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Objective: The aim of this study was to investigate the effect of insulin sensitizing agents on hormonal and metabolic parameters as well as 
menstrual patterns in women with polycystic ovary syndrome (PCOS). 
Methods: One hundred and twenty-three patients with PCOS were included. Metformin was administered to patients at 1,500 mg or 1,700 
mg daily for 3 months. If the patients had no improvement of the menstrual cycle or metformin-related adverse effects developed, the patients 
changed medication to a daily dose of either 15 mg pioglitazone or up to 45 mg. Then resumption of a regular menstrual cycle or recovery of 
ovulation was evaluated. Hormonal and metabolic profiles were compared between the response and non-response group to insulin sensitiz-
ing agents.
Results: One hundred and five patients with PCOS were treated with metformin for 3 months. Forty-eight patients (45.7%) showed improve-
ment of menstrual cycle regularity after 3 months of metformin use, whereas 57 patients (54.3%) had no change. The mean free testosterone 
measured after 3 months of treatment was significantly lower in metformin responders than in non-responders. The other parameters did not 
differ between the groups. Of the 23 patients who used pioglitazone for 3 to 6 months, 19 patients (82.6%) showed improvement in their men-
strual cycles.
Conclusion: Metformin treatment seems to be effective for the improvement of menstrual cyclicity irrespective of insulin resistance in women 
with PCOS. When metformin related adverse effect occurred, pioglitazone would be effective for aiding the resumption of the menstrual cycle. 
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Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine disorder 
affecting 6% to 10% of reproductive-age women [1], characterized 

by chronic anovulation and hyperandrogenism. Although the etiolo-
gy of PCOS remains unclear, insulin resistance has been identified as 
an important contributor to the pathogenesis of PCOS. Recent stud-
ies have indicated that defects in post-binding signaling in insulin-
sensitive tissue such as muscle, adipocytes, and ovarian tissue may 
lead to increased insulin resistance and subsequent hyperinsu-
linemia in PCOS [2-5]. 

Insulin sensitizing agents have been found to improve the symp-
toms of PCOS. Metformin is a biguanide drug for the treatment of 
type 2 diabetes, which has become the most widely used drug to 
treat women with insulin resistance and PCOS. Since the first study of 
metformin in women with PCOS was published in 1994, several stud-
ies have demonstrated a positive effect of metformin on both repro-
ductive and metabolic aspects of PCOS [6-11]. Irrespective of the re-
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duction of hepatic glucose production and enhancement of periph-
eral glucose utilization, the efficacy of metformin in the ovulatory re-
sponse is probably due to direct action on the ovary, and the ovula-
tory response to the drug seems to be related to local sensitivity or 
resistance to the drug [12]. 

Peroxisome proliferator-activated receptor-γ (PPAR-γ) is a nuclear 
receptor that is associated with obesity, insulin resistance, cardiovas-
cular disease, and adipose tissue formation, and is also a target of in-
sulin sensitizing agents, such as thiazolidinediones (TZDs). TZD-in-
duced effects accelerate the differentiation of adipose cells and im-
prove insulin resistance [13]. By improving insulin resistance and in-
directly reducing androgen synthesis in the ovaries, PPAR-γ receptors 
also affect the reproductive system. The ovaries can also be directly 
targeted with TZDs to reduce hyperandrogenemia and to stimulate 
ovulation. Pioglitazone is a new TZD derivative that has been approv-
ed for the treatment of type 2 diabetes. Pioglitazone acts after insulin 
binding by insulin receptors to improve the action of insulin, reduces 
its resistance to hormones, and inhibits glucose production in the liv-
er. Furthermore, it has both anti-inflammatory and anti-atheroscle-
rotic properties, which may be useful for reducing the mortality of 
cardiovascular disease. Pioglitazone has been used to treat the insu-
lin resistance, hyperandrogenism, and ovulatory dysfunction that are 
characteristic of PCOS [14-18]. Therefore, the aim of this study was to 
evaluate the effects of insulin sensitizing agents on the hormonal 
and metabolic parameters as well as menstrual patterns in women 
with PCOS.

