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INTRODUCTION 
INCIDENCE: 

         Polycystic ovarian Disease (PCOD) is one of the most common gynaecological 

endocrine disorder that affects about 6 to 10 percent of world female population of 

reproductive age group (1) . The prevalence of PCOD ranges from 2.2 to 26% of 

reproductive age group in India (2). The prevalence of PCOD may differ according to 

ethnic background. The first report of PCOD was published by Irving Stein and Michael 

Levinthal ,the American gynaecologists in the year 1935,and hence it is also known as 

Stein Levinthal Syndrome(3). 

               The disease is on its rise because of lifestyle and environmental changes due to 

modernization. It is characterised by changes in ovulation, features of excessive 

androgen, and multiple small cysts in ovary.  

        Since, it is associated with problems such as menstrual irregularities, hirsutism, 

obesity, insulin resistance and in later life with infertility, diabetes mellitus and 

endometrial neoplasia, early diagnosis and interventions are essential to minimize the 

immediate and late consequences(4). 

DEFINITION: 

          The Definition of PCOS was redefined by Rotterdam criteria - European Society 

of Human Reproduction and Embryology (ESHR) / American Society for Reproductive 
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Medicine (ASRM) Sponsored PCOS Consensus Workshop Group,(5) as follows: 

ESHRE/ASRM (Rotterdam) 2003  

Two out of three must be present: 

 1. Features of anovulation or oligo ovulation  

2. Features suggestive of hyperandrogenism  

3. Polycystic ovaries in ultrasonogram (12 or more follicles measuring of 2 to 9 mm in 

diameter or an increased ovarian volume of 10 ml/cm3 or both) 

 The other criteria that can be used are as follows: 

National Institute of Health (1990) 

These criteria include both features of 

 1. Oligo-ovulation 

 2. Hyperandrogenism. 

Androgen Excess -PCOS (2009) 

 3. Exclusion of other androgen related disorders 

 

 

Includes the following 

 1.Features of Hyperandrogenism such as hirsutism 

 2. Changes in ovulation and/or polycystic ovaries  



3 
 

 

PATHOGENESIS OF PCOS: 

           The exact pathogenesis of PCOS is complex and remains unclear. Genetic and 

environmental factors may a major role in the development of PCOS. 

Alteration in Gonadotropins synthesis: 

                Altered gonadotropin-releasing hormone (GnRH) synthesis leads to changes in 

the levels of luteinizing hormone when compared to follicle-stimulating hormone (6).   

Serum LH levels are increased in approximately 50 percent of affected women (7). 

Luteinizing hormone: follicle-stimulating hormone (LH: FSH) ratios > 2 :1 are found to 

be present in approximately 60 percent of patients (8). 

 Insulin Resistance 

      Insulin resistance is a common feature in PCOS. Due to Insulin Resistance 

compensatory hyperinsulinemia occurs in this patient. Insulin resistance is characterised 

by decreased glucose-uptake response to a given amount of insulin (9). Dunaif et 

al.,1997 states that, the mechanism of insulin resistance in PCOS appears to be defect in 

post binding signalling pathway in insulin-receptor mediated transduction. Though it is 

known that obesity, exacerbate insulin resistance, many studies shown that both lean and 

obese women with PCOS tends to have increased insulin resistance and type 2 DM 

compared with weight-matched controls (10). 

Evanthia Diamanti -Kandarakis et al., (2012) states that, Insulin resistance has been 

found to be associated with an increase in several disorders including type 2 diabetes 
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mellitus (DM), hypertension, dyslipidaemia, and cardiovascular disease. Therefore, 

PCOS not only have short-term consequences such as irregular menstrual cycle and 

hirsutism, but also found to have long term sequelae such as diabetes, hypertension and 

metabolic syndrome. 

INSULIN RECEPTOR 

The insulin receptor is a combination of four subunits held together by disulphide 

linkages: two alpha subunits that lie outside the cell membrane and two beta subunits that 

protrude into cytoplasm. It is an example of enzyme linked receptor. 

Autophosphorylation of beta subunits activates local tyrosine kinase ,which leads to the 

formation of Insulin Receptor Substrates (IRS) which produces the metabolic effects of 

insulin(11).  

                                     Figure 1 : Mechanism of Action of Insulin 
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Alteration in level of Androgens 

    Insulin resistance and elevated LH levels stimulate androgen production from the 

ovarian theca cell which leads to increase in testosterone levels (12). Since the affected 

ovaries secrete excess amount of androgen, the peripheral conversion of androgens to 

oestrogen by aromatase tends to increase, resulting in elevated estrone levels.  

                               Figure 2 : Various Manifestations of PCOD 

 

 

 

 

 

 

 

 

Alteration in Sex Hormone-Binding Globulin (SHBG) 

       SHBG is a glycoprotein, produced in the liver. It tends to bind with most of the sex 

steroids. About 1 percent of these steroids are unbound and thus freely available. Women 

with PCOS tends to have low levels of sex hormone binding globulin (13).  
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Insulin, androgens, and other steroid hormones tends to decrease the levels of SHBG. 

Since SHBG production is less, the amount of androgen that binds to SHBG become 

decreased and hence the amount available to bind with end organ receptors gets elevated. 

It is also found that decreased SHBG levels have been found to be related to impaired 

glucose tolerance and increased risk for developing Type 2 Diabetes Mellitus (14).  

Anovulation    

           Due to abnormal interaction of insulin and luteinizing hormone on granulosa cells, 

there will be arrest of antral follicle development leading to anovulation (15). 

Sequelae of PCOS: 

The consequences of PCOS includes obesity,Infertility,irregular menstrual cycles, 

Hirsutism ,Diabetes Mellitus, Non-alcoholic Steato Hepatitis, Endometrial Neoplasia and 

increased risk of cardiovascular events (16). 

                                               Figure 3 :Sequelae of PCOD 
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SIGNS AND SYMPTOMS 

Irregularities in Menstruation: 

    Menstrual irregularities in PCOD is individualized, which varies from amenorrhea to 

episodic menometrorrhagia leading to anaemia.  Women with PCOD also tends to have 

heavy and unpredictable episodes of bleeding.  In most of the cases, oligomenorrhea (less 

than eight menstrual bleeding in 1 year) or amenorrhea (absence of bleeding for 3 or more 

consecutive months) may start with menarche or after few days(5). It is known that about 

50 percent of girls in post menarche period tends to have irregular menstrual cycles up to 

2 years due to immaturity of the hypothalamic-pituitary-ovarian axis. But, girls with 

PCOD, the monthly ovulatory menstrual cycles are not established even by mid 

adolescence, and they tend to have irregular cycle continuously.  

 Clinical Hyperandrogenism 

      It is characterised by hirsutism, acne, and/or androgenic alopecia.  

Hirsutism 

It is characterised by coarse, dark, terminal hairs existing in a male pattern. 70 to 80 

percent of PCOD women tends to have features of hirsutism(17).  Increased androgen 

plays an important role in determining the distribution and type of hair pattern (18).  

Since, Testosterone is converted to dihydrotestosterone in the hair follicle by the enzyme 

5α-reductase, this step changes the texture of short, soft vellus hair and results in coarse 

terminal hair. Hence, common areas affected with increased growth of hair on chins, 

chest, and lower abdomen(5).  
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Ferriman -Gallwey Scoring System 

     In order to predict the degree of hirsutism the Ferriman -Gallwey scoring system was 

developed in 1961 and later modified in 1981. In this system, abnormal hair distribution 

is assessed in nine body areas and scored from 0 to 4. 

                        Figure 4: Ferimann Gallway Score of Hirsutism 

 

  

Increased scores, points to greater hair density within a given area. Score of 8 or greater is 

considered to be significant (19). 
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 Acne 

       Acne that is particularly persistent or of late onset in women of reproductive age 

group should suggest PCOS (20). Blockage of the follicular opening by hyperkeratosis, 

Sebum overproduction, Proliferation of commensal Propionibacterium acnes and 

Inflammation contributes to acne. Due to hyperandrogenism, there will be 

overstimulation of androgen receptors in the pilosebaceous unit will results in increased 

sebum production leading to inflammation and come done formation(5).  

Acanthosis Nigricans 

   It is characterized by thickened, grey-brown velvety plaques found in flexural areas 

such as the back of the neck, the axillae, the crease beneath the breast, the waist, and the 

groin(21). It is considered to be a cutaneous marker of insulin resistance which stimulates 

keratinocyte and dermal fibroblast growth, hence producing acanthotic changes(22).  

  Diabetes Mellitus 

         The risk of impaired glucose tolerance and Diabetes are found to be elevated in 

PCOS (23).This was said to be due to insulin resistance and compensatory 

hyperinsulinemia. 

 Dyslipidaemia  

    Women with PCOS tends to have elevated total cholesterol and triglyceride levels. 

Since they have low HDL levels, the total cholesterol: high-density lipoprotein (HDL) 

ratio was found to be elevated (24). Altered lipid profile tends to increase the risk of 
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cardiovascular risk in women with PCOS.  In PCOS, obesity tends to worsen ovulatory 

dysfunction, hyperandrogenism, and other metabolic complications(25). 

Metabolic Syndrome and Cardiovascular Disease  

              The features of metabolic syndrome include insulin resistance, obesity, 

dyslipidaemia, and hypertension. All the above features are said to have a direct 

association with increased risk of cardiovascular disease (26). PCOS patients tends to 

have elevated risk of endothelial dysfunction and are more prone for atherosclerosis.  

Endometrial Neoplasia 

          It is found that PCOD women tends to have more risk of endometrial neoplasia due 

to chronic anovulation and unopposed action of oestrogen(27). 

 Infertility 

 Infertility is one of the common complications of PCOD due to anovulation and 

hormonal imbalance(28). 

Complications in Pregnancy  

Women with PCOS, who becomes pregnant have an increased risk of miscarriage, 

gestational diabetes, pregnancy-induced hypertension, preterm birth, and perinatal 

mortality(29). Since women with PCOS are more prone to go for ovulation induction 

medications and in vitro fertilization they tend to have an elevated risk of multiple 

pregnancies, thereby exposed to various maternal and neonatal complications (30). 
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  Psychological Factors of PCOD  

      Women with PCOS can present with anxiety, depression, low self-esteem, and 

negative body image that tends to affect the quality of life(31). 

OBESITY AND PCOS: 

 Several studies suggest that 50 percent of women with PCOD are found to be obese. 

Even though obesity is an increasingly prevalent health problem worldwide, women with 

PCOD are at increasing risk of central obesity(32).Weight gain presents to be first feature 

followed by menstrual irregularities and hyperandrogenism and this shows obesity 

contributes to PCOS(33). 

  Obesity is characterised by increase in number and volume of adipocytes with abnormal 

lipid storage. The effects of obesity on female reproductive system includes impaired 

ovulation, irregular menstrual cycles, miscarriage and impaired reproductive 

potential(34). Central obesity is commonly associated with PCOD and hence these 

patients are more prone for insulin resistance and metabolic syndrome and CVS 

complications. In obesity, fat mass expands in order to store energy. Nowadays, adipose 

tissue is considered to be an endocrine organ(35). Adipose tissue plays an important role 

in regulating various physiological processes such as reproduction, immune response, 

glucose and lipid metabolism by secreting adipokines(36). Moreover, PCOD is also 

associated with high rate of central obesity. 
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BODY MASS INDEX 

Traditionally, BMI has been chosen as an indicator to measure body size and composition  

and is one of the common methods employed easily. 

BMI was calculated using Quetelet Index as follows(37): 

     

       BMI =         weight (kg)   

    height (m2)  

 

  Table 1 :WHO classification of obesity in the Asian population  

 

 

 

 

 

 

 

 Insulin Resistance In Obese PCOS 

 Incidence of Insulin resistance in normal weight women with PCOD is about 30% and in 

obese women is of 50%(38). As of total, 60–80% of women with PCOD present with 

Classification BMI (kg/m2) Risk of comorbidities 

Underweight <18.5 Low 

Normal 18.5-22.9 Average 

Overweight > 23  

At risk 23-24.9 Increased 

Obese I 25-29.9 Moderate 

Obese II >30 Severe 
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elevated insulin levels. Since Insulin is a major regulator of many enzymes involved in 

lipoprotein metabolism, Resistance to insulin will contribute to dyslipidaemia(39).  IR 

was found to increase the hepatic secretion and decrease the elimination of VLDL and of 

chylomicrons. The VLDL and chylomicrons in the circulation provides a major source for 

triglyceride(TG) production(40). Since, IR clears apolipoprotein-a, rapidly, it reduces the 

production of HDL-C. 

DIAGNOSIS OF PCOD 

Polycystic ovarian syndrome is mostly considered to be a diagnosis of exclusion. It 

mainly depends on clinical presentation. Commonly accepted criteria to diagnose PCOS 

is Rotterdam criteria(41). Hence the other features that mimic PCOD should be ruled out. 

