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Summary 
 

Polycystic Ovarian Syndrome (PCOS) is a clinical entity characterized by chronic 

anovulation and functional ovarian hyperandrogenism, LH and insulin 

dependent. Currently, first-line drugs in the treatment of polycystic ovary 

disease are metformin and glitazones (Thiazolidinediones) , and if necessary, 

antiandrogenic drugs, estrogens, progestins , or small doses of dexamethasone 

can be added. This study aimed to assess the Effects of Metformin Treatment on 

Pregnancy Outcomes in Women with Polycystic Ovary Syndrome and Insulin 

Resistance in a short term open labeled clinical trial included 30 PCOS patients, 

treated with metformin 1.7 g daily divided into two doses (850 mg/dose), orally. 

The patients were followed up monthly and clinically evaluated. We concluded 

that Metformin was effective treatment in PCOS cases, given its low cost, good 

tolerance and absence of significant adverse effects, is an excellent drug to use 

in patients with PCOS associated with insulin resistance, especially those with 

metabolic disorders and dyslipidemia 

Keywords: Polycystic Ovary Syndrome,  Etiology , Hyperinsulinemia, insulin resistance,  

Metformin 
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1 INTRODUCTION  

Polycystic ovary syndrome ( PCOS) , also known as Stein-Leventhal syndrome ) is a 

polyendocrine syndrome accompanied by impaired ovarian function (absence or irregularity of 

ovulation , increased secretion of androgens and estrogens), pancreas (hypersecretion of 

insulin), adrenal cortex (hypersecretion) hypothalamus and pituitary gland(1,2). 

Definitions 

There are two definitions of polycystic ovary syndrome most commonly used in clinical practice. 

The first definition was developed in 1990 by consensus of a panel of experts formed by the 

American National Institutes of Health (NIH). According to this definition, a patient should be 

diagnosed with polycystic ovary disease if she simultaneously has Symptoms of excess activity 

or excess secretion of androgens (clinical and / or biochemical); Oligovulation or anovulation 

and if other causes that can cause polycystic ovaries are excluded(3,4). The second definition 

was formulated in 2003 by a consensus of European experts formed in Rotterdam. By this 

definition, a diagnosis is made if a patient has any two of the following three symptoms at the 

same time; symptoms of excess activity or excess secretion of androgens (clinical or 

biochemical); oligovulation or anovulation; and polycystic ovaries on abdominal ultrasound. The 

Rotterdam definition is much broader and includes significantly more patients in the group 

suffering from this syndrome.(4,5) 

Clinical manifestations of PCOS:  

Polycystic Ovarian Syndrome (PCOS) is a clinical entity characterized by chronic anovulation and 

functional ovarian hyperandrogenism, LH and insulin dependent(6). It is the most common 

endocrine disorder in women of reproductive age, with a prevalence of 3-10% (2). It represents 

the most common cause of anovulatory infertility and of early pregnancy loss (7,8)  

Oligomenorrhea , amenorrhea, irregular and painful menstruation. Infertility, usually the result 

of chronic anovulation or oligoovulation (9). Increased blood levels of androgens especially free 

testosterone (10)(11). Obesity  (central, apple shape) are common in patients with PCOS (12). 

Androgenic alopecia (13); Acanthosis; Acrochordons , appearance of stretch marks (14) , long 

periods of symptoms resembling those of premenstrual syndrome , depression , dysphoria , 

drowsiness, lethargy, apathy, chronic pain in the lower abdomen or in the lower back, in the 
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pelvic region, probably due to compression of the pelvic organs by enlarged ovaries or due to 

hypersecretion of prostaglandins in the ovaries and endometrium; the exact cause of chronic 

polycystic ovarian pain is unknown (6,15,16)  

On ultrasonography, multiple ovarian cysts look like a "strings-of-pearl ", an increase in the size 

of the ovaries by 1.5-3 times due to the emergence of many small cysts. Ovaries appear 

thickened, smooth and their outer surface is pearly-white. Thickened, hyperplastic 

endometrium of the uterus as a result of a prolonged excess of estrogen, not balanced by 

adequate progesterone effects. Laboratory findings include increased LH level or increased LH / 

FSH ratio  greater than 1: 1 , lower levels of sex steroid-binding globulins (17–19). 

