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INTRODUCTION 

Polycystic ovary syndrome is a heterogeneous disorder 

associated with ovulatory dysfunction   and 

hyperandrogenism. The condition is one of the most 

common endocrine and metabolic disorders also called 

“the female metabolic syndrome”, affecting up to 15% of 

women of reproductive age.
[1][2]

 In actual fact in PCOS, 

the word „cyst‟ simply means an empty egg follicle. 

Polycystic ovarian syndrome is a common disorder that 

causes changes in hormone levels or that disrupts the 

hormone, by which there is an increase in higher than the 

normal level of certain sex hormones and insulin. These 

changes trigger the different symptoms including 

irregular periods, excess body hair, and/or obesity, acne 

and weight gain.  In Polycystic ovaries the follicles may 

stop growing too early, preventing the release of an egg. 

Instead of bursting to release the egg, they gradually 

build up on the ovaries to form lots of small cysts which 

are actually swollen egg chambers waiting for the right 

hormone to trigger the maturation and release of an egg. 

There‟s a characteristic pattern of ovarian enlargement to 

1.5 to 3 times normal size, and a number of small cystic 

structures of less than 10 mm, which are usually located 

in a circle around the ovarian surface, commonly called a 

„string of pearls.‟ 

 

History 

The term Polycystic Ovarian Syndrome (PCOS) was first 

described by Irving Stein and Michael Leventhal as a 

Triad of 'Amenorrhea', 'Obesity' and 'Hirsutism' in 1935, 

both working at the Department of Obstetrics and 

Gynecology, Michael Reese Hospital, Chicago, USA, 

when they observed the relation between obesity and 

reproductive disorders.
[3] 

It is hence also known as the 

'Stein-Leventhal Syndrome' or 'Hyperandrogenic 

Anovulation' (HA) and this is the most common 

endocrine ovarian disorder affecting approximately 2-8% 

women of reproductive age worldwide
.[4] 

Nowadays, it is 

also referred to as the 'Syndrome O' i.e. Over 

nourishment, Over production of insulin, Ovarian 

confusion and Ovulatory disruption. PCOS is currently 

considered as a lifestyle disorder.
[5]
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ABSTRACT 
Polycystic ovarian syndrome, also known as Stein-Leventhal syndrome is a common endocrine and metabolic 

disorder which is affecting women of reproductive age. The syndrome has complex pattern and multifaced etiology 

producing imbalance of the hypothalamic-pituitary-adrenal (HPA) axis, thyroid involvement and metabolic 

syndrome (insulin resistance). PCOS is a common disorder that causes changes in hormone levels or that disrupts 

the hormone, typically giving up a higher than the normal level of certain sex hormones and insulin, which can 

triggers the many different symptoms including irregular periods, excess body hair, and/or obesity, acne  weight 

gain, infertility  as well as other cardiovascular disease (CVD) risk factors. As a whole PCOD is  a route of various 

health problems in female. It is a life style disorder as the people who are not involved in physical activity and 

resideing in stressfull environment are more prone to disorder as compare with physically active persons. 

 

KEYWORDS: Polycystic ovarian syndrome, Female metabolic syndrome, 'Stein-Leventhal Syndrome'. 
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Signs and symptoms 

1. Menstrual disorders: PCOD mostly 

produces oligomenorrhea (few menstrual periods)       

or amenorrhea (no menstrual periods)
[6,7]

 

2. Infertility.
[7]

 

3.   High levels of masculinizing hormones: The most 

common signs are acne and hirsutism (male pattern 

of hair growth), but it 

produce hypermenorrhea (heavy and prolonged 

menstrual periods), androgenic alopecia (increase 

hair thinning or diffuse hair loss)
[6,8]

 

4. Hyperinsulinaemia, insulin resistance and type 2 

diabetes. Type 2 diabetes results primarily from 

insulin resistance and is correlated  with both 

hyperandrogenaemia and obesity
[9]

 

5. Women with PCOS often develop hypertension and 

have an increased likelihood of    developing 

cardiovascular risk factors 
[10].

 They also appear to 

have impaired mental health.
[11,12]

 

6. PCOS-related symptoms lead to higher levels of 

depression, psychological and psychosexual 

morbidity, and increased exposure to stressful 

stimuli.
[13]

 

 

Diagonosis 

1. Gynecologic ultrasonography, specifically looking 

for small ovarian follicles. These are believed to be 

the result of disturbed ovarian function with failed 

ovulation, reflected by the infrequent or absent 

menstruation that is typical of the condition.
[14]

 

2. Laparoscopic examination may reveal a thickened, 

smooth, pearl-white outer surface of the ovary. 

