study . . .
Study Dosage duration Effects on variables In vitro/in vivo study
Adiponectin Pati th |

. hs-CRP and ICAM-1 atients with newly

Esteghamati et al. (15) 30 mg/day 3 months diagnosed type 2 diabetes
Adiponectin and IkBa
Ciaraldi et al. (16) 45 mg/day 6 months PCOS patients
15-30 Adiponectin
Yoneda et al. (17) mg/day 6 months Patients with NAFLD
PEPCK and G6Pase
Yadollah et al. (18) 10 uM HepG2 cells
PEPCK
35 adipoWT mice suffering from
de Mendonga et al. (19) mg/kg/day 8 weeks NAFLD
IL-1B, NLRP3, Caspase-1, and TNF-a
Guo etal. (23) 75 mg/day 12 weeks PCOS patients
hs-CRP
Liu et al. (28) 30 mg/day 6 months Patients with T2DM
15-45 E-selectin and Homocysteine
Erem etal. (29) 12 months Patients with T2DM
mg/day

Rev Clin Med 2026; Vol 13 (No 3)
139 Published by: Mashhad University of Medical Sciences (Reviews in Clinical Medicine)


https://rcm.mums.ac.ir/
https://rcm.mums.ac.ir/

Nosrati Andevari A

hs-CRP, PAI-1, and MCP-1

Tripathy et al. (30) 15 mg/day 6 months
Zakaria et al. (32) 30 mg/day One week
. 100
Hsiao etal. (38
(9) me/kg/day

Obese patients with T2DM

HO-1, NRF2
p65

LPS stimulated mice

CPT-1A, ATGL, HSL

Mice fed with HFD

PCOS: Polycystic ovary syndrome, IkBa: IkappaB alpha, PEPCK: Phosphoenolpyruvate carboxykinase, NAFLD: Nonalcoholic fatty liver disease, HO-1: Heme
oxygenase-1, CPT-1: Carnitine palmitoyltransferase I, ATGL: Adipose triglyceride lipase, HSL: Hormone-sensitive lipase, HFD: High fat diet.

Metabolic and Cardiovascular Effects

Some of the metabolic and cardiovascular effects of
pioglitazone that were related to PPAR-y and PPAR-a
were mentioned.

Lipid Indices

Lipid profiles are abnormal in T2DM patients. Due to
the mechanisms associated with pioglitazone, it can
lead to improvements in lipid indices. Cusi et al. stated
that pioglitazone 45 mg/day consumption for 18
months in nonalcoholic steatohepatitis (NASH),
prediabetes or T2DM patients lowered hepatic
triglyceride levels. So, pioglitazone can reduce fatty
liver (39). In a RCT conducted by Clark et al, a
substantial lowering in serum triglyceride and
cholesterol concentrations was observed in obese cats
after a 7-week treatment with pioglitazone at doses of
1 or 3 mg/kg/day (40). In a clinical trial by Heo et al,,
the addition of pioglitazone (15 mg/day) to metformin
and dapagliflozin for six months in T2DM patients led
to substantial improvement in triglyceride levels and
high-density  lipoprotein  cholesterol  (HDL-C)
concentrations (41). Other findings from Yoneda et
al's study revealed that a combination therapy of
pioglitazone (15-30 mg) and tofogliflozin over 6
months in NAFLD patients enhanced HDL-C levels but
led to a reduction in triglyceride concentration (17).
According to Skochko and colleagues, a 6-month
course of pioglitazone (15 mg/day) as an adjunct to
standard treatment in coronary heart disease (CHD)
patients, mitigated total cholesterol and low-density
lipoprotein cholesterol (LDL-C) and elevated HDL-C
concentrations (42).

Blood Pressure Modulation

Pioglitazone substantially impacts blood pressure
regulation, mainly by acting on PPAR-y and affecting
vascular function, inflammation, and insulin sensitivity
(43). The activation of PPAR-y enhances endothelial
function by increasing nitric oxide (NO) availability
through reduced oxidative stress, leading to improved
vasodilation (44). Kvandova et al. showed that
pioglitazone (10 mg/kg/day) intake for 10 days
resulted in a reduction of blood pressure in borderline
hypertensive (BHR) rats and delayed the rise in blood
pressure in young spontaneously hypertensive (SHR)
rats. Additionally, the treatment enhanced the activity
and expression of nitric oxide synthase (NOS) in BHR
and SHR rats (45). GreSova et al. showed that intake of
pioglitazone 10 mg/kg/day for 10 days in both young

and adult BHR rats resulted in improvement in blood
pressure and upregulation of endothelial NOS expression
and activities (46). Endothelin-1 (ET-1) and
cyclooxygenase-2 (COX-2) are inflammatory mediators
produced by NF-xB and contributed to decreased
vascular endothelial function. Palacios-Ramirez et al.
reported that pioglitazone (2.5 mg/Kg/day) intake for 4
weeks in SHR rats altered the balance from
vasoconstrictive ETA receptors to vasodilatory ETB
receptors, suppressed COX-2 expression and activation,
and increased NO availability, resulting in a reduction of
vascular resistance (44). Majka et al. reported that
treating esophagogastroduodenal anastomosis (EGDA)
rats with pioglitazone (10 mg/kg) over a 12-week
period, attenuated mucosal COX-2 expression (47).
Human studies on pioglitazone's anti-inflammatory
effects linked to NF-kB have shown that the drug
enhances vascular relaxation and reduces blood
pressure via decreased production of pro-inflammatory
molecules

The influence of pioglitazone on blood pressure has been
the subject of multiple human studies. In a study by
Gerber et al., T2DM patients receiving pioglitazone (30
mg and 45 mg) for 20 weeks experienced a 10-mmHg
drop in systolic and an 8-mmHg drop in diastolic blood
pressure (48). In a study published by Kroese et al,,
treatment with pioglitazone 45 mg over 16 weeks,
attenuated blood pressure in congenital adrenal
hyperplasia (CAH) patients (49).

