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The Effect of the Genetic Polymorphism on the Therapeutic Response of 

Metformin in Women with Polycystic Ovarian Syndrome in Iraqi 

Population 

Raya Alshaikhly 

                                     ABSTRACT 

Insulin resistance and compensatory hyperinsulinemia have been proposed as potential 

mechanisms for the gonadotropin secretory abnormalities characteristic of PCOS. Thus, 

metformin, an insulin-lowering agents, has been prescribed extensively to regulate insulin level 

of patients with PCOS. However, there are individual differences in the treatment effectiveness of 

metformin among PCOS patients. The exact mechanism of insulin resistance remains to be 

clarified; however, it is supposed that it originates from the post-receptor defects. The insulin 

receptor substrate-1 (IRS1) is an important intermediate in insulin signaling pathway.  

Polymorphisms in IRS1 have been associated with insulin resistance. Respectively, in this study, 

we investigated the effect of the polymorphisms of IRS1 on the treatment effectiveness of 

metformin in PCOS patients. The study involved 100 women diagnosed with PCOS according to 

Rotterdam criteria and 100 control healthy women. All patients diagnosed with PCOS received 

500 mg twice daily for 12 weeks. Both case and control group were genotyped for the single 

nucleotide polymorphisms (SNPs) (rs1801123) of IRS.1.Main outcome measures were hormonal 

parameters, metabolic parameters, and lipid panel parameters. They were measured at baseline for 

control and PCOS group and 12 weeks post metformin treatment for PCOS patients only.Our 

study has shown that metformin had differential effects on fasting insulin level, HbA1C, LH, 

LH/FSH ratio, testosterone (p-value<0.05)among patients based on different genotypes of IRS.1. 

Patients with mutated IRS.1 were not showing the same response as patients with intact IRS.1 

gene. This finding provides data to support future PCOS clinical trials about Iraqi population, but 

also shows how genetics and polymorphism can play an important role in explaining how the 

response of PCOS patients might differ according to a specific type of polymorphism. 

 

Keywords: Polycystic ovarian syndrome (PCOS), metformin, polymorphism, the insulin receptor 

substrate-1(IRS.1), insulin resistance (IR), Iraqi population. 
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                        Chapter One     

                        

 Introduction   

1.1. Definition of Polycystic Ovary Syndrome (PCOS) 

    Polycystic ovary syndrome (PCOS), also known as hyperandrogenic anovulation (HA), 

or Stein–Leventhal syndrome, is the most common hormonal abnormality in reproductive-

age women affecting ~7% of females aging from 18-44 years old (Sam,2007). In 1935, it 

was clinically recognized based upon its reproductive features which include increased 

androgen production, and abnormal gonadotropin secretion, micro cysts in the ovaries, 

menstrual irregularity, hirsutism, and infertility (Stein and Leventhal, 1935). It is 

characterized by oligomenorrhea, anovulation, hyperandrogenism, and polycystic ovaries 

in about 10% of females (Dumesic et al., 2015). In addition to the reproductive features, 

PCOS is associated with metabolic characteristics. Common findings in women with 

PCOS are the following: prominent defects in insulin action and β-cell function, defects 

that confer a substantially increased risk for glucose intolerance, type 2 diabetes, 

dyslipidemia and obesity (Sam, 2007). The insulin resistance in PCOS is characterized by 

reduced sensitivity and responsiveness to insulin-mediated glucose utilization, primarily 

in the skeletal muscle, adipose tissue and in the liver (Dunaif et al., 2015). Recognition of 

the PCOS syndrome enables the health providers to reduce the emotional impact of 

manifestations such as acne, hirsutism, alopecia, and infertility. It also decreases the risk 

to develop type 2 diabetes mellitus (T2DM) in 40% to 45% of the afflicted women and 

the potential of subsequent strokes and myocardial infarction (Futterweit, 2007). 

 

1.2. Clinical Manifestations of (PCOS)  

PCOS is defined by specific clinical and bio-chemical criteria, and using ultrasonography 

(Lujan, 2007) .The clinical manifestations of PCOS are heterogeneous and patients may 

present only some of various symptoms and signs. The heterogeneity of clinical 
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manifestations can be explained by several factors, such as genetic factors, nutritional 

condition in the uterus, prenatal androgen exposure, insulin resistance, exaggerated 

adrenarche, and body weight changes (Oberfield et al., 2011 and Zhang et al., 2013). 

Patients with PCO may experience a range of clinical manifestations which includes 

menstrual irregularities, infertility, acne (especially in younger women), visceral obesity, 

hirsutism, and female-pattern alopecia especially in older women (Futterweit, 2007). 

Hirsutism is defined as a score of 8 or more on the modified Ferriman-Gallway index, and 

Oligo/amenorrhea cycles are defined as 8 or less cycles per year and biochemical 

androgen measurements should be fulfilled in follicular (Spritzer, 2014). 

 

Table1: Clinical features of different phenotypes: 

 

Spritzer P. M. (2014). Polycystic ovary syndrome: reviewing diagnosis and management of metabolic 

disturbances. Arquivos brasileiros de endocrinologia e metabologia, 58(2), 182–187. https://doi.org/10.1590/0004-

2730000003051 

 

1.3. The Diagnostic Criteria of (PCOS) 

The most used diagnostic criteria of PCOS for both individual diagnosis and research was 

defined by The European Society of Human Reproduction and Embryology/American 

Society for Reproductive Medicine Rotterdam consensus (ESHRE/ ASRM). The 

https://doi.org/10.1590/0004-2730000003051
https://doi.org/10.1590/0004-2730000003051
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diagnosis is based on the presence of any two of three features: hyperandrogenism 

(clinical: most commonly hirsutism, or biochemical such as elevated circulating total or 

bioavailable androgens), ovulatory dysfunction (often manifested by menstrual 

irregularities fewer than nine menstrual periods every twelve months), and polycystic 

ovarian morphology (PCOM) by ultrasound. After evaluating all other causes of 

anovulation or androgen excess (or both) including hypogonadism, hypo- or 

hyperthyroidism, hyperprolactinemia, 21-hydroxylase deficiency, Cushing’s syndrome, 

and androgen-producing tumors, the diagnosis should be established (Rotterdam 

ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group, 2004). 

 

Table 2: Diagnostic criteria for PCOS: 

 

Spritzer P. M. (2014). Polycystic ovary syndrome: reviewing diagnosis and management of metabolic 

disturbances. Arquivos brasileiros de endocrinologia e metabologia, 58(2), 182–187. https://doi.org/10.1590/0004-

2730000003051 

1.4. Etiology of PCOS 

PCOS can be defined as an oligogenic disorder in which the heterogeneous, clinical, and 

biochemical phenotype might differ because it is affected by the interaction of a number 

of genetic and environmental factors determine (Xita, 2002). The genetic etiology of 

PCOS remains unknown and unclear, although the current studies suggest that the PCOS 

clusters in families (Jakubowski, 2005 and Xita, 2002). In spite of the fact that several loci 

have been proposed as PCOS genes including CYP11A, the insulin gene, the follistatin 
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gene, and a region near the insulin receptor, the evidence supporting linkage is not 

overwhelming (Diamanti-Kandarakis, 2006). The environmental factors are assuming to 

have an ever more important role in the rise in PCOS cases. Obesity is linked to the 

development of PCOS in susceptible individuals especially with the modern lifestyle in 

developed countries which is characterized by low daily energy expenditure and an 

abundant and inexpensive food supply which can be worse by this lifestyle. Thus 

modifications in lifestyle such as weight loss and exercise can reverse the reproductive 

and metabolic features of PCOS (Shannon and Wang, 2012). It is suggested that valproic 

acid, has a role in the development of a PCOS phenotype. Some studies have suggested 

that women that are treated with valproic acid may develop stigmata of PCOS, but this 

effect is reversible upon drug discontinuation, including polycystic ovaries, 

hyperandrogenism, obesity, and anovulation, and that these stigmata may be (Isojärvi et 

al., 1993). 

 

I.5. Pathophysiology of PCOS 

The primary pathological cause of PCOS has shifted from the ovary to the hypothalamic–

pituitary axis to some primary defects of insulin activity (Norman et al., 2007). A normally 

functioning hypothalamic-pituitary-ovarian axis has an essential role in the maturation of 

ovarian follicles. The anterior pituitary gland releases the luteinizing hormone (LH) and 

Follicle-stimulating hormone (FSH) which are responsible for the stimulation of the 

production of the ovarian follicles and their maturation. Within the ovarian follicle, theca 

cells synthesize androgen, which diffuses into the ovarian granulosa cells, where they are 

converted into estrogen. Thus as a result of abnormalities occurring at all levels of the 

hypothalamic- pituitary-ovarian axis which results in the pulse frequency of 

gonadotropin-releasing hormone (GnRH) and this favors the synthesis and release of LH 

over FSH, leading to increase the concentration of LH relative to FSH, and in this 

condition the ovaries preferentially synthesize testosterone ( Nelson et al., 2001). Patients 

with polycystic ovary syndrome (PCOS) have ovarian theca cells that transform steroid 

precursors into testosterone better than normal theca cells (Baptiste et al., 2010 and Nelson 

et al., 2001).  Moreover, women with polycystic ovary syndrome seem to have a level of 

peripheral insulin resistance that is much like that of women with type 2 diabetes, which 
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is characterized by a 35–40% decrease in insulin-mediated glucose uptake (Dunaif et al., 

1992). Additionally, within the theca cell, insulin acts synergistically with LH to increase 

androgen production and to inhibit the hepatic synthesis of sex-hormone binding globulin 

(SHBG), which normally binds testosterone, resulting in higher levels of unbound or 

‘‘free’’ testosterone with increasing the biologic activity of the circulating hormone. The 

elevation of testosterone causes the following actions inhibiting (whereas estrogen 

stimulates) the hepatic synthesis of SHBG, resulting in androgenization with the most 

obvious features of which are hirsutism, acne, and diffuse alopecia. This causes 

interference with the hypothalamic-pituitary axis, leading to anovulation (Futterweit, 2007 

and Spritzer, 2014). 