The following tests have to be done in case of suspected PCOS to support the 

diagnosis(5): 

Estimated levels of Serum levels of FSH, LH, TSH, Testosterone, Prolactin, Fasting 

glucose, Fasting Insulin, Lipid profile 

 Measurement of weight, Height, BMI, Measurements of Insulin Resistance by HOMA-

IR (Homeostasis Model Assessment for Insulin Resistance) 

Ultrasonogram findings 

 The changes that are seen Histologically in PCOD includes increase in ovarian 

volume, number of ripening and atretic follicles, cortical stromal thickness, and 

number of hilar cell nests(42). The above changes can also be seen in ultrasonogram, 
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and hence ultrasound scanning is commonly used to evaluate the ovaries in women with 

suspected PCOS. The criteria to diagnose polycystic ovaries includes 12 small cysts 

measuring of 2 to 9 mm in diameter or an increased ovarian volume of 10 mL or both(5). 

There will be increase in amount of stroma relative to the number of follicles. Only one 

ovary with these findings is sufficient to define PCOS(43).  

Adipokines 

  In PCOD, the increased risk of cardiovascular events and metabolic disturbances may be 

due to the abnormal production and release of adipokines which are the cytokines and 

inflammatory factors secreted by adipose tissue(44). Though considered as a storage 

organ, several researchers proved that adipose tissue is an endocrine organ whose 

function when altered may produce cardio metabolic disturbances in PCOS. Dysregulated 

adipocyte function and obesity plays major role in PCOS(45) 

VISFATIN: 

        Visfatin is also known as pre-B cell colony enhancing factor [PBEF]. It was 

formerly said to be as Nicotimide Phosphoribosyl transferase [Nampt], which is the rate 

limiting enzyme in NAD (Nicotinamide Adenine Dinucleotide) biosynthesis(46). It is one 

of the adipokine identified in 2004 by Japanese scholars Fukuhara et al(47). It was 

named so, since it is mainly secreted from visceral adipose tissue. It is a 52k Dalton 

protein, found in various tissues such as adiposities, lymphocytes, bone marrow, liver and 

muscle(48). The mechanism of action of visfatin seems to be, binding to the insulin 

receptor, at a site different from insulin. It exerts various insulin mimetic effects such as 
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increasing glucose uptake in adipose tissue and muscle, decreasing the release of glucose 

in hepatocytes and increasing the formation of triglycerides(48). 

                                          Figure 5 : Structure of Visfatin  

 

 

 

 

 

 Visfatin regulates the sensitivity of insulin in the liver through its autocrine actions. 

Visfatin mediates inflammation(49). Visfatin enhances cell proliferation and NAD 

synthesis. It is also found that visfatin levels are elevated in type two diabetes 

mellitus(50). Visfatin gives rise to insulin resistance and hyperinsulinemia in PCOD 

women.  Visfatin has insulin-mimetic actions.  Visfatin tends to increase and compensate 

for the already developed insulin resistance(51) . On the other hand, increased visfatin 

levels are associated with endothelial dysfunction by  activating Nuclear Transcription 

factor NT F – KB and Metalloproteinases 2/9 in vascular endothelial cells thereby 

increasing the risk of cardiovascular events(52).  Hence, increased visfatin in PCOS 

patients with Insulin Resistance are prone for  cardiovascular risk (53). Visfatin is not 

only synthesized and released by adipocytes. It is also secreted by inflammatory cells, 
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such as activated macrophages. It also gets infiltrated  in the Adipose Tissue and thereby 

increased in obesity(54). 

                               Polycystic ovarian disease 

                    Visceral obesity and Insulin Resistance 

            Compensatory increase in Visfatin to decrease IR.  

        Activation of pro inflammatory cytokines, TNF – alpha, NF-KB and MMP (2/9)                                                                                       

Leading to increase in Insulin Resistance and endothelial dysfunction  

          Increased Risk of Type 2 Diabetes and Cardiovascular events. 

 

OTHER ACTIONS OF VISFATIN: 

• Recently, the role of Visfatin has been implicated in the pathogenesis of 

endothelial dysfunction in PCOD(55). 

•  Visfatin is involved in Cell Proliferation and Angiogenesis(56).   

Since, Visfatin accelerates VEGF synthesis and its receptor expression ,it tends to 

increase angiogenesis(57). It enhances the expression, protein levels and activity of 

matrix enzymes promoting angiogenesis. 

 Nicotinamide adenine dinucleotide phosphate (NADPH) oxidase is a superoxide anion-

generating and proinflammatory enzyme closely associated to endothelial dysfunction. 

On one hand, intracellular visfatin/Nampt plays a central role in maintaining the activity 

of NAD-dependent enzymes regulating cellular metabolism(58). While, extracellular 
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visfatin/Nampt is secreted by different cell types and it decreases apoptosis and regulates 

cell survival(59).  

                                        Figure 6 : Other Actions of Visfatin 

 

               As a whole, Visfatin mainly activates Nuclear Transcription factor NT F – KB 

and Metalloproteinases 2/9 in vascular endothelial cells and increase the risk of 

cardiovascular events(60). Several studies have shown that serum visfatin levels may 

predict the occurrence of metabolic syndrome, type 2 diabetes and cardiovascular events, 

and hence it can be used as a predictor of severity of insulin resistance and hence as a 

biomarker for treatment of polycystic ovarian disease(61).  



Review of Literature 
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REVIEW OF LITERATURE 

ANATOMY OF OVARIES 

The Ovaries are primary female sex gonads. They are two in number, each situated on 

one side (Right &Left). Each ovary weighs about 4–8 g. Each ovary is about of 35 mm in 

length and 25 mm in width.  The thickness of ovary ranges about 18 mm(62). The 

Ovaries are almond shaped and pearly grey in colour with corrugated surface. The ovary 

has two ends (tubal and uterine ends), two borders (mesovarium and posterior free 

borders) and two surfaces (medial and lateral surfaces). The ovaries are intraperitoneal 

pelvic organ bounded laterally by the lateral pelvic wall, medially by the fimbria of the 

fallopian tube(6).The ovaries are attached by mesovarium to the broad ligament, to the 

lateral pelvic wall by infundibulopelvic ligament and to the uterus by the ovarian 

ligament(62).Ovary is supplied by ovarian artery, a branch of abdominal aorta. Venous 

drainage is by ovarian veins which begin as pampiniform plexus, and drains into inferior 

vena cava on the right side and left renal vein on the left side. Sympathetic supply comes 

from T10 segment and sacral parasympathetic nerves innervate the ovaries. 

                                     Figure 7 : Female Reproductive System 
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HISTOLOGY OF OVARY 

The Ovary consists of outer cortex and inner medulla(6). 

CORTEX 

The cortex is the outer layer lined by the germinal epithelium. It thickens to form a 

fibrous tissue called tunica albuginea which gives pearly grey appearance to ovaries. 

The Cortex consists of numerous ovarian follicles with intervening stroma. Each follicle 

contains single oocyte (germ cells). The matured ovarian follicle is known as Graafian 

follicle. The intervening stroma consists of supporting connective tissue and interstitial 

cells. 

                                  Figure 8 :Histological Picture of Ovary 
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MEDULLA 

The inner zone of the ovary forms the medulla that consists interstitial and connective 

tissue cells. Blood vessels and lymphatics enter the ovary through its hilum.  

EMBROLOGY OF THE OVARY  

At fourth week of gestation, gonadal ridge is formed between the dorsal mesentery and 

mesonephric ridge by the multiplication of the coelomic epithelium along with 

condensation of the underlying mesenchyme. This gonadal ridge gives origin to ovary on 

both sides. The coelomic epithelium gives origin to cortex and mesenchyme gives rise to 

medulla. The germ cells are of endodermal origin.  

 

Figure 9 : Embryology of Ovary 

 



21 
 

 

Between 20 and 30 days, germ cells migrate from the yolk sac to the genital ridge along 

the dorsal mesentery by ameboid movement(63). The germ cells undergo rapid mitotic 

divisions and becomes oogonia. The number of oogonia reaches its maximum at 20th 

week numbering about 7 million. The mitotic division gradually ceases and the estimated 

number at birth is about 2 million which gets reduced to 4 lakhs during puberty(62). Until 

the seventh week of development, the gonads do not acquire male or female 

morphological characteristics. In a XX individual, Without the active influence of Y 

chromosome, the bipotential gonad develops into an ovary(6). 

 HISTORY 

Regnier de Graaf (1641–1673), a Dutch physician, anatomist and physiologist was the 

first to study the physiology of reproductive system. The ovarian follicles are named after 

him as Graafian follicles for his outstanding contribution in the field of reproductive 

physiology(64).  

OOGENESIS 

          By 6th week of gestation, the primordial germ cells migrate from the yolk sac of 

embryo to the genital ridge and undergoes number of mitotic divisions. Then the mitosis 

stops and oogonia becomes oocytes. Oocytes in their preliminary stage of development 

are called primary oocytes(65). The oocytes undergo two meiotic divisions at various 

stages to form ovum. Primary oocyte undergoes first meiotic division during foetal life, 

but at about 8th week it is arrested in stage of prophase. The oocytes then grow and this 

division is completed only just prior to ovulation. The life span of a primary oocyte can 
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be up to 50 years, as ovulation can continue up to this age. At the end of, first meiotic 

division a daughter cell, called secondary oocyte containing 23 chromosomes and first 

polar body are formed. The cytoplasmic division is grossly unequal in both. Since, the 

secondary oocyte retains nearly all the cytoplasm, the polar body becomes non-

functional. The second meiotic division occurs in the secondary oocyte after ovulation, 

and is arrested in metaphase. It is completed only on fertilization. Thus, ovum containing 

23 chromosomes and the second polar body are formed(62). 

Figure 10 : Stages of Oogenesis 

 

The oocyte along with the ovarian follicle grows till ovulation and then the ovum is 

released from the follicle (Folliculogenesis). The oocyte degeneration starts from the 

intrauterine life. Only about 1 million primary oocytes remain at birth and it decreases to 

200,000 at puberty. In woman’s life, only about 400 oocytes are ovulated and the other 

oocytes degenerate by atresia(65). At the beginning of menstrual cycle, out of all follicles 
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only one becomes dominant follicle, finally matures and releases ovum and other 

undergoes atresia. 

STAGES OF FOLLICULAR DEVELOPMENT 

STAGE 1 (PRIMORDIAL FOLLICULAR STAGE) 

The ovarian follicle starts as a primordial follicle consisting of primary oocyte at the 

centre surrounded by a layer of spindle cells that form granulosa cells later. A basal 

lamina is formed outside the spindle cells. The size of oocyte in in primordial follicle is 

about25 µm. The oocyte enters into first meiotic division and arrested in prophase which 

is maintained till ovulation(66). 

Figure 11 : Stages of Follicular Development 

 

STAGE 2 (PRIMARY FOLLICULAR STAGE) 

The primordial follicles grow into the primary follicles. The flattened pregranulosa cells 
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become cuboidal granulosa cells and proliferate to form a continuous layer. The size of 

oocyte increases to about 80-140 µm. A glassy material consisting of 

mucopolysaccharide is secreted from granulosa cells, which forms a thick layer between 

the oocyte and the granulosa cell layer, called as zona pellucida(62). 

STAGE 3 (SECONDARY FOLLICULAR STAGE) The granulosa cells divide and 

form several layers of cells around the oocyte to form secondary follicle. The size of 

follicle increases about 500 µm. A layer of spindle cells is formed around the basal 

lamina, which forms the theca cell layer in the next stage(67). 

STAGE 4 (TERTIARY FOLLICULAR STAGE) 

This is the final stage which occurs in two sub-stages. 

EARLY TERTIARY OR ANTRAL FOLLICULAR STAGE 

 The spindle cell layer surrounding the basement membrane proliferates and divides into 

inner theca interna and outer theca externa(68). 

1. Theca interna cells form multiple cell layers and become steroidogenic. 

2. Theca externa cell lie in a single layer and provide mechanical support. 

3. Theca cells receive vascular supply while granulosa cells remain avascular as blood 

vessel cannot penetrate the basement membrane. 

4. Then, a fluid filled space is created in the midst of granulosa cells, known as antrum. 

Hence it is known as antral follicular stage. 

5. The granulosa cells acquire receptors for FSH and start secreting oestrogen. Hence this 

stage is FSH dependent(66). 
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LATE TERTIARY OR GRAAFIAN FOLLICULAR STAGE 

This is the most rapid stage which occurs in the post-pubertal ovary. 

After 5–7 days of onset of menses, a single follicle becomes dominant follicle for that 

cycle and this known as Graafian follicular stage(68).  The size of the antrum and the 

amount of antral fluid are increased significantly. This pushes the oocyte to the periphery 

of the follicle. The antral fluid contains many hormones such as oestrogen, progesterone, 

FSH, LH, prolactin, androstenedione and growth factors, inhibin, activin, GnRH, 

CRH, opioid peptides, and plasminogen activator. The granulosa cells in this stage are  

divided into three compartments: antral, cumulus and mural granulosa cells(69). 

Figure 12 : Histological Picture of Graafian Follicle 

 

  

 

 

 

 

Antral granulosa cells: Granulosa cells lining the antral cavity are called antral granulosa 

cells (Discus proliferous) which are highly steroidogenic. 

Cumulus granulosa cells: Granulosa cells surrounding the oocyte are cumulus granulosa 
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cells (cumulus oophoricus) which are less steroidogenic. 