Atherosclerosis Prevention

As previously stated, pioglitazone contributes to the
prevention of atherosclerosis because of its anti-
inflammatory and antioxidant properties. It was shown,
pioglitazone slowed carotid intima-media thickness
(CIMT) progression and attenuated coronary plaque
burden. Saremi et al. carried out a randomized controlled
trial showing that pioglitazone substantially mitigated
the annual progression of carotid intima-media
thickness in individuals with prediabetes. This effect was
not dependent on improvements in conventional risk
factors, indicating a direct benefit to vascular health (50).
Polonsky et al. demonstrated that pioglitazone (15-45
mg/day) was more effective than glimepiride (1-4
mg/day) in slowing the progression of carotid intima-
media thickness (CIMT). This effect was partially related
to a 14% increase in HDL-C concentration with
pioglitazone, which was associated with a reduction in
atherosclerosis progression (51).
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Effects of NAFLD/NASH

The liver is the organ where most biochemical reactions
occur and is therefore closely related to oxidative and
inflammatory conditions (52). There is growing interest
in pioglitazone as a therapeutic agent for non-alcoholic
fatty liver disease (NAFLD) and its more aggressive
variant, non-alcoholic steatohepatitis (NASH). Its
benefits mostly stem from its role as a PPAR-y agonist,
lowering insulin resistance and regulating metabolic
pathways associated with liver fat buildup and
inflammation (53). Pioglitazone has demonstrated
effectiveness in attenuation of liver steatosis,
inflammation, and hepatocellular ballooning. Some
research indicated it might also slow down fibrosis
progression. Furthermore, various meta-analyses
showed that pioglitazone substantially alleviated
alanine transaminase (ALT), aspartate transferase
(AST), and gamma-glutamyl transferase (GGT) levels,
signifying diminished liver damage (54, 55). Based on
this information, pioglitazone reduces NAFLD and NASH
by decreasing triglyceride, cholesterol, and LDL-C levels,
while increasing adiponectin and HDL-C levels. Zhao et
al. reported findings from 15 RCTs revealed that
pioglitazone improved liver enzymes, insulin resistance
and metabolic measures in patients with NASH (54).
Wang et al. indicated that pioglitazone could have a
positive impact on ameliorating NAFLD, showing
consistent results in both non-diabetic and diabetic
NAFLD patients by improving histopathology, liver
enzymes, and HOMA-IR, while also mitigating blood
lipid levels (55).

Beta-Cell Preservation

Pioglitazone has demonstrated the ability to improve
basal beta-cell function, as indicated by enhances in the
homeostasis model assessment of beta-cell function
(HOMA-B) (56). Part of the actions of pioglitazone in
beta-cell preservation is due to its roles as antioxidant,
anti-inflammatory, or anti-apoptotic factor. In a study
published by Wallace et al. administer of pioglitazone
at doses of 30 and 45 mg per day for 12 weeks in
patients with T2DM resulted in an 11.5% enhance in
HOMA-. This enhancement was related to a decrease
in the proinsulin/insulin ratio, indicating decreased
stress on beta-cells (57). In a study published by Xiang
et al., a comparison was conducted regarding the
adjustments in beta-cell compensation for insulin
resistance between the Troglitazone in Prevention of
Diabetes (TRIPOD) and Pioglitazone in Prevention of
Diabetes (PIPOD) studies. Pioglitazone hindered the
decline in beta-cell function that was showed during
placebo treatment in the previous TRIPOD study. The
disposition index,  which reflects beta-cell
compensation for insulin resistance, remained stable,
and the annual rate of diabetes development was low
(4.6%) in women who demonstrated the most
substantial reduction in demands for insulin secretion.
In this study, participants started treatment with 30
mg/day of pioglitazone for two months. After

observing no symptoms of fluid retention at this dosage,
the dose was enhanced to 45 mg per day for the
remaining three years of the study (58). Fatty acids,
triglycerides, and cholesterol are toxic to beta cells.
pioglitazone is associated with preventing the toxicity in
these cells by lowering their levels (59).Furthermore, Jin
etal. reported that a daily dosage of 30 mg of pioglitazone
for four months increased the Ainsulin/Aglucose
(DI/DG) ratio in impaired glucose tolerance (IGT)
patients, which was positively correlated with the
enhancement of the glucose disposal rate (GDR) (59). Lu
et al. reported that pioglitazone monotherapy led to a
16.06% increase in HOMA-B (95% CI: 9.67-22.44%)),
comparable to metformin's increase of 18.01%, but
substantially higher than the 11.29% increase observed
with sitagliptin (60). Pioglitazone can affect beta-cell
apoptosis. Lamounier et al. showed that pioglitazone (10
uM) transiently diminished apoptosis in adult rat islets
atnormal glucose (5.6 mM), suggesting protective effects
under physiological conditions (61).