3. Serum 

(blood)levelof androgens (malehormones),including 

androstenedione and testosterone may be elevated.
[6]

 

4. Anti-Müllerian hormone (AMH) is increased in 

PCOS, and may become part of its diagnostic 

criteria.
[15,16]

 

 

Associated conditions 

1. Fasting biochemical screen and lipid profile.
[17]

 

2. 2-Hour oral glucose tolerance test (GTT) in women 

with risk factors (obesity, family history, history of 

gestational diabetes)
[6]

 may indicate impaired 

glucose tolerance (insulin resistance) in 15–33% of 

women with PCOD.
[17]

 

3. Fasting insulin level or GTT with insulin levels (also 

called IGTT). 

 

Etiology and pathophysiology of PCOS 

The pathogenesis of PCOS is multifactorial and multiple 

causative mechanisms are involving interactions between 

certain genes and environmental factors
[18,19]

, 

dysfunction/regulation by the gonadotropins and 

intraovarian factors, hyperinsulinemia as well as 

hyperandrogenism. 

 

 
 

Genetics 
There is a evidence of genetic component based on the 

existence of familial clustering
[20,21]

 and twin studies 

have displayed a twofold increased concordance of 

PCOS in genetically identical twins compared with non-

identical twins.
[22]

 In spite of numerous association 

studies (mainly focusing on genes associated with the 

synthesis and metabolism of androgens and insulin), the 

way in which PCOS is inherited remains unclear.
[23]

 

Recent efforts, using modern mapping techniques, have 

made some progress to identify promising candidate 

genes. Two promising candidate genes have so far 

emerged. The first, a locus on chromosome 19p13.2, is 

associated with high susceptibility to PCOS
[24]

 and the 

second is the fat-mass and obesity associated gene, 

whose polymorphism has been found to be associated 

with PCOS.
[25]

 However, the studies implicating these 

two locus, needs to be confirmed in larger studies and in 

other populations. 
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Gonadotrophins aberrations 
The increased frequency of LH pulses from the pituitary 

gland is secondary to increased frequency of GnRH 

pulses in the hypothalamus. This leads to increased 

pituitary production of LH. 

 

Ovarian aberrations 
The elevated levels of LH lead to increased androgen 

production from the theca cells. The relatively lower 

FSH levels contribute to arrested follicular development 

in the ovary, which, in turn leads to disturbed negative 

feedback. This results in continued aberrations in the 

secretion of LH and FSH. 

 

Aberrations in the adrenal gland: 

Impaired adrenal androgen production leads to increased 

levels of DHEA and DHEAS, which, in turn, also 

increases the circulating pool of free and bioavailable 

androgens. 

 

Pancreatic aberrations 
The increased levels of bioavailable androgens lead to 

increased insulin resistance in peripheral tissues (mostly 

in the skeletal muscle). This leads to hyperinsulinemia, 

which, by facilitating the stimulatory role of LH, leads to 

increased ovarian androgen production. Moreover, 

increased release of free fatty acids from adipocytes is 

seen, due to insulin resistance and hyperandrogenism.
[26]

 

 

Prenatal exposure to androgens 

Excess fetal exposure to maternal androgens is thought 

to contribute to inducing the PCOS phenotype in 

offspring/children, based on experimental data from 

animal studies as well as clinical material of pathological 

conditions in human populations (i.e., congenital adrenal 

hyperplasia).
[27,28]

 In humans, higher testosterone levels, 

which were elevated to male levels, have been found in 

the umbilical vein in female infants born to mothers with 

PCOS.
[29]

 However, the only prospective study of the 

relationship between prenatal androgen exposure and the 

development of PCOS during the human female 

adolescence did not confirm any association between 

these variables.
[28]

 

 

Obesity 

Obesity has a considerable effect on the manifestation of 

PCOS
[30]

 and family studies have implied that weight 

gain may promote the PCOS phenotype in a predisposed 

population.
[31]

 Weight gain is usually associated with a 

worsening of symptoms, while weight loss usually 

ameliorates the symptoms and the 

endocrine/reproductive and metabolic disturbances.
[32,33]

 

 

Hypothalamus/pituitary - ovarian axis dysfunction 

A large proportion of women with PCOS have increased 

levels of LH
[34,35]

 and normal/decreased levels of 

FSH
[36,37]