Methods

1. Subjects
We recruited 123 patients with PCOS in the gynecologic clinic at the 

Seoul National University Hospital. A diagnosis of PCOS was based 
on the 2003 American Society for Reproduction and Embryology 
consensus meeting guideline [19]. This guideline proposes a diagno-
sis of PCOS when a patient meets two of the following three criteria: 
1) oligo- and/or anovulation, 2) hyperandrogenism (clinical and/or 
biochemical), and 3) a polycystic ovary morphology on ultrasonogra-
phy (either 12 or more follicles measuring 2-9 mm in diameter or in-
creased ovarian volume > 10 cm3), also excluding other androgen ex-
cess or related disorders. Oligomenorrhea was defined as less than 
eight periods per year or cycles longer than 35 days, and amenorrhea 
was defined as the absence of menstruation for more than three mon-
ths without pregnancy. Clinical hyperandrogenism (HA) was defined 
by a modified Ferriman and Gallwey score of 6 or greater in our pop-
ulation and biochemical HA was defined as follows: total testoster-
one > 0.68 ng/mL; free testosterone > 1.72 pg/mL; and a free andro-
gen index (FAI) > 5.36 [20]. 

All PCOS patients were screened to exclude hyperprolactinemia 
and thyroid dysfunction. Serum 17-hydroxyprogesterone (OHP) was 
also measured to exclude non-classical adrenal hyperplasia. If a pa-
tient’s serum 17-OHP level was greater than 2.0 ng/mL, a repeat test 
was performed during the early morning follicular phase. The Institu-
tional Review Board for human research of each of the centers approv-
ed this project, and written informed consent was obtained from each 
participant.

2. Study design
The patients with PCOS took metformin at a dose of 500 mg three 

times a day or 850 mg twice a day for 3 months. We measured the 
adherence to metformin by patient self-reports. If the patients had 
no improvement in the menstrual cycle or metformin-related ad-
verse effects developed (nausea, diarrhea, and/or heartburn), those 
patients changed medication to pioglitazone for 6 months, begin-
ning with a daily dose of 15 mg and increasing if needed to 45 mg 
after the first 3 months. The outcome parameters of the response to 
insulin sensitizing drugs included resumption of a regular menstrual 
cycle or recovery of ovulation. Menstrual cyclicity was defined as 
subjects having normal menses at 25 to 35 day intervals within the 
study period. Serum progesterone was measured on cycle day 21 
and a progesterone serum level equal to or greater than 3.0 ng/dL 
was considered a confirmation of ovulation. In addition, hormonal 
and metabolic profiles were compared between the response and 
non-response group to insulin sensitizing agents before treatment 
and after treatment. 

3. Clinical and biochemical measurements
Clinical variables such as waist circumference, hip circumference, 

body weight, height, and blood pressure were assessed, and the body 
mass index (BMI) was calculated as weight (kg) divided by the square 
of height (m2). 

Basal gonadotropin hormone levels were measured in all PCOS sub-
jects, including serum LH, FSH, and E2. The women with PCOS were 
evaluated for serum total testosterone, free testosterone, 17-OHP, 
DHEAS, and sex hormone binding globulin (SHBG) using radioimmu-
noassay (Siemens, Los Angeles, CA, USA), and plasma insulin levels 
were measured using a commercial kit (BioSource Europe S.A., Niv-
elles, Belgium). The FAI was calculated as total testosterone/SHBG × 
100, and the values for testosterone were converted from ng/mL to 
nmol/L using the following the index proposed by the manufacturer: 
1 ng/mL=3.467 nmol/L. Fasting and postprandial 2-hour glucose and 
insulin levels were evaluated by a 75-g glucose tolerance test using 
commercial kits (BioSource Europe S.A.) in order to assess insulin resis-
tance in PCOS patients. The homeostatic model for insulin resistance 
(HOMA-IR) was calculated by glucose (mg/dL)×insulin (μU/mL)/405. 
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4. Statistical analysis
All data are presented as mean ± SD. Statistical significance was an-

alyzed using the Student’s t-test and a p-value less than 0.05 was con-
sidered to be statistically significant. All data analyses were done us-
ing IBM SPSS ver. 20 (IBM, Armonk, New York, USA).