Mural granulosa cells: Granulosa cells that are attached to the basement membrane are 

called mural granulosa cells (Membrane granulosa) are more steroidogenic. The basement 

membrane close to the surface of the ovary undergoes proteolysis that leads to rupture of 

the follicle resulting in release of oocyte from the follicle, the process called ovulation. If 

fertilization occurs, it completes the second meiotic division, which results in functional 

ovum (fertilized egg). If fertilization not occurs, the oocyte begins to degenerate in 24 to 

48 hours(69). 

CORPUS LUTEUM FORMATION 

LUTEINIZATION 

After ovulation, the ruptured follicle is quickly filled with blood (corpus hemorrhagicum). 

However, blood is replaced with luteal cells that are rich in lipid. 

Now, the follicle is called corpus luteum which denotes the starting of luteal phase. 

 The corpus luteum consists of granulosa luteal cells, theca luteal cells and fibroblasts  

The number of mitochondria, lipid droplets and the endoplasmic reticulum increase in the 

granulosa cells of corpus luteum and  are known as luteinisation, which is essential for 

synthesis of steroid hormone synthesis. Luteal granulosa cells are vascular unlike the 

follicular granulosa cells that are nonvascular. Vascularity of luteal cells facilitates the 

synthesis of steroid hormones (69) . 
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REGULATION OF LUTEINIZATION 

1. Progesterone secretion reaches its peak in menstrual cycle at about 7 days after 

ovulation, which correlates with the full maturity of corpus luteum. 

 2. LH is the major stimulator of luteinisation-LH maintains the functions of corpus 

luteum by promoting luteinisation of its cells(70). 

 3. FSH increases LH receptors on granulosa cells. 

LUTEAL REGRESSION 

If fertilization does not occur, corpus luteum degenerates by luteolysis in about 13 days 

after ovulation(69). The degenerated corpus luteum is replaced by non-functional fibrous 

tissue, known as corpus albicans. If fertilization occurs, the implanted fertilized ovum 

secretes hCG from its embryonic trophoblast, which has LH-like activity and maintains 

luteinization and promotes the functions of the corpus luteum of pregnancy(70). 

REGULATION OF FOLLICULAR DEVELOPMENT 

Primordial Follicular Stage -not affected by gonadotropins and is purely a local 

phenomenon. 

Primary Follicular Stage-FSH and LH stimulate the development of follicle. Follicular 

growth is impaired without gonadotropins(71). 

Secondary Follicular Stage- The granulosa cells acquire FSH receptors and secrete 

oestrogen in less concentration. This follicular oestrogen promotes further follicular 

development. 
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Early Tertiary Stage - The FSH stimulates the granulosa cell and increases 

the aromatase activity, which increases the synthesis of oestrogen from androgen(72).  

 Oestrogen along with FSH induces expression of LH receptors on granulosa cells. 

Oestrogen also conditions hypothalamic-anterior pituitary axis that maintains LH 

activity in the plasma. LH synthesis is increased by oestrogen at this point 

of time, which is essential for pre-ovulatory surge of LH.  Therefore, LH stimulates 

androgen synthesis in theca cells that becomes substrate for oestrogen production in the 

granulosa cells.  

LATE TERTIARY STAGE- Between 5th to 7th days of follicular phase, only one follicle 

grows sufficiently to become the dominant follicle. The aromatase activity and number of 

FSH receptors increase in the granulosa cells of dominant follicle. This increases the 

synthesis of oestrogen which prime the hypothalamo-pituitary axis to generate LH surge. 

Under normal conditions, oestrogen inhibits LH secretion. When the plasma 

concentration of oestrogen reaches about 200 pg/ml and maintains that high concentration 

for about 36 hours, oestrogen stimulates LH secretion. Thus, the positive feedback effect 

on LH increases more secretion of LH. This leads to LH surge, which causes 

ovulation(73) . LH increases progesterone secretion, which increases the proteolytic 

enzyme activity and causes the distention of follicle due to rapid increase in follicular 

fluid volume. LH also stimulates the activity of endoperoxide synthase that increases 

synthesis of prostaglandins and leukotrienes. Prostaglandins cause lysis of follicular wall 

leading to rupture of follicle. Breaking down of follicular wall is facilitated by the 
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proteolytic enzyme plasmin. Oxytocin causes contraction of follicular wall and extrudes 

the oocyte. This is called ovulation(6).  

MENSTURAL CYCLE 

The reproductive functions in women exhibit cyclical changes that occur regularly over a 

period of about one month. This is called menstrual cycle(6). It is the periodic preparation 

of the reproductive system for fertilization and implantation of the fertilized ovum. The 

onset of first menstrual cycle is called menarche. The usual age for menarche is 12–14 

years. The length of menstrual cycle usually averages at about 28 days(74). Normally, it 

ranges from 21 to 35 days. Menstrual cycle is influenced by psychological, 

environmental, nutritional, and social factors(75). The first day of menstrual cycle starts 

with menstrual bleeding. The menstrual cycle is divided into two phases: follicular phase 

and luteal phase. The follicular phase is of 14 days (1–14 days) and the luteal phase is of 

14 days (15–28 days).The length of the luteal phase remains constant irrespective of the 

cycle length(76). 

FOLLICULAR / PROLIFERTIVE PHASE 

This is the period from the onset of bleeding to the day of ovulation. This is called 

follicular phase as the dominant follicle in ovary matures to terminate in ovulation(69). 

This phase has two parts: the menstrual phase (the phase of menstrual bleeding), and the 

proliferative phase (phase of proliferation of the uterine endometrium).In the early part of 

the follicular phase, along with the menstrual bleeding, layers of the uterine endometrium 

are sloughed. Under the influence of oestrogen secreted from the developing follicle, 
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thickness of endometrium rapidly increases from 5th to 14th day of the cycle.  The 

uterine endometrium undergoes hyperplasia and hypertrophy and increases in size and 

thickness(62). The endometrial glands lengthen and glands are drawn out. The 

endometrium is vascularized with formation of a greater number of spiral arteries. 

Myometrial excitability increases due to the effect of oestrogen. 

OVULATION 

Ovulation is the process of release of ovum from ovary that results from rupture of 

Graafian follicle. It occurs at the end of the follicular phase of the menstrual cycle. 

Usually, ovulation occurs on 14th day in a 28 days cycle(69). If the cycle length is 

altered, ovulation occurs 14 days before the onset of menstrual bleeding as the duration of 

luteal phase (which is 14 days) always remains constant. 

MECHANISM OF OVULATION 

Ovulation occurs due to midcycle LH surge. LH surge occurs due to increased oestrogen 

concentration toward end of follicular phase that provides a positive feedback effects on 

LH secretion from pituitary(77). Biochemical and morphological changes occur in 

ovarian follicle that culminates in follicular rupture. Initially, due to LH surge there is 

release of prostaglandins and bradykinin that increase the ovarian blood flow. Thus, 

follicular blood flow increases. This leads to increase in antral fluid volume, which in 

turn exerts pressure on the surrounding granulosa cells. The cumulus-oophorus complex 

(granulosa cells surrounding the oocyte) gets detached from the follicular wall. The 

basement membrane disintegrates due to intrafollicular pressure and the effects of 



31 
 

 

proteolytic enzymes. LH promotes synthesis of plasminogen activator by granulosa and 

theca cells, which causes conversion of plasminogen to plasmin. Plasmin causes 

proteolysis of follicular wall.  Increased intrafollicular pressure and degeneration of the 

follicular wall facilitate the rupture of the follicle, which results in expulsion of oocyte 

from the follicle. 

 After ovulation, the ruptured follicle is quickly filled with blood (corpus 

hemorrhagicum). 

 However, blood is replaced with luteal cells that are rich in lipid. Now, the follicle is 

called corpus luteum which denotes the starting of luteal phase(6). 

           Figure 13 : Influence of Gonadotrophin on Follicular Development  
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LUTEAL / SECRETORY PHASE 

This is the part of menstrual cycle between ovulation and the onset of the next menstrual 

bleeding. This is called luteal phase as corpus luteum is formed in the ovary, which 

mainly controls activities of this phase. During the luteal phase, progesterone secretion 

increases. Oestrogen secretion also increases to some extent. Uterine changes occur under 

the combined effects of oestrogen and progesterone. Major changes are due to the effects 

of progesterone(78). The uterine glands become coiled and tortuous. The glandular cells 

store glycogen and secrete large quantity of carbohydrate-rich mucous and fluid. The 

vascularity of endometrium increases further. Spiral arteries become tortuous. 

Endometrial veins form venous lakes and anastomoses. Myometrial excitability decreases 

due to the effects of progesterone. Toward later part, due to regression of corpus luteum, 

progesterone and oestrogen secretions decrease. Coiled arteries constrict that reduces 

blood supply to endometrium(62). The foci of necrosis appear in the endometrium at 

many places. Necrotic areas coalesce and endometrium starts sloughing at the end of 

secretory phase that heralds the onset of bleeding. 

MECHANISM OF MENSTRUAL BLEEDING 

When corpus luteum degenerates, hormonal support of endometrium is withdrawn. This 

causes the endometrium to become necrotic. The coiled arteries constrict and reduce 

blood supply to endometrium. The foci of necrosis coalesce leading to confluent 

haemorrhage, which occurs along with sloughing of endometrium(62). This results in 

menstrual bleeding. Reduction in steroids hormones causes destabilization of lysosomal 
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membranes in the endometrial cells, which leads to release of proteolytic enzymes and 

production of prostaglandins, especially PGF2α. The proteolytic enzymes cause lysis of 

the endometrial tissue and PGF2α causes vasospasm producing endometrial ischemia(79) 

. The ischemic changes result in areas of local necrosis, which is facilitated by proteolytic 

damage. The foci of necrosis join with each other that result in sloughing of the uterine 

endometrium(69).During a normal menstruation, about 50–80  ml of blood is lost, not 

exceeding 100 ml (75). 

GONADOTROPIN RELEASING HORMONE (GnRH) 

 GnRH is a decapeptide which stimulate the synthesis of gonadotropins (FSH and LH) 

from the anterior pituitary.  GnRH is secreted by the arcuate nucleus of the hypothalamus, 

in a pulsatile fashion. The half-life of GnRH is about (2–4 minutes). The pulsatile 

secretion of GnRH varies in frequency and amplitude during various phases of menstrual 

cycle.  The tonic secretion is mainly controlled   by the negative feedback of sex steroids. 

The cyclic centre is controlled by the positive feedback effect of high rise of oestradiol 

resulting in increased GnRH secretion. The frequency is rapid of about one hour in the 

follicular phase and slow in the luteal phase of about every 2–3 hours. The amplitude is 

low in the follicular phase and it is high in luteal phase(80). GnRH regulates the synthesis 

and storage of LH and FSH. If the pulsatile frequency is lower it favours FSH secretion 

and the higher frequencies results in LH secretion. This is known as ‘self-priming’.  

GnRH binds to the specific receptors on the cell membrane of the gonadotrophs. 

Formation of cyclic AMP takes place due to the activation of adenyl cyclase from ATP. 
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Then activation of protein kinase c takes place which leads to increase in intracellular 

calcium concentration and phosphorylation of specific enzymes. All the above by 

products stimulate the release of stored FSH and LH and their subsequent 

biosynthesis(81).  

 Gonadotropins 

 There are two gonadotropic hormones secreted from the anterior pituitary—(a) Follicle 

stimulating hormone (FSH) and (b) Luteinizing hormone (LH).Although pulsatile 

stimulation of hypothalamic GnRH is required by the pituitary for the synthesis and 

release of gonadotropins, hormones secreted from ovary determine the cyclic pattern of 

FSH and LH as they occur in normal cycle. Beta cells secrete FSH and LH in a pulsatile 

fashion. They are high molecular weight glycoproteins which are water soluble in nature. 

The structure of gonadotrophins consists of α and β subunits. Β subunit determines the 

specificity of hormones(82). 

Functions of FSH 

 FSH is mainly concerned with growth and maturation of the Graafian follicle.  It is also 

involved in maturation of oocyte, ovulation and steroidogenesis.  It rescues follicles from 

apoptosis. It also leads to proliferation of granulosa cells. FSH forms its own receptors in 

the granulosa cells. It also forms LH receptors in the theca cells.  Aromatization of  

androgens to oestrogens in granulosa cells take place by FSH(6). It increases the 

autocrine and paracrine function (IGFII, IGF-I) in the follicle. It Stimulates plasminogen 
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activator necessary for ovulation. Following onset of menstruation, FSH attains its peak 

level at 12th day of cycle and slowly decreases by 18th day. 

Functions of LH 

 LH is primarily steroidogenic. Together with FSH, it is involved in full maturation of the 

Graafian follicle and ovulation.  Androgen synthesis take place by the activation of LH 

receptors in the theca cells which diffuses into the granulosa cells and gets converted to 

oestrogens. Luteinisation of the granulosa cells leads to secretion of progesterone and 

prostaglandins. Resumption of meiosis with extrusion of first polar body takes place due 

to the effect of LH. It is mainly concerned with the act of act of ovulation. LH is essential 

for the Formation and maintenance of corpus luteum. LH levels remain constant 

throughout the cycle except at least 12 hours prior to ovulation, when it attains its peak, 

called LH surge(83). 