Etiology and pathogenesis : the exact reasons for the development of PCOS are unknown, 

however, great importance is attached to the pathological decrease in insulin sensitivity of 

peripheral tissues, primarily adipose and muscle tissue while maintaining the insulin sensitivity 

of ovarian tissue . A situation of pathologically increased insulin sensitivity of ovarian tissue is 

also possible while maintaining normal insulin sensitivity of peripheral tissues. Pathological 

tissue insulin resistance, hyperinsulinemia and insulin hypersecretion in polycystic ovary often 

(but not always) result from obesity or overweight. At the same time, these phenomena 

themselves can lead to obesity, since the effects of insulin are an increase in appetite, an 

increase in the deposition of fat and a decrease in its mobilization. In the pathogenesis of 

polycystic ovaries, importance is also attached to violations of the regulating hypothalamic-

pituitary influences: excessive secretion of LH , abnormally increased LH / FSH ratio , increased " 

opioidergic "  and decreased dopaminergic in the hypothalamus-pituitary gland system. The 

condition may be aggravated and more difficult to treat if there is concomitant 

hyperprolactinemia , subclinical or clinically significant thyroid insufficiency... Such 

combinations are found in these women much more often than in the general population, 

which may indicate the polyendocrine or polyetiological nature of the Stein-Leventhal 

syndrome (20–22). Some researchers attach importance to the increased level of 

prostaglandins and other mediators of inflammation in the ovaries tissues and in the follicular 

fluid in patients with polycystic ovaries and believe that in the pathogenesis of polycystic ovary 

syndrome, the aseptic inflammation of the ovarian tissue, transferred inflammatory diseases of 

the female genital area or autoimmune mechanisms (23).  
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Hyperinsulinemia and insulin resistance in PCOS: 

An association of this syndrome with hyperinsulinism and insulin resistance (IR) has been 

observed in more than 70% of obese PCOS women and 30 to 50% of lean ones and IR playing a 

key role in pathogenesis of PCOS (24), The origin insulin-resistance is not in a congenital defect 

of the insulin receptor but, in a post-receptor event. In 2006 Draznin published that the 

problem is that a phosphorylation of serine occurs, which decreases the activity of tyrosine 

kinase, altering the post-receptor translation(25). The translation of the insulin signal is not 

correctly recognized by the target tissues, with the exception of the ovary, which would use a 

different translation pathway(26). Peripheral insulin resistance induces, in a compensatory way, 

an overproduction of insulin, which will exacerbate its effects on insulin-sensitive 

tissues(27,28). At the ovarian level, insulin can act through several pathways 1) in synergism 

with LH, 2) stimulating its own receptor in thecal cells and the ovarian stroma, 3) by increasing 

the synthesis of IGF-1 or 4) using IGF-1 receptors (hybrid receptor). Its action causes an increase 

in the ovarian synthesis of androgens, thanks to the fact that it induces an increase in the 

activity of the enzyme 

cells of the adrenal gland, increasing the secretion of androgens (DHEAS), enhancing the action 

of ACTH. On the other hand, hyperinsulinemia blocks the hepatic synthesis of SHBG and 

IGFBP1, increasing the levels of free androgens (29–33). Currently, the relationship between 

insulin resistance and PCOS is generally recognized and occurs in this group of patients 2-3 

times more often than in the general population. It has been established that in PCOS, insulin 

resistance can occur both with increased and normal body weight (34–36). Literatures 

mentioned that Hyperinsulinism is associated with and endometrial hyperplastic processes (37). 

The effect of insulin on ovarian steroidogenesis is realized both through its own receptors and 

indirectly through IGF-1 (insulin like growth factor)  receptors . insulin stimulates the hormonal 

activity of all parts of the ovary which leads to an increase in the synthesis of all sex steroids. 