 

1.6. Management of PCOS 

Lifestyle modification with weight reduction, exercise, smoking cessation along with 

pharmacotherapy can be helpful in managing PCOS cases. Treating PCOS should be 

individualized, basing on the particular patient’s metabolic, gynecologic, and cosmetic 

concerns, pharmacologic for instance, a woman who desires to become pregnant might 

have the most success when treated with an insulin-sensitizing drug rather than oral 

contraceptives, which may reduce hirsutism and acne. While treating hirsutism might be 

by using spironolactone or oral contraceptives (Futterweit, 2007). It is very important to 

address lifestyle issues in women with PCOS, particularly nutrition and exercise because 

of the association between excessive weights, hyperandrogenaemia, impaired glucose 

tolerance, menstrual abnormalities, and infertility (Norman et al., 2007). Furthermore, 

skin and hair disorders such as acne and hirsutism can be substantial in women with 

PCOS, and they are physically and psychologically very damaging. Oral contraceptives is 

widely prescribed to suppress the ovary function and to treat these disorders especially in 

the adolescent population (Norman et al., 2007 and Van Vloten et al., 2002). Oral 

contraceptives has a function to increase hepatic production of SHBG, which has a role to 

bind free testosterone, making testosterone less likely to target androgen receptors, thus 

improving acne, hirsutism, and alopecia (Rittmaster, 1995). The choice of oral 

contraceptive is essential in PCOS, the estrogenic component of the oral contraceptive 

suppresses LH, resulting in decreasing in the releasing of ovarian androgen, but many 
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progestins possess androgenic effects. Thus contraceptives containing non androgenic 

progestin such as norgestimate and desogestrel are preferred (Kuhl, 1996). Additionally 

to improve the anti-androgenic activity of an oral contraceptive for women who have 

PCOS, drospirenone, an analog of spironolactone with unique antimineralocorticoid and 

anti-androgenic activities, is available for use in combination with ethinyl estradiol 

(Sherif, 1999). The metabolic abnormalities such as insulin resistance associated with 

PCOS cannot be improved by oral contraceptives (Diamanti-Kandarakis et al., 2002). 

Additionally, Women with polycystic ovary syndrome represent the largest group of 

women with (WHO class 2) ovulatory dysfunction, which is characterized by chronic 

anovulation in the presence of normal FSH and estradiol concentrations (Norman et al., 

2007). Clomiphene Citrate, is a selective estrogen-receptor modulator that antagonizes the 

negative feedback of endogenous estrogen on the hypothalamic–pituitary axis, has been 

the gold standard treatment for induction of ovulation in women with polycystic ovary 

syndrome for many decades (Hughes et al., 2000). Treating with clomiphene helps to 

return LH to normal and increase FSH secretion, and thereby to stimulate follicle growth 

and ovulation (Norman et al., 2007 and Rittmaster, 1995). Furthermore, aromatase 

inhibitors such as letrozole were prescribed to patients who are resistant to clomiphene, 

which reduces estrogen biosynthesis thus reducing estrogen stimulation of the 

hypothalamic–pituitary axis (Fatemi et al., 2003). 

 

1.7. Insulin Resistance in PCOS 

Over the ensuing decades, it has become clear that PCOS was often associated with 

metabolic features that are a consequence of insulin resistance, which is defined as a 

subnormal response to a given concentration of endogenous insulin. Insulin resistance is 

common in metabolic disorders such as obesity, physical stress (Futterweit, 2007). Insulin 

resistance is present in nearly all women with PCOS, and its intensity in PCOS is greater 

than that caused by excess adiposity alone. The sensitivity and responsiveness to insulin-

mediated glucose utilization, primarily in the skeletal muscle, adipose tissue and in the 

liver is decreased (Dunaif et al., 1989). Lean women with PCOS develop insulin resistance 

due to abnormalities in post receptor insulin signaling. Excess adipose tissue in obese 

women with PCOS seems to be the primary source of insulin resistance because of the  
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lower levels of adiponectin (a cytoprotective hormone produced by adipocytes) that, in 

association with elevated circulating levels of free fatty acids, resulting in a state of insulin 

resistance (Dunaif et al., 1989). The compensatory hyperinsulinemia, which is associated 

with the insulin resistance state, contribute to hyperandrogenaemia in PCOS. Because of 

the increasing the effect of LH on ovarian theca cells for the androgen production and 

because of inhibiting hepatic synthesis of SHBG, an increase in bioavailable testosterone  

happens with consequences such as anovulation, reduced fertility, and further stimulation 

of intraovarian production of androgens result from  the rising in androgen levels (  

Futterweit, 1986  and Nestler, 1991). 

 

I.8. Metformin Role in PCOS 

Metformin, an oral antihyperglycemic drug, has been the only currently approved 

biguanide, it is available in standard and extended-release formulations with the most 

common side effects are gastrointestinal include bloating, diarrhea, and nausea (Bailey et 

al., 1996). Metformin decreases blood glucose level mainly by inhibiting hepatic glucose 

production and by enhancing peripheral glucose uptake and insulin sensitivity at the 

postreceptor level, and stimulating insulin-mediated glucose disposal (Kim et al., 2000). 

While half of patients tolerate the maximum daily dose; 5% of patients are unable to 

tolerate any dose, and may experience lactic acidosis with metformin linked to renal 

insufficiency which impairs metformin clearance therefore metformin is contraindicated 

in patients with substantial renal dysfunction (Rittmaster, 1995). It has been proven that 

pharmacologic interventions that lower insulin levels result in significant reduction in 

androgen levels in many women with PCOS (Nestler, 1989). In the 1990s, it was shown 

that metformin has been very effective to ameliorate hyperandrogenism in both obese and 

non-obese women with PCOS (Sam and Ehrmann, 2017). As a result of an extensive 

studies and despite the fact that its use in this population is not approved by the Food and 

Drug Administration (FDA), metformin is now among the most commonly prescribed 

medications in women with PCOS. It has been effective in treating many of the metabolic 

and reproductive abnormalities associated with PCOS such as regulation of the menstrual 

cycle, induction of ovulation, and treatment of glucose intolerance and its related 

metabolic disorders adipose tissue and the ovary (Sam and Ehrmann, 2017). Metformin is 
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an off-label medication that has been prescribed in PCOS patients as an insulin sensitizer, 

and it has a role to decrease elevated parameters such as insulin, androgens, and circulating 

free T levels and improve levels of sex hormone-binding globulin (SHBG) and insulin-

like growth factor-binding protein (IGFBP) (Naderpoor et al., 2015). 

 

1.8.1. Metformin Mechanisms of Action in Target Tissues Relevant to PCOS 

Although the exact mechanism of metformin in reducing the hepatic glucose output has 

not clearly identified, it is considered as the principal action of metformin in liver (Sam 

and Ehrmann, 2017). The previously published studies to prove that metformin reduces 

glucose synthesis via activation of AMPK have been challenged. Recent data indicates 

that the inhibition of electron transport in mitochondrial respiratory Complex I has 

lowered hepatic glucose output with metformin (El-Mir et al., 2000). Moreover, 

metformin suppresses lipolysis, modulates adipokine secretion and decreases lipogenesis 

in adipose tissue. In the skeletal muscle, by decreasing in glucotoxicity and lipotoxicity, 

metformin, enhances basal and insulin mediated glucose uptake possibly (Diamanti-

Kandarakis et al., 2010). Moreover in the ovary, it is believed that metformin exerts both 

direct and indirect effects on androgen production. Previous studies proved that one of the 

consequences to lowering of serum insulin levels after metformin treatment, is a reduction 

in CYP17 (also known as CYP17A1) activity in women with PCOS. Metformin directly 

inhibits ovarian steroidogenesis by inhibiting mitochondrial Complex I, and 3β-

hydroxysteroid dehydrogenase/Δ5-Δ4 isomerase type 2 (Hirsch et al., 2012, Lee et al., 

2016, and Nestler et al., 1996).  

