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Abstract: Objective: Evaluate the effect of metformin on serum insulin (fasting and 2hr postprandial), androgens (total and free testosterone, DHEAS and SHBG) and AMH in PCOS patients at 3 and 6 months interval. Design: Prospective study Setting: Damn hour teaching Hospital, Obstetrics and Gynecology Department. Patients: 50 hyperandrogenic PCOS patients. Interventions: 1700 mg metformin was given for a period of 6 months; serum insulin, previously mentioned androgens and AMH were measured at baseline, 3 months and 6 months of treatment. Main outcome measure: serum fasting and 2 hrs. postprandial insulin and glucose levels, insulin resistance, serum total and free testosterone, DHEAS and SHBG and serum AMH. The impact of treatment and biochemical changes on menstrual regularity, clinical manifestations of hyperandrogenism, ovarian morphology and fertility. Results: Metformin treatment produced a significant reduction in insulin, serum androgens and AMH levels. 62% of the patients had improvement in their cycle regularity and 2 out of 50 patients had spontaneous pregnancy. However, there were no improvement in hyperandrogenic manifestations or change in ovarian morphology. Conclusion: Metformin as an insulin sensitizing agent improved insulin resistance in PCOS patients and improved biochemical but not clinical hyperandrogenism. Metformin produced significant reduction in AMH levels and modest improvement in cycle regularity; but no change in the ovarian morphology. Metformin could not be used for the treatment of hirsutism or in improving fertility in PCOS.
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1. Introduction
Polycystic Ovary Syndrome (PCOS) is the most common endocrinological disorder affecting 4-12% of reproductive aged women (Diamanti-Kandarakis et al 1999). It has also been the most medical condition that caused a lot of controversy in its every aspect (Lashen 2010).
PCOS is a disorder with a combination of reproductive and metabolic characteristics (Lashen 2010). Diagnosis of PCOS should include at least two of the following features: oligo/anovulation, hyperandrogenism and enlarged ovaries with multiple follicles ranging in size from 2-10 mm by ultrasound scan ESHRE/ASRM, 2004).
However the Androgen Excess Society recommends that androgen excess should remain a constant feature of PCOS, regardless of the morphological appearance of the ovaries and their ovulatory function (Azziz et al, 2006).
PCOS is a life course disease, that in addition to its reproductive impact, it has long term effects with the risk of developing Type II Diabetes mellitus and the metabolic syndrome (Apridonidze et al, 2005) as well as cardiovascular disease (Grundy, 2002).
Insulin resistance is a condition characterized by hyperinsulinemia secondary to failure of the target cells to respond to normal or ordinary levels of insulin (Le Roith and Zick, 2001). IR has been linked to the pathogenesis of PCOS through the effect of hyperinsulinemia on increasing serum androgen levels via a central role (Barbieri et al, 1986) or by decreasing the circulating levels of SHBG (Nestler et al, 1991).
Hyperinsulinemia has also been attributed to increased AFC and ovarian volume in PCOS women (Carmina et al, 2005). It is unclear if PCOS related hyperinsulinemia state could induce the development of antralfollicles by increasing the sensitivity of granulosa cells to FSH, thus resulting in increased ovarian volume and higher follicular count seen by ultrasound in such patients (Loucks et al, 2000).
Though IR is not considered a diagnostic criteria in PCOS (ESHRE, ASRM, 2004), yet it is recognized by many as a common feature in PCOS independent of obesity (Dunaif et al, 1987). The prevalence of IR has been estimated to be 60-70% (De- Urgarte et al, 2005).
PCOS is also characterized by elevated AMH levels. The relationship between elevated serum AMH levels and pre-antral follicular number and PCOS patients has been a matter of controversy (Piltonen et al, 2005, Chen et al, 2008, Catteau-Jonard et al, 2008). Therefore, it is still unknown if AMH excess in PCOS is secondary to an intrinsic increase in AMH production by the granulose cells (Angela- Talbu et al,2010).
Therapies directed for treatment of PCOS, had arrived at reducing hyperinsulinemia as a contributing factor to hyperandrogenism (Lashen, 2010). The biguanide metformin is an insulin sensitizing drug routinely used for its antidiabetic effect in NIDDM (Bailey, Turner, 1996). Metformin as antihyperglcemic action and does not cause clinical hypoglycaemia, as it acts by decreasing basal hepatic glucose production and increases glucose uptake in insulin stimulated state after meals (Bailey 1992; Dunn and Peters,1995).
Metformin action on insulin resistance had been investigated in non- diabetics, where improvements in insulin sensitivity have been reported in first degree relatives of diabetics (Widen 1992), subjects with upper body obesity (Scheen et al, 1995).
Attia et al demonstrated in vitro experiments in 2001, that metformin significantly inhibited both androstenedione and testosterone production by the cells. In addition, Bailey and Turner suggested in their review in 1986, that metformin reduces hyperandrogenism through suppression of adrenal production of both the ovary and adrenal gland. In addition, metformin also reduces pituitary LH and increases the production of SHBG by the liver (Bailey and Turner,1996).
On the other hand, Harborne and colleagues reported no significant change in SHBG in hirsute patients (Harborne et al, 2005). They assigned that improvement of symptoms was due to reduction of insulin levels.
Concerning the effect of metformin on ovarian morphology and volume, the available data are scarce (De Leo V et al 1999, Stadtmauer et al, 2001 and Elter et al, 2002). Similarly, the effect of metformin on serum AMH. Some authors demonstrated a reduction in serum AMH levels during metformin treatment (Terhi et al, 2005). Others demonstrated no effect on serum AMH (Nascimento et al, 2013).
Aim of Work
· Evaluate the effect of metformin treatment on serum insulin, andorgens and AMH in PCOS patients.
· The role of metformin in improving cycle regularity in PCOS.