However, the most significant effect of insulin on increasing the activity of 17α-hydroxylase and 

17α-lyase, key enzymes in the biosynthesis of androgens in the ovaries. Activation of 

steroidogenesis also occurs due to an increase in the number of luteinizing hormone (LH) 

receptors in granulosis, caused by hyperinsulinism. The growth effects of insulin on the ovary 

are manifested in the stimulation of theca interstitial cells, which, in addition to 
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hyperandrogenism, leads to the formation of a polycystic structure and an increase in its 

volume An excess of androgens inhibits folliculogenesis., Thus, ovarian steroidogenesis in 

insulin resistance is characterized by excessive formation of androgens, monotonous secretion 

of estradiol (E 2 ), which does not reach the level of the middle of the follicular phase of a 

healthy woman (32,38,39). Central mechanisms of action of insulin consist in sensitizing 

pituitary cells to the action of gonadotropin-releasing hormone (GnRH). LH secretion is more 

sensitive to its effects, in addition, the half-life of LH is longer than that of follicle-stimulating 

hormone (FSH). The consequence of this is an imbalance of gonadotropins due to a 

predominant increase in LH synthesis. The effect of hyperinsulinism on the gonadotropic 

activity of the pituitary gland is to increase the level of LH secretion, which leads to an increase 

in the vicious circle leading to anovulation, oligomenorrhea, hyperandrogenism, polycystic 

morphology of the ovaries . In addition to the direct effect on ovarian steroidogenesis, insulin 

has an effect on androgen metabolism, reducing the concentration of sex steroid binding 

globulins and IGF-1 (39,40).   

Treatment 

Historically, the very first attempts to treat polycystic ovary syndrome consisted of surgical 

intervention - decapsulation of the ovaries or their partial resection with the removal of the 

most affected tissue areas, or excision of the ovarian bed ( ovarian wedge resection ), or the 

careful application of diathermy of the ovaries. In some cases, such operations were successful 

and made it possible to restore the woman's fertility , as well as to achieve a sharp decrease in 

the secretion of androgens by the ovaries, and the normalization of the menstrual cycle. 

However, surgical intervention is not always possible, and it did not always lead to success(40–

42).  

Traditional conservative treatment consisted of prescribing anti- androgens , estrogens , 

progestins with antiandrogenic activity, or their combination(40).   

Metformin in treatment of PCOS 

Currently, first-line drugs in the treatment of polycystic ovary disease are metformin and 

glitazones (Thiazolidinediones ). To them, if necessary, antiandrogenic drugs, estrogens, 

progestins , or small doses of dexamethasone can be added(43,44).  
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Metformin is a biguanide used in the management of patients with non-insulin dependent 

diabetes mellitus, capable of increasing insulin sensitivity, normalizing blood glucose levels 

without the risk of hypoglycemia. Its mechanism of action is multifactorial, mainly exerted at 

the liver level where it decreases gluconeogenesis or basal glucose production. In the periphery 

it stimulates glucose uptake by muscle and fat tissue. It is not clear whether its peripheral effect 

derives from directly improving post-receptor activity or after increasing non-oxidative glucose 

metabolism. (44–47)  

In PCOS, metformin has been used in both obese and thin patients as the first insulin-sensitizing  

agent (48).  However, insulin-sensitizing drugs (ISD) in PCOS act through reduction of levels of 

circulating insulin. On the other hand, many effects have been documented to be related to 

metformin in PCOS cases; such as returning ovulation, weight reduction, lowering miscarriage 

risks, reduction of androgens and lowering the risks of gestational diabetes. Previous relevant 

studies showed that when ovarian stimulation regime combined with metformin a significant 

improvement reported in pregnancy outcomes (47,49,50). Earlier studies showed that 

metformin is effective in induction of ovulation in PCOS cases and it can be used as first line of 

treatment, but with changes in lifestyle (51). Also these studies showed that 46% of cases 

treated with metformin were ovulated successfully compared to only 24% of PCOS cases who 

did not receive metformin. The rate of ovulation was higher when metformin combined with 

clomiphene (52). conversely, other study found that such combination was not superior to 

clomiphene alone (53). From other point of view, other studies have shown that pregnancy 

outcomes improved when metformin added to ovarian stimulating regime (52).  Other effects 

of metformin in PCOS patients include weight loss, steroidogenesis , reduce miscarriage and 

gestational DM rates . Also metformin has shown to have prophylactic effect in reduction of 

long term disease risks. Additionally metformin suggested to reduce the risk of endometrial 

cancer. However, several studies are conflicting about the role and benefit of metformin in 