Adverse Effects

Pioglitazone promotes insulin secretion and hinders
beta-cell apoptosis through its antioxidant, anti-
inflammatory, and lipid-lowering properties. However,
in cellular studies, exposure of beta-cells to high glucose
levels may lead to alterations in the function of
pioglitazone. As noted in the study by Lamounier et al,,
pioglitazone (10 uM) diminished apoptosis under
physiological conditions. However, Other results of the
study were that at elevated glucose levels (23 mM),
pioglitazone enhanced apoptosis and attenuated the
expression of pro-survival genes such as Bcl2, increasing
concerns about possible adverse effects during
uncontrolled hyperglycemia. The dual mechanism
highlights the necessity of maintaining glycemic control
when administering pioglitazone (61).

Pioglitazone activates PPAR-y, enhancing renal sodium
reabsorption and vascular permeability, resulting in an
increase in plasma volume, fluid retention, and heart
failure. In a case report published by Jearath et al,
hospital admissions due to heart failure were
substantially higher in patients on pioglitazone
compared to those on placebo (5.7% versus 4.1%).
However, the rate of death from heart failure was lower
in the pioglitazone group. The decreased all-cause
mortality, despite a higher risk of heart failure, is
associated with improved glycemic control and a
reduced incidence of myocardial infarction and stroke
(62). In a study published by Guidance et al.,, patients
with moderate-to-severe heart failure and poorly
controlled type 2 diabetes who received pioglitazone had
a9.9% hospitalization rate for heart failure, compared to
4.7% among those treated with glibenclamide.
Hospitalization was more prevalent in older patients and
those using insulin. In addition, other findings of this
study were that when pioglitazone is consumed
alongside insulin or sulfonylureas, edema usually ranges
from mild to moderate, but in some instances, it can
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become severe (63).

Other side effects have been reported with
pioglitazone. Azhari et al. demonstrated a connection
between pioglitazone and a significant rise in fracture
risk (risk ratio RR 1.21; 95% CI 1.01-1.45; P = 0.04)
(64). Furthermore, taking pioglitazone may cause
weight gain. In a meta-analysis reported by Filipova
and colleagues, pioglitazone treatment resulted in an
enhancement in both weight and Body Mass Index
(BMI) in patients with T2DM (65). It was shown that
there is a relationship between taking different doses
of pioglitazone and weight gain. The results from the
study by Clar et al. and the study by Yanai et al. found
that higher doses (30-45 mg/day) were associated
with increased weight gain compared to lower doses
(7.5-15 mg/day) (66, 67).

Conclusion

Various studies have been conducted on the effects of
pioglitazone in preclinical and clinical settings.
Pioglitazone is a medication utilized for managing
patients with T2DM. The various functions of
pioglitazone are mediated by PPAR-y, PPAR-a.
Pioglitazone acts as an insulin sensitizer and improves
blood glucose control by increasing peripheral glucose
uptake, decreasing hepatic glucose release, and
gluconeogenesis. Furthermore, the improvement of
insulin secretion and sensitivity by pioglitazone is
partly attributable to the anti-inflammatory and
antioxidant functions of PPAR-y and PPAR-a. Also,
pioglitazone contributes to improving lipid profiles,
reducing blood pressure, and helping to prevent
atherosclerosis and liver diseases. However, studies
have shown that pioglitazone may activate
mechanisms associated with beta-cell apoptosis, heart
failure, fracture risk, and weight gain. Therefore,
physicians should anticipate the possibility of these
side effects at high doses. Given that pioglitazone has
been widely used to treat patients with T2DM in recent
years, clinical studies have comprised the majority of
studies related to the effects of this drug. However, for
further investigation into the precise mechanisms of
action of pioglitazone, the results of preclinical studies
(in vitro and in vivo) were very useful. In the future, it
would be better to conduct more studies on the anti-
inflammatory and antioxidant effects of this drug, as
well as its side effects.

Ethics approval and consent to participate
N.A

Consent for publication
N.A

Availability of data and materials
N.A

Competing interests
N.A

Funding
N.A

Authors' contributions
AN contributed to the design and writing of the
article and table.