OVARIAN STEROIDOGENESIS  

The principal hormones secreted from the ovaries are 

 (i) Oestrogens 

 (ii) Progesterone;  

 (iii) Androgens;  

 (iv) Inhibin. 
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TWO CELL TWO HORMONE HYPOTHESIS: 

The synthesis of oestrogen requires the combined action of two gonadotropins (LH and 

FSH) on two cell types (theca and granulosa cells).  

In 1959, Falck et al., proposed this concept of two-cell theory of ovarian steroidogenesis. 

Until the late antral stage of follicular development, LH-receptor expression is limited to 

the thecal compartment, and FSH-receptor expression is limited to the granulosa cells.  

Sasona et al., (1989) states that the theca cells express all of the enzymes needed to 

produce androstenedione. This includes high levels of CYP17 gene expression, whose 

enzyme product catalyzes17-hydroxylation—the rate-limiting step in the conversion of 

progesterone to androgens. This enzyme is absent in the granulosa cells, so they are 

incapable of producing the precursor needed to produce oestrogens. Granulosa cells 

therefore rely on the theca cells as their primary source for oestrogen precursors. In 

response to LH stimulation, theca cells synthesize the androgens androstenedione and 

testosterone. These androgens are secreted into the extracellular fluid and diffuse across 

the basement membrane to the granulosa cells to provide precursors for oestrogen 

production. In contrast to theca cells, granulosa cells express high levels of aromatase 

activity in response to FSH stimulation. Thus, these cells efficiently convert androgens to 

oestrogens, primarily the potent oestrogen oestradiol(84).  
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Figure 14 : Two cell Theory of Ovarian Steroidogenesis 

 

 

ESTROGENS 

       Estradiol (E2) is the predominant form of oestrogen. It is present to a lesser extent as 

estrone. Granulosa cells of follicles in ovary is mainly involved in the hormonal 

production.  Small quantity is also produced from the theca cells and ovarian stroma. The 

hormonal secretion is under the influence of gonadotrophins. Because of LH, androgens 

are secreted from theca cells during the follicular phase. They tend to diffuse into the 

granulosa cells where aromatization of androgens to oestrogens takes place due to FSH.  

Most of oestrogen (69%) binds to sex hormone binding globulin (SHBG) and (30%) 

binds to albumin Only 1% is biologically active. They act via nuclear receptors. The 
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oestrogens are rapidly inactivated to form estriol. There are three forms of oestrogens. -

Estradiol, Estrone, Estriol. Estradiol is the most potent, being ten times as potent as 

estrone which is ten times as potent as estriol. Estriol is conjugated with glucuronic acid 

in the liver. It is excreted partly in the bile and partly in the urine(85).  

PROGESTERONE 

The luteinized theca granulosa cells secrete progesterone. A small amount is also secreted 

from the theca granulosa cells of the follicle and ovarian stroma. Most of the 

Progesterone (79%) is bounds to albumin and remaining gets bounds to corticosteroid 

binding globulin (17.7%). It is metabolized in the liver and excreted as (pregnanediol) in 

the urine.  17-α-hydroxy progesterone is an important product of the ovary. It undergoes 

metabolism in the liver and reduced to pregnanediol. Daily production of progesterone is 

2–3 mg in follicular phase and 20–30 mg in luteal phase.  Serum value of progesterone is 

less than 1 ng/ mL in follicular phase and 5–15 ng/mL in midluteal phase(6). To act on 

reproductive organs, Progesterone should be sensitized by oestrogen. Uterus - It produces 

myohyperplasia of cells and decreases the contractility of the myometrium. Endometrial 

secretory activity is mainly influenced by progesterone and it increases the glands rich in 

glycogen.  Since, Progesterone is thermogenic, the basal body temperature increases by 

0.2–0.5°C.  It relaxes smooth muscles and ligaments. It increases the secretion of sebum 

by the skin and causes fluid retention(86).  
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ANDROGENS 

The theca interna cells of the follicles in ovary synthesise androgens. The principal 

androgens secreted are—dehydroepiandrosterone, androstenedione and testosterone. 

Androgens are metabolised in liver(87). Plasma level of androstenedione is 1.3–1.5 ng/ 

mL, that of testosterone 0.3–0.6 ng/mL and of SHBG 38–103 nmol/L(6). 

 INHIBIN 

Inhibin tends to lower FSH secretion. FSH and inhibin bear a reciprocal relationship. 

Inhibin A and inhibin B block the synthesis and secretion of FSH(88). 

ACTIVIN 

 Activin is produced by the pituitary and granulosa cells. Activin stimulates FSH release 

from the pituitary. It also enhances FSH action in the ovary. FSH and inhibin bear a 

reciprocal relationship. Inhibin A and inhibin B block the synthesis and secretion of 

FSH(89). 

INSULIN-LIKE GROWTH FACTORS (IGF) 

 IGF-II is produced in theca cells, granulosa cells and luteinized granulosa cells. IGF-II 

enhances gonadotropin (FSH and LH) actions to stimulate granulosa cell proliferate  

aromatase activity, and progesterone synthesis(90). 

HYPOTHALAMO PITUITARY OVARIAN AXIS 
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 The hypothalamus, pituitary and ovary are inter related to one another and forms 

hypothalamo pituitary ovarian axis. The secretions from the above are controlled through 

feedback mechanism which operates through this axis. There are three types of feedback 

loop(6). 

  Long feedback loop-feedback effects of the ovarian steroids on both the hypothalamus 

and pituitary. It is usually negative but may be positive. 

 Short feedback loop-secretion of GnRH by gonadotropins by interplay between the 

neurotransmitters and the pituitary gonadotropins. FSH and LH exert negative feedback 

effect on the hypothalamic production of GnRH.  

 Ultrashort feedback loop -refers to autoregulation of the releasing hormones of the 

hypothalamus on its own synthesis .  

The hypothalamo pituitary ovarian axis starts function from 20 weeks of foetal life.   

Gonadotrophins are involved in the development of ovarian follicles in foetus pituitary. 

The hypothalamus is very much sensitive to the negative feedback by even a small 

amount of extragonadal steroids prior to puberty. As puberty approaches, the 

hypothalamic centres become more and more sensitive to the positive feedback of ovarian 

steroids due to increasing androgens from adrenals. The gonadotrophins secretion tends 

to increase (LH > FSH) leading to ovarian stimulation which increases oestrogen levels 

leading to tonic and pulsatile discharge of gonadotropins .              
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   Figure 15 : Hypothalamo-Pituitary -Ovarian Axis 

 

 

 

 

 

 

 

 

 

 

This increasing level of oestrogen is responsible for the growth and initiation of thelarche 

and finally menarche. The altered HPO axis contribute to the pathogenesis of PCOS. 

HORMONAL CHANGES IN MENSTRUAL CYCLE  

PROGESTERONE 
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           It starts rising following ovulation and reaches peak in 4 to 5 days after ovulation. 

 The peak is maintained till corpus luteum is active. With regression of corpus luteum, 

progesterone concentration decreases toward the end of luteal phase(91).  

ESTROGEN 

 Estrogen has two peaks in the menstrual cycle. 

Figure 16 :Hormonal changes in Menstural Cycle 

 

 The first peak, which is the major peak, occurs about 48 hours before ovulation and the                       

second peak, which is the minor peak, occurs in the post-midluteal phase(69). 

LH 

About a day before ovulation, the secretion of LH increases sharply to reach the peak 
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about 8–10 hours before ovulation. This is called LH surge. Then, it declines 

fast in 24–48 hours and remains low in rest of the secretory phase(83). 

FSH 

Follicle-stimulating hormone (FSH) secretion increases in the early part of the follicular 

phase and then declines slowly. Synchronous with the rise in LH, secretion of FSH rises 

toward ovulation and thereafter the pattern of change in FSH is similar with LH 

pattern(69). 

ANOVULAR MENSTRUATION  

         Selection of dominant follicle does not take place in this type of cycles. There will 

be imbalance in between the levels of oestrogen. The hypothalamus becomes 

unresponsive to the increasing levels of oestrogen leading to suppression of GnRH 

resulting in nil ovulation. Due to increased oestrogen the endometrium tends to proliferate 

markedly. The stromal support becomes weak and endometrium becomes fragile. Later 

when the oestrogen level tends to fall, there is asynchronous shedding of the 

endometrium and menstruation. The bleeding may be heavy or prolonged and irregular. 

This type of bleeding is mostly found during adolescence, following childbirth ,abortion 

and in premenopausal period(92). 

ULTRASOUND 

         Ultrasound is a non-invasive imaging procedure. High frequency ultrasonic sound 

waves are used in this instrument. It was invented by Ian Donald (Glasgow – 1950). 
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There are two forms of Sonography which is widely used in Gynaecology. They are   

transabdominal (TAS ultrasonography) and transvaginal (TVS)Ultrasonography(93).  

 TRANSABDOMINAL SONOGRAPHY (TAS)  

It is done with a linear array transducer. It operates at a frequency 2.5–3.5 mHz. TAS is 

used for detecting masses such as ovarian tumour. When the frequency of ultrasound 

wave is higher it leads to, better resolution tissue penetration becomes lesser. 

TRANSVAGINAL SONOGRAPHY (TVS) 

Transvaginal sonography produces greatly improved resolution of pelvis organs even in 

obese patients due to the usage of higher frequencies and absence of beam deformation 

by the anterior abdominal wall(94). 

 POLYCYSTIC OVARIAN SYNDROME (PCOS) 

         Polycystic ovarian syndrome (PCOS), a multifactorial, polygenic disease was 

discovered in 1935 by Stein and Leventhal. It consists of menstrual irregularities, 

hyperandrogenism, obesity, and polycystic ovaries.  There will be increase in androgen 

production. The disease is more common among young fertile women with a incidence of 

0.5–4 percent. The prevalence in young reproductive age group is about 20–30%.  

AETIOLOGY &RISK FACTORS OF PCOS 

The following may contribute to the pathogenesis of PCOS. 

A) Obesity 
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B) Insulin Resistance &Hyperinsulinemia 

C) Altered HPA axis 

D) Abnormalities of Ovarian Steroidogenesis 

E) Genetic &Environmental Factors 

 GENETICS OF PCOS: 

                The PCOS phenotype is influenced by genetic and environmental factors. 

Several genomic loci have been proposed for the PCOS phenotype. These include 

CYP11A1,the insulin gene, and the follistatin gene(95). 

  CLINICAL FEATURES:  

         The patients present with abdominal obesity, menstrual irregularities, infertility, 

hirsutism, acne, acanthosis nigricans. 

INVESTIGATIONS  

Ultrasound of PCOS shows enlargement of ovarian stroma with increase in volume of 

about > 10 ml(62).  The capsule becomes thickened and pearly white in colour. Presence 

of multiple (> 12) follicular cysts of  2–9 mm in diameter are present in the cortex(5).  

There will be thickening of tunica albuginea. The cysts are follicles of different stages of 

maturation with stromal hyperthecosis.  

HORMONAL ALTERATIONS 

   LH level is elevated and/or the ratio LH: FSH is > 2:1 
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   Raised level of oestradiol and estrone 

  SHBG level is reduced 

 Andro-stenedione is raised.  Raised serum testosterone (> 150 ng/dl)  

 Insulin Resistance (IR): Raised fasting insulin levels > 25 µIu/ml  

Figure 17 : Ultrasound Picture of PCOD 

Laparoscopy — Bilateral polycystic ovaries 

 

 PATHOPHYSIOLOGY 

ALTERATION IN HYPOTHALAMIC-PITUITARY OVARIAN AXIS: 

           Baskind et al., (2016) states that the increased pulse frequency and amplitude of 

GnRH results in tonically elevated level of LH. Insulin resistance and 
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hyperandrogenaemia produces this effect. Due to persistent elevation of oestrogen and 

inhibin the FSH tends to remain the same by negative feedback mechanism. The LH: 

FSH ratio is increased(5).  

HORMONAL ALTERATION IN PCOS: 

                             Figure 18 : Hormonal Alteration in PCOD 

 

The synthesis of FSH and LH becomes irregular with increased LH and decreased FSH 

which may be due to increased sensitivity of anterior pituitary to GnRH signals. The 

pulsatile secretion of GnRH was found to be increased. Due to anovulation, progesterone 

levels tend to be low. So, there will be absence of negative feedback mechanism over LH 

leading to rise in LH levels. This stimulates the ovarian theca cell to produce more 

androgens. This increased androgens reaches the blood circulation and produces extra 
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ovarian aromatization leading to hyperandrogenism and hyperoestrogenism.This 

increased oestrogen produces abnormal feedback on hypothalamus and anterior pituitary 

leading to reduced FSH and elevated LH.This affects the follicular development and 

maturation with raised ovarian androgen leading to anovulatory cycles.LH/FSH ratio may 

be elevated(96).  

                                 Figure 19 : Pathophysiology of PCOD 

 

 

 

 

 

 

 

HYPERANDROGENISM 

Rosenfield et al., (2016) pointed out that, alteration in P450 C 17, which is the key 

enzyme in synthesis of androgen seems to be the main cause of hyperandrogenism. Ovary 

produces excess androgens due to stimulation of theca cells by high LH, alteration in 

P450 C17 enzyme, defect in aromatization of androgens to oestrogen(97). 
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Hyperinsulinemia produce androgens by stimulating theca cells.  Insulin inhibits SHBG, 

resulting in increase of androgens(14).  