PCOS, and conflicting results are published in this regard. Therefore, we aimed in our study to 

evaluate the short-term clinical, biochemical and reproductive effect of metformin therapy in 

30 patients with PCOS and also to know the various predictive parameters of response to 

treatment in comparison to control group who did not receive Metformin(52). 
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  2  PATIENTS AND METHODS 

This short-term open labeled clinical trial conducted at AlForat AlAwsat teaching Hospital 

during a period of 18 months (January 2020 to July 2021). A total of  30  patients with PCOS 

who consulted gynecology department of our Hospital and our private clinics were included . 

All patients who met the inclusion criteria were received metformin in form of 850 mg tablets 

two times daily. Treatment was according to clinical guidelines , practice and judgment of 

gynecologists in addition to consultation of an expert specialist endocrinologist.   The age of the 

patients ranged from 20 to 40 years. 

Case definition: The criterion used to define PCOS was according to Rotterdam criteria was 

formulated in 2003 by a consensus of European experts (5) . 

Regular cycles were defined as inter-menstrual intervals of 21-35 days. Oligomenorrhea was 

defined as menstruation with an interval greater than 35 days and less than 8 cycles / year. 

Amenorrhea as the absence of menstruation for more than 3 months. 

The criteria for the diagnosis of insulin resistance corresponded to baseline hyperinsulinism (> 

20 mIU / ml) and at 2 hours (> 60 mIU / ml) after an oral glucose load test (75 g), or the index 

glycemia / insulinemia <4.5. 

The study protocol consisted of the administration of metformin 1.7 g daily divided into two 

doses (850 mg/dose), orally. All patients were evaluated under baseline conditions and after 

receiving the drug for 6 months. On both occasions, plasma levels of FSH, LH, total and free 

testosterone, sex hormone binding globulin (SHBG), Prolactin, DHEAS, glycemia and 

insulinemia, and ovarian volume evaluation with transvaginal ultrasonography were measured. 

The examinations were carried out in the early follicular phase, or at any time in the case of 

amenorrhea. For all patients in metformin group, an expert specialist endocrinologist was 

consulted regularly. The patients were followed up monthly and evaluated for menstrual 

regularity, weight, blood pressure, and hirsutism score and they were asked to spontaneously 

report any adverse drug effects. Eleven Patients wanted pregnancy and continued to receive 

the drug for up to a year, in an open labeled trial. Before including them in the study, ovarian 
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and adrenal tumor causes of hyperandrogenism, congenital adrenal hyperplasia, thyroid 

changes and hyperprolactinemia were ruled out. 

Diabetic patients and those who were receiving hormonal therapy, anorectics or drugs that 

affect lipoprotein metabolism in the 3 months prior to the study were excluded from the study. 

The study was approved by the Hospital Management office, Najaf Health directorate-Ethical 

committee and signed informed consents obtained from all patients to participate in the study 

with full rights to leave the study at any time. 

All Statistical analyses and procedures were performed using the statistical package for social 

sciences (SPSS) version 25 with assistance of expert professional biostatistician. For statistical 

analysis, paired t test used to compare pre vs. post treatment results  at a level of significance 

of 0.05 or less to be considered as significant difference. 

 

3  RESULTS   
 

The mean age of patients at time of inclusion was 25.8 ± 4.3 (range: 20 – 40) years. Mean body 

mass index (BMI) was 33.4 ± 3.8(range 28-44) kg/m² and Majority of patients 27/30 (90%) were 

obese (BMI>30 kg/m²). Out of all PCOS cases,  23 (76.7%)  had oligoamenorrhea, 7 (23.3%) 

Amenorrhea.  Hirsutism in 18 cases (60%) and in 16 cases (53.3%) Hirsutism score was 7 or 

higher. Infertile women were 11 (36.7), 17 patients (56.7%) had elevated total and free 

testosterone. On ultrasound, 19 patients (63.3%) had polycystic ovaries demonstrated with 8 or 

more subcapsular follicles of 3 to 8 mm in diameter, with increased stroma and bilateral ovarian 

volume, (Table 1)  