Acknowledgements
N.A

References

1. Nosrati Andevari A, Moein S, Qujeq D, zmoazezi Z, Hajian-Tilaki K.
The Effects of Atorvastatin Consumption on Biochemical Variables in
Patients with Type 2 Diabetes Mellitus and Pre-diabetes. IJML 2022; 9
(3):198-208. Doi: 10.18502/ijml.v9i3.10905

2. Davidson MA, Mattison DR, Azoulay L, Krewski D. Thiazolidinedione
drugs in the treatment of type 2 diabetes mellitus: past, present and
future. Critical reviews in toxicology. 2018;48(1):52-108.
D0i:10.1080/10408444.2017.1351420

3. Nosrati Andevari A. Dipeptidyl peptidase-4 Inhibitors in Type 2
Diabetes Mellitus: Mechanisms and Efficacy in Clinical Practice. 1JDO.
2026;18(1):68-76. D0i:10.18502/ijdo.v18i1.21063

4. Andevari AN, Moein S, Qujeq D, Moazezi Z, Tilaki KH. The effect of
atorvastatin on the concentrations of methylglyoxal, glyoxalase 1, and
aldo-keto reductase family 1 member B10 in patients with type 2
diabetes mellitus and prediabetes. International Journal of Diabetes in
Developing Countries. 2024;44(2):400-8.
D0i:10.1007/s13410-023-01249-6

5. Andevari AN, Firoozjaece AH, Meftah N, Asciabari HA, Bahri F,
Shahandashti NE, et al. The effects of atorvastatin consumption on
blood levels of sortilin, glycemic, and lipid indices in type 2 diabetic
patients: A randomized clinical trial. International Journal of Diabetes
in Developing Countries. 2025:1-8.
D0i:10.1007/s13410-025-01557-z

6. Andevari AN, Moein S, Qujeq D, Moazezi Z, Tilaki KH. Effects of
atrovastatin on concentrations of 3-hydroxy-3-methylglutaryl-
coenzyme A-reductase (HMG-CoA-R), proprotein convertase
subtilisin/kexin type 9 (PCSK9) and sortilin in patients with type 2
diabetes mellitus and pre-diabetics. Journal of Nephropathology.
2020;10(1):e05-e. D0i:10.34172/jnp.2021.05

7. Nesti L, Trico D, Mengozzi A, Natali A. Rethinking pioglitazone as a
cardioprotective agent: a new perspective on an overlooked drug.
Cardiovascular diabetology. 2021;20(1):109.
D0i:10.1186/s12933-021-01294-7

8. Alam F, Islam MA, Mohamed M, Ahmad I, Kamal MA, Donnelly R, et al.
Efficacy and safety of pioglitazone monotherapy in type 2 diabetes
mellitus: a systematic review and meta-analysis of randomised
controlled trials. Scientific reports. 2019;9(1):5389.
D0i:10.1038/s41598-019-41854-2

9. Schwartz SS, Rhea EM, Banks WA, Herman ME. Beta cells to brain
cells: The pivotal role of insulin and glucose metabolism in Alzheimer's
disease. Neuroprotection. 2025; 3: 145-164.
D0i:10.1002/nep3.70008

10. Jangra A, Babu B, Divakar S, Gowramma B, Rajan S, Jangra S, et al.
An in-depth review of PPARy modulators as anti-diabetes therapeutics.
Drug Metabolism Reviews. 2025:1-27.
D0i:10.1080/03602532.2025.2508152

11. Lee MA, Tan L, Yang H, Im Y-G, Im Y]. Structures of PPARy
complexed with lobeglitazone and pioglitazone reveal key
determinants for the recognition of antidiabetic drugs. Scientific
reports. 2017;7(1):16837.
D0i:10.1038/s41598-017-17082-x

12. Kounatidis D, Vallianou NG, Rebelos E, Kouveletsou M, Kontrafouri
P, Eleftheriadou I, et al. The Many Facets of PPAR-y Agonism in Obesity
and Associated Comorbidities: Benefits, Risks, Challenges, and Future
Directions. Current Obesity Reports. 2025;14(1):1-
35.D0i:10.1007/s13679-025-00612-4

13. Chen X, Liu Q, Li Y, Zhong X, Fan Q, Ma K, Luo L, Guan D, Zhu Z.
[Analysis of core functional components in Yinchenhao Decoction and
their pathways for treating liver fibrosis]. Nan Fang Yi Ke Da Xue Xue
Bao. 2024 Aug 20;44(8):1508-1517. Chinese. Doi:
10.12122/j.issn.1673-4254.2024.08.09.

14. Umoru GU, Atangwho 1], David-Oku E, Uti DE, Agwupuye EI, Obeten
UN, et al. Tetracarpidium conophorum nuts (African walnuts) up-
regulated adiponectin and PPAR-y expressions with reciprocal
suppression of TNF-a gene in obesity. Journal of Cellular and Molecular
Medicine. 2024;28(24):e70086.
D0i:10.1111/jcmm.70086

Rev Clin Med 2026; Vol 13 (No 3) 142
Published by: Mashhad University of Medical Sciences (Reviews in Clinical Medicine)


https://rcm.mums.ac.ir/
https://rcm.mums.ac.ir/
http://dx.doi.org/10.18502/ijml.v9i3.10905
https://doi.org/10.1080/10408444.2017.1351420
https://doi.org/10.18502/ijdo.v18i1.21063
https://doi.org/10.1007/s13410-023-01249-6
https://doi.org/10.1007/s13410-025-01557-z
https://doi.org/10.34172/jnp.2021.05
https://doi.org/10.1186/s12933-021-01294-7
https://doi.org/10.1038/s41598-019-41854-2
https://doi.org/10.1002/nep3.70008
https://doi.org/10.1080/03602532.2025.2508152
https://doi.org/10.1038/s41598-017-17082-x
https://doi.org/10.1007/s13679-025-00612-4
https://doi.org/10.12122/j.issn.1673-4254.2024.08.09
https://doi.org/10.12122/j.issn.1673-4254.2024.08.09
https://doi.org/10.1111/jcmm.70086

