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InTRoducTIon

Polycystic ovary syndrome (PCOS) is one of  the most 
common endocrine disorders, affecting 5–10% women 
of  reproductive age.[1] PCOS is a heterogeneous condition 
characterized by chronic anovulation, hyperandrogenism, 
ovarian dysfunction, and polycystic ovaries.[2] PCOS is the most 
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A B S T R A C T

Introduction: Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders in women. PCOS comprises a 
broad spectrum of anomalies, including hyperandrogenism, chronic anovulation, obesity, and infertility. Insulin resistance and its 
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sensitizer drugs, metformin and pioglitazone, on clinical, metabolic, and endocrine characteristics of women with PCOS. Methods: In 
this randomized clinical trial, 56 women with PCOS (ages 20–49 years) were treated orally with either metformin (500 mg 3 times 
daily) or pioglitazone (30 mg daily) for 3 months. Clinical (body weight, blood pressure [BP], and body mass index) and laboratory 
indices (fasting blood sugar [FBS], serum triglyceride [TG], cholesterol, low‑density lipoprotein, high‑density lipoprotein, insulin, 
testosterone, and dehydroepiandrosterone [DHEA]) were measured before and after therapy. Data were analyzed by Chi‑square 
and McNemar’s tests. Results: Significant decreases were seen after treatment with metformin in extent of hair loss (P = 0.008), 
wrist circle (P = 0.011), weight (P = 0.047), diastolic BP (P = 0.023), and DHEA (P = 0.035). A significant decrease in TG was seen 
with pioglitazone treatment (P = 0.047). In both groups, significant decreases in acne, menstrual disturbance, FBS, and serum insulin 
were seen. Conclusion: There is a significant amelioration of endocrine and metabolic indices with pioglitazone in PCOS patients. 
Although we were not able to recommend one treatment regime over the other, pioglitazone offers a useful, alternate treatment in 
women with PCOS who are not able to tolerate metformin.
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common cause of  female infertility and is also associated with 
increased risks of  diabetes mellitus, cardiovascular disorders, 
and endometrial cancer.[3] Although not yet fully understood, 
insulin resistance and its compensatory hyperinsulinemia are 
thought to play a key role in the pathogenicity of  PCOS.[2,3] 
The incidence of  insulin resistance in PCOS is substantially 
higher in weight- and age-matched women without PCOS[4] 
and is a consistent feature of  PCOS in both normal and 
overweight women. Insulin resistance also appears to play a 
significant role in the pathogenesis of  the hyperandrogenism 
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and infertility of  PCOS.[3,5] Women with anovulation, 
hyperinsulinemia, and hyperandrogenism are at greater 
risk of  developing diabetes with an age of  onset 30 years 
earlier than in the general population.[6] Hyperinsulinemia 
increases the risk of  cardiovascular disease both directly and 
by its impact on lipid metabolism.[5,7] Early control of  blood 
glucose, insulin, and lipids, before the onset of  menopause, 
is therefore of  importance.[8]

Medications which improve insulin sensitivity offer new 
therapeutic approaches to the treatment of  PCOS.[4,6] These 
medications include the oral antidiabetic agents such as 
metformin and pioglitazone. Although both medications 
reduce insulin resistance, they differ in their mechanisms of  
action.[9] Metformin is a biguanide, which decreases hepatic 
glucose production, circulating insulin and intestinal glucose 
absorption, and improving peripheral tissue utilization of  
glucose. Pioglitazone is a peroxisome proliferator-activated 
receptor gamma agonist which enhances the ability of  muscles 
to metabolize glucose and improves insulin sensitivity without 
hypoglycemia or alteration of  body fat distribution.[6-11] 
However, few studies are available that compared the clinical 
and metabolic effects of  these medications. In this study, we 
evaluated the clinical and metabolic effects of  metformin 
versus pioglitazone among women with PCOS.

Side effects of  pioglitazone include mild to moderate 
edema, weight gain, minor reductions in hemoglobin 
and hematocrit, myalgia, and temporary increases in liver 
enzymes.[8,11] Metformin is generally well-tolerated but 
occasionally causes gastrointestinal side effects including 
vomiting, abdominal bloating, diarrhea, and nausea.[6,7,10]

meTHods

This randomized clinical trial was carried out in the 
Obstetrics and Gynecology Clinic of  Imam Reza Hospital, 
Kermanshah, Iran, from May 2012 to April 2013. The study 
was approved by the Ethics Committee of  Kermanshah 
University of  Medical Sciences and registered under code 
IRCT201112078323N1 in the Iranian Center of  Clinical 
Trials (IRCT.ir). Informed consent was obtained from 
all patients. Before commencement, 56 subjects aged 
20–49 years were randomly divided into 2 treatment 
groups and matched according to age, weight, presence of  
hirsutism, and history of  menstrual disorders.