Patients and Methods
The study was conducted at the Obstetrics and Gynaecology department at Damnhour teaching Hospital, (April 2017 - March 2019), after the approval of the research and ethical committee at Faculty of Medicine, Al-Azhar University in April 2017. Fifty PCOS patients (18-35 yrs) attending the OBGYN clinic at Damnhour teaching hospital were included in the study. The diagnosis of PCOS was made based on the three criteria set by the Rotterdam Consensus meeting definition of PCOS (ESHRE, ASRM, 2004). The criteria were as follows:
· History of chronic anovulation defined as cycle length > 35 days, or less than 9 cycles per year or amenorrhoea (cycle length >12wks)
· Infertility with hirsutism or acne or elevation of one or more of serum androgen levels.
· Ultrasonographic findings of polycystic ovaries (increased ovarian volume, more than eight follicles in an ovary ranging from 2-10mm).
Patients excluded from the study were those with prior history of glucose intolerance, history of gestational diabetes, NIDDM patients, crushing’s syndrome thyroid dysfunction, hyperprolactinemia, congenital adrenal hyperplasia and patients on prolonged corticosteroid course, or other medications that alter the hormonal or metabolic profile; including PCOS patients who were on OCPs or cyclic progestagens.
All patients included in the study were not pregnant; however patients who got pregnant during the course of therapy were not excluded. Instead they were part of the outcomes of the study. It was a prospective study, in which the studied subjects received metformin 850 mg twice daily over a period of 6 months. Blood samples were collected at the start of the study, before receiving metformin, where baseline serum insulin (fasting and 2 hr postprandial), sex hormone binding globulin (SHBG), total and free testosterone, Dihydroepiandrostenedionesulphate (DHEAS) and Antimullerian Hormone (AMH) were obtained before starting metformin. Blood samples were collected at 3 and 6 months respectively of metformin treatment, to assess its effect on serum levels of the previously mentioned hormonal parameters. The effect of metformin on PCOS patients regarding its clinical and radiological parameters was also assessed. Each patient was asked to keep a diary of her menstrual periods over the study period; to elicit if there could be an effect by metformin on the regulation of menstrual cycles secondary to improvement of ovarian function as a result of improving insulin resistance in such patients. The effect of metformin on ovarian morphology by ultrasound was also assessed at baseline, 3months and 6 months of the study period; ovarian volume was noted down at each visit.
At the end of study, infertile patients’ response to inducing drugs as clomiphene citrate and human menopausal gonadotropins was also assessed. Spontaneous pregnancy during the course of the study was regarded as a secondary outcome parameter.
Laboratory work:
For each patient an 8 ml blood sample was withdrawn and pit in to a plain test tube. Serum was obtained from blood samples by centrifugation of clotted samples at room temperature. The obtained serum samples were stored at 20 C.
Serum SHBG concentrations were analyzed using sandwich ELISA principle.
By akitpurchased from IBL international GMBH. The sensitivity of the assay was 0.77 nmol/L, the intra assay variation was 4-9 % and inter assay variation was 3.1- 8%.
AMH concentrations were analyzed using enzymatically amplified two site immunoaasay ELISA by a kit purchased from Beckmen Coulter Germany. The sensitivity of the assay was 0.08 ng/ml, the intra assay variation was 5.8-7.7 % and inter assay variation was 5.3-5.7%.
Insulin and DHEAS serum concentrations were analyzed using Callibration Vertification principle and total testosterone was analyzed using competition principle. The kits for the insulin, DHEA-S and total testosterone were purchased from Roche Diagnostics; and this was done by automated cobas E 411. For DHEAS, the sensitivity of the assay was 0.100 ug/dl, the intra assay variation was 1.7-2.8 % and inter assay variation was 2.4-4.7%. For insulin, the sensitivity of the assay was 0.2 uU/ml, the intra assay variation was 0.9-1.5% and 2.4-4.9%. For total testosterone, the sensitivity of the assay was 0.087nmol/ml, the intra assay variation was 1.2- 4.7% and inter assay variation was 2.4- 4.9 %. Glucose was analyzed using glucose oxidase/mediator reaction principle using Accutrend Glucose kit purchased from Rochediagnostics.
Free testosterone was calculated as a percentage using the following formula:

AT=k (A)FT

The calculator was obtained through the following website:
www.issam.ch/free
Where AT is the albumin-bound testosterone, K is the association constant of albumin foe testosterone, and (A) is the albumin concentration. Albumin concentration was set at 4.3.
In addition, the insulin resistance was calculated using the HOMA formula:

Fasting Insulin (mIU/ml)  Fasting glucose (mg/dl)
450

The reference values used were as follows:
· Fasting Insulin ≤ 25mIU/ml.
· 2hpp Insulin ≤ 84mIU/ml.
· Fasting glucose 64-125mg/dl.
· 2hpp glucose 70-140mg/dl.
· SHBG 18-114nmol/l.
· Dihydroepiandrosteronesulphate 100-350ug/dl.
· Total Testosterone 0.200-0.800ng/ml.
· Free testosterone as percentage0.4-2.4%.
· AMH 1-5ng/ml

Results
According to the inclusion and exclusion criteria, 55 patients were recruited for the study, 5 patients discontinued the study due to side effects of metformin.
The study was completed by 50 hyperandrogenic PCOS patients, where the following tables show the mean values of their biochemical and hormonal parameters at baseline (before metformin treatment), after 3 months of metformin treatment and after 6 months of metformin treatment. During the study, one patient got pregnant spontaneously, her missing values at 6 months were managed by using the (imputation) technique to estimate the missing value for this patient. Imputation procedure was processed using SPSS statistical package.



Table (1): AMH Description:
	Variables
	Minimum (ng/ml)
	Maximum (ng/ml)
	Mean (ng/ml)
	Standard deviation

	AMH (baseline)
	6.28
	22.81
	15.65
	4.78

	AMH (3 months)
	5.1
	22.06
	13.6
	4.47

	AMH (6 months)
	2.5
	19.4
	11.43
	4.03




 
Figure (1): AMH Mean Values at Baseline, After 3 Months and After 6 Months of Treatment.


Table (1) and Figure (1) show that: AMH levels decreased over the course of treatment. AMH Mean was 15.65 ng/ml before starting treatment and decreased to13.6 ng/ml after 3 months, also continued to decrease and reached 11.43 ng/ml after 6 months.


Table (2): SHBG Description:
	Variables
	Minimum (nmol/ml)
	Maximum (nmol/ml)
	Mean (nmol/ml)
	Standard deviation

	SHBG. (baseline)
	1.7
	42.4
	16.53
	9.48

	SHBG (3 months)
	3.5
	63.7
	29.01
	15.38

	SHBG (6 months)
	15.3
	178.3
	47.13
	34.15



 
Figure (2): SHBG Mean values at baseline, 3 months of treatment and 6 months after treatment.

Table (2) and Figure (2) show: SHBG levels increased over the course of treatment, SHBG mean value was16.53nmol/mlatbaseline, and increased to 29.01 nmol/ml after 3months, also continued to increase and reached 47.13 nmol/ml after 6 months.