Nosrati Andevari A

15. Esteghamati A, Azizi R, Ebadi M, Noshad S, Mousavizadeh M,
Afarideh M, et al. The comparative effect of pioglitazone and
metformin on serum osteoprotegerin, adiponectin and intercellular
adhesion molecule concentrations in patients with newly diagnosed
type 2 diabetes: arandomized clinical trial. Experimental and Clinical
Endocrinology & Diabetes. 2015;123(05):289-95.D0i:10.1055/s-
0034-1396864

16. Ciaraldi TP, Aroda V, Mudaliar SR, Henry RR. Inflammatory
cytokines and chemokines, skeletal muscle and polycystic ovary
syndrome: effects of pioglitazone and metformin treatment.
Metabolism. 2013;62(11):1587-96.
Do0i:10.1016/j.metabol.2013.07.004

17.Yoneda M, Kobayashi T, Honda Y, Ogawa Y, Kessoku T, Imajo K, et
al. Combination of tofogliflozin and pioglitazone for NAFLD:
extension to the ToPiND randomized controlled trial. Hepatology
communications. 2022;6(9):2273-85.
D0i:10.1002/hep4.1993

18. Yadollah S, Kazemipour N, Bakhtiyari S, Nazifi S. Palmitate-
induced insulin resistance is attenuated by Pioglitazone and EGCG
through reducing the gluconeogenic key enzymes expression in
HepGz2 cells. Journal of medicine and life. 2017;10(4):244.

19. de Mendonga M, Dos Santos BdAC, de Sousa E, Rodrigues AC.
Adiponectin is required for pioglitazone-induced improvements in
hepatic steatosis in mice fed a high-fat diet. Molecular and cellular
endocrinology. 2019;493:110480.
Do0i:10.1016/j.mce.2019.110480

20. Roy B, Palaniyandi SS. Tissue-specific role and associated
downstream signaling pathways of adiponectin. Cell & Bioscience.
2021;11(1):77.

D0i:10.1186/s13578-021-00587-4

21. Engin AB. Mechanism of Obesity-Related Lipotoxicity and Clinical
Perspective. Obesity and Lipotoxicity. 2024:131-66.
Do0i:10.1007/978-3-031-63657-8 5

22. Dikmen K, Bostanci H, Gobut H, Yavuz A, Alper M, Kerem M.
Recombinant adiponectin inhibits inflammation processes via NF-kB
pathway in acute pancreatitis. Bratislava Medical Journal-
Bratislavske Lekarske Listy. 2018(10).
Doi:10.4149/BLL 2018 110

23. Guo Q-j, Shan ], Xu Y-f, Hu Y-y, Huo C-], Song J-y, et al. Pioglitazone
metformin complex improves polycystic ovary syndrome comorbid
psychological distress via inhibiting NLRP3 inflammasome
activation: a prospective clinical study. Mediators of inflammation.
2020;2020(1):3050487.

D0i:10.1155/2020/3050487

24. Palideh A, Vaghari-Tabari M, Andevari AN, Qujeq D, Asemi Z,
Alemi F, et al. MicroRNAs and Periodontal Disease: Helpful
Therapeutic  Targets? Advanced Pharmaceutical Bulletin.
2022;13(3):423.D0i:10.34172 /apb.2023.048

25. Munhoz AC, Serna JD, Vilas-Boas EA, Caldeira da Silva CC, Santos
TG, Mosele FC, et al. Adiponectin reverses B-Cell damage and
impaired insulin secretion induced by obesity. Aging Cell.
2023;22(6):e13827.D0i:10.1111 /acel. 13827

26. Rosales-Corral S, Reiter R], Tan D-X, Ortiz GG, Lopez-Armas G.
Functional aspects of redox control during neuroinflammation.
Antioxidants & redox signaling. 2010;13(2):193-
247.D0i:10.1089/ars.2009.2629

27.JuZ,SuM, Hong ], La Kim E, Jung JH. Anti-inflammatory effects of
an optimized PPAR-y agonist via NF-kB pathway inhibition.
Bioorganic chemistry. 2020;96:103611.
D0i:10.1016/j.bioorg.2020.103611

28. Liu S-C, Chien K-L, Wang C-H, Chen W-C, Cleunghen C-H. Efficacy
and safety of adding pioglitazone or sitagliptin to patients with type
2 diabetes insufficiently controlled with metformin and a
sulfonylurea. Endocrine practice. 2013;19(6):980-8.
D0i:10.4158/EP13148.0R

29. Erem C, Ozbas H, Nuhoglu I, Deger O, Civan N, Ersoz H.
Comparison of effects of gliclazide, metformin and pioglitazone
monotherapies on glycemic control and cardiovascular risk factors
in patients with newly diagnosed uncontrolled type 2 diabetes
mellitus. Experimental and Clinical Endocrinology & Diabetes.
2014;122(05):295-302.D0i:10.1055/s-0034-1370989