  ANOVULATION: 

         Follicular growth slows down due to less FSH leading to defect in maturation (2–10 

mm diameter). It causes decrease in oestradiol .Since there  is defective FSH induced 

aromatization, Follicular microenvironment becomes androgenic instead of oestrogenic 

leading to defect in growth and maturation(6). Large number of follicles undergoes 

atresia and leads to stromal hyperthecosis. Since LH level is tonically elevated without 

any surge, it leads to failure of ovulation(98).  

OBESITY  

                 Central Obesity in PCOS is associated with hyperandrogenism and reduced 

SHBG.  It also induces insulin resistance and hyperinsulinemia. Mutations of the insulin 

receptor gene in the peripheral target tissues and reduced tyrosine autophosphorylation of 

the insulin receptor, is the cause of insulin resistance(53).  

Brian et al., (2007) proposed that the intra-abdominal fat has more significance than that 

of subcutaneous fat and is strongly linked to the most important complications of obesity, 

such as insulin resistance, diabetes, hypertension, hyperlipidaemia and hyperandrogenism 

in women.  
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Figure 20 : Sequelae of Insulin Resistance in PCOD 

 

Lago et al., 2007 identified that the adipokines secreted from adipose tissue plays an 

important role in lipid homeostasis, insulin sensitivity, blood pressure control, 

coagulation and vascular health, insulin action, energy metabolism, inflammation, cell 

growth and are likely to contribute to obesity related pathologies. 
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 ADIPOSE TISSUE: 

 Adipose tissue is considered to be an active metabolic and endocrine organ(99). It plays 

a major role in body's homeostasis as presented by Siiteri et al., 1987 and Mohamed Ali 

et al.,1987 It is composed of loose connective tissue which constitutes fat cells called 

adipocytes. The main function of adipose tissue is to store energy in the form of fat. It  

also   cushions and insulates the body and serves as a reserve of nutrients. The other cell 

types are together known as stromal vascular fraction (SVF) of cells.  

SVF includes preadipocytes, fibroblasts, adipose tissue macrophages, and vascular  

endothelial cells(100)       

 

                            Figure 21 : Hormonal Consequences of PCOD 

 

https://en.wikipedia.org/wiki/Thermal_insulation
https://en.wikipedia.org/wiki/Preadipocytes
https://en.wikipedia.org/wiki/Fibroblast
https://en.wikipedia.org/wiki/Macrophage
https://en.wikipedia.org/wiki/Endothelial_cell
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Adipose tissue is derived from preadipocytes and is composed of the lipid storing adipose 

cell and a stromal/ vascular compartment in which cells including preadipocytes and 

macrophages reside(36). 

 

 OBESITY IN PCOS              

    50% of PCOS women are found to be obese. Obesity plays a major role in metabolic 

alterations in PCOD (101). Several studies such as Kandasamy et al., 2016 and 

Junsheng Zheng at al., 2013 shows a strong correlation of insulin resistance  with body 

mass index (BMI) of the PCOS subjects. Obese PCOS women have a 10-fold increase in 

risk of Type II DM and a 7-fold increase of IGT than controls . Obesity in PCOS 

increases the risk of developing cardiovascular disease and metabolic syndrome. 

 

Figure 22 : Role of Adipose Tissue and Adipokines 
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Dinka Pavicic Baldani et al., (2015) states that  obesity in PCOD causes chronic low-

grade inflammation with an elevation of inflammatory markers (such as CRP ,TNF-𝛼,and  

IL-6) that increase the risk of cardiovascular disease(54).  

PATHOGENESIS OF OBESITY IN PCOS 

            The cause of obesity in PCOS is multifactorial. G. Faulds et al., 2003 reported 

that the adipocytes of the lean PCOS women were larger in size. They exhibit a lower 

response to catecholamine-stimulated lipolysis than the control women. Another study by 

F. Orio et al., found that there is mutation in the peroxisome proliferator activated 

receptor-𝛾 gene. A higher frequency of C→ T substitution in exon 6 of the peroxisome 

proliferator activated receptor-𝛾 gene has been reported in PCOS women. This 

substitution enhances adipogenesis and increases the size of subcutaneous adipocytes. S. 

Naessen et al., suggests that increased androgens which increase appetite may lead to 

obesity in PCOS.  L.J.Moran et al states that there is dysregulated secretion of 

cholecystokinin and ghrelin in PCOS. These reduces satiety leading to obesity.  Since 

ghrelin’s actions are mediated centrally by neuropeptide (NPY) which increases appetite, 

the increase in levels leads to obesity(53).  
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MEASUREMENT OF OBESITY: 

The methods to measure obesity includes Body Mass Index (BMI), skin fold thickness, 

waist circumference, waist to hip ratio and bio-impedance. BMI is one of the basic and 

common methods to detect obesity and its complications. 

 As proposed by Trishnee Bhurosy and Rajesh Jeewon et al., (2013), the BMI is a 

surrogate measure of body fatness because it is a measure of excess weight rather than 

excess body fat. This is one of the clinical limitations of BMI which has to be considered. 

 Body mass index (BMI), which is equal to weight/ height² (in kg/m²). A BMI between 25 

and 30 should be considered to be medically significant. The waist circumference was 

made at the midpoint between the lower margin of the last  rib and  top of the iliac crest . 

The hip circumference was taken around the widest portion of the buttocks. Techniques 

such as Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) is used to 

categorize adipose tissue in abdominal and subcutaneous fat levels. The dual-energy X-

ray absorptiometry - DEXA (under water weighing), CT or MRI and electrical impedance 

are some of the advanced and sophisticated methods to measure abdominal obesity(102)

ADIPOKINES 

As it is well known that the adipose tissue is an active endocrine organ which serves 

largely as a depot for the storage of fat. Dupont J et al., (2015) states that the adipocytes 

play a major role in regulating reproductive functions. It also serves as a source of 

hormones, cytokines, and metabolites that play an important role in whole-body 

https://en.wikipedia.org/wiki/Computed_tomography
https://en.wikipedia.org/wiki/Magnetic_resonance_imaging
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metabolism and insulin resistance. These cytokines known as cell signalling proteins 

secreted by the visceral adipose tissue are known as adipokines(103).   Currently there are 

about 600 known adipokines. Some of the recently discovered adipokines associated with 

metabolic alterations are visfatin, vaspin, resistin, omentin, chemerin etc. 

   In this context, one of the recently discovered adipokine that plays a role in insulin 

resistance in PCOS – visfatin is being discussed. My study aims at estimating the serum 

visfatin levels in PCOS subjects and investigating the role of visfatin as a biomarker for 

insulin resistance and the obesity related metabolic alterations, by analysing the 

correlation between the circulating levels of serum visfatin in PCOS and insulin 

sensitivity. 

                  Figure 23 : Mechanism of Action of Adipokines 
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OBESITY AND INSULIN RESISTANCE: 

 Insulin resistance in obesity is characterised by an impaired insulin signalling in target 

tissues. It would also result from the downregulation of GLUT4, which is the major 

insulin-responsive glucose transporter.  S Klein, Fontana et al., 2004 states that in the 

adipocytes of the obese humans, IRS-1 expression is reduced, resulting in a decreased 

IRS-1–associated PI3K activity, and IRS-2 becomes the main docking protein for PI3K 

which leads to insulin resistance(32). 

Figure  24 :Clinical Sequelae of Insulin Resistance 
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VISFATIN 

        Visfatin is recently discovered adipocytokine secreted by visceral adipocytes 

discovered by Japanese Fukuhara et al in 2005(1). 

MECHANISM OF ACTION  

It increases glucose uptake and hence acting as an insulin inducing adipokine. The 

mechanism of action of visfatin seems to be, binding to the insulin receptor, at a site 

different from insulin.  

Fukuhara, Mutsuda Nishizawa et al., states that visfatin has insulin mimetic effects. 

Visfatin levels are decreased by insulin and hence elevated visfatin levels may reflect 

insulin resistance. It exerts various insulin mimetic effects such as increasing glucose 

uptake in adipose tissue and muscle, decreasing the release of glucose in hepatocytes and 

increasing the formation of triglycerides(48). 

  Visfatin regulates the sensitivity of insulin in the liver through its autocrine 

actions. Since Visfatin has insulin-mimetic actions, it is suggested that visfatin may be 

elevated to compensate for insulin resistance and to prevent further resistance to insulin. 

This compensatory increase will produce harmful effects(54). .According to R.Adya et 

al., Visfatin activates nuclear transcription factor NF-𝜅B in endothelial cells. It also 

activates metalloproteinase-2 and metalloproteinase-9, leading to vascular inflammation. 
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Junsheng et al., reported that the levels of visfatin abnormalities in pcos was 

linked to obesity. The author also reported that visfatin was released from fat cells during 

lipolysis. Since pcos patients tend to be obese with upper body fat distribution, there is an 

increase sensitivity of protein kinase A sensitive lipase, that causes increase in visceral fat 

cell lipolysis. 

                           Figure 25 :Mechanism of Action of Visfatin 

 

 

Ali N.Hussaien et al., states that serum visfatin levels are elevated in pcos and 

suggests that visfatin could play a role in the pathogenesis of PCOD. 
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Figure 26 : Cellular Effects of Visfatin 

 

       Another study by Junsheng Zheng et al.,states that serum visfatin levels can be used 

as a predictor of Insulin resistance severity in PCOS patients. 

 INSULIN RESISTANCE AND HYPERINSULINEMIA 

       D.P.Baldani et al .,(2012) states that about 30% of lean women with PCOS 

tends to have Insulin resistance whereas it is 95% of obese women with PCOS . The 

ethnic origin and cultural habits mainly contribute to development of insulin resistance in 
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PCOS. F. Orio et al states that, since Insulin plays a major role in lipoprotein 

metabolism, resistance to insulin may contribute to dyslipidaemia observed in PCOS.         

 

Figure 27:Biological functions of Visfatin 

                   

 IR increases the hepatic secretion of VLDL and decreases the elimination of VLDL and 

of chylomicrons. The persistence of VLDL and of chylomicrons in the circulation 

provides a major source for triglyceride (TG) production(53).  
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Figure 28 : Figure  showing the pathways of action of visfatin 

 

 

 E. Diamanti -Kandarakis et al., states that a post binding decrease in the 

phosphorylation of the tyrosine residues and an increase in the phosphorylation of the 

serine residues of the intracellular domain of the insulin receptor cause resistance to 

insulin’s metabolic actions. An elevation in serine phosphorylation not only decreases the 

responsiveness of the insulin receptor to its substrate, but also enhances the activity of 

P450C17, the key enzyme of adrenal and ovarian steroid synthesis. The same defect in 

serine phosphorylation is therefore thought to cause IR and hyperandrogenaemia(53).  
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Serine phosphorylation of the IRS disrupts intracellular signalling necessary for the 

translocation of GLUT4. 

Figure 29 : Hyperandrogenism in PCOS\ 

 

Corbould et al., (2006) states that the increased activation of ERK1/2 pathways in PCOS 

may play a role in the cause of insulin resistance in PCOS. 

MANAGEMENT 

 Management of PCOS varies among patients depending on symptoms, like menstrual 

disorder, infertility, obesity, hirsutism and others.  The main management lies in the 

correction of biochemical alterations(62).In obese women with PCOS, Weight reduction 

stays as the first line of management. Weight reduction (2–5%) improves the metabolic 
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syndrome and reproductive function. Life Style Modification in the form of exercise, 

YOGA, and Dietary Plan should be insisted. Clomiphene citrate can be given for 

induction of ovulation in PCOS women(104). 

                                      Figure 30 : Management of PCOD 

 

 Combined oral contraceptive pills are effective in decreasing LH and increasing SHBG 

and reduces free testosterone level(105). Hirsutism is treated by antiandrogens 

(cyproterone acetate, spironolactone, flutamide). 

          Insulin sensitizers: Metformin improves metabolic syndrome and other biochemical 

abnormalities by reducing weight, BMI (hyperinsulinemia, hyperandrogenism), blood 

pressure and lipid abnormalities(5). Thiazolidinediones and Metformin are effective in 

the management of ovulation induction(106). 
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 Surgical management includes Laparoscopic ovarian drilling and puncture of not more 

than 4 cysts in each ovary either by laser or by unipolar cautery(104) 

  



Aim and Objectives 
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AIMS & OBJECTIVES 

AIM 

            To determine whether serum visfatin levels are elevated in women with Polycystic 

ovarian disease and to find its relationship with Body Mass Index. 

OBJECTIVES  

1.To determine Serum Visfatin levels in women with newly diagnosed Polycystic ovarian 

disease. 

2.To estimate the Body Mass Index. 

3.To compare Serum Visfatin levels of non obese and obese PCOD patients. 

 

 

  



Materials and Methods 
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MATERIALS AND METHODS 

 

The study was conducted during the period of May 2018 to April 2019 at the Institute of 

Physiology and Experimental Medicine, Madras Medical College, and Institute of 

Obstetrics &Gynaecology, Madras Medical College, Chennai after obtaining approval 

from Institutional Ethics Committee (IEC), Madras Medical College, Chennai-3. 