PCOS was diagnosed according to the revised Rotterdam 
2003 criteria,[12] i.e. the presence of  at least 2 of  the following 
3 criteria: (1) Oligo/anovulation, (2) clinical or biochemical 
signs of  hyperandrogenism including hirsutism, acne, or 

increased serum testosterone, and (3) polycystic ovaries 
by vaginal ultrasound.[13] Exclusion criteria were diabetes 
mellitus, abnormal liver function tests, known cardiac or 
renal disease, smoking, age <20 years, adrenal disorders 
including congenital adrenal hyperplasia and Cushing’s 
syndrome, thyroid disorders, and hyperprolactinemia.[3,6,10]

Twenty-eight subjects in metformin group were treated 
with metformin 500 mg, 3 times daily, and twenty-eight in 
pioglitazone group were treated with pioglitazone 30 mg 
daily for 3 months. All patients received comprehensive 
clinical examinations, including height, weight, blood 
pressure, waist circumference, and body mass index (BMI). 
All clinical and laboratory examinations were repeated at 
the end of  the 3-month treatment period.

Metabolic and endocrine laboratory parameters included 
fasting serum insulin, blood glucose (fasting blood 
sugar [FBS]), low-density lipoprotein (LDL), high-density 
lipoprotein (HDL), cholesterol (Chol), triglyceride (TG), 
free testosterone, and dehydroepiandrosterone (DHEA). 
FBS and lipids were measured by enzymatic methods (Roche 
Hitachi). Free testosterone and DHEA were by 
enzyme-linked immunosorbent (ELISA) assays (IBL, 
USA). Insulin was measured by ELISA (Roche, Germany). 
Statistical analysis was performed using IBM SPSS software, 
version 16.0. Qualitative variables (e.g. clinical parameters 
such as acne and menstrual patterns) were assessed with 
the Chi-square test. Quantitative variables were assessed 
by the independent t-test. A P < 0.05 was considered 
statistically significant.

ResulTs

Average ages of  the metformin and pioglitazone groups 
were 27.5 ± 3.68 and 27.57 ± 5.91 years, respectively. 
Average BMI before and after treatment was not 
significantly different. Waist circumference was significantly 
reduced in the metformin group compared with 
pioglitazone group (P = 0.011). The majority of  women 
had oligomenorrhea with both clinical and laboratory 
evidence of  hyperandrogenism. Table 1 shows qualitative 
clinical parameters of  PCOS before and after treatment.

Hair loss is decreased in both groups. This reached 
statistical significance, however, only in the metformin 
group. Irregular menstrual patterns and acne significantly 
decreased in both groups. Table 2 shows quantitative 
clinical variables before and after treatment.

Mean body weight was slightly increased in the pioglitazone 
group but significantly reduced in the metformin 
group (P = 0.047). Table 3 shows metabolic and endocrine 
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parameters before and after treatment with metformin and 
pioglitazone. Serum testosterone and DHEA decreased 
after treatment with both medications. However, this 
reduction was statistically significant only for DHEA. FBS 
and fasting insulin significantly decreased in both groups.

dIscussIon

Hyperinsulinemia is considered an important pathogenic 
factor in PCOS, a common female endocrine disorder.[10] 
Therapies which reduce insulin resistance are therefore of  
potential clinical value in this disorder.[11] In this study, we 
compare the efficacy of  pioglitazone versus metformin in 
the treatment of  PCOS. Metabolic, endocrine, and clinical 
outcomes associated with treatments have been compared. 
Although significant differences between groups were 
found for some parameters, no regimen proved superior 
to the other in this study using the treatment regimens 
specified here.

In this study, the doses of  metformin and pioglitazone were 
500 mg 3 times daily and 30 mg daily, respectively. Dosages 
in different studies have varied. Intervention and follow-up 
times have also shown differences ranging from 12 weeks 
to 12 months.[9,10,14-16] The study showed that treatment with 
metformin and pioglitazone reduces hyperinsulinemia and 
hyperandrogenemia and finally remedy menstrual cycle, 
hair loss, and acne in women with the PCOS. In the present 
study, BMI was not significantly decreased in both groups, 
which contradicts the results of  Li et al.[10] In this study, waist 
circumference decreased significantly in the metformin 
group. Velazquez et al. found that after treatment with 
metformin, reductions in waist circumference occurred.[17] 
However, in other studies, changes in waist circumference 
were not observed after treatment with metformin.[18,19] In 
our study, the pioglitazone group showed no significant 
change in waist circumference which was consistent with 
results from studies that were done by Romualdi et al.[14] 
Nevertheless, Ortega-González et al. reported that waist 
circumference is significantly increased after administration 
of  pioglitazone.[15,16] Waist circumferences >35 inches 
in women indicate abnormal metabolic and hormonal 
function which is one of  the risk factors of  cardiovascular 
disease.[20] Acne is clearly ameliorated after treatment 
in both groups. Amelioration of  menstrual disorders 

Table 1: Treatment comparisons. Qualitative clinical variables
Treatment group Before 

treatment (%)
After 

treatment (%)
P

Before treatment After treatment
Hair loss Metformin 19 (67.9) 11 (39.3) 0.227 0.781

Pioglitazone 14 (50) 9 (32.1)
Oligomenorrhea Metformin 25 (89.3) 13 (46.4) 0.735 0.525