30. Tripathy D, Daniele G, Fiorentino TV, Perez-Cadena Z, Chavez-
Velasquez A, Kamath S, et al. Pioglitazone improves glucose
metabolism and modulates skeletal muscle TIMP-3-TACE dyad in

type 2 diabetes mellitus: a randomised, double-blind, placebo-
controlled, mechanistic study. Diabetologia. 2013;56:2153-63.
D0i:10.1007/s00125-013-2976-z

31.FangM, LuL,Lou],OuJ,YuQ, Tao X, etal. FGF21 Alleviates Hypoxic-
Ischemic White Matter Injury in Neonatal Mice by Mediating
Inflammation and Oxidative Stress Through PPAR-y Signaling Pathway.
Molecular Neurobiology. 2025;62(4):4743-68.
D0i:10.1007/s12035-024-04549-y

32.Zakaria A, Rady M, Mahran L, Abou-Aisha K. Pioglitazone attenuates
lipopolysaccharide-induced oxidative stress, dopaminergic neuronal
loss and neurobehavioral impairment by activating Nrf2/ARE/HO-1.
Neurochemical Research. 2019;44:2856-68.D0i:10.1007/s11064-019-
02907-0

33. Zhao Y, Liitzen U, Gohlke P, Jiang P, Herdegen T, Culman ].
Neuroprotective and antioxidative effects of pioglitazone in brain
tissue adjacent to the ischemic core are mediated by PI3K/Akt and
Nrf2/ARE pathways. Journal of Molecular Medicine. 2021;99:1073-
83.D0i:10.1007/s00109-021-02065-3

34. Szrok-Jurga S, Czumaj A, Turyn ], Hebanowska A, Swierczynski ],
Sledzinski T, et al. The physiological and pathological role of acyl-coA
oxidation.  International Journal of Molecular  Sciences.
2023;24(19):14857.D0i:10.3390/ijms241914857

35. Andevari AN, Qujeq D. Anti-inflammatory Mechanisms Beyond
Cholesterol-Lowering Capabilities of Statins: Evidence from in vitro
and in vivo Studies. Advances in Pharmacology and Therapeutics
Journal. 2025.
Do0i:10.18502/aptj.v5i3.20517

36. Ali BM, Al-Mokaddem AK, Selim HMRM, Alherz FA, Saleh A, Hamdan
AME, Ousman MS, El-Emam SZ. Pinocembrin's protective effect against
acute pancreatitis in a rat model: The correlation between TLR4/NF-
kB/NLRP3 and miR-34a-5p/SIRT1/Nrf2/HO-1 pathways. Biomed
Pharmacother. 2024 Jul;176:116854. Doi:
10.1016/j.biopha.2024.116854.

37. Pinna G. Role of PPAR-Allopregnanolone Signaling in Behavioral
and Inflammatory Gut-Brain Axis Communications. Biol Psychiatry.
2023 Oct 15;94(8):609-618. Doi:10.1016/].biopsych.2023.04.025
38. Hsiao P-J, Chiou H-YC, Jiang H-], Lee M-Y, Hsieh T-], Kuo K-K.
Pioglitazone enhances cytosolic lipolysis, -oxidation and autophagy to
ameliorate hepatic steatosis. Scientific reports.
2017;7(1):9030.D0i:10.1038/s41598-017-09702-3

39. Cusi K, Orsak B, Bril F, Lomonaco R, Hecht ], Ortiz-Lopez C, et al.
Long-term pioglitazone treatment for patients with nonalcoholic
steatohepatitis and prediabetes or type 2 diabetes mellitus: a
randomized trial. Annals of internal medicine. 2016;165(5):305-
15.D0i:10.7326/M15-1774

40. Clark M, Thomaseth K, Dirikolu L, Ferguson D, Hoenig M. Effects of
pioglitazone on insulin sensitivity and serum lipids in obese cats.
Journal of veterinary internal medicine. 2014;28(1):166-74.
D0i:10.1111/jvim.12255

41. Heo JH, Han KA, Hong JH, Seo H-A, Hong E-G, Yu JM, et al
Pioglitazone as add-on therapy in patients with type 2 diabetes mellitus
inadequately controlled with dapagliflozin and metformin: double-
blind, randomized, placebo-controlled trial. Diabetes & Metabolism
Journal. 2024;48(5):937-48.
D0i:10.4093/dm;j.2023.0314

42. Skochko OV, Kaidashev IP. Effect of pioglitazone on insulin
resistance, progression of atherosclerosis and clinical course of
coronary heart disease. Wiadomosci Lekarskie (Warsaw, Poland:
1960). 2017;70(5):881-90. PMID: 29203734.

43. Afzal S, Sattar MA, Johns EJ, Eseyin OA, Attiq A. Antioxidant potential
of adiponectin and full PPAR-y agonist in correcting Streptozotocin-
induced vascular abnormality in spontaneously hypertensive rats.
PPAR research. 2021;2021(1):6661181.
D0i:10.1155/2021/6661181

44. Palacios-Ramirez R, Hernanz R, Martin A, Pérez-Girdn ]V, Barrus
MT, Gonzélez-Carnicero Z, et al. Pioglitazone modulates the vascular
contractility in hypertension by interference with ET-1 pathway.
Scientific Reports. 2019;9(1):16461.
Doi:10.1038/s41598-019-52839-6