Selection of subjects:  

The study will comprise 80 subjects. 

  Group I – 40 controls  

 Group II – 20 newly diagnosed PCOD cases – non obese (BMI<25kg/m2) 

 Group III – 20 newly diagnosed PCOD cases – obese (BMI≥25kg/m2) 

 were selected from the Infertility Clinic, Institute of Obstetrics &Gynaecology, Chennai 

for the study. 

Inclusion criteria: 

Women in reproductive age group of (18-40 years) who are newly diagnosed to have 

Polycystic ovarian disease. 

Exclusion criteria: 

• Subjects with: Pregnancy 
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•  Conditions that mimic polycystic ovary syndrome such as hypothyroidism, 

hyperprolactinemia, androgen secreting tumours, idiopathic hirsutism. 

• Subjects on drugs like oral contraceptive pills, ovulation induction drugs, steroids, 

antidiabetics, antiandrogens and other hormonal drugs. 

• Subjects with neoplastic, hepatic, renal or cardiac illness. 

STUDY DESIGN:  

Cross Sectional Study  

PLACE OF STUDY:  

1. Institute of Physiology & Experimental Medicine,  

            Madras Medical College, Chennai-3.  

2. Institute of Obstetrics &Gynaecology,  

Madras Medical College, Chennai-3. 

3. Institute of Biochemistry 

Madras Medical College, Chennai-3 

     4. The TamilNadu Dr.M.G.R Medical University, Chennai. 

Methodology: 

The study will comprise 80 subjects. 

 Group I – 40 controls  

 Group II – 20 newly diagnosed PCOD cases – non obese (BMI<25) 

 Group III – 20 newly diagnosed PCOD cases –obese (BMI≥25) 
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After obtaining an informed consent and before inclusion in the study, a detailed history 

was obtained from all the study subjects and they also underwent a careful and through 

physical examination and laboratory investigations to exclude any condition that might 

interfere with the study parameters. 

 BMI was calculated using the formula of Quetelet Index:                                                              

             BMI= weight (kg) / Height (m2) 

After an overnight fast, between 8 and 10 am, blood sample was taken and serum 

collected and stored at - 80°C. The fasting blood glucose levels, the fasting serum insulin 

levels were obtained. The blood samples for estimation of serum visfatin was collected 

during the early follicular phase of menstrual cycle. 

              The insulin resistance was estimated by the Homeostasis model assessment 

method (HOMA – IR) by using the formula fasting insulin (µIU/L) x fasting glucose 

(mg/dL)/405. 

     Serum visfatin levels were assayed using the commercially available Human Visfatin 

ELISA kit (ElabScience) using a human visfatin sandwich ELISA technique. The 

sample handling, storage and preparation were done according to the manufacturer’s 

instructions. 

ESTIMATION OF THE FASTING BLOOD SUGAR LEVELS: 

Sample Collection and Storage: 
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• Under aseptic precautions about 5ml of a fasting blood sample was collected from 

the subject and was centrifuged and serum separated. 

• The serum samples were stored at -20 degrees Celsius. 

• Roche Diagnostics Cobas GLU HK Gen.3 kit which contains an in vitro diagnostic 

reagent system was used for estimating the serum fasting blood glucose levels by 

the Electrochemiluminescence method. The test was done at the Biochemistry 

laboratory, Institute of Obstetrics &Gynaecology, Chennai. 

Principle of the test: 

• In electro generated chemiluminescence, electrochemically generated 

intermediates undergo a highly exergonic reaction to produce an electronically 

excited state that then emits light. It is an enzymatic reference method with 

hexokinase. 

• Hexokinase catalyses the phosphorylation of glucose to glucose-6-phosphate by 

ATP. 

• In the presence of NADP, Glucose-6-phosphate dehydrogenase oxidizes glucose-

6-phosphate to gluconate-6-phosphate. No other carbohydrate 

           is oxidized. The rate of NADPH formation during the reaction is directly 

           proportional to the glucose concentration and is measured   

           photometrically. 

 Reagents Required: 

• R1: MES buffer: 5.0 mmol/L, pH 6.0; Mg2+: 24 mmol/L; ATP: ≥ 4.5 mmol/L; 

NADP: ≥ 7.0 mmol/L; preservative. 
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• R2:HEPES buffer: 200 mmol/L, pH 8.0; Mg2+: 4 mmol/L; HK (yeast): 

≥ 300 μkat/L; G-6-PDH (E. coli): ≥ 300 μkat/L; preservative. 

Assay Procedure: 

After calibration and controls had been measured, the test samples were loaded on to the 

Cobas Analyser and the desired test was ordered in the host computer system. The 

samples were evaluated for the fasting blood glucose levels and when the analysis was 

complete, the results were automatically obtained. 

Estimation of the fasting Serum Insulin Levels: 

Sample Collection and Storage: 

• Under aseptic precautions about 5ml of a fasting blood sample was collected from 

the subject and was centrifuged and serum separated. 

• The serum samples were stored at -20 degrees Celsius. 

• Roche Diagnostics Insulin kit was used for estimating the serum fasting Insulin 

levels by the Electrochemiluminescence method. 

Test Principle: 

• Sandwich principle. Total duration of assay: 18 minutes. 

• 1st incubation: Insulin from 20 μL sample, a biotinylated monoclonal 

           insulin‑specific antibody, and a monoclonal insulin‑specific antibody 

           labelled with a ruthenium complex form a sandwich complex. 

• 2nd incubation: The complex becomes bound to the solid phase via interaction of 

biotin and streptavidin after addition of streptavidin-coated microparticles, . 
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• The reaction mixture obtained is then aspirated into the measuring cell where the 

microparticles are magnetically captured onto the surface of the 

          electrode. Unbound substances are then removed with 

         ProCell/ProCell M. Application of a voltage to the electrode then induces 

          chemiluminescent emission which is measured by a photomultiplier. 

• Results are determined via a calibration curve. This is instrument specifically 

generated by 2‑point calibration and a master curve provided 

via the reagent barcode. 

Reagents Required: 

• M Streptavidin-coated microparticles (transparent cap), 1 bottle, 6.5 mL: 

          Streptavidin-coated microparticles 0.72 mg/mL; preservative. 

• R1 Anti-insulin-Ab-biotin (grey cap), 1 bottle, 10 mL: 

          Biotinylated monoclonal anti‑insulin antibody (mouse) 1 mg/L; MESb) 

          buffer 50 mmol/L, pH 6.0; preservative. 

• R2 Anti-insulin-Ab~Ru(bpy) (black cap), 1 bottle, 10 mL: 

           Monoclonal anti‑insulin antibody (mouse) labelled with ruthenium 

complex 1.75 mg/L; MES buffer 50 mmol/L, pH 6.0; preservative. 
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Estimation of Serum Visfatin Levels: 

Sample Collection and Storage: 

• Under aseptic precautions about 5ml of a fasting blood sample was collected from 

the subject and was centrifuged and serum separated. 

• The serum samples were stored at -20 degrees Celsius. 

• Elabscience Visfatin Elisa kit was used for estimating the serum fasting blood 

glucose levels by the Electrochemiluminescence method. The test was done at the 

Dr. Tamilnadu M.G.R Medical University, Guindy, Chennai. 

PRINCIPLE: 

This kit uses enzyme-linked immune sorbent assay (ELISA) based on the 

Biotin double antibody sandwich technology to assay the Human Visfatin. Add Visfatin 

to the wells, which are pre-coated with Visfatin monoclonal antibody and then incubate. 

After that, add anti visfatin antibodies labelled with biotin to unite with streptavidin-HRP, 

which forms immune complex. Remove unbound enzymes after incubation and washing. 

Add substrate A and B. Then the solution will turn blue and change into yellow with the 

effect of acid. The shades of solution and the concentration of Human Visfatin (visfatin) 

are positively correlated. 

 REAGENTS REQUIRED: 

Standard solution , Coated ELISA plate, Washing concentrate (30X), Anti visfatin 

antibodies labelled with biotin, Chromogen solution A ,B, Stop solution, Seal plate 

membrane, Hermetic bag , 37 ℃incubator , Standard Enzyme reader, Precision pipettes , 
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Disposable pipette tips , Distilled water, Disposable tubes for sample dilution , Absorbent 

paper 

ASSAY PROCEDURE 

1.Dilution of standard solutions: 

128ng/ml 64ng/ml 32ng/ml 16ng/ml 8ng/ml 4ng/ml 

2.The number of stripes needed is determined by that of samples to be tested added 

by that of standards. It is suggested that each standard solution and each blank well 

should be arranged with three or more wells as much as possible. 

3. Sample injection:  

1)Blank well: no sample, anti visfatin antibody labelled with biotin or streptavidin-HRP is 

added to comparison blank well except chromogen solution A & B and stop solution 

while taking the same steps that follow. 

2)Standard solution well: Add 50μl standard and streptomycin-HRP 50μl (biotin 

antibodies have united in advance in the standard so no biotin antibodies are added.) 

3) Sample well to be tested: Add 40μl sample and then 10μl visfatin antibodies, 

50μl streptavidin-HRP. Then cover it with seal plate membrane. Shake gently to 

mix them up. Incubate at 37℃for 60 minutes. 

4) Preparation of washing solution: Dilute the washing concentration (30X) with 

distilled water for later use. 

5) Washing: Remove the seal plate membrane carefully, drain the liquid and shake 

off the remaining liquid. Fill each well with washing solution. Drain the liquid 

after 30 seconds’ standing. Then repeat this procedure five times and blot the plate. 
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Drain the liquid after 30 seconds’ standing. Then repeat this procedure five times and blot 

the plate. 

64ng/ml  Standard No.5  

120μl Original Standard + 

120μl Standard diluents 

32ng/ml  Standard No.4  

120μl Standard No.5 + 

120μl Standard diluents 

16ng/ml  Standard No.3  

120μl Standard No.4 + 

120μl Standard diluent 

8ng/ml  Standard No.2  

120μl Standard No.3 + 

120μl Standard diluent 

4ng/ml  Standard No.1  

120μl Standard No.2 + 

120μl Standard diluent 

 

6. Colour development: Add 50μl chromogen solution A firstly to each well and 

then add 50μl chromogen solution B to each well as well. Shake gently to mix 

them up. Incubate for 10 minutes at 37℃away from light for colour development. 

7.Stop: Add 50μl Stop Solution to each well to stop the reaction (the blue colour 

changes into yellow immediately at that moment). 

8.Assay: Take blank well as zero, measure the absorbance (OD) of each well one by one 

under 450nm wavelength, which should be carried out within the 10 minutes after having 

added the stop solution. 
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9.According to standards’ concentrations and the corresponding OD values, calculate the 

linear regression equation of the standard curve. Then according to the OD value of 

samples, calculate the concentration of the corresponding sample. 

 

CALCULATION 

Make concentration of standards the abscissa and OD value the ordinate. Draw the 

standard curve on the coordinate paper. According to the OD value of the sample, locate 

its corresponding concentration (which is the concentration of the sample); or calculate 

the linear regression equation of standard curve according to the concentration of the 

standard and the OD value. Then substitute with the OD value of the sample to calculate 

its concentration. 

 

Assay range： 0.5ng/ml→100ng/ml. 

Sensitivity： 0.25ng/ml. 

 

Normal Values: 

Fasting Blood sugar – 70 to 110 mg/dl 

Serum Insulin – 2 to 25 µIU/ml 

HOMA – IR – ˂3 



Results 
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RESULTS 

 
                Table 2 :COMPARISON OF VARIOUS PARAMETERS IN PCOS CASES  

AND NORMAL CONTROLS 

 
S.no PARAMETERS CONTROL CASES P VALUE 

1.  AGE ( years) 28.98 ±  6.90 29.35 ± 7.33 0.813 

2.  HEIGHT ( cm ) 156.53± 4.45 156.65± 5.12 0.918 

3.  WEIGHT ( kg) 64.65± 13.34 71.78± 18.73 0.147 

4.  BMI (kg/m2) 26.32± 5.00 29.11± 6.91 0.122 

5.  L.H (mIU/ml) 5.08 ± 1.48 18.93 ± 3.82 0.000 * 

6.  FSH(mIU/ml) 4.65 ± 0.89 4.95 ± 1.52 0.274 

7.  L.H/F.S.H 1.11 ±  0.31 4.04 ± 1.15 0.000 * 

8.  F.B.S(mg/dl) 72.45 ± 10.53 86.68 ± 12.68 0.000 * 

9.  S. Insulin (mu/l) 8.78 ± 2.04 25.93± 11.74 0.000 * 

10.  HOMA-IR 1.58±0.46 5.49 ± 2.49 0.000 * 

11.  S. Visfatin(ng/ml) 27.90 ± 8.21 39.25 ± 16.49 0.004 * 

( P < 0.05 is significant ) 

Statistical Analysis was done using SPSS software version 21. 