, resulting in the classical hormonal hallmark of 

an increased LH/FSH ratio. The prevalence of an 

increased LH/FSH ratio is partly related to BMI, and it is 

more prevalent in PCOS of normal weight and less 

common with increasing BMI.
[38]

 The increase in LH is 

explained by an increased pulse frequency of the 

hypothalamic gonadotropin-releasing hormone 

(GnRH)
[35]

, which may favour the production of the β-

subunit of LH over the β-subunit of FSH
 [39]

, and/or by 

increased pituitary sensitivity to GnRH stimulation.
[40]

 

The increase in LH causes the ovaries to favour the 

production of androgens from the theca cells carrying 

LH receptors. Partly due to the increased LH stimulation 

there is increased ovarian production of androgens 

mainly from the theca cells. The theca cell layer in 

follicles of Polycystic ovary has been shown to be 

thicker
[41]

 and androgen hypersecretion and increased 

expression/efficacy of the key enzymes participating in 

the synthesis of androgens has been verified.
[42,43]

 The 

follicular steroid secretion follows the two-cell 

cooperation, where LH-stimulated theca cells produce 

mainly androstenedione from the steroid precursor 

cholesterol and via pregnenolone, progesterone and 17-

OH-progesterone. Androstenedione is converted to 

testosterone after diffusion through the basal lamina to 

the granulosa cells (GC). This cell compartment is rich in 

aromatase and consequently androstenedione is 

aromatized to estrone or testosterone. Testosterone is 

aromatized to estradiol.
[41,44]

, see Fig. The androgens, and 

in particular androstenedione, is taken up by diffusion to 

the capillaries of the theca and may then undergo 

aromatization in skin, liver and adipose tissue to estradiol 

after conversion to testosterone
[45]

. In addition, insulin 

increases the response of the theca cells to LH, resulting 

in increased androgen production
[46,47]

 and 

hyperinsulinemia is common in women with PCOS.
[48]

 In 

the GCs, FSH stimulates the expression of enzymes that 

metabolize androstenedione to estradiol.
[44]

 Studies of 

follicular fluids and in vitro studies of GCs from 

anovulatory PCOS women demonstrate that GCs, for the 

most part, remain steroidogenically active with increased 

aromatase activity, compared with similarly sized 

follicles from non-PCOS women. Thus, increased 

estradiol production in PCOS is dependent on the 

ovulatory status of the patient
[49]

, but also on body 

weight.
[50] 

Consequently, also normal estradiol levels 

have been found in PCOS.
[50,51]

 Anti-Mullerian hormone 

(AMH) is a specific hormone of small growing follicles 

being produced in GCs of primary follicles and the 

growing follicles continue to express AMH until the time 

they are selected for dominance by FSH.
[52]

 After the 

selection of the dominant follicle, the GCs normally start 

to produce inhibins and estradiol that cause a progressive 

decline in FSH by negative feed-back.
[53] 

In PCOS, the 

primary follicle pool is much higher than in normal 

women and the number of antral follicles, as assessed by 

ultrasound, is shown to correlate tightly with the serum 

AMH levels, which also has been found to be 2-3 times 

higher than in non-PCOS women.
[54,55]

 The increased 

AMH levels could be one factor that influences follicular 

maturation 
[56]

. The high androgen levels and this AMH-

related mechanism may be factors behind the follicular 

arrest, which is the basis of the characteristic appearance 

of PCO with arrested multiple small follicles <10 mm in 
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diameter. Concerning androgens and follicular arrest, 

there is a positive correlation between the number of 

arrested follicles and androgen levels.
[18] 

These high 

androgen levels and the excessive stimulation of 

follicular cells by insulin and LH might produce high 

levels of cyclic adenosine monophosphate in the GCs, 

which may result in premature terminal differentiation 

and, hence, arrest follicular growth.
[56]

 

 

Taken together, it is likely that the abnormal endocrine 

environment in PCOS women, with the hypersecretion of 

LH, androgens and insulin, together with the relative 

FSH deficiency
[57,58]

 and increased AMH levels, impair 

the development of the maturing pool of follicles.
[54]

 

 

Monophosphate, leads to increased expression of 

cholesterol side chain cleavage cytochrome P450 

(CYP11A), 17αhydroxylase/C17, 20 lyase cytochrome 

P450 (CYP17), and 3β hydroxysteroid dehydrogenase 

(3β-HSD). The theca cell is then able to synthesize 

androstenedione from cholesterol. Androstenedione 

diffuses across the basal lamina into the granulosa cells 

and in normal ovaries, the major part of androstenedione 

is converted into estrone by aromatase cytochrome P450 

(CYP19) and then to estradiol by 17 β –hydroxysteroid 

dehydrogenase (17β-HSD). However, in PCOS ovaries, 

testosterone is produced (by conversion by 17β-HSD) to 

a larger degree from androstenedione. 