 

1.8.2. The Effect of Metformin on Reproductive Features of PCOS 

Metformin decreases testosterone levels by around 20 to 25% in women with PCOS 

(McCartney and Marshall 2016). Although some studies relates metformin’s action in 

decreasing the level of testosterone to reducing hyperinsulinaemia, other studies suggest 

other potential mechanisms for the actions of metformin on testosterone-lowering in 

PCOS. Metformin reduces testosterone levels in PCOS within 48 h of therapy, before any 

significant improvement in insulin sensitivity or other metabolic variables (Kurzthaler et 

al., 2014). Metformin has two potential targets for regulating steroid and glucose 
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metabolism, the first one is AMP-activated protein kinase (AMPK) signaling and the 

second one is complex I of the mitochondrial respiratory chain. Studies have shown that 

metformin inhibits androgen production by mechanisms targeting 3β-hydroxysteroid 

dehydrogenase type 2 (HSD3B2) and 17α-Hydroxylase/17, 20 lyase (CYP17A1) which 

are essential enzymes in androgen biosynthesis (Hirsch et al., 2012). In vitro studies using 

cultured ovarian theca cells that metformin can directly inhibit the ovarian steroidogenesis 

through inhibition of mitochondrial Complex I and it did not affect AMPK, ERK1/2, or 

atypical protein kinase C signaling (Mansfield et al., 2003). Moreover, although 

metformin decreases the testosterone level in PCOS, this action is not always associated 

with improvements in menstrual irregularity or clinical hyperandrogenism (Sam and 

Ehrmann, 2017). Metformin therapy only slightly improves menstrual pattern with 

significant heterogeneity in this measure. It also enhances the ovulation rates in PCOS but 

with moderately high heterogeneity according to the result of a cochrane review that 

included a meta-analysis of 38 randomized clinical trials of 3495 women with PCOS 

(Balen et al., 2016 and Tang et al., 2012). Furthermore, metformin is not considered as a 

first-line treatment for management of clinical hyperandrogenism because it does not 

improve the clinical symptoms of hyperandrogenism, such as acne or hirsutism (Cosma, 

et al., 2008). 

 

I.8.3. Polymorphisms Effect on Metabolic Response to Metformin in Women with 

PCOS 

Metformin has been widely prescribed in clinical practice to improve insulin resistance, 

however certain patients who take metformin do not respond effectively (Shu et al., 2007). 

Responding to metformin can vary in therapy ranging from improvement in HbA1c levels 

(by up to 4%) to estimates of ~ 35% failure to achieve the glycemic goal (HbA1c level 

less than 7%) (Cook et al., 2007). The causes of variability in are not identified, but genetic 

factors may be responsible for the variability (Shu et al., 2007). Previous studies have 

focused on the effect of polymorphism of organic cation transporters (OCTs) on 

metformin response metformin (Wang et al., 2002).  

The insulin receptor substrate-1 (IRS1) is an important intermediate in insulin signaling. 

The insulin receptor consists of two subunits: the α-subunit where the ligand-binding site 
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is located in and two β-dimers in where the ligand-activated tyrosine kinase lies, so once 

insulin binds to its receptor, the tyrosine is phosphorylated and then IRS-1 and IRS-2 

(Tang et al., 2015). The two intracellular substrates, are phosphorylated, then IRS-1 and 

IRS-2 combine and activate downstream effectors, including phosphoinositide 3-kinase, 

to control the metabolism and participate in mitogenic actions of insulin (Tang et al., 

2015). Previous studies have investigated the effects of IR and IRS gene polymorphisms 

on the etiology of PCOS, however results were inconsistent (Shi et al., 2016). The IRS-

1 is located on chromosome 2q36, and the most common variant, IRS-1 rs1801278G>A 

polymorphism (Gly972Arg), was suggested to be correlated with insulin resistance, type 

2 diabetes mellitus (T2DM) and PCOS (Baba et al., 2007). In a previous study, it was 

hypothesized that polymorphisms in insulin receptor substrate-1 (IRS-1) might has a role 

in developing PCOS, so the genotypes, indexes of insulin resistance, and hormone profiles 

were studied in 123 Japanese women with PCOS and 380 healthy Japanese controls. The 

results have largely been inconsistent, and no single polymorphism has been directly 

associated with PCOS (Shi et al., 2016). According to another study, polymorphism in the 

IRS-1 has a high frequency in PCOS women worldwide, and this variant is associated 

with insulin resistance and higher fasting insulin in PCOS women (Pappalardo et al., 

2010). 

Therefore, the aim of this clinical study was to examine the role of polymorphisms of 

(rs1801123) of IRS-1 on the response to metformin in Iraqi women with PCOS. 
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Chapter Two 

 
 

Methods 

2.1. Study Design 

IRB approval was obtained from the IRB committee of LAU. All patients have signed 

the consent form that was approved by the IRB committee. Patients were referred from 

obstetrics and gynecology clinic of Dr. Abdul El-Zahra Al Sharifi, located in Baghdad, 

Iraq. The required blood tests and genetic analysis has been performed in the Middle 

East Clinical Laboratory located in Baghdad, Iraq. 

The study is a prospective randomized open label clinical study, the study consists of 

two arms;  

o group 1 (treatment group): consists of 100 women diagnosed with PCOS according 

to Rotterdam criteria 

o  group2 (Control group) consists of 100 healthy women. 

 

2.2. Treatment Protocol 

 

      2.2.1. Treatment arm  

  All PCOS patients group 1 (treatment group) received 500 mg twice daily doses 

of metformin for 12 weeks, in addition to optimal lifestyle modifications.  

 

   2.3. Inclusion Criteria and Exclusion Criteria  

2.3.1. Inclusion Criteria: 
 

• Women with PCOS diagnosed according to Rotterdam criteria.  

 

2.3.2. Exclusion Criteria:  
 

• Women that use oral contraceptive.  

• Women with other comorbid and use other medication as cholesterol- lowering 

drugs, beta-blockers and tricyclic antidepressants  
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• Women with hypothyroidism and thyroid dysfunction.  

• PCOS Patient using other than conventional treatment  

 

2.4. Study Setting 

The anthropometric assessments, hormonal assessments, and genetic analysis were 

performed in the Middle East Clinical Laboratory located in Baghdad Iraq 

 

2.5. Clinical Assessment 

 For case group : blood samples were withdrawn for metabolic, hormonal, and lipid 

parameters  

 at baseline before starting the treatment with metformin  

 after 12 weeks of the treatment with metformin  

 For control group:  blood samples were withdrawn only at baseline.  

 The hormonal assessment including serum levels of LH, FSH, testosterone, 

prolactin, Sex hormone biding globulin (SHBG), estradiol, progesterone, and free 

androgen index  

 The metabolic parameters including fasting blood glucose, fasting serum insulin, 

and Hb1ac. 

 The lipid panel including cholesterol, LDL, HDL, and triglyceride 

 Blood withdrawing was performed in early morning after 10 – 12 hours of fasting, 

hormonal measurement was performed in second day of the menstrual cycle. 

 

2.6. Genetic Analysis 

Genetic test was performed on case and control group. 

The DNA sample was obtained from the blood sample after obtaining all the participants 

consent forms. They signed the forms after receiving detailed clinical information about 

the study. The patients have understood that their names and initials will not be published 

and all efforts will be made to conceal their identity and personal information. 

Analysis of data and determined sequence variation between samples of specific gene 

using the following: 



 

13 
 

 DNA extraction 

 Real time PCR  

 HRM analysis: Software used for genotyping attached to real time PCR  

 

      2.6.1. Materials: Kits, Primers, and Instruments: 

Kits Company/ Origin  

ReliaPrep™ Blood gDNA Miniprep System, Agarose, 

Ethidium Bromide Solution (10mg/ml), GoTag Green 

Master Mix, Nuclease Free Water, TAE 40X, Quantiflor 

dsDNA System. 

Promega, USA 

Primers Macrogen, Korea 

      2.6.2. Primers 

Primer 

Name 

Seq. Annealing 

Temp. (oC) 

Product 

size bp 

rs1801123-F CATTGCCAAGATCCTTTAAGC 
60 139 

rs1801123-R CTGGTGGAAGAGGAAGAATC 

       2.6.3. Instruments 

Instrument Company/ Origin  

1.5ml, 0.5ml and 0.2ml Tube JET BIOFIL, Singapore 

Centrifuge  Fisher Scientific, USA 

Gel Imaging System  Major Science, Taiwan 

Micro spin Centrifuge  My Fugene, China 

Micropipette  Human, Germany  

Microwave Oven  GOSONIC, China 

OWL Electrophoresis System  Thermo, USA 

Quantus Fluorometer Promega, USA 

Refrigerator  TEKA, Spain 
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Thermal Cycler  BioRad, USA 

Vortex  Quality Lab System, England 

Water bath China 

 

2.6.4. Methods and Workflow: 

  2.6.4.1. DNA Extraction 

Genomic DNA was isolated from blood sample according to the protocol ReliaPrep™ 

Blood gDNA Miniprep System, Promega as the following steps: 

 Blood sample thoroughly was mixed for 15 minutes in rotisserie shaker at room 

temperature. 

 For each 1.5ml micro centrifuge tube 20µl of Proteinase K (PK) Solution was 

dispensed then 200µl of blood was added and briefly mixed. 

 200µl of Cell Lysis Buffer (CLD) was added to the tube and mixed by vortex for 

10 seconds. 

 Mixtures were incubated in water bath at 56°C for 30 minutes. 

 The ReliaPrep™ Binding Column placed into an empty collection tube. 

 After incubation period the tube was removed from water bath and 250µl of 

Binding Buffer (BBA) was added and mixed by vortex  for 10 seconds  

 The tube contents were transferred to the ReliaPrep™ Binding Column and 

centrifuged for 3 minutes at 12000 rpm. 

 The collection tube containing flow through was removed and discarded. 