Results

1. General characteristics of the patients and changes in 
metformin treatment for 3 months 

One hundred and five patients with PCOS were treated with met-
formin for 3 months. Forty-eight patients (45.7%), considered to be 
“responders”, showed improvement in menstrual cycle regularity 
and/or recovery of ovulation during 3 months of metformin use, wher-
eas 57 patients (54.3%) had no change, and these patients were con-
sidered “non-responders”. The baseline characteristics of responders 
and non-responders with PCOS given metformin were compared to 
identify any predictors of a clinical response to metformin. Analysis 
of the baseline features of the two groups did not show any differ-
ences (Table 1). 

After 3 months of metformin treatment, there was no significant 
change in fasting glucose, postprandial 2-hour glucose, fasting insu-
lin, postprandial 2-hour insulin, or HOMA-IR in either the responder 
or the non-responder group. However, the free testosterone level was 
significantly lower in the responders than non-responders (Table 2).

2. Comparison of reproductive hormones and metabolic status 
between responders and non-responders in pioglitazone 
treatment 

We administered one 15 mg tablet of pioglitazone to 42 patients 
who consisted of patients from the non-response group of metfor-

min or those who did not take metformin because of the adverse ef-
fects. Eleven out of 42 patients who were administered one 15 mg 
tablet of pioglitazone were not able to visit the center for tracing. Af-
ter 3 months, 8 patients showed regular menstruation recovery ac-
companied by dysmenorrhea or breast tenderness and 23 patients 
did not show recovery of regular menstruation or ovulation. Of the 
23 non-responders to 15 mg of pioglitazone, 15 patients finished the 
study on 45 mg of pioglitazone for the final 3 months. Among them, 
11 patients showed recovery of menstruation or ovulation and 4 pa-
tients still did not in the end. The comparison of baseline reproductive 
hormone and metabolic parameters between the responders and 

Table 1.  Baseline characteristics of the subjects on metformin treat-
ment in women with PCOS

Characteristic Responders 
(n = 48)

Non-responders 
(n = 57) p-value

Age (yr) 24.0 ± 5.4 25.2 ± 5.5 NS
Menstrual irregularity (n)
   Amenorrhea 22 35 -
   Oligomenorrhea 23 21 -
   DUB   3   1 -
PCOS subtype (n)
   IM+PCO+HA 31 35 -
   IM+PCO 12 20 -
   IM+HA   5   2 -
BMI (kg/m2) 22.7 ± 3.8 23.3 ± 4.5 NS
Waist (cm) 71.4 ± 8.5 73.5 ± 12.1 NS
Hip (cm) 95.0 ± 7.6 94.3 ± 8.3 NS
Waist/hip ratio 0.75 ± 0.07 0.78 ± 0.08 NS
Hirsutism score 7.4 ± 5.9 5.8 ± 5.3 NS

Values are shown as mean ± SD. 
PCOS, polycystic ovary syndrome; NS, not significant; DUB, dysfunctional 
uterine bleeding; IM, irregular menstruation; PCO, polycystic ovary; HA, hy-
perandrogenism; BMI, body mass index. 

Table 2. Changes in women with PCOS on metformin treatment for 3 months

Factors
Responders (n = 48) Non-responders (n = 57)

Baseline On metformin Baseline On metformin

LH (mIU/L) 9.8 ± 7.0 - 9.6 ± 5.3 -
FSH (mIU/L) 4.6 ± 2.1 - 5.4 ± 2.6 -
Estradiol 55.9 ± 36.6 - 44.7 ± 25.7 -
Total testosterone (ng/mL) 0.48 ± 0.26 0.39 ± 0.24 0.44 ± 0.22 0.42 ± 0.20
Free testosterone (pg/mL) 1.66 ± 1.03 1.15 ± 0.79a 1.80 ± 1.22 1.94 ± 1.27
FAI 6.61 ± 5.45 5.60 ± 6.20 6.24 ± 7.97 5.19 ± 3.54
Fasting glucose (mg/dL) 86.9 ± 7.6 83.2 ± 7.5 86.0 ± 12.6 85.4 ± 7.1
Fasting insulin (μU/mL) 14.5 ± 10.7 16.6 ± 29.0 14.2 ± 10.6 14.0 ± 12.2
HOMA-IR 3.1 ± 2.6 3.5 ± 6.2 2.8 ± 1.2 3.0 ± 2.6
PP 2 hour glucose (mg/dL) 104.1 ± 29.4 103.5 ± 33.8 106.6 ± 25.7 104.3 ± 30.5
PP 2 hour insulin (μU/mL) 81.0 ± 76.1 112.6 ± 257.8 71.0 ± 60.7 53.4 ± 42.7