The above table shows that serum Visfatin levels and Insulin Resistance in the form 

of HOMA-IR were higher in PCOD group than control group which is statistically 

significant. 
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Table 3 :CORRELATION OF VARIOUS PARAMETERS WITH SERUM VISFATIN IN PCOD  

S.NO  VARIABLES R P 

1.  AGE (years) 0.172 0.288 

2.  HEIGHT ( cm ) 0.164 0.311 

3.  WEIGHT ( kg) 0.806 0.000** 

4.  BMI (kg/m2) 0.845 0.000** 

5.  L.H(mIU/ml) 0.260 0.105 

6.  FSH(mIU/ml) -0.601 0.000** 

7.  L.H/F.S.H 0.824 0.000** 

8.  F.B.S(mg/dl) 0.156 0.335 

9.  S. Insulin(mu/l) 0.856 0.000** 

10.  HOMA-IR 0.898 0.000** 

 

Correlation is significant at the 0.01 level (2-tailed).** 

Correlation is significant at the 0.05 level (2-tailed).* 

 

The above table shows positive correlation between serum visfatin levels with Body 

Mass Index and HOMA-IR which is statistically significant. 

Statistical Analysis was done using SPSS software version 21. 

 

 

 

 

 



78 
 

 

Table 4 :COMPARISON OF VARIOUS PARAMETERS WITHIN SUBGROUP 

- OBESE PCOD  

S.no PARAMETERS OBESE  

CONTROL CASE P 

VALUE 

1. AGE 

 ( years) 

29.45 ± 6.89 29.70 ±7.04 0.916 

11. HEIGHT  

( cm ) 

158.10 ± 3.08 158.30 ± 3.56 

 

0.856 

2. WEIGHT 

 ( kg) 

76.35 ± 6.84 89.10 ± 7.78 

 

0.000* 

3. BMI(kg/m2) 30.58 ± 2.99 35.54 ± 2.74 0.000* 

4. L.H (mIU/ml) 5.91 ±1.15 19.70 ± 3.64 0.000* 

5. FSH (mIU/ml) 4.57 ± .85 4.28 ± 0.97 0.232 

6. L.H/F.S.H 1.31 ± 0.24 4.78 ± 1.17 0.000* 

7. F.B.S (mg/dl) 78.85 ± 9.97 88.20 ± 12.26 0.022* 

8. S. INSULIN (mu/L) 9.93± 1.37 33.67 ± 12.08 0.000* 

9. HOMA-IR 1.92 ±  0.26 7.21 ± 2.48 0.000* 

10. S. VISFATIN (ng/ml) 34.75 ± 4.75 53.25 ± 9.95 0.000* 

 

Statistical Analysis was done using SPSS software version 21. 

     The above table shows that the levels of Serum Visfatin and HOMA-IR were 

higher in obese PCOD women than obese controls which is statistically significant. 
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Table 5 :COMPARISON OF VARIOUS PARAMETERS WITHIN SUBGROUP 

-NON OBESE 

 

S.no PARAMETERS NON OBESE 

CONTROL CASES P VALUE 

1. AGE 

 ( years) 

28.50 ± 7.05 29.00 ± 7.78 0.829 

11. HEIGHT  

( cm ) 

154.95 ± 5.09 155.00 ± 5.96 0.975 

2. WEIGHT 

 ( kg) 

52.95 ± 5.49 54.45 ± 5.26 0.347 

3. BMI(kg/m2) 22.06 ± 2.05 22.67 ± 1.80 0.302 

4. L.H(mIU/ml) 4.24 ± 1.31 18.16 ± 3.93 0.000* 

5. FSH(mIU/ml) 4.73 ± 0.95 5.63± 1.68 0.068 

6. L.H/F.S.H 0.91 ± 0.22333 3.31 ± 0.50 0.000* 

7. F.B.S(mg/dl) 66.05 ± 6.50 85.15 ± 13.22 0.000* 

8. S. Insulin(mu/L) 7.62 ± 1.97 18.20 ± 3.29 0.000* 

9. HOMA-IR 1.25 ± 0.37 3.76 ± 0.52 0.000* 

10. S. Visfatin(ng/ml) 21.05 ± 4.14 25.25 ± 6.84 0.028* 

( P < 0.05 is significant ) 

 

The above table shows that the levels of Serum Visfatin and HOMA-IR were higher 

in non obese PCOD women than non obese controls which is statistically significant.  

Statistical Analysis was done using SPSS software version 21. 
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Table 6: COMPARISON OF PARAMETERS IN NON OBESE &OBESE PCOD CASES 

 

S.no PARAMETERS PCOD 

OBESE NON OBESE P VALUE 

1. AGE 

 ( years) 

29.45 ± 6.89 29.00 ± 7.78 0.7849 

11. HEIGHT  

( cm ) 

158.10 ± 3.08 155.00 ± 5.96 0.05 

2. WEIGHT 

 ( kg) 

76.35 ± 6.84 54.45 ± 5.26 0.0001* 

3. BMI(kg/m2) 30.58 ± 2.99 22.67 ± 1.80 0.0001* 

4. L.H(mIU/ml) 5.91 ±1.15 18.16 ± 3.93 0.0001* 

5. FSH(mIU/ml) 4.57 ± .85 5.63± 1.68 0.05 

6. L.H/F.S.H 1.31 ± 0.24 3.31 ± 0.50 0.0001* 

7. F.B.S(mg/dl) 78.85 ± 9.97 85.15 ± 13.22 0.05 

8. S. Insulin(mu/L) 9.93± 1.37 18.20 ± 3.29 0.0001* 

9. HOMA-IR 1.92 ± 0.26 3.76 ± 0.52 0.0001* 

10. S. Visfatin(ng/ml) 34.75 ± 4.75 25.25 ± 6.84 0.0001* 

( P < 0.05 is significant ) 

 

The above table shows that the levels of Serum Visfatin and HOMA-IR were higher 

in obese cases than non obese cases which is statistically significant. 

Statistical Analysis was done using SPSS software 21. 
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GRAPH 1 :SCATTER PLOT ( SERUM VISFATIN AND BMI ) 

 

 

 

 
 

The above scatter plot shows positive correlation between Serum Visfatin levels and 

Body Mass Index in patients with Polycystic Ovarian Disease. 
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GRAPH 2 :  SCATTER PLOT ( SERUM VISFATIN AND HOMA – IR ) 

 

 
 

The above graph shows positive correlation between serum visfatin levels and Insulin 

Resistance in the form of HOMA-IR in patients with Polycystic Ovarian Disease. 

 

                                                            

 



Discussion 
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DISCUSSION 

                           Polycystic ovarian disease is one of the most common gynaecological 

endocrine disorder affecting 6-10% of women in reproductive age group(107).  It is one 

of the most common cause of anovulatory infertility. It is characterized by chronic 

anovulation, hyperandrogenism and features of polycystic ovaries in ultrasonogram. 

Obesity and Insulin resistance are interlinked in the pathogenesis of polycystic ovarian 

disease and hence this patients are more prone for metabolic syndrome and 

cardiovascular events(32). 

         In the current study, the purpose was to estimate and investigate the role of visfatin 

as a novel potential biomarker of insulin resistance in the PCOS subjects. This was with 

the view of Junsheng Zheng et al., (2013) that serum visfatin levels could be used as an 

early identification of the Insulin resistance and its related metabolic alterations, which 

would in turn enable us to make early interventions. 

          In my study, the BMI, the insulin resistance and the serum visfatin levels were 

estimated and compared in patients with PCOS and normal controls. Serum visfatin levels 

are correlated with BMI and Insulin Resistance in cases and controls. 

        The results of my study shows that serum visfatin levels are found to be elevated in 

women with PCOS than the normal control subjects and serum visfatin levels are found 

to be positively correlated with Insulin Resistance and Body Mass Index. 
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           Lim et al., (2012) states that about 50% of women with Polycystic ovarian disease 

are found to be obese, especially visceral adiposity is found to be common in these 

patients. The prevalence of metabolic syndrome and cardiovascular risks in Polycystic 

ovarian disease are found to be higher in patients with increased BMI(101). 

             Visfatin (52k Dalton) by Fukuhara et al., (2005) is a recently diagnosed 

adipocytokine, secreted preferentially in the visceral adipose tissue. It plays an essential 

role in number of biological process such as inflammation  ,immunity, insulin resistance 

,endothelial cell dysfunction and angiogenesis .It also has insulin mimicking action and  

can serve as a proinflammatory mediator and immunomodulator(54) . 

              Studies by Tania Romacho et al.,(2013) and Dinka Pavicic Baldani et 

al.,(2014) have clearly  shown that serum visfatin levels may predict the occurrence of 

metabolic syndrome ,type 2 diabetes and cardiovascular events ,and hence it can be used 

as a predictor of severity of insulin resistance and hence as a biomarker for treatment  of 

polycystic ovarian disease(61).  

         Several studies such as Zryan Sirwan Omer et al.,(2018) and Ali N.Hussaien et 

al.,(2015) have  shown that visfatin is released from fat cells to higher extent in PCOS 

compared with non-PCOS patients(108). 

        Studies by Kandasamy .S.et al (2016) have shown that PCOS patients were more 

insulin resistance than control women leading to the suggestion that visfatin could be a 

specific marker of insulin sensitivity, possibly contributing to the pathogenesis of 

PCOS(53). 
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                   Results by Ali N Hussaien et al., (2015) and Jongwutiwes et al., (2009) 

showed that there was significant increase in mean serum visfatin level in lean polycystic 

ovary syndrome compared to control lean, and also in obese polycystic ovary syndrome 

showed a significant increase compared to control obese. These findings might suggest 

that visfatin could play a role in pathogenesis of PCOS(109). 

       Results by Rania Sayed AE et al.,(2016) and Yamane AD et al.,(2013) have 

showed that serum visfatin levels are positively correlated with Insulin Resistance and 

Body Mass Index which are consistent with my results(61). 

        The insulin mimetic properties of visfatin as well as the potential association 

between visfatin and Insulin Resistance, present as a potential role of visfatin in the 

pathogenesis of Insulin resistance in women with PCOS(53). According to Junsheng 

Zheng et al., (2013), increase in visfatin levels may be a compensatory response to 

Insulin Resistance to regulate the balance of glucose metabolism using the insulin 

mimetic effect of visfatin in PCOS. 

          In contrast, studies by Guducu N et al (2012), Lajunen TK et al S (2012) and 

Olszaneko-Glinianowic M et al (2012) did not find any significant difference in the 

levels of serum visfatin in PCOS and control subjects. 

     On the other hand, studies have Seddick et al (2015) showed that serum visfatin levels 

were higher in lean PCOS patients compared to obese PCOS, obese and lean controls and 

these agreed with the results of Pagano et al (2006).                                                       

 



Conclusion 
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CONCLUSION 

 
The conclusions derived from the present study are: 

• Visfatin, an adipokine derived from visceral fat, which has insulin mimetic effects 

is increased in PCOD. 

• Visfatin levels are found to be positively correlated with the BMI, and insulin 

resistance in the form of HOMA –IR. 

• PCOD patients have abnormal metabolism of visfatin. The elevation of visfatin 

may be associated with obesity and Insulin Resistance in PCOD. 

• Visfatin could be used as a biomarker of Insulin Resistance in PCOD and can 

serve as an indicator of cardiovascular risk. 

• Visfatin also plays an important role in the pathogenesis of Insulin Resistance in 

PCOD and its related metabolic disorders. 

 

Hence Visfatin can serve as a biomarker and predictive indicator of Insulin Resistance in 

PCOD and its related metabolic alterations and thus can enable us to make interventions 

at the earliest. 



Summary 
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SUMMARY 
           A study was conducted to determine the circulating Serum Visfatin levels in 

women with newly diagnosed Polycystic Ovarian Disease and to find its relationship with 

Body Mass Index. Forty women in reproductive age group of 18-40 years diagnosed with 

PCOD and Forty normal controls participated in the study. The serum visfatin levels, 

BMI, and the insulin resistance was obtained, assessed and compared in both the study 

groups and the results showed a significant increase in the values of the parameters in the 

PCOS subjects than in the control subjects. The levels are more among obese cases 

compared with non-obese cases. The serum visfatin levels have significant positive 

correlation with BMI and Insulin Resistance. 

            Thus, the relationship between visfatin, PCOS, BMI and Insulin resistance were 

established, suggesting that Serum visfatin can serve as a predictive indicator for Insulin 

Resistance, obesity and its related complications in PCOD patients.  

            The study population in this study is relatively smaller. Role of comparison with 

ethnic and racial differences should be considered. Use of a larger sample size and also 

gold standard methods for estimation of insulin resistance like hyperglycaemic 

euglycemic clamp and other metabolic parameters would help get a clearer picture of the 

role of visfatin as a reliable biomarker of PCOS and its related metabolic alterations. This 

would be my suggestion for future studies in this field. 
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PATIENT PROFORMA 

Name: 

Age/ Sex: 

Address: 

OP No.:   

Occupation: 

History of diabetes mellitus: 

History of Hypertension: 

History of associated illness: 

a. Thyroid disorders& cancers 

b. Renal & hepatic diseases 

History of taking chronic medications or hormonal therapies: 

Other History : 

EXAMINATION: 

General Physical examination: 

Anthropometric measurements: Wgt:    Hgt:                BMI: 

Vitals: 

Temperature: 

Pulse rate:  

Blood pressure:  

Systemic examination: 

Cardiovascular system: 

Respiratory system: 

Gastrointestinal system:  

Central nervous system: 

Investigations 

Serum Visfatin 

Serum Insulin 

 



                                       INFORMED CONSENT FORM 

 

Title of the study::“A Study of Serum Visfatin levels and its relationship with 

Body Mass Index in women with Polycystic ovarian disease  - A cross sectional 

study” 

Name of the Participant:  

Name of the Principal Investigator: Dr.M.Dharani, 

Name of the Institution: Institute of Physiology and Experimental Medicine, 

           Madras Medical College and Govt. General Hospital, 

            Chennai – 3. 