Clinical effects  

At the end of the six months of treatment, 20 (66.7%) of 30 patients normalized their menstrual 

cycle. Among the studied group,  11 infertile patients and wanted pregnancy, in whom 

progesterone measured in in the mid-luteal phase and  the cycles were ovulatory, among those 

patients, seven out of 11(63.3%) women achieved pregnancy  at the 5th to 7th month of 

treatment. One of them had a spontaneous abortion at 8 weeks and the other 6 patients had 

physiological pregnancies. There were no changes in the hirsutism score or body mass index at 

the end of the 6 months of treatments. We did not find significant variations in the average 



Abdulsada N.H. et al., AJMS  2021 
 

AJM S | 117  
 

ovarian volume: 12.6 ml and 11.5 ml, during therapy. No significant changes were observed in the 

lipid profile of the patients at the end of the treatment , in all comparisons , P>0.05 (Table 2).  

Hormonal levels of sex steroids, gonadotropins, and insulin showed that 16/30 patients (63.3%) 

had a significant decrease in baseline insulin level and two hours after glucose overload.  A 

significant decrease in free testosterone reported in 21 (70%) of patients. We also found a 

significant increase in plasma SHBG levels in 14 patients(46.7%). We observed a downward trend 

in total testosterone. We did not find significant change in blood glucose levels and in the oral 

glucose overload test in any of the patients after treatment with metformin (Table 3). In (Figure 

1). we divide the patients into two groups, according to menstrual changes during treatment as 

successful response (n = 19) and unsuccessful response (n = 11). These two subgroups were 

compare and we observed that no clinical or biochemical parameter was predictive of response 

to metformin (Table 4). We did not find serious adverse effects to the drug, except for mild 

gastrointestinal disorders (nausea, diarrhea) that occurred at the beginning of treatment and that 

were not a reason for its suspension. 

  

 

Table 1. Baseline characteristics of 30 PCOS women 

 Variable No. % 

Mean age ± SD* (year) 25.8 ± 4.3   -  

Mean BMI ± SD (kg/m²) 
33.4 ± 3.8 -  

Obesity  27 90.0 

Oligomenorrhea 23 76.7 

Amenorrhea  7 23.3 

Hirsutism  18 60.0 

Hirsutism score ≥ 7  
16 53.3 

Infertility 11 36.7 

Elevated  total testosterone 17 56.7 

Elevated  free testosterone 17 56.7 

PCOS on ultrasound 19 63.3 
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SD: standard deviation of mean 

Table 2. Menstrual pattern before and during metformin therapy  

  
Menstrual pattern 

Before treatment After treatment 

No. % No. % 

Oligomenorrhea  22 73.3 9 30.0 

Amenorrhea 8 26.7 1 3.3 

Eumenorrhea 0 0.0 20 66.7 

P. value < 0.001 

 

Table 3. Comparison of patients characteristics before and after metformin 
treatment 

Variable 
Before treatment After treatment 

P. value 
Mean SD Mean SD 

BMI (kg/m²)  33.4 3.8 32.1 4.2 0.720 ns 

LH 11.7 6.8 10.1 3.4 0.580 ns 

FSH 5.6 1.7 5.8 0.9 0.640 ns 

Baseline Insulin 39.8 15.2 21.3 8.6 <0.001 sig 

Insulin (2 hours) 204.1 82.4 119.2 52.3 <0.001 sig 

Total testosterone (ng/dL) 95.6 31.2 47.3 33.1 <0.001 sig 

Free testosterone (ng/dL) 8.4 6.7 2.1 0.78 <0.001 sig 

DHEAS (µg /dl) 235.9 114 150.9 103.6 <0.001 sig 

SHBG (nmol/L) 17.5 3.9 25 11.5 0.003 sig 

Ovarian volume (ml) 12.6 7.7 11.5 6.1 0.117 ns 
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Figure 1. Distribution of the studied group according to the menstrual changes 
during treatment  