Table (3): DHEA-S Description:
	Variables
	Minimum (ug/dl)
	Maximum (ug/dl)
	Mean (ug/dl)
	Standard deviation

	DHEA-S. (baseline)
	84.85
	474.1
	285.55
	129.195

	DHEA-S (3months)
	52.58
	393.7
	190.76
	82.89

	DHEA-S (6 months)
	39.9
	310.8
	154.83
	67.307




Figure (3): DHEA-S Mean.


Table (3) and Figure (3) show: DHEA-S levels decreased over the course of treatment as the baseline DHEA-S mean was 285.55 ug/dl and decreased to 190.76 ug/dl after 3 months and continued to decrease and reached 154.83 ug/dl after 6 months.


Table (4): Total Testosterone Description:
	Variables
	Minimum (ng/ml)
	Maximum (ng/ml)
	Mean (ng/ml)
	Standard deviation

	T-Test. (baseline)
	0.154
	8.862
	0.702
	0.78

	T-Test. (3 months)
	0.178
	0.851
	0.409
	0.064

	T-Test. (6 months)
	0.087
	0.788
	0.433
	0.787




Figure (4): Total Testosterone Mean Values at Baseline, after 3 months and after 6 months of treatment.


Table (4) and Figure (4) show that: total testosterone levels decreased over 6 months of treatment (total testosterone mean was 0.702 ng/ml before starting treatment and decreased to 0.409 ng/ml after 3 months, also continued to decrease reaching 0.433 ng/ml after 6 months.


Table (5): Free Testosterone Description:
	Variables
	Min. %
	Max. %
	Mean %
	Standard deviation

	F-Test. (baseline)
	1.71
	3.98
	2.9
	0.498

	F-Test. (3 months)
	1.16
	3.71
	2.3
	0.595

	F-Test. (6 months)
	0.496
	2.88
	1.7
	0.602



[image: ]
Figure (5): Free Testosterone Mean Values at baseline, after 3 Months and after 6 months of treatment.


Table (5) and Figure (5) show that: Free testosterone serum levels decreased over the course treatment (free testosterone mean was 2.9% at baseline, and decreased to 2.3 % after 3 months, and continued to decrease to 1.7 % after 6 months).


Table (6): Fasting Insulin Description:
	Variables
	Minimum (uIU/ml)
	Maximum (uIU/ml)
	Mean (uIU/ml)
	Standard deviation

	F-Insulin (baseline)
	3.46
	37.16
	19.178
	8.97

	F-Insulin (3 months)
	3.05
	39.58
	14.165
	8.1

	F-Insulin (6 months)
	4.01
	25.40
	11.365
	5.51



[image: ]
Figure (5): Fasting Insulin Mean Values at Baseline, After 3 months and 6 months of treatment


Table (5) and Figure (5) show that: fasting Insulin levels decreased over the course of treatment (fasting Insulin mean was 19.178 uIU/ml at baseline and decreased to 14.165 uIU/ml after 3 months, also continued to decrease and reached 11.365 uIU/ml after 6months.


Table (6): Calculated Insulin Resistance (IR) Description:
	Variables
	Minimum
	Maximum
	Mean
	Standard deviation

	IR (baseline)
	0.657
	7.7
	3.7
	1.89

	IR (3months)
	0.558
	8.5
	2.89
	1.78

	IR (6months)
	0.347
	5.64
	2.17
	1.183




Figure (6): Calculated Insulin Resistance (IR) Mean Values at baseline, after 3 months and after 6 months of treatment.

Table (6) and Figure (6) show: IR levels decreased after 3 months of treatment, Mean was3.7 at baseline and decreased to 2.89, and continued decreasing to reach 2.17 after 6 months.

Table (6): Ovarian Volume Description:
	Variables
	Min. (ml3)
	Max. (ml3)
	Mean (ml3)
	Standard deviation

	Ovarian volume (baseline)
	10.08
	18.28
	13.53
	2.14

	Ovarian volume (3 months)
	9.60
	18.01
	13.22
	2.358

	Ovarian volume (6 months)
	9.54
	18.30
	13.08
	2.359



 
Figure (6): Ovarian Volume Mean values at baseline, after 3 months and after 6 months of treatment.