Values are shown as mean ± SD. 
FAI, free androgen index; HOMA-IR, homeostasis model assessment for insulin resistance; PP, postprandial.
ap< 0.01 by paired t-test used for baseline versus on metformin in responders.
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the non-responders to pioglitazone treatment is shown in Table 3.

Discussion

PCOS is the most common endocrine disorder of women of repro-
ductive age. Given the well-documented association between PCOS 
and insulin resistance, metformin and other insulin sensitizing drugs 
have been used in the management of PCOS. Nevertheless, the me-
chanisms underlying the beneficial effects of insulin sensitizing agents 
in the treatment of PCOS remain incompletely understood. Since not 
all PCOS patients are obese or insulin resistant, it has thus far remain-
ed unclear whether PCOS patients without evidence of insulin resis-
tance would also benefit from insulin sensitizing agents. 

In our study, 105 patients took 500 mg of metformin three times a 
day or 850 mg twice a day for 3 months. Although improvements in 
insulin sensitivity in these women were not marked, 45.7% of these 
subjects, most with severe oligomenorrhea at baseline, had their cy-
cles normalized. Conversely, almost half of the women given metfor-
min had no improvement in their menstrual abnormalities. The re-
markable differences in clinical response to metformin among PCOS 
subjects are difficult to explain; this phenomenon might reflect the 
heterogeneity of PCOS, and it emphasizes the importance of testing 
treatments on clearly defined subgroups of PCOS. These findings are 
consistent with the results of our preliminary study [21]. Even though 
the assessment of adherence to metformin medication was not done 
directly, we measured the medication adherence to metformin by 

patient self–reports, and we were able to distinguish between met-
formin non-responders and those patients who stopped metformin 
treatment due to adverse effects.

There was no significant reduction in the fasting glucose:insulin ra-
tio (G:I ratio) or HOMA-IR in the metformin responders or in the non-
responders. These findings may be caused by the short three-month 
duration of administration of metformin. The standard administra-
tion period for metformin has not been established; therefore, more 
related studies should be performed. In addition, considering that 
74% (78/105) the subjects of our study were non-obese patients with 
PCOS, it is difficult to exclude the possibility that the recovery of insu-
lin resistance is relatively slow, unlike that in obese patients. It is still 
under debate whether non-obese women with PCOS are insulin re-
sistant. Moreover, isolated insulin resistance cannot be reliably diag-
nosed with surrogate markers. Fasting insulin levels reflect insulin se-
cretion and clearance as well as insulin resistance and are not suffi-
ciently predictive of euglycemic clamp measures of insulin action to 
be used for the diagnosis of insulin resistance in individual patients. 
Other fasting measures, such as the G:I ratio, HOMA-IR, and the quan-
titative insulin sensitivity check index are all based on fasting glucose 
and insulin levels and essentially provide identical information. As 
discussed above, even when insulin resistance is assessed using the 
euglycemic glucose clamp, it is clear that some women with PCOS 
have normal insulin sensitivity [22-24]. 

In the present study, there was a significant reduction in serum lev-
els of free testosterone after metformin treatment in the responders 
group. Presumably, the decline of free testosterone represents a real 
decline in androgen bioavailability in our patients during metformin 
treatment. Moreover, the effect of metformin on abnormal ovarian 
androgen metabolism in women with chronic anovulation and hy-
perandrogenism may include a direct ovarian sensitizing action with-
out effecting a change on circulating insulin concentrations [25]. There-
fore, it can be concluded that metformin therapy is effective for an-
drogen excess, and free testosterone may be a predictor of response. 