 The binding column was placed into a new collection tube. 

 For column washing 500µl of Column Wash Solution (CWD) was added to the 

column and centrifuge for 3 minutes at maximum speed, the flow through was 

discarded this step repeated three time. 

 After washing step, column placed in a clean 1.5ml micro centrifuge tube and 

100µl of Nuclease-Free Water was added to the column. 
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 After 5 minutes, the 1.5ml tube with column centrifuge for 5 minutes at 5000rpm. 

 After centrifuge, the ReliaPrep™ Binding Column was discarded and the eluate 

was saved. 

 

2.6.4.2. Quantitation of DNA 

Quantus Fluorometer was used to detect the concentration of extracted DNA in 

order to detect the quality of samples for downstream applications. 1 µl of DNA, 

was mixed with 199 µl of diluted QuantyFlour Dye. After 5min incubation at room 

temperature, DNA concentration values were detected. 

2.6.4.3. Primer Design 

The DNA sequences of rs1801123 SNP were obtained from the NCBI GenBank 

database. Real time PCR primers were designed using Primer3 software with 

melting temperature between 58 to 62oC, primer length between 18 to 23 

nucleotides, and PCR amplicon length within 75 to 150 base pair.   

2.6.4.4. Primer Preparation 

Primer Name  Vol. of nuclease free water (µl) Concentration (pmol/µl) 

rs1801123-F 300  100 

rs1801123-R 300  100 

 

These primers were supplied by Macrogen Company in a lyophilized form. Lyophilized 

primers was dissolved in a nuclease free water to give a final concentration of 100 pmol/μl 

as a stock solution. A working solution of these primers was prepared by adding 10μl of 

primer stock solution (stored at freezer -20 oC) to 90μl of nuclease free water to obtain a 

working primer solution of 10pmol/μl.                        
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2.6.4.5. Primer Optimization  

To examine the optimum annealing temperature of primer, the DNA template should be 

amplified with the same primer pair, at annealing temperatures of 55, 58, 60, 63 and 65°C.  

2.6.4.6. Reaction Setup and Thermal Cycling Protocol 

PCR Component Calculation       

       

No. of Reaction  rxn Annealing temperature of primers  

Reaction Volume /run 25 µl Length of PCR product (bp)  

Safety Margin 5 % No. of PCR Cycles 40 

 

Master mix components  Stock Unit Final Unit Volume 

  1 Sample 

Master Mix 2 X 1 X 12.5 

Forward primer 10 µM 1 µM 1 

Reverse primer 10 µM 1 µM 1 

Nuclease Free Water         8.5 

DNA   ng/µl   ng/µl 2 

Total volume   25 

Aliquot per single rxn 23 µl of Master mix per tube and add 2 µl of Template 
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PCR Program       

 

Steps °C m:s Cycle 

Initial Denaturation 95 05:00 1 

Denaturation 95 00:30 

40 Annealing  60 00:30 

Extension 72 00:30 

HRM analysis 58-94  1 

 

2.6.4.7. Agarose Gel Electrophoresis 

 

After PCR amplification, agarose gel electrophoresis should be performed to confirm the 

presence of amplification. PCR was completely dependable on the extracted DNA criteria. 

 

 Solutions  

1 X TAE buffer, DNA ladder marker, Ethidium bromide (10mg / ml). 

 

1. Preparation of agarose : 

 100 ml of 1X TAE was placed in a beaker.  

 1 gm (for 1%) agarose was added to the buffer.  

 The solution was heated to boiling (using microwave) until all the gel particles were 

dissolved.  

 1μl of Ethidium Bromide (10mg/ml) was added to the agarose.  

 The agarose was stirred in order to get mixed and to avoid bubbles.  

 The solution was allowed to cool down at 50-60C°. 

 

2. Casting of the Horizontal Agarose Gel: 

Agarose solution was poured into the gel tray after both the edges were sealed with 

cellophane tapes, then the agarose was left to solidify at room temperature for 30 minutes.  
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The comb was removed carefully. The gel was placed in the gel electrophoresis tank. The 

tank was filled with 1X TAE-electrophoresis buffer until the buffer reached 3-5 mm over 

the surface of the gel. 

 

3. PCR Products Loading: 

 For PCR analysis, 5μl was directly loaded into well. The electrical power was set at 100 

volt/ 50mAmp for 90 min. DNA moves from Cathode to plus Anode poles. The Ethidium 

bromide stained bands in gel can be visualized using Gel imaging system 

 

 

 

 

 

 

 

 

 

 

 

                               

 

 

          

 



 

19 
 

     Chapter Three 

                                 

                                   Results 

The total number of study participants was 200. It was divided into two groups a) Case 

group included 100 patients newly diagnosed as PCOS and managed by metformin for 12 

weeks and b) Control group included 100 healthy women. 

 

3.1. General Characteristics 

The distribution of study groups by general characteristics is shown in figure and Table 

(3.1). Study participants’ age is ranging from 18 to 41 years with a mean of 27.53 years 

and a standard deviation (SD) of ± 4.99 years. The highest proportion of age for Case and 

Control groups was aged between 25 – 34 years (53% and 62% respectively). 

 

 

  Figure 3.1: Distribution of study groups by age 

 

As shown in Table (3.1), the age of menstruation in the majority of Case and Control 

groups was between 12 – 13 years (59% and 68% respectively). The highest proportion 

of Case and Control groups were married (83% and 59% respectively); unemployed (82% 

and 62% respectively); completion of primary school (61% and 51% respectively). 

CASE GROUP CONTROL GROUP

37%

25%

53%
62%

10% 13%

Age (Year)

< 25

25 - 34

≥ 35
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Regarding number of children, 51% of Case group had no child, while 47% of Controls 

had 1 – 3 children. About BMI level, 54% of Case group were obese, while 83% of 

Controls were over weighted and 12% were obese. 

Table 3.1: Distribution of Study Groups by General Characteristics 

Variable            Study Group Total (%) 

n= 200 Case (%) 

n= 100 

Control (%) 

n= 100 

Age of menstruation (Year) 

< 12 20 (20.0) 27 (27.0) 47 (23.5) 

12 - 13 59 (59.0) 68 (68.0) 127 (63.5) 

≥ 14 21 (21.0) 5 (5.0) 26 (13.0) 

Marital Status 

Currently married 83 (83.0) 59 (59.0) 142 (71.0) 

Unmarried 17 (17.0) 41 (41.0) 58 (29.0) 

Occupation 

Employee 18 (18.0) 38 (38.0) 56 (28.0) 

Unemployed  82 (82.0) 62 (62.0) 144 (72.0) 

Education 

Illiterate 4 (4.0) 26 (26.0) 30 (15.0) 

Primary school completion 61 (61.0) 51 (51.0) 112 (56.0) 

Secondary school completion  32 (32.0) 14 (14.0) 46 (23.0) 

Higher education  3 (3.0) 9 (9.0) 12 (6.0) 

Number of children 

No  51 (51.0) 43 (43.0) 94 (47.0) 

1 - 3 48 (48.0) 47 (47.0) 95 (47.5) 

> 3 1 (1.0) 10 (10.0) 11 (5.5) 

BMI Level  

Normal 9 (9.0) 5 (5.0) 14 (7%) 

Overweight 37 (37.0) 83 (83.0) 120 (60.0%) 

Obese 54 (54.0) 12 (12.0) 66 (33.5%) 
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Comparison between study groups by certain characteristics, showed that the means of 

age of menstruation and BMI were significantly higher (P < 0.05) in case group than that 

in controls. No significant differences (P = 0.084) in age between study groups as shown 

in Table (3.2).  

 

Table 3.2: Comparison between Study Groups by Certain Characteristics 

 

3.2. Clinical Information 

Table 3.3 shows the distribution of study groups by clinical information. In this study, 

hirsutism was present in 97% of Case group and 2% of Controls. Alopecia was detected 

in 70% of Case group while no one of Controls complained from alopecia. The majority 

of Case and Control groups had no history of abortion (94% and 91% respectively).  

 

Table 3.3: Distribution of Study Groups by Clinical Information 

Variable                   Study Group Total (%) 

n= 200 Case (%) 

n= 100 

Control (%) 

n= 100 

Hirsutism 

Yes 97 (97.0) 2 (2.0) 99 (49.5) 

No 3 (3.0) 98 (98.0) 101 (50.5) 

Alopecia 

Yes 70 (70.0) 0 (0) 70 (35.0) 

No 30 (30.0) 100 (100.0) 130 (65.0) 

Abortion 

Variable 

               Study Group 
P- 

Value 
Case 

Mean ± SD 

Control 

Mean ± SD 

Age (Years) 26.92 ± 5.1 28.14 ± 4.8 0.084 

Age of menstruation (Years) 12.41 ± 1.3 11.78 ± 1.1 0.001 

BMI (kg/m2) 30.42 ± 4.4 27.87 ± 2.9 0.001 
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Yes 6 (6.0) 9 (9.0) 15 (7.5) 

No 94 (94.0) 91 (91.0) 185 (92.5) 

 

3.3. Comparison between Study Groups 

3.3.1. Hormonal Parameter: 

Table 3.4 shows the differences in means of hormonal parameter between study groups. 