45. Kvandova M, Barancik M, Balis P, Puzserova A, Majzunova M,
Dovinova 1. The peroxisome proliferator-activated receptor gamma
agonist pioglitazone improves nitric oxide availability, renin-
angiotensin system and aberrant redox regulation in the kidney of pre-
hypertensive rats. ] Physiol Pharmacol. 2018;69(2):10.26402. PMID:

Rev Clin Med 2026; Vol 13 (No 3)
143 Published by: Mashhad University of Medical Sciences (Reviews in Clinical Medicine)


https://rcm.mums.ac.ir/
https://rcm.mums.ac.ir/
https://doi.org/10.1055/s-0034-1396864
https://doi.org/10.1055/s-0034-1396864
https://doi.org/10.1016/j.metabol.2013.07.004
https://doi.org/10.1002/hep4.1993
https://doi.org/10.1016/j.mce.2019.110480
https://doi.org/10.1186/s13578-021-00587-4
https://doi.org/10.1007/978-3-031-63657-8_5
https://doi.org/10.4149/BLL_2018_110
https://doi.org/10.1155/2020/3050487
https://doi.org/10.34172/apb.2023.048
https://doi.org/10.1111/acel.13827
https://doi.org/10.1089/ars.2009.2629
https://doi.org/10.1016/j.bioorg.2020.103611
https://doi.org/10.4158/EP13148.OR
https://doi.org/10.1055/s-0034-1370989
https://doi.org/10.1007/s00125-013-2976-z
https://doi.org/10.1007/s12035-024-04549-y
https://doi.org/10.1007/s11064-019-02907-0
https://doi.org/10.1007/s11064-019-02907-0
https://doi.org/10.1007/s00109-021-02065-3
https://doi.org/10.3390/ijms241914857
https://doi.org/10.18502/aptj.v5i3.20517
https://doi.org/10.1016/j.biopha.2024.116854
https://doi.org/10.1016/j.biopha.2024.116854
https://doi.org/10.1016/j.biopsych.2023.04.025
https://doi.org/10.1038/s41598-017-09702-3
https://doi.org/10.7326/M15-1774
https://doi.org/10.1111/jvim.12255
https://doi.org/10.4093/dmj.2023.0314
https://pubmed.ncbi.nlm.nih.gov/29203734/
https://doi.org/10.1155/2021/6661181
https://doi.org/10.1038/s41598-019-52839-6
https://pubmed.ncbi.nlm.nih.gov/29203734/

Nosrati Andevari A

29203734

46. GreSova L, Kvandova M, Kvasnicka P, Dovinova I. Age-dependent
effect of PPARy agonist pioglitazone on kidney signaling in
borderline hypertensive rats. General Physiology & Biophysics.
2019;38(3).

Doi:10.4149/gpb 2019005

47. Majka ], Wierdak M, Szlachcic A, Magierowski M, Targosz A,
Urbanczyk K, et al. Interaction of epidermal growth factor with COX-
2 products and peroxisome proliferator-activated receptor-y system
in experimental rat Barrett's esophagus. American Journal of
Physiology-Gastrointestinal and Liver Physiology.
2020;318(3):G375-G89.D0i:10.1152 /ajpgi.00410.2018

48. Gerber P, Liibben G, Heusler S, Dodo A. Effects of pioglitazone on
metabolic control and blood pressure: a randomised study in
patients with type 2 diabetes mellitus. Current medical research and
opinion. 2003;19(6):532-9.
D0i:10.1185/030079903125002180

49. Kroese JM, Mooij CF, van der Graaf M, Hermus AR, Tack CJ.
Pioglitazone improves insulin resistance and decreases blood
pressure in adult patients with congenital adrenal hyperplasia.
European journal of endocrinology. 2009;161(6):887-94.
Doi:10.1530/EJE-09-0523

50. Saremi A, Schwenke DC, Buchanan TA, Hodis HN, Mack W],
Banerji M, et al. Pioglitazone slows progression of atherosclerosis in
prediabetes independent of changes in cardiovascular risk factors.
Arteriosclerosis, thrombosis, and vascular biology. 2013;33(2):393-
9.D0i:10.1161/ATVBAHA.112.300346

51. Polonsky T, Mazzone T, Davidson M. The clinical implications of
the CHICAGO study for the management of cardiovascular risk in
patients with type 2 diabetes mellitus. Trends in Cardiovascular
Medicine. 2009;19(3):94-9.
D0i:10.1016/j.tcm.2009.06.002

52. Naghdi N. Folklore medicinal plants used in liver disease: a
review. International Journal of Green Pharmacy (IJGP).
2018;12(03). Doi: doi.org/10.22377/ijgp.v12i03.2006

53. Abd El-Haleim EA, Bahgat AK, Saleh S. Effects of combined PPAR-
y and PPAR-a agonist therapy on fructose induced NASH in rats:
Modulation of gene expression. European journal of pharmacology.
2016;773:59-70.D0i:10.1016/j.ejphar.2016.01.011

54.Zhao Y, Zhao W, Wang H, Zhao Y, Bu H, Takahashi H. Pioglitazone
on nonalcoholic steatohepatitis: A systematic review and meta-
analysis of 15 RCTs. Medicine. 2022;101(46):e31508.
D0i:10.1097/MD.0000000000031508