Table 4. Basal hormonal levels responding and non-responding to metformin 
PCOS  patients  

  

Successful response 
(n= 19) 

Unsuccessful response 
(n = 11) P. value 

Mean SD Mean SD 

BMI 33.1 3.9 33.9 5.6 0.530 ns 

LH 15.2 6.3 7.3 4.3 0.121 sig 

Basal insulin 28.3 6.9 51.2 4.9 0.817 ns 

Insulin 2 hours 207.7 83.2 198.7 151.8 0.336 ns 

Total test 79.5 35.2 117 54.9 0.114 ns 

Free test 10.5 6.7 2.35 0.2 0.213 ns 

DHEAS 269.8 96.4 192.5 133.5 0.307 ns 
 

4 DISCUSSION 
 

The findings of this study demonstrate that metformin produces a reduction in the basal 

plasma concentrations of total and free testosterone and the secretion of DHEAS (adrenal 

androgen marker) and an increase in circulating SHBG levels, in women with PCOS. These 

effects are explained by a lowering effect caused by the drug in basal plasma insulin levels as 

glucose post-overload. Improves insulin resistance, which would cause a decrease in the 

activity of the cytochrome P450c17 enzyme in both cells and adrenal glands. These effects 

19 
63.3% 

11 
36.7% 

Successful Unsuccessful
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cannot be explained by a decrease in weight, as has been described by other authors (48,52) ,  

since BMI did not change significantly in the course of treatment of our patients. 

The decrease in insulin level reduces the hepatic arrest of SHBG synthesis by HEP G2 cells 

which causes an increase in plasma concentrations of SHBG and, in turn, a decrease in free 

testosterone levels. This would improve the intra-follicular microenvironment (54), allowing 

better development and growth of the follicle, leading to ovulatory cycles, normalization of 

menstrual function and pregnancy, as occurred in 11 of our patients. 

We did not observe changes in plasma LH levels that found by some authors (55,56), but not 

by others (57,58) . Our patients were probably not very responsive to this benefit described for 

metformin because majority had severe obesity (BMI> 35). Our study, in agreement with 

others, showed that metformin can improve endocrine, metabolic and reproductive 

abnormalities  in PCOS (59,60). Our study, like others, demonstrated that metformin treatment 

produced a significant decrease in ovarian androgen levels, concomitant with a decrease in 

insulinemia(46,52,61). We believe that the predominant etiopathogenic factor in our patients 

was dependent on hyperinsulinism and not on LH .  

This work, in the short term, failed to demonstrate improvement in hirsutism in patients with 

PCOS, while other authors demonstrated a significant effect on hirsuitism (62). This can be 

explained by the time required to act on the sexual hair growth cycle, therefore, a longer 

observation time would be needed to obtain any conclusion. We agree with the literature that, 

with the decrease in insulin and the level of androgens, there is a greater number of ovulatory 

cycles as the intra-follicular microenvironment improves (33,63). It has been shown that, in 

patients with PCOS, hyperinsulinemia adversely affects embryo implantation by decreasing 

glycodelin (placenta factor-14) and the concentration of IGF BP1, proteins produced in the 

endometrial glands. It also adversely affects endometrial thickness and vascularization, which 

can be measured by Doppler ultrasonography(64). Metformin would improve implantation 

rates by increasing these proteins and increasing vascularization of the endometrium. It has 

been reported that it decreases the resistance index of the spiral arteries by 20% and improves 

vascular penetration by 19 to 69%, which ultimately results in a decrease in the rates of early 

abortions (65). 
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5 CONCLUSIONS  
 

Metformin was effective treatment in PCOS cases, given its low cost, good tolerance and 

absence of significant adverse effects, is an excellent drug to use in patients with PCOS 

associated with insulin resistance, especially those with metabolic disorders and dyslipidemia. 

It would also be the first-line drug to induce ovulation in infertile patients with this syndrome. 

However, further studies are still needed for longer duration with larger sample size for better 

evaluation and assessment. 

 

Ethical Issue:  

All ethical issues were approved by the author, in accordance with Ethical Principles of 

Declaration of Helsinki of the world Medical Association, 2013, for research involving human 

subjects 
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