In this study, means of LH, LH/FSH ratio, prolactin, testosterone, and FAI in Case group 

were significantly higher than that in Control; while means of SHBG and estradiol were 

significantly lower. No statistical significant difference (P = 0.263) between Case and 

Control groups regarding FSH. 

 

Table 3.4: Comparison between Study Groups by Hormonal Parameter 

*independent t- test was used for this analysis 

 

3.3.2. Metabolic Parameter 

Table 3.5 shows the differences in means of metabolic parameter between study groups. 

Means of insulin level and HOMA-IR, FBS in Case group were significantly higher than 

Hormonal parameter 

                      Study Group 

P- Value Case 

Mean ± SD 

Control 

Mean ± SD 

LH (IU/L) 10.68 ± 5.9 7.86 ± 2.1 0.001 

FSH (IU/L) 6.2 ± 1.9 6.49 ± 1.7 0.263 

LH/FSH Ratio 1.77 ± 0.94 1.25 ± 0.32 0.001 

Prolactin (ng/mL) 25.54 ± 13.5 20.28 ± 5.1 0.001 

Testosterone (nmol/L) 0.68 ± 0.4 0.25 ± 0.2 0.001 

SHBG (nmol/L) 68.06 ± 15.5 84.9 ± 6.4 0.001 

Free androgen index(FAI) 1.07 ± 0.65 0.3 ± 0.2 0.001 

Estradiol (pg/mL) 48.77 ± 22.1 87.95 ± 12.7 0.001 
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that in Control. No statistical significant difference (P = 0.253) between Case and Control 

groups regarding HbA1c level. 

 

Table 3.5: Comparison between Study Groups by Metabolic Parameter 

*independent T-test was used for this analysis 

3.3.3. Lipid Profile 

Table 3.6 shows the differences in means of lipid profile between study groups. Means of 

TG, LDL, and cholesterol in Case group were significantly higher than that in Control. 

No statistical significant difference (P = 0.154) between Case and Control groups 

regarding HDL level. 

Table 3.6: Comparison between Study Groups by Lipid Profile 

* Independent t-test was used in this analysis 

3.4. Comparison between Baseline and 12 Weeks Post Treatment in the 

PCOS Case Group: 

Metabolic parameter 

                   Study Group 

P- Value Case 

Mean ± SD 

Control 

Mean ± SD 

FBS (mg/dL) 103.58 ± 10.8 95.09 ± 11.3  0.002 

Insulin level (mIU/L) 27.05 ± 10.3 18.61 ± 2.6 <0.001 

HOMA-IR 6.87 ± 2.5 3.8 ± 0.9 <0.001 

HbA1c (%) 4.64 ± 0.74 5.12 ± 0.41  0.253 

Lipid Profile 

                       Study Group 

P- Value Case 

Mean ± SD 

Control 

Mean ± SD 

TG (mg/dL) 122.54 ± 39.7 80.79± 23.1 <0.001 

LDL (mg/dL) 89.61 ± 24.1 54.39 ± 21.4 <0.001 

HDL (mg/dL) 46.88 ± 11.8 49.02 ± 9.1 0.154 

Cholesterol (mg/dL) 151.84 ± 38.3 125.53 ± 40.6 <0.001 
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3.4.1. Hormonal Parameter: 

Table 3.7 shows the differences in means of hormonal parameter between Case group at 

baseline and 12-weeks post treatment with metformin. In this study, means LH/FSH ratio, 

testosterone were significantly lower after 12 weeks of treatment (p-value>0.05) with 

metformin than with baseline. While Means of LH, SHBG (very minimal reduction), 

estradiol, and FAI group were lower after treatment, but didn’t reach statistical significant. 

 

Table 3.7: Comparison of Hormonal Parameters of PCOS Group at Baseline and 12-

weeks after Treatment with Metformin: 

 

 

 

 

 

 

 

 

 

       

 

*paired t-test was used in this analysis 

 

3.4.2. Metabolic Parameter 

Table 3.8 shows the differences in means of metabolic parameter of Case group at baseline 

and 12-weeks post treatment with metformin. All Means of FBS, HOMA-IR, HbA1c were 

Hormonal parameter 

                 Study Group 

P- Value Baseline  

Mean ± SD 

12 weeks  

Mean ± SD 

LH (IU/L) 10.68 ± 5.9 9.95 ± 5.8 0.070 

FSH (IU/L) 6.20 ± 1.9 6.38 ± 1.7 0.115 

LH/FSH Ratio 1.77 ± 0.94 1.57 ± 0.82 0.023 

Testosterone (nmol/L) 0.68 ± 0.4 0.60 ± 0.2 0.004 

SHBG (nmol/L) 68.06 ± 15.5 67.17± 6.4 0.334 

Free androgen index 1.07 ± 0.65 1.03 ± 0.2 0.664 

Estradiol (pg/mL) 48.77 ± 22.1 48.62± 20.7 0.884 
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reduced compared to baseline, however only the difference between insulin level means 

was statistically significant (p –value <0.01). 

 

Table 3.8: Comparison of Metabolic Parameter of PCOS Group before and 12-weeks 

Post Treatment with Metformin: 

*paired t-test was used in this analysis 

3.4.3. Lipid Profile 

Table 3.9 shows the differences in means of lipid profile of Case group at baseline and 

12-weeks post treatment with metformin. Means of TG, LDL, and cholesterol in Case 

group at baseline were higher than that after 12 weeks. The differences in means were 

statistically significant (p-value <0.05). No statistical significant difference (P = 0.583) 

regarding HDL level at baseline and after 12 weeks of metformin treatment. 

 

Table 3.9: Comparison of Lipid Parameters of PCOS Group before and 12-weeks 

after Treatment with Metformin: 

Metabolic parameter 

                Study Group 

P- Value Baseline 

Mean ± SD 

12-weeks 

Mean ± SD 

FBS (mg/dL) 103.58 ± 12.7 100.99 ± 11.8 0.186 

Insulin level (mIU/L) 27.06 ± 10.3 26.03 ± 9.13 <0.01 

HOMA-IR 6.87 ± 2.5 6.48 ± 2.36 0.28 

HbA1c (%) 4.64 ± 0.74 4.54 ± 0.64 0.148 

Lipid Profile 

                Study Group 

P- Value Baseline 

Mean ± SD 

12-weeks  

Mean ± SD 

TG (mg/dL) 122.54 ± 43.3 116.26 ± 39.78 0.001 
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*paired t-test was used in this analysis 

 

3.5 Genetic Analysis (rs1801123 SNP of IRS.1 gene) 

3.5.1: Distribution of rs1801123 SNP of IRS.1 gene in Control and PCOS Group 

The association between result of genetic analysis of SNP gene and PCOS is shown in 

Table (3.7). No statistical significant association detected (P= 0.852) between the result 

of genetic analysis of SNP gene and PCOS. 

Table 3.10: Distribution of rs1801123 SNP of IRS.1 gene in Control and PCOS 

Group: 

Genetic analysis (SNP) 

Study Group 
Total (%) 

n= 200  
P- Value Case 

n= 100 

Control 

n= 100 

TT 23 (23%) 20 (20%) 43 (21.5) 

0.852 AT 38 (38%) 38 (38%) 76 (38.0) 

AA(wild type) 39 (39%) 42 (42%) 81 (40.5)  

*Pearson chi-squared test 

 

3.5.2. Metformin Management in Case Group According to Genotypes 

 

3.5.2.1 Comparison of metabolic parameters of PCOS at baseline and 12-weeks post 

metformin treatment according to the result of genetic analysis of SNP rs1801123 of 

IRS.1 gene: 

Table 3.11 represents the comparison in metabolic parameter of Case group at baseline 

and 12-weeks post treatment with metformin according to according to genotyping of SNP 

rs1801123 polymorphism. It showed  that after 12 weeks of treatment with metformin, 

mean of FBS was decreased with all genotypes (AA, AT, and TT), however the reduction 

LDL (mg/dL) 89.68 ± 31.1 83.93 ± 23.78 0.003 

HDL (mg/dL) 46.88 ± 11.8 47.77 ± 11.96 0.583 

Cholesterol (mg/dl) 159.28 ± 39.3 151.84 ± 39.77 0.004 
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was only statistically significant with the wild type (AA). Additionally, the mean of 

insulin level was decreased compared to that before treatment in all patients with 

rs1801123 polymorphism variants however, the reduction was only statistically 

significant in AT genotype of rs1801123 of IRS.1  

The finding regarding the HOMA IR, was a decrease in all three types of genotype 

however, this reduction was not significant at all levels. Moreover, in patients with AA 

genotype of rs1801123, mean of HbA1c was significantly decreased (P= 0.001) compared 

to that before treatment while no significant change detected (P ≥ 0.05) in means of all 

other genotypes. 

 

3.5.2.2. Comparison of hormonal parameters of PCOS at baseline and 12-weeks post 

metformin treatment according to the result of genetic analysis of SNP rs1801123 of 

IRS.1 gene: 

Table 3.12 represents the comparison in hormonal parameter of Case group at baseline 

and 12-weeks post treatment with metformin according to genotyping of SNP rs1801123 

polymorphism. It  showed that after 12 weeks of treatment with metformin, means of LH, 

LH/FSH ratio, and testosterone were significantly decreased (P < 0.05) in patients with 

AA genotype (wild type) of rs1801123 compared to that before treatment while the 

difference in means of all other hormonal parameters was not significant  (P ≥ 0.05). In 

patients with AT genotype of rs1801123, the difference in means of all other hormonal 

parameters was not significant (P ≥ 0.05). In patients with TT genotype of rs1801123, the 

difference in means of all hormonal parameters was not significant (P ≥ 0.05). 