55. Wang Z, Du H, Zhao Y, Ren Y, Ma C, Chen H, et al. Response to
pioglitazone in non-alcoholic fatty liver disease patients with vs.
without type 2 diabetes: a meta-analysis of randomized controlled
trials. Frontiers in Endocrinology. 2023;14:1111430.
Do0i:10.3389/fend0.2023.1111430

56. Tomlinson B, Chan P, Lam CWK. An overview of alogliptin+

pioglitazone for the treatment of type 2 diabetes. Expert Opinion on
Pharmacotherapy. 2022;23(1):29-42.
D0i:10.1080/14656566.2021.1985465

57.Wallace T, Levy ], Matthews D. An increase in insulin sensitivity and
basal beta-cell function in diabetic subjects treated with pioglitazone in
a placebo-controlled randomized study. Diabetic medicine.
2004;21(6):568-76.

Do0i:10.1111/j.1464-5491.2004.01218.x

58. Xiang AH, Peters RK, Kjos SL, Marroquin A, Goico ], Ochoa C, et al.
Effect of pioglitazone on pancreatic 3-cell function and diabetes risk in
Hispanic women with prior gestational diabetes. Diabetes.
2006;55(2):517-22. Doi:10.2337 /diabetes.55.02.06.db05-1066
59.Jin ], YuY, Yu H, Wang C, Zhang X. Effects of pioglitazone on beta-
cell function in metabolic syndrome patients with impaired glucose
tolerance. Diabetes research and clinical practice. 2006;74(3):233-
41.D0i:10.1016/j.diabres.2006.04.020

60. LuJ, Zang ], Li H. Impact of three oral antidiabetic drugs on markers
of B-cell function in patients with type 2 diabetes: a meta-analysis. PLoS
One. 2013;8(10):e76713.
D0i:10.1371 /journal.pone.0076713

61. Lamounier RN, Coimbra CN, White P, Costal FL, Oliveira LS,
Giannella-Neto D, et al. Apoptosis rate and transcriptional response of
pancreatic islets exposed to the PPAR gamma agonist Pioglitazone.
Diabetology & Metabolic Syndrome. 2013;5(1):1.
D0i:10.1186/1758-5996-5-1

62. Jearath V, Vashisht R, Rustagi V, Raina S, Sharma R. Pioglitazone-
induced congestive heart failure and pulmonary edema in a patient
with preserved ejection fraction. Journal of Pharmacology and
Pharmacotherapeutics. 2016;7(1):41-3.
D0i:10.4103/0976-500X.179363

63. Guidance R, Recalls P, Reporting S, Medicines U, Medicines I, Update
P, et al. Glitazones: fluid retention, cardiac failure and macular oedema.
Prescriber Update. 2007;28(1):8-10.

64. Azhari HF, Dawson J. Clinical implications of fracture severity risk
with pioglitazone: A systematic review and meta-analysis of clinical
randomized trials. Frontiers in Pharmacology.
2025;16:1357309.D0i:10.3389/fphar.2025.1357309

65. Filipova E, Uzunova K, Kalinov K, Vekov T. Effects of pioglitazone
therapy on blood parameters, weight and BMI: a meta-analysis.
Diabetology & metabolic syndrome. 2017;9(1):90.
D0i:10.1186/s13098-017-0290-5

66. Yanai H, Adachi H. The low-dose (7.5 mg/day) pioglitazone therapy.
Journal of Clinical Medicine Research. 2017;9(10):821.
D0i:10.14740/jocmr3144w

67. Clar C, Royle P, Waugh N. Adding pioglitazone to insulin containing
regimens in type 2 diabetes: systematic review and meta-analysis. PLoS
One. 2009;4(7):e6112.
D0i:10.1371/journal.pone.0006112

Rev Clin Med 2026; Vol 13 (No 3) 144
Published by: Mashhad University of Medical Sciences (Reviews in Clinical Medicine)


https://rcm.mums.ac.ir/
https://rcm.mums.ac.ir/
https://pubmed.ncbi.nlm.nih.gov/29203734/
https://doi.org/10.4149/gpb_2019005
https://doi.org/10.1152/ajpgi.00410.2018
https://doi.org/10.1185/030079903125002180
https://doi.org/10.1530/EJE-09-0523
https://doi.org/10.1161/ATVBAHA.112.300346
https://doi.org/10.1016/j.tcm.2009.06.002
https://doi.org/10.22377/ijgp.v12i03.2006
https://doi.org/10.1016/j.ejphar.2016.01.011
https://doi.org/10.1097/MD.0000000000031508
https://doi.org/10.3389/fendo.2023.1111430
https://doi.org/10.1080/14656566.2021.1985465
https://doi.org/10.1111/j.1464-5491.2004.01218.x
https://doi.org/10.2337/diabetes.55.02.06.db05-1066
https://doi.org/10.1016/j.diabres.2006.04.020
https://doi.org/10.1371/journal.pone.0076713
https://doi.org/10.1186/1758-5996-5-1
https://doi.org/10.4103/0976-500X.179363
https://doi.org/10.3389/fphar.2025.1357309
https://doi.org/10.1186/s13098-017-0290-5
https://doi.org/10.14740/jocmr3144w
https://doi.org/10.1371/journal.pone.0006112