The result of administering pioglitazone to the metformin non-re-
sponders and to those patients who stopped metformin treatment 
due to adverse effects such as digestive complications revealed that, 
in the end, 19 of 23 patients (82.6%) showed recovery of regular men-
struation or ovulation at 6 months. With pioglitazone treatment, no 
significant difference was seen on reproductive hormones or meta-
bolic parameters between the responders and the non-responders 
group. Although the number of subjects is small, the result shows 
that pioglitazone could possibly be considered an effective drug for 
patients with PCOS. According to Brettenthaler et al. [14], the rate of 
induction of ovulation with pioglitazone was increased from 5.6% to 
41.2% (p< 0.02) compared with a placebo control group, and free 
androgen and LH levels were significantly decreased. Moreover, Koo 

Table 3. Comparison of reproductive hormones and metabolic sta-
tus between responders and non-responders to 6 months of piogli-
tazone treatment

Factors Responders 
(n = 19)

Non-responders 
(n = 4) p-value

Age (yr) 22.2 ± 4.2 23.6 ± 3.2 NS
BMI (kg/m2) 23.5 ± 6.0 22.2 ± 4.6 NS
Hirsutism score 8.8 ± 7.1 3.3 ± 3.3 NS
LH (mIU/L) 10.8 ± 5.1 15.3 ± 8.2 NS
FSH (mIU/L) 6.1 ± 2.8 4.8 ± 1.6 NS
Estradiol 35.8 ± 15.2 39.8 ± 19.8 NS
Total testosterone (ng/mL) 0.56 ± 0.19 0.48 ± 0.24 NS
Free testosterone (pg/mL) 2.29 ± 1.06 1.91 ± 1.19 NS
FAI 7.59 ± 7.00 4.99 ± 3.84 NS
Fasting glucose (mg/dL) 83.5 ± 6.3 86.8 ± 9.6 NS
Fasting insulin (μU/mL) 13.5 ± 7.0 12.4 ± 4.8 NS
HOMA-IR 2.8 ± 1.5 2.7 ± 1.1 NS
PP 2 hour glucose (mg/dL) 103.3 ± 22.3 102.0 ± 32.1 NS
PP 2 hour insulin (μU/mL) 85.3 ± 64.5 44.6 ± 45.9 NS

Values are shown as mean ± SD. p-value was evaluated by Mann-Whitney 
test.
NS, not significant; BMI, body mass index; FAI, free androgen index; HOMA-IR, 
homeostasis model assessment for insulin resistance; PP, postprandial.
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et al. [26] found that 45.5% of 28 women with PCOS showed clinical 
improvement in their menstrual cycles during treatment with 15 mg 
of pioglitazone and these patients showed a different response pat-
tern according to their baseline free testosterone levels. In a recent 
systematic review and meta-analysis to assess the comparative effi-
cacy of pioglitazone and metformin, pioglitazone was more suitable 
for treating hyperinsulinemia and insulin resistance among PCOS pa-
tients, while metformin was more effective in reducing body weight 
[27]. Although the action of pioglitazone is obviously different from 
metformin, the comparative efficacy of pioglitazone versus metfor-
min in the treatment of PCOS remains controversial.

Our results failed to demonstrate that metformin had any effect on 
the parameters studied, except for free testosterone. The severity of 
insulin resistance, hyperandrogenism, obesity, and menstrual abnor-
malities have been proposed as predictors of clinical response to 
metformin [7,8,27,28], although metformin has also been shown to 
improve metabolic and reproductive parameters in women with 
PCOS independently of pretreatment insulin resistance or BMI [11]. 
However, there remain a number of unanswered questions concern-
ing the use of metformin in women with PCOS, including which pa-
rameters may best predict a response and the appropriate dose for a 
given body mass. 

In conclusion, metformin treatment seems to be effective for the 
improvement of menstrual cyclicity irrespective of insulin resistance 
expressed as the glucose-to-insulin ratio and HOMA. When metfor-
min-related adverse effects occur, pioglitazone could be effective in 
aiding the resumption of the menstrual cycle. Further studies with 
large-scale, randomized, and long-term data are needed to clarify 
the role of insulin-sensitizing agents in the treatment of clinical and 
biochemical PCOS characteristics.
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