 

Table 3.11: Comparison of metabolic parameters of PCOS at baseline and 12-weeks 

post metformin treatment according to the result of genetic analysis of SNP 

rs1801123 of IRS.1 gene 

Metabolic parameter 

                          Time 

P - Value Baseline 

Mean ± SD 

After 12 weeks 

Mean ± SD 

FBS (mg/dl) 
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TT 99.3 ± 11.19 98.85 ± 10.63 0.716 

AT 104.88 ± 10.41 102.27 ± 11.91 0.220 

AA(wild type) 104.82 ± 12.91 100.11 ± 12.8 0.005 

Insulin level (mIU/L) 

TT 28.89 ± 7.8 28.18 ± 8.5 0.410 

AT 25.42 ± 7.5 24.91 ± 7.7 0.117 

AA(wild type) 28.0 ± 13.5 24.9 ± 7.1 0.008 

HOMA-IR 

TT 7.36 ± 2.1 7.07 ± 2.15 0.292 

AT 6.75 ± 2.1 6.46 ± 2.2 0.301 

AA(wild type) 6.69 ± 3.0 6.14 ± 2.6 0.087 

HbA1c (%) 

TT 4.66 ± 0.7 4.66 ± 0.6 0.974 

AT 4.68 ± 1.0 4.64 ± 0.6 0.802 

AA(wild type) 4.58 ± 0.5  4.37 ± 0.6 0.001 

*paired t-test was used in this analysis 

 

Table 3.12: Comparison in hormonal parameter of PCOS group at baseline versus 

12-weeks post treatment according result of genetic analysis of SNP rs1801123 of 

IRS.1 gene 

Hormonal parameter                            Time P - Value 

Baseline 

Mean ± SD 

After 12 weeks 

Mean ± SD 

LH (IU/L) 

TT 11.21 ± 8.0 11.16 ± 7.0 0.967 

AT 10.86 ± 5.5 10.9 ± 5.2 0.943 

AA 10.2 ± 4.9 8.3 ± 4.0 0.001 

FSH (IU/L) 

TT 6.0 ± 1.8 6.38 ± 1.9 0.176 
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AT 6.29 ± 2.0 6.30± 2.0 0.951 

  AA 6.22 ± 1.9 6.46 ± 1.7 0.24 

  LH/FSH Ratio 

TT 1.82 ± 1.1 1.7 ± 0.9 0.509 

AT 1.75 ± 0.8 1.78 ± 0.9 0.853 

AA 1.76 ± 1.0 1.3 ± 0.6 0.001 

Testosterone (nmol/L) 

TT 0.76 ± 0.5 0.7 ± 0.4 0.313 

AT 0.6 ± 0.3 0.59 ± 0.3 0.815 

AA 0.71 ± 0.3 0.55 ± 0.3 0.001 

SHBG (nmol/L) 

TT 62.45 ± 14.5 63.46 ± 13.0 0.625 

AT 71.75 ± 14.7 69.7 ± 13.7 0.051 

AA 67.76 ± 16.2 66.9 ± 18.1 0.624 

Free androgen index 

TT 1.29 ±  1.16 ± 1.16 0.343 

AT 0.88 ± 0.6 0.9 ± 0.6 0.81 

AA 1.11 ± 0.55 1.07 ± 1.4 0.851 

*paired t-test was used in this analysis 
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Chapter Four 

 

Discussion 

4.1. An Overview 

Polycystic ovary syndrome (PCOS): a complex disease characterized by high androgen 

levels, menstrual cycle’s abnormalities, and small cysts on one or both ovaries (Umland, 

2011). The disorder can be morphological (polycystic) or predominantly biochemical 

(hyperandrogenemia). The hyperandrogenism plays a role in inhibiting the follicular 

development, micro cysts in the ovaries, anovulation, and irregular menstruation (Lin et 

al., 2013). PCOS is a result of genetic and environmental factors. Associated conditions 

with PCOS include type II diabetes, obesity, etc.e (De Leo et al., 2016). The exact 

mechanism of insulin resistance has not been fully explained, but some studies claim that 

the post-receptor defects might be the cause. Treatment of patients with PCOS the 

prescription of insulin sensitizing agents such as metformin has become very common in 

clinical practice (Ertunc et al., 2005). Binding of insulin to its receptor causes activation 

of its intrinsic tyrosine kinase, leading to phosphorylation of the docking proteins called 

IRS proteins. IRS-1 most abundant in muscle and adipose cells while IRS-2 is more 

available in liver, pancreas and the ovary. As result, multiple downstream effectors will 

be activated, thus transmitting the insulin signal to a branching series of intracellular 

pathways that regulate cell differentiation, growth, survival and metabolism (White, 

1997). It has been suggested that the mutation may affect the tertiary structure of IRS-1 

that results in defective binding to PI3K, and impairs glucose metabolism by the 

mentioned above mechanism (Almind et al., 1996). Diminished insulin induced glucose 

transport was proven in skeletal muscle and adipose tissue from IRS1 gene knockout mice 

(Akanuma et al., 1996). Furthermore, defects in the insulin secretion was observed as a 

response to glucose induction in pancreatic beta cells from IRS1 knockout mice (Kulkarni 

et al., 1999). 
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Previous studies on subjects with diabetes mellitus has helped to understand the role of 

IRS-1 protein variants in the development of insulin resistance. In a previous study to 

support IRS1 variants associated with insulin resistance state and type 2 diabetes risk in 

adult Puerto Ricans, it had been shown that carriers of the variant of rs1801123 showed 

significantly higher fasting plasma glucose and insulin levels (p = 0.001 and 0.012, 

respectively) and significantly higher HOMR-IR (Feng et al., 2003). Another research 

study has found that that women who are carriers for the G972A variant of IRS.1 had 

higher fasting insulin levels and were more insulin resistant as demonstrated by HOMA 

IR (El Mkadem et al., 2002). 

Metformin is an off-label medication commonly prescribed in PCOS. It decreases the  

elevated parameters such as insulin, androgens, and circulating free T levels, and increase 

levels of sex hormone-binding globulin (SHBG) and insulin-like growth factor-binding 

protein (IGFBP) (Naderpoor et al., 2015). The action of metformin is to suppress the 

production of hepatic glucose. Moreover, metformin has been demonstrated to increase 

the synthesis of SHBG et al. 2012). Additionally, metformin is used in PCOS patients as 

an insulin sensitizer because of its proven benefits such as reducing the elevated 

parameters such as insulin, androgens, and circulating free T levels, and increasing levels 

of sex hormone-binding globulin (SHBG) and insulin-like growth factor-binding protein 

(IGFBP) (Chang et al., 2019). Yet, not all the mechanisms of action of metformin in the 

improvement of insulin resistance have been fully explained yet. It has been suggested 

that metformin can induce phosphorylation of insulin receptor b-subunit and IRS proteins 

(Wiernsperger and Bailey, 1999). Depending on this mechanism of action of metformin , 

it is supposed that the variant of rs1801123 of IRS-1 may cause a differential response to 

metformin, thus the aim of this  study was  to investigate how the response to metformin 

varies according to the presence of this variant of rs1801123 in women with PCOS. In the 

current research, 200 women were enrolled. They were divided into two groups: Case 

group included 100 patients newly diagnosed as PCOS and managed by metformin for 12 

weeks and Control group included 100 healthy women. 

 

4.2. Comparison between the Studies Groups (control and PCOS cases) 
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4.2.1. Hormonal Parameter 

In this study, means of LH, LH/FSH ratio, prolactin, testosterone, and FAI in case group 

were significantly higher than that in controls; while means of SHBG and estradiol were 

significantly lower. No significant difference (P = 0.263) between Case and Control 

groups regarding FSH (Table 3.4). An agreement observed in Khashchenko et al study in 

2020, in which mean of LH, LH/FSH ratio, prolactin, testosterone, and FAI were 

significantly higher in patients of PCOS group in comparison to control group (P>0.05), 

on the other hand, FSH ratio in the same group was non-significantly increased 

(P=0.2856) (Khashchenko et al.,  2020). In the systematic review conducted by Tsikuras 

and colleagues in 2015, due to the heterogeneous clinical picture and the unavailable clear 

values of hormonal parameters in adolescents, there is a difficulty in diagnosing PCOS in 

adolescence. Data from 24 studies revealed that adolescents with PCOS compared to 

controls were characterized with a significant slightly higher levels of testosterone, LH, 

LH/FSH, and androstenedione in half of the cases and often corresponded to reference 

intervals (Spyros et al., 2015). Also, Hadi SM et al study in 2010, observed that LH and 

LH: FSH ratio were significantly higher in PCOS group compared to normal Control 

group (11.9±5.4 vs. 7.0±0.6) respectively (Al-Bayatti et al., 2010). Other studies by 

Escobar et al (Escobar-Morreale et al., 1998) and Kocak M (Kocak, 2004), showed LH 

and LH: FSH ratio fit the criteria for diagnosis of PCOS. On contrary to the current results, 

another study found that LH/FSH ratio has limited role in diagnosing PCOS because there 

was no significant difference in the median LH/FSH between the PCOS and control group 

(Cho et al., 2006).  