Table (6) and Figure (6) show: Ovarian Volume decreased after 3 months of treatment mean was 13.53 ml3before starting treatment and decreased to 13.22 ml3and continued decreasing to reach 13.08 ml3after 6 months.

Table (7): Ovarian Volume Analysis:
	Variables
	Mean (ml3)
	Standard deviation
	P-Value

	Ovarian Volume (0-3 months)
	0.306
	1.504
	0.244

	Ovarian Volume (3-6 months)
	0.146
	0.461
	0.074

	Ovarian Volume (0-6 months)
	0.452
	1.594
	0.108




Figure (7): Ovarian volume mean differences between baseline and 3 months of treatment, 3 months and 6 months of treatment and between baseline and 6 months of treatment.


Table (7) and Figure (7) show:
· Mean of the difference for the baseline minus values after 3 months treatment is in positive sign, which means that ovarian volume decreased by treatment over the first 3 months.
· Also the mean value of the difference between 3 months and 6 months was found to be in the positive sign, which means that the ovarian volume continued to decrease.
· P-value for these differences tests indicated for acceptance of the Null hypothesis for the used test which is (Mean = 0). Hence, we have an effect for treatment on ovarian volume but this effect was found to be statistically insignificant.



Figure (8): Effect of metformin on cycle regulation after 6 months of treatment.


Table (8): Cycle regulation with treatment:
	Cycle regulation
	Number
	Percentage %

	Regulation of cycles after 3 months of treatment
	31
	62

	No improvement in cycle regularity
	19
	38





Figure (8) shows: the effect of metformin on cycle regulation, it was found that 31 patients (62%) of our sample had regulation of their cycles after 3 months of treatment, while 19 patients (38%) of our sample had no improvement in cycle regularity.