Documentation of the informed consent: 

I _____________________________ have read the information in this form (or it has 

been read to me). I was free to ask any questions and they have been answered. I am 

over 18 years of age and, exercising my free power of choice, hereby give my consent 

to be included as a participant in 

1. I have read and understood this consent form and the information provided to me. 

2. I have had the consent document explained to me. 

3. I have been explained about the nature of the study. 

4. I have been explained about my rights and responsibilities by the investigator. 

5. I have been informed the investigator of all the treatments I am taking or have taken 

in the past ________ months including any native (alternative) treatment. 

6. I have been advised about the risks associated with my participation in this study. 

7. I agree to cooperate with the investigator and I will inform him/her immediately if I 

suffer unusual symptoms.  

8. I have not participated in any research study within the past_______ months.  

9. I am aware of the fact that I can opt out of the study at any time without having to 

give any reason and this will not affect my future treatment in this hospital.  

10. I am also aware that the investigator may terminate my participation in the study at 

any time, for any reason, without my consent.  

12. I hereby give permission to the investigators to release the information obtained 

from me as result of participation in this study to the sponsors, regulatory authorities, 

Govt. agencies, and IEC. I understand that they are publicly presented. 

13. I have understood that my identity will be kept confidential if my data are publicly 

presented. 



14. I have had my questions answered to my satisfaction. 

15. I have decided to be in the research study. 

I am aware that if I have any question during this study, I should contact the 

investigator. By signing this consent form I attest that the information given in this 

document has been clearly explained to me and understood by me, I will be given a 

copy of this consent document. 

Name and signature / thumb impression of the participant (or legal 

representative if participant incompetent) 

Name _________________________ Signature_________________  

Date_____________ 

Name and Signature of the investigator or his representative obtaining consent: 

Name _________________________ Signature_________________  

Date________________ 

 

 

 

 

 

 

 

                                           

 

 

 

 

 

 

 



 

                                               INFORMATION TO PARTICIPANTS 

Investigator: Dr.M.Dharani, 

Name of Participant: 

Title:“A Study of Serum Visfatin levels and its relationship with Body Mass 

Index  in women with Polycystic ovarian disease – A cross sectional study”. 

You are invited to take part in this research/ study /procedures. The information in this 

document is meant to help you decide whether or not to take part. Please feel free to 

ask if you have any queries or concerns. 

You are being asked to participate in this study being conducted in 

          Institute of Physiology & Experimental Medicine, 

          Madras Medical College and Govt. General Hospital, 

          Chennai – 3. 

What is the Purpose of the Research? 

 Polycystic ovarian disease is one of the most  common heterogenous  gynaecological 

endocrine disorder in women of reproductive age group .Women with Polycystic 

ovarian disease are at higher risk for insulin resistance & metabolic syndrome and 

thus to cardiovascular events . 

Visfatin is an adipocytokine increased in patients with obesity and insulin resistance 

,hence it serve as a predictor of severity of insulin resistance in patients with 

Polycystic ovarian disease. 

          This work was  conducted to study the Serum Visfatin and its relationship with 

Body Mass Index  in women with Polycystic ovarian disease ,since these patients are 

at higher risk of diabetes and cardiovascular changes and therefore any changes in 

serum visfatin  levels  would be possible to pick up the risks  earlier and to implement 

preventive measures. 

The Study Design 

The study will comprise 80subjects. 



 I .Group 1 –  40 controls  

II .Group 2 – 20 newly diagnosed PCOD cases – non obese (BMI<25) 

III .Group 3 – 20 newly diagnosed PCOD cases – obese(BMI≥25) 

Study Procedures:  

The study involves ,collection of blood to estimate Serum Visfatin  levels,&the 

Body Mass Index . A detailed history, a general physical examination, the 

anthropometric parameters for BMI will be taken from you .You may have to come to 

the hospital (study site) for examination and investigations apart from your scheduled 

visits, if required. 

Possible Risks to you – Nil 

Possible benefits to you- The risk of occurrence of diabetes and cardiovascular 

disorders is more in Polycystic ovarian disease hence it can be identified early and 

appropriate interventions can be made thus preventing you from going into 

complications. 

Possible benefits to other people:  

The result of the research may provide benefits to the society in terms of advancement 

of medical knowledge and/or therapeutic benefits to future patients.  

Confidentiality of the information obtained from you 

You have the right to confidentiality regarding the privacy of your medical 

information (personal details, results of physical examinations, investigations, and 

your medical history). By signing this document, you will be allowing the research 

team investigators, other study personnel, sponsors, IEC and any person or agency 

required by law like the Drug Controller General of India to view your data, if 

required.The information from this study, if published in scientific journals or 

presented at scientific meetings, will not reveal your identity. 

  



 



 



 

PHOTOGRAPHS 

1.BIOASSAY HUMAN VISFATIN ELISA KIT 

 

 

2.COMPONENTS OF VISFATIN ELISA KIT 

 

 



 

3. SERUM SAMPLES 

 

 

 

 

4.ELISA READER 

 

 

 

 



 

 

 

5. ANALYSIS OF SAMPLES USING ELISA READER IN LABORATORY 

 

  

 

 



MASTER CHART – CONTROL 

S.NO AGE WEIGHT HEIGHT BMI LH FSH LH/FSH FBS S. INSULIN HOMA-IR S. VISFATIN  

1 28 48 159 18.99 3.67 6.12 0.60 64 6.12 0.97 15 

2 20 45 154 18.97 3.86 4.32 0.89 62 5.72 0.88 19 

3 38 48 162 18.29 2.67 5 0.53 60 6.53 0.97 12 

4 36 50 154 21.08 4.12 5.12 0.80 53 8.14 1.07 15 

5 40 52 157 21.10 2.34 4.2 0.56 67 5.22 0.86 21 

6 19 48 152 20.78 2.76 3.98 0.69 64 4.91 0.78 18 

7 24 50 155 20.81 4.12 6.87 0.60 63 6.59 1.03 22 

8 33 49 158 19.63 4.98 5.07 0.98 60 7.83 1.16 16 

9 25 47 146 22.05 5.21 5.1 1.02 62 6.72 1.03 26 

10 36 56 159 22.15 4.12 4.12 1.00 72 5.72 1.02 23 

11 19 60 160 23.44 5.23 5.12 1.02 80 9.45 1.87 26 

12 32 52 149 23.42 6.32 5.98 1.06 63 11.26 1.75 19 

13 36 52 149 23.42 3.98 4.67 0.85 65 10.47 1.68 25 

14 23 50 152 21.64 4.76 4.11 1.16 64 5.91 0.93 22 

15 31 60 160 23.44 5.35 4.78 1.12 64 6.91 1.09 25 

16 33 65 164 24.17 2.97 3.12 0.95 72 8.89 1.58 22 

17 20 61 158 24.44 3.87 3.46 1.12 80 9.07 1.79 24 

18 23 54 148 24.65 7.65 5.67 1.35 71 6.89 1.21 25 

19 33 53 149 23.87 2.78 3.57 0.78 67 11.34 1.88 21 

20 21 59 154 24.88 4.12 4.13 1.00 68 8.69 1.46 25 

21 20 72 162 27.43 4.16 4.87 0.85 68 10.54 1.77 30 

22 33 82 154 34.58 5.12 4.87 1.05 87 7.54 1.62 26 

23 22 84 151 36.84 4.87 5 0.97 78 7.28 1.40 28 

24 24 89 160 34.77 4.85 4 1.21 73 8.97 1.62 40 

25 40 72 155 29.97 6.85 4.87 1.41 87 8.45 1.82 32 

26 33 85 162 32.39 5.87 4.67 1.26 75 9.79 1.81 28 



S.NO AGE WEIGHT HEIGHT BMI LH FSH LH/FSH FBS S.INSULIN HOMA-IR S.VISFATIN  

27 29 74 156 30.41 6.54 5.18 1.26 90 10.24 2.28 30 

28 27 66 159 26.11 5.46 5.87 0.93 87 9.54 2.05 32 

29 26 85 160 33.20 7.68 6.24 1.23 87 9.68 2.08 38 

30 32 68 155 28.30 6.87 4.68 1.47 87 8.76 1.88 35 

31 38 72 154 30.36 6.56 4.23 1.55 67 10.56 1.75 38 

32 29 67 160 26.17 7.65 5.64 1.36 76 11.28 2.12 41 

33 38 80 161 30.86 4.76 3.98 1.20 63 10.77 1.68 35 

34 21 68 160 26.56 5.44 4.21 1.29 63 10.63 1.65 38 

35 36 75 159 29.67 7.12 4.87 1.46 64 13.37 2.11 36 

36 40 72 158 28.84 5.37 4 1.34 86 10.45 2.22 40 

37 32 78 159 30.85 6.56 3.98 1.65 87 9.18 1.97 32 

38 18 82 156 33.69 3.8 2.5 1.52 87 10.18 2.19 38 

39 22 81 161 31.25 7.2 4.15 1.73 92 10.23 2.32 36 

40 29 75 160 29.30 5.4 3.58 1.51 73 11.23 2.02 42 

 

 

 

 

 

 

 

 

 

 



MASTER CHART – CASES OBESE 

S.NO SEX AGE WEIGHT HEIGHT BMI LH FSH LH/FSH FBS S.INSULIN HOMA-IR S.VISFATIN 

1 F 24 82 162 31 14 4 3.5 75 9.79 1.81 77 

2 F 32 86 154 36 18 5 3.6 81 28.42 5.68 60 

3 F 40 78 151 34 22 4 5.5 111 45.05 12.34 35 

4 F 38 89 160 35 10 6 1.6 88 28.34 6.15 58 

5 F 20 80 155 33 11 4 2.7 95 38.17 8.95 58 

6 F 33 90 162 34 16 4 4 87 10.18 2.18 27 

7 F 27 92 156 38 19 4 4.7 92 11.52 2.61 65 

8 F 21 80 159 32 20 6 3.3 86 27.49 5.83 47 

9 F 38 90 160 35 24 6 4 69 29.65 5.05 65 

10 F 28 78 155 32 20 5 4 79 29.09 5.67 29 

11 F 22 86 154 36 18 4 4.5 102 62.3 15.69 32 

12 F 36 79 160 31 16 4 4 118 28.77 8.38 80 

13 F 40 80 161 31 14 7 2 92 31.23 7.09 96 

14 F 35 98 160 38 21 3 7 79 29.09 5.67 47 

15 F 27 80 159 32 18 4 4.5 102 62.3 15.69 47 

16 F 33 82 158 33 14 5 2.8 101 20.2 5.03 40 

17 F 29 78 159 31 20 4 5 92 11.52 2.61 50 

18 F 32 92 156 38 22 4 5.5 75 9.79 1.81 52 

19 F 18 92 161 35 24 5 4.8 87 10.18 2.18 40 

20 F 21 102 160 40 14 4 3.5 66 101.7 16.5 88 

 

 

 

 



MASTER CHART – CASES NON OBESE 

S.NO SEX AGE WEIGHT HEIGHT BMI LH FSH LH/FSH FBS S.INSULIN HOMA-1R S.VISFATIN 

1 F 19 52 148 24 18 5 3.6 63 15.63 2.43 20 

2 F 22 60 160 23 10 5 2 94 37.7 8.75 32 

3 F 36 58 160 23 20 4 5 87 20.68 4.44 50 

4 F 39 50 149 23 15 4 3.75 78 21.28 4.1 35 

5 F 40 59 154 25 21 6 3.5 95 17.61 4.13 10 

6 F 33 62 158 25 20 4 5 92 31.23 7.09 8 

7 F 29 48 152 21 14 5 2.8 86 27.49 5.83 50 

8 F 19 48 164 18 24 4 6 94 37.7 8.75 48 

9 F 21 47 146 22 21 4 5.2 67 13.44 2.22 52 

10 F 24 64 163 24 10 4 2.5 69 29.65 5.05 40 

11 F 36 60 162 23 14 6 2.3 79 29.09 5.67 39 

12 F 33 57 150 25 18 4 4.5 95 17.61 4.13 18 

13 F 23 52 148 24 15 4 3.7 118 28.77 8.38 10 

14 F 38 50 149 23 21 4 5.2 92 11.52 2.61 22 

15 F 18 55 150 24 14 4 3.5 73 13.35 2.4 36 

16 F 24 56 149 25 20 4 5 87 10.18 2.18 35 

17 F 31 54 148 25 24 5 4.8 100 26.05 6.43 30 

18 F 21 59 160 23 21 6 3.5 73 13.35 2.4 58 

19 F 38 48 159 19 22 5 4.4 75 9.79 1.81 42 

20 F 36 50 155 21 18 4 4.5 86 27.49 5.83 48 
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