PCOS is a subject of continuous research in the pathogenesis and therapeutic approach 

because not everything is known yet about PCOS. The hypothalamic-pituitary ovarian or 

adrenal axis dysfunction causes the disturbance in the pulseatility of gonadotropin-

releasing hormone (GnRH) thus overproduction of LH, consequently the incorrect 

LH/FSH ratio (Malini and Roy, 2018). An abnormal feedback mechanism by ovarian 

estrogen play role in this discriminated increase in LH release. Follicular development is 

affected by low level of FSH, while the increased ovarian androgen is caused by elevated 

production of LH (Blank et al., 2006). As a result of this derangement, the normal ratio 
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between FSH and LH levels is around 2:1, but in PCOS this ratio is reversed and 

sometimes even more (2 or 3 to 1), which agree with the results obtained in this study 

where about two-third of the women with PCOS have high LH/FSH ratio (LH/FSH ratio 

>2 in 70%). In the recent literature, the role of insulin resistance and hyperinsulinemia in 

the development of PCOS has been extensively studied and it has been mentioned that 

hyperinsulinemia is highly prevalent, as high as 40%–60% in patients with PCOS (as 

discussed below) (Muderris et al., 2011). 

4.2.2. Metabolic Parameter 

In the current study, means of insulin level, HOMA-IR, FBS in Case group were 

significantly higher than that in Controls. No statistical significant difference (P = 0.253) 

between Case and Control groups regarding HbA1c level. (Table 3.5).  

The findings in this study were in agreement with the findings of Sun et al study in 2019, 

in which the PCOS patients group compared with the Controls group, had elevated levels 

of HOMA-IR  (P < 0.05) and FBS was significantly differed between both groups (Sun, 

et al., 2018).Similarly, Bil and colleagues in their study in 2016, they reported that number 

of patients with HOMA-IR >3.8 was significantly higher in PCOS group (Bil et al., 2016). 

Macut and colleagues reported a similar results, as PCOS patients compared with Controls 

had increased IR, basal insulin (p < 0.001), and HOMA index (p < 0.001) (Macut et al., 

2008).  In contrary, Bala and colleagues in their study in 2017 reported that HbA1c showed 

statistical significant difference between Cases and Controls (p=0.002) (Bala et al., 2017). 

Different sample size, duration of the disease, could explain the differences observed 

among the studies observed above. 

In PCOS patients, although insulin secretory responses to a glucose load might be 

insufficient when compared to healthy subjects, the secretion of insulin has increased, 

(Azziz et al., 2016). In 1989, Dunaif et al., had shown that insulin-resistance was 

significant in both obese and lean PCOS women compared with their weight-matched 

normal controls. In treating women with PCOS, it is important to know that insulin 

resistance is common in both obese and lean women regardless of their adiposity. 
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It has been shown that insulin resistance can be caused by hyperlipidemia through 

decreasing the delivery of insulin and glucose to target cells. In addition, hyperlipidemia 

can be caused by insulin resistance due to enhancing the synthesis and secretion of very-

low-density lipoprotein cholesterol (VLDL) and TG in the liver and reducing the clearance 

of VLDL and TG (Berneis, Rizzo et al., 2007). Therefore, hyperlipidemia is an important 

factor to develop insulin resistance, and IR has a role to increase the probability of lipid 

metabolism disorders. Increased levels of TG, TC, and LDL-C and decreased HDL-C 

levels which are the manifestations of lipid metabolism disorders in PCOS patients 

(Yilmaz et al., 2011). 

 

4.2.3. Lipid Profile 

In this study, means of TG, LDL, and cholesterol in Case group were significantly higher 

than that in Control. No statistical significant difference between Case and Control groups 

regarding HDL level (P = 0.154) (Table 3.6). 

 The results were in agreement with a study conducted by Enechukwu and colleagues in 

2019. A significant higher concentrations of TC (P=0.017) and LDL-C (P=0.012) in 

PCOS patients than in Controls group was reported, while no statistical significant 

difference regarding HDL level between both groups (Enechukwu et al., 2019). A study 

conducted by Sun et al., study in 2018, showed a similar result, in which the PCOS patients 

in comparison to controls group, had elevated levels of TG, TC, LDL-C, (P < 0.05), but 

differed in that HDL-C levels was significantly decreased (P < 0.05) (Sun et al., 2018). 

On the other hand, Wild and colleagues in their study in 2011, found that TG levels were 

higher (95% confidence interval [CI] 17-35) and HDL-cholesterol concentrations lower 

in women with PCOS (95% CI 4-9). Also, LDL-cholesterol and non HDL-cholesterol 

concentrations were higher in PCOS (95% CI 10-16 and95% CI 16-22 respectively) (Wild 

et al., 2011). Differences observed above can relate to the different sample size, BMI level, 

com-morbid conditions, drugs used and healthy or unhealthy life style. 

A possible complication of PCOS is dyslipidemia characterized by abnormalities in lipid 

and lipoprotein metabolism (Manikkumar et al., 2013). Although dyslipidemia has been 

associated with obesity and insulin resistance, the abnormality in lipid profile was 
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significantly higher among PCOS patients in the current study. The ability of insulin to 

suppress lipolysis is decreased by IR, thus enormous amount of free fatty acids is released 

from adipose tissues into the systemic circulation (Macut, et al., 2013). It is recommended 

to evaluate a complete fasting lipid and lipoprotein profile for all PCOS patients as part of 

assessing the cardiovascular risk, by the American College of Obstetricians and 

Gynecologists as well as the Androgen Excess and PCOS Society  that be done ( Mosca, 

2007). 

4.3. Comparison of PCOS group at Baseline and 12 weeks Post Metformin 

Treatment. 

4.3.1. Hormonal Parameter 

According to this study, means LH/FSH ratio, testosterone were significantly lower after 

12 weeks of treatment (p-value < 0.05) with metformin than with baseline. While Means 

of LH, FSH, estradiol, SHBG and FAI group were lower after treatment, but didn’t reach 

statistical significance (Table 3.7). 

Another study showed that the level of testosterone, and LH levels has significantly 

dropped but most parameters reached maximal response after 6 months (Yang et al., 

2018). According to a systemic review of nine trials involving 458 participants reported a 

significant reduction in testosterone level following metformin use (p-value < 0.01), and 

non-significant reduction in SHBG (p-value=0.53) (Guan et al., 2020), but in contrary to 

our finding, the reduction of LH level was significant, which can be attributed to the larger 

sample size, duration of study. Vincenzo and colleagues showed slight increment in FSH 

levels which was non-significant (Vincenzo et al., 2006). While another study conducted 

by Ehrmann and colleagues reported that FSH levels remain unaffected after treatment 

with metformin (Ehrmann et al., 1997). 

The mechanisms through which metformin affects women with PCOS is not fully 

explained, especially in relationship to the changes in LH because the relationship 

between insulin metabolism and LH level remains controversial. Metformin treatment 

reduces hyperinsulinemia. It is considered to be a cause of altered pituitary sensitivity to 

gonadotrophin releasing hormone. The reduction in LH response to GnRH resulted from 

Metformin administration (Yang et al., 2018). Most hormonal parameters cannot reach 
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maximal response only after 6 months, thus duration of 12 weeks might be the reason why 

we could not see big changes in the hormonal levels. 

4.3.2. Metabolic Parameter 

Shows the differences in means of metabolic parameter between Case group at baseline 

and 12-weeks post treatment with metformin. All Means of FBS, HOMA-IR, HbA1c were 

reduced compared to baseline, however only the difference between insulin level means 

was significant (p –value < 0.01) (Table 3.8).  

Similar results were obtained in a study done by Zafar on women with PCOS, where the 

level of fasting serum insulin was significantly decreased (P-value < 0.05). Additionally, 

these results  are comparable to the results of  a study by Otta and colleagues on  women 

with insulin resistance and PCOS who received metformin or placebo for 4 month, 

significant reduction in means of serum fasting insulin and HOMA index was only 

observed with metformin (p-value < 0.05) (Otta et al., 2010).  

Metformin is prescribed as an insulin-sensitizing agent in PCOS patients due to its role, 

in improving blood glucose mainly by improving the suppression action of insulin on the 

hepatic glucose production, and by enhancing the role of insulin in the disposal of glucose. 

Previous studies on metformin role has proved that through increasing insulin receptor 

tyrosine kinase activity, enhancing glycogen synthesis, and increasing in the recruitment 

and activity of GLUT4 glucose transporters the improvements in insulin sensitivity can 

be achieved. Additionally, reducing systemic FFA concentration and promoting the re-

esterification of free fatty acids and inhibiting lipolysis, this reduces lip toxicity, which 

may indirectly improve insulin sensitivity thus improving insulin sensitivity in obese 

patients (Ren et al., 2006). 

 

4.3.3. Lipid Profile 

Current study shows that means of lipid profile (TG, LDL, and cholesterol) has 

significantly reduced between Case group at baseline and 12-weeks post treatment with 

metformin (p-value <0.05). Means of TG, LDL, and cholesterol in Case group at baseline 
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were higher than that after 12 weeks. No statistical significant difference regarding HDL 

level (P = 0.583) (Table 3.9). 