Pioglitazone 23 (82.1) 11 (39.3)
Amenorrhea Metformin 2 (7.1) 0 (0)

Pioglitazone 3 (10.7) 1 (3.6)
Polymenorrhea Metformin 1 (3.6) 0 (0)

Pioglitazone 2 (7.1) 1 (3.6)
Acne Metformin 21 (75) 12 (42.9) 0.54 0.735

Pioglitazone 13 (46.4) 5 (17.9)

Table 2: Treatment comparisons. Quantitative clinical 
variables

Treatment 
group

Mean±SD P
Before 

treatment
After 

treatment
Weight (kg) Metformin 72.46±12.97 71.54±12.27 0.047

Pioglitazone 72.57±13.31 73.25±12.75 0.233
BMI (kg/m2) Metformin 27.71±4.36 27.43±4.45 0.098

Pioglitazone 28.28±4.49 28.55±4.34 0.221
Systolic BP (mmHg) Metformin 109.64±13.18 107.14±9.75 0.109

Pioglitazone 120.36±18.80 116.96±16.17 0.248
Diastolic BP (mmHg) Metformin 71.43±9.4 66.61±9.8 0.023

Pioglitazone 77.68±14.93 72.68±13.15 0.073
Waist circumference 
(cm)

Metformin 90.61±10.08 89.91±9.1 0.011
Pioglitazone 90.18±11.35 90.36±9.86 0.821

BMI: Body mass index, BP: Blood pressure, SD: Standard deviation

Table 3: Metabolic and endocrine laboratory parameters 
before and after treatment

Treatment 
group

Mean±SD P
Before 

treatment
After 

treatment
FBS (mg/dl) Metformin 85.32±10.90 81.46±10.89 0.006

Pioglitazone 87.46±8.76 83.25±8.51 0.031
TG (mg/dl) Metformin 116.46±56.15 111.39±48.13 0.270

Pioglitazone 130.7±35 113.93±56.08 0.047
HDL (mg/dl) Metformin 47.11±10.75 45.79±8.87 0.307

Pioglitazone 18.45±11.93 48.11±11.43 0.103
LDL (mg/dl) Metformin 88.46±18.61 85.46±18.46 0.255

Pioglitazone 98.50±24.69 96.21±26.06 0.400
Cholesterol 
(mg/dl)

Metformin 158.54±24.64 156.36±22.10 0.783
Pioglitazone 165.75±29.59 167.07±28.14 0.187

Testosterone 
(ng/dl)

Metformin 0.79±0.65 0.59±0.39 0.068
Pioglitazone 0.97±0.75 0.79±0.49 0.115

DHEA Metformin 1.79±0.81 1.53±0.76 0.035
Pioglitazone 2.16±1.18 1.67±0.86 0.016

Insulin (μ/l) Metformin 25.57±13.15 15±7.97 <0.001
Pioglitazone 34.79±48.42 18.73±10.14 0.040

FBS: Fasting blood sugar, TG: Triglycerides, HDL: High‑density lipoprotein, LDL: Low‑ 
density lipoprotein, DHEA: Dehydroepiandrosterone, SD: Standard deviation
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in both groups also was significant. Most studies agree 
on the effects of  both metformin and pioglitazone in 
the treatment of  menstrual disorders and acne.[10,14-16] 
After treatment, FBS and fasting insulin levels decreased 
significantly in both groups. In Glueck et al. study, the 
combination of  metformin and pioglitazone reduces 
insulin resistance, glucose, and insulin levels in patients 
who did not respond to metformin alone.[21] In this study, 
blood lipid levels did not change after treatment with 
metformin. In the pioglitazone group, only the TG levels 
decreased significantly, and the amount of  this reduction 
was very low. In Naka et al. study, treatment with metformin 
reduces LDL levels, but treatment with pioglitazone 
increase LDL and Chol and reduces HDL.[16] The clinical 
significance of  changes in lipid levels by pioglitazone 
is unknown. In this study, testosterone levels did not 
change significantly after treatment in both groups, but 
DHEA decreased in both groups and the decrease was 
greater in the pioglitazone groups. In Romualdi et al. 
study, treatment with pioglitazone had no effect on free 
and total testosterone and sex hormone-binding globulin 
levels;[14] however, clinical symptoms of  hyperandrogenism, 
such as acne and hirsutism, were clearly ameliorated. 
These results indicate that in addition to the effect on 
insulin metabolism, pioglitazone may act through other 
mechanisms to improve clinical symptoms in patients. 
Strong association between hyperandrogenism and 
hyperinsulinemia represents the hypothesis that stimulatory 
effect of  insulin on ovarian androgen production is affected 
by some genetic predisposition.[22] Limitations of  this 
study include the small sample size and short duration of  
treatment with pioglitazone and metformin. Further studies 
with more patients are needed to confirm the effect of  
these medications in PCOS patients.

conclusIon

Both metformin and pioglitazone are effective in the 
treatment of  women with PCOS. Although we were not 
able to recommend one treatment regime over the other, 
pioglitazone does offer a useful, alternate treatment in 
women with PCOS who are not able to tolerate metformin.
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