4. Discussion
In our study, we have found out that metformin plays an important role in PCOS through improvement of the biochemical and hormonal parameters. However, the study did not elucidate a significant effect on fertility, despite this improvement. The study was completed by 50 hyperandrogenic PCOS patients, 47.05% of the patients demonstrated hyperinsulinemia in the form of high fasting insulin >25uU/ml, which forms the basis of the pathophysiology of PCOS (Barber et al., 2006). The use of metformin in this group of patients demonstrated a reduction in insulin levels from 19.17 uU/ml to 11.365 uU/ml which was statistically significant. Fasting glucose and 2hr pp glucose levels did not change during the study. The calculated insulin resistance based on fasting insulin and glucose levels showed a significant decrease in insulin resistance. Those effects brought about by metformin are through inhibition of hepatic gluconeogenesis and increasing glucose uptake and utilization by activating membrane-bound glucose transporters GLUT-1 and GLUT-4 (Bosi, 2009).
The effect of metformin on hyperinsulinemia and improvement in insulin resistance was matched with a similar effect in androgen levels. There was a significant increase in SHBG levels, a decrease in free testosterone and DHEAS levels. However, there were no significant changes in total testosterone levels. The effect was more pronounced during the first 3 months of treatment and was maintained throughout the rest of the study. This effect of metformin on both androgens and insulin confirms the association between hyperinsulinemia and insulin resistance and hyperandrogenism. Increased insulin levels are associated with inhibition of SHBG synthesis in the liver thus increasing the proportion of free testosterone (Ehrmann DA, 2005; Barber TM, 2006). Hence, the reduction in insulin levels by metformin treatment will result in increased SHBG and a subsequent reduction in free testosterone levels. In addition, hyperinsulinemia stimulates ovarian androgen production (Speroff and Fritz, 2011). Hence the reduction in insulin levels is accompanied by a decrease in ovarian steroidogenesis and increase in serum SHBG with subsequent reduction in free testosterone (Peiris et al., 1989; Plymate et al., 1990). Moreover, the reduction in androgen levels resulted in further reduction in SHBG levels (Diamanti-Kanadarakis et al., 1998).
DHEAS was elevated in 50 % of the studied sample (25 out of 50 patients) defined as upper limit 350 ug/dl. In their literature Hoffman DI et al (1984) and Lobo RA (1991) demonstrated a 50 % prevalence of elevated DHEAS in PCOS. The elevation in DHEAS was mild to moderate 350- 475 ug/dl. Although the ovary is the principal source of androgens in most PCOS patients (Rosenfield et al., 1990), yet the observation of DHEAS elevation in some of PCOS patients, which is adrenal in origin, and the onset of symptoms of the syndrome around puberty led to the hypothesis that PCOS arises as an exaggeration of adrenarche with increased adrenal sensitivity to ACTH (Rittmaster,1998).
Metformin showed significant reduction in DHEAS levels, the reduction was more pronounced during the first 3 months of treatment compared to the second three months of treatment. This means that maximum effect was obtained during the early phase of treatment, and was maintained throughout the rest of the treatment period. The reduction in adrenal DHEAS secondary to insulin reduction by metformin explains the role of hyperinsulinemia in increasing adrenal androgens production (Speroff and Fritz, 2011). These results are in concordance with similar studies (Crave et al., 1995 and Acbay O et al., 1996).
In our study, 98% of the studied samples were obese, though obesity was not included in the selection of subjects. This could be explained by the frequent occurrence of obesity among PCOS. Bracero and Zacur stated that obesity is linked to hyperinsulinemia in the non PCOS population; despite this, Bracero and Zacur in their study in 2001 could not demonstrate a clear association of obesity with hyperinsulinemia in PCOS population inspite of its increased prevalence among such population.
In our study, 70.5% of the studied subjects demonstrated clinical hyperandrogenism in the form of acne and hirsutism. Only 30% reported improvement of acne and nonereported improvement in hirsutism. However, they did not show any progression in their androgenic manifestations. The persistence of hirsutism despite the reduction in androgen levels could be due to the variable degree of increased 5α reductase activity in the hirsute PCOS patients (Serafini et al., 1985; Miles et al., 1992). The results of this study agree with other studies in the lack of beneficial effect of metformin in improving hirsutism and acne, despite its effect on the biochemical markers (Legro et al., 2013). However, former studies proved metformin to be effective in improving androgenic manifestations in PCOS patients (Kolodziejczyk et al., 2000).
In our study, the mean AMH level among the studied group was 15.65ng/ml. The levels are 2 to 3 folds higher in women with PCOS compared to healthy women; which confirms the results of previous studies (Fallat et al., 1997; Cook et at., 2002; Pigny et al., 2003; Laven et al., 2004; Mulders et al., 2004; Piltonen et al., 2005).
Regarding the effect of metformin on serum AMH, the study showed a significant reduction in AMH levels over 3 and 6 months treatment with metformin. These results agree with a number of similar studies conducted by Pitonen et al., 2005; Sauerbrun et al., 2012; Neagu and Cristescu, 2012).
Metformin produced a desirable improvement in cycle regularity in 62% of the patients. The effect was not brought about before 3 months of treatment. The remaining patients did not show any improvement in cycle regularity, perhaps prolongation of the duration of treatment was required to bring about this effect. Different studies evaluating the effect of metformin on cycle regularity showed similar effects; Glueck CJ et al., 1999 (90%); Kolodziejczyk et al in 2000 and Zafar S, 2006 (86%). The Endocrine society in its issue in October 2013 recommended the use of metformin as second line drug in treatment of menstrual irregularities in patients who could not tolerate combined contraceptive pills (Laidman, 2013).
Despite the improvement in insulin and androgen levels, 2 out of 50 patients had spontaneous pregnancy after 3 and 6 months of treatment respectively. The rest of the patients did not show any improvement in the ovulation and pregnancy rate. They underwent induction of ovulation and the response rate to clomiphene citrate was disappointing only 14% were clomid sensitive and 86% were clomid resistant. Perhaps the duration of treatment was too short to induce such significant changes, or the resistance was due to high AMH levels. The study was started by 55 PCOs patients, 50 of which completed the study without reporting any adverse effects due to metformin treatment. 5 patients abandoned the study before completing 3 months due to side effects of metformin. One case reported allergic skin reaction in the form of itching, 2 cases reported severe flatulence and the remaining 2 reported fatigue and nausea. Side effects of metformin were reported in 12.7 % of cases which affected their compliance with treatment. In general, metformin is a tolerable medication with inter individual variation which is consistent with other studies (Morin-Papunen et al., 1999).

Conclusion
Metformin as an insulin sensitizing agent improved insulin resistance in PCOS patients and improved biochemical but not clinical hyperandrogenism. Metformin produced significant reduction in AMH levels and modest improvement in cycle regularity. Metformin could not be used for the treatment of hirsutism or in improving fertility in PCOS.
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