The results were in agreement with a study by Lord and colleagues in which  metformin 

had significantly lower total cholesterol (P= 0.02), low-density lipoprotein cholesterol (P= 

0.02) in 40 women with PCOS after 3 months of treatment while no significant difference 

observed in HDL level (Lord et al., 2006). 

Additionally, Banaszewska and colleagues have concluded that metformin therapy in  

PCOS patients can be considered as a prophylactic therapy to lower cardiovascular risk 

factors in hyperinsulinemic women with PCOS because prescribing it  was associated with 

a significant reduction in  insulin level, total cholesterol, LDL and TG (Banaszewska et 

al., 2006). In contrary to our finding, Karimzadeh and colleagues found that in case group, 

HDL level increased after treatment from (P-value < 0.05), and triglyceride level 

decreased after treatment (P-value < 0.05); whereas there was not significant change  in 

Control group. LDL and cholesterol levels did not change in both groups (Karimzadeh et 

al., 2007). The divergence of the current findings may be related to the characteristics of 

the population studied or the life style of this specific population; thus, it is possible that 

metformin effect may be differ in more hyperinsulinemic and/or obese populations of 

PCOS.  

Insulin resistance, a characteristic of women with PCOS, is a risk factor of ischemic heart 

disease because it is accompanied with increasing of triglyceride and reduction of HDL 

level. Previous studies performed to assess the effects of metformin on lipid profile were 

encouraging (Banaszewska et al., 2006). Because dyslipidemia is a significant 

cardiovascular risk factor commonly encountered in PCOS, thus proving that metformin- 

may play a role in improving lipid profile provides additional support for the long-term 

use of metformin, even when fertility is not a consideration. 

 

4.4. Genetic Analysis in Study Groups 

4.4.1. Genetic Distribution of SNP rs1801123 Polymorphism for IRS.1 in Control 

and Case Groups 

In the current study showed that the difference in genotype distribution or frequency of 

SNP (rs1801123) between the Control group and the Case group was not significant. 
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(Table 3.10). Thus, a strong relationship or confirmation of any possible correlation 

between rs1801123 polymorphisms of IRS-1 and PCOS could not be confirmed.  

Previous studies failed to prove any strong relationship or confirmation of any possible 

correlation between Gly972Arg polymorphisms of IRS-1 and Gly1057Asp polymorphism 

of IRS-2 and PCOS. According to these studies no difference could be found in the 

distribution of IRS-1 Gly972Arg and IRS-2 Gly1057Asp alleles in PCOS patients and 

Control which is consistent with the current findings (El Mkadem et al., 2005 and Urbanek 

et al., 1999). These studies have proved that the IRS polymorphisms seem to be related 

mostly with insulin resistance rather than PCOS (Prapas et al., 2009). Unfortunately, there 

have not been previous studies on the association of mutation of IRS1 on insulin resistance 

and PCOS in Iraqi population. 

 

4.4.2. Comparison of PCOS Group at Baseline and 12-weeks post Metformin 

Treatment According to the Result of Genetic Analysis of SNP rs1801123 of IRS.1 

gene 

Many previous studies have investigated and reviewed the effects of insulin-activity 

sensitizer metformin in PCOS related biological, biochemical, hormonal and metabolic 

manifestations. Very few studies have related these findings to polymorphisms in IRS.1 

gene. Thus, the current findings will be novel in that area specifically in Iraqi population. 

In our study, we found that metformin had differential effects on the metabolic parameters 

in PCOS patients with different rs1801123 polymorphisms. The means of metabolic 

parameter including (FBS, insulin level, HOMA IR, and HBA1C) have been reduced 

regardless of the polymorphism patients have, but the reduction was only statistically 

significant within wild type group except for the HOMA IR. The reduction in the means 

was very minimal and not significant within the IRS.1 mutated group (Table 3.11). These 

findings were in consistent with the finding of a previous study performed by Ertunc and 

colleagues to investigate the differential effect of metformin on fasting insulin level, 

HOMA IR, and FBS on the basis of IRS.1 genotype. The study showed significant 

reduction in the above mentioned parameters (p-value < 0.001) within the IRS-1 intact 

group after 6 months of metformin treatment (Ertunc et al., 2005).  
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The current findings showed significant reduction in fasting insulin level and insulin 

resistance measured by HOMA IR in the intact IRS-1 group while the means of these 

parameters in the mutated group of IRS.1 did not show the same response, thus it could 

be assumed that the IRS-1 genotype may play an important role. However, further studies 

are recommended to confirm these findings. One justification could be explained by the 

mechanism of action of metformin in the liver, which is to provoke tyrosine 

phosphorylation by activation of insulin receptor and IRS-2 proteins, thus variant in IRS-

1 protein may not be able to propagate the signals that are transmitted from the tyrosine-

phosphorylated insulin receptor b-subunit (Gunton et al., 2003). Another finding in this 

study was that metformin has differential effects on the hormonal parameters after treating 

with metformin. Patients with wild type polymorphism (AA) have shown a significant 

reduction on the means of LH, LH/FSH ratio, and testosterone compared to that before 

treatment. While in patients with heterozygotes (AT) type and homozygotes (TT) types, 

there was also a trend of reduction but very minimal (Table 3.12). Thus, this finding shows 

how metformin effects on the hormones parameters might differ on the basis of IRS.1 

genotype. This finding is consistent with the finding of a previous study on another 

polymorphism on IRS.1, where metformin administration reduced the level of LH, 

testosterone, and FAI in patients with wild type of IRS.1 polymorphism more effectively 

and significantly (p-value < 0.05) when compared to patients with the variant IRS1 

(Ertunc et al., 2005). 

The insulin resistance and compensatory hyperinsulinemia have been proposed as 

potential mechanisms for the gonadotropin secretory abnormalities characteristic of 

PCOS. Thus, metformin has been prescribed extensively to regulate insulin, and 

consequently, the decline in the insulin level with insulin insulin-sensitizing agents is 

usually accompanied by a decrease in androgen levels (Oliveries et al., 2006 and Harborne 

et al., 2003). Previous studies proved that administration of metformin to women with 

PCOS has shown that while lowering insulin levels, the level of ovarian 17, 20-lyase 

activity and ovarian androgen secretion was decreased too (Nestler and Jakubowicz, 

1996). The significant reduction in fasting insulin level after using metformin in the intact 

IRS-1 group and the minimal change in the level of insulin level in the mutated group of 

IRS.1 could explain the results in reduction of the androgen levels in these groups.   
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The direct and the indirect mechanism of action of metformin on the hormones explains 

the idea behind observing the reduction of hormonal levels even with patients with 

mutated type of IRS.1. 

The pharmaceutical spectrum of metformin on the ovary molecular and 

pathophysiological mechanisms have not been fully explained. In the ovary, studies have 

shown that metformin exerts either a direct or indirect action on the ovaries. The direct 

action is to inhibit the effect of insulin excess on steroidogenesis and follicular growth. In 

theca cells, metformin may inhibit CYP17 activity, which are essential enzymes in 

androgen biosynthesis, and are overexpressed in ovarian cells of polycystic ovary 

syndrome women (Hirsch et al., 2012). This happens either through a direct action or 

indirectly through the reduction of insulin levels and the subsequent suppression of 

insulin-induced PI3K activity. By reducing insulin level, metformin indirectly, inhibits 

LH receptor expression and decreases StAR, 3β-hydroxysteroid dehydrogenase HSD3-β, 

and CYP11A1 (Diamanti-Kandarakis and Papavassiliou, 2006). It also has a direct effect 

through metformin-induced AMPK activation which leads to decrease StAR, 3β-

hydroxysteroid dehydrogenase HSD3-β, and CYP11A1 activity in granulosa cells and to 

enhance antioxidant defenses at the ovarian tissue level. This leads to attenuating 

androgen excess and improving ovulation because of the inhibition of sex steroid 

overproduction and of premature luteinization (due to premature LH receptor expression) 

(Diamanti-Kandarakis and Papavassiliou, 2006). 

The clinical significance of the current results shows the importance of genetics in 

explaining the variance in response to metformin among PCOS patients. Although this 

study shows that metformin can effectively regulate metabolic parameters, hormones 

parameters, and lipid profile in many of PCOS patients, some patients did not show the 

same response which might be associated with IRS.1 genotypes. These findings provide 

data to support future PCOS clinical trials, but also more clinical studies are needed in the 

future to understand how genetics and polymorphism can play an important role in 

explaining how the response of PCOS patients might differ according to genotypes. 

 

The current study has some limitations such as, the duration of the study and studying a 

single SNP instead of multiple SNPs at the same time. Additionally, because PCOS is very 

common among Iraqi women, larger sample size would have given us more findings and 
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information about PCOS patients. The best of my knowledge, this is the first genetics 

studies in Iraqi population about PCOS and differential effects of metformin, which might 

be considered as a limitation because these studies would have helped us in analyzing and 

supporting our findings. 
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Chapter Five 

  

 Conclusion 

In conclusion, despite the small sample size and short duration of the current study, the 

results displayed a differential effect of metformin therapy in PCOS women on the basis 

of IRS.1 genotype. Further investigations are needed to confirm the complex subcellular 

mechanisms behind this differential effects. Selecting patients that would benefit from 

metformin therapy is still a continuing debate. This study may call the attention to the 

importance of molecular markers and genetics in the management of women with PCOS. 
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