 

 
 

Adrenal androgen production 

The adrenal cortex synthesizes all the three major 

androgens; dehydroepiandrosterone sulfate (DHEAS), 

androstenedione and testosterone, and this is the other 

major site of female androgen production, besides the 

ovaries. DHEAS is almost exclusively (97-99%) 

produced by the adrenal cortex and androstenedione is 

produced in both the adrenal gland and the ovaries
[45]

, 

whereas 25% of testosterone is synthesized by the 

adrenal gland, 25% in the ovary and the remaining part 

being produced through peripheral conversion from 

androstenedione in liver, adipose tissue and skin.
[45]

 

Around 60-80% of PCOS women have high 

concentrations of circulating testosterone.
[59]

 In PCOS 

women, the prevalence of DHEAS excess is 20-30%, 

depending on ethnicity and DHEAS levels decline up to 

the age of ~ 45 years.
[60]

 The increased DHEAS levels in 

PCOS women compared with controls is verified up to 

the perimenopausal ages.
[61]

 However, the mechanisms 

of the adrenal androgen excess in PCOS is still unclear, 

although it has been proposed that it may result from 

increased metabolism of cortisol, which could lead to 

decreased negative feedback on ACTH secretion.
[62]

 

SHBG production 

SHBG is produced in the liver. Women with PCOS have 

decreased levels of SHBG, which is caused by inhibitory 

effects of insulin on the SHBG production.
[63,64]

 In 

addition, overweight/obesity decreases SHBG production 

even more.
[65]

 Decreasing SHBG levels result in 

increased levels of biologically active androgens, as 

normally about 80% of testosterone
[64]

 and 8% of 

androstenedione
[65]

 is generally bound by SHBG, with 

the other main binding protein being the constitutively 

expressed albumin.
[64]

 

 

Insulin resistance 

Insulin resistance, i.e., impaired stimulation of glycogen 

formation in all major target tissues (skeletal muscle, 

adipose tissue, liver, kidney), is a pathogenic 

characteristic feature of PCOS, particularly among obese 

subjects.
[67]

 The molecular mechanisms of insulin 

resistance involve defects in the insulin-receptor 

signaling pathway in both adipocytes and in skeletal 

muscle.
[68]
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Insulin resistance causes compensatory hyperinsulinemia 

and might contribute to hyperandrogenism and 

gonadotropin aberrations through several mechanisms. 

Insulin may act directly in the hypothalamus, the 

pituitary or both and thereby contribute to abnormal 

gonadotropin levels 
[69]

. High insulin can also serve as a 

co-factor to stimulate ACTH-mediated androgen 

production in the adrenal glands 
[70]

. As stated above, the 

stimulation of the ovaries is exerted by a synergistic 

effect of insulin upon LH stimulation of the theca cells
 

[46, 47] 
and insulin may also directly stimulate theca cell 

proliferation.
[48]

 In addition, high insulin concentrations 

also cause decreased circulating SHBG, thereby 

increasing the levels of free bioavailable testosterone
 

[63,71]
. Administration of insulin in young non-PCOS 

women resulted in increased LH-puls frequency, thereby 

implying an association between insulin and 

hypothalamus-pituitary-ovarian-axis-activity.
[72]

 

Hyperinsulinemia also results in increased levels of free 

IGF-1 and human theca cells express IGF-1 receptor 

genes (as well as insulin receptor genes), which is 

another way in which androgen production is 

stimulated.
[73]

 In addition, free IGF-1 is a potent growth 

factor that can induce proliferation of ovarian cells.
[74] 

 

In conclusion, excess of androgens in PCOS of ovarian 

and/or adrenal origin initiates or maintains a vicious 

circle, where hyperandrogenism leads to 

hypothalamus/pituitary abnormalities, ovarian 

dysfunction, insulin resistance and abdominal obesity, 

which in turn stimulates further androgen production. 

Polycystic ovary syndrome (PCOS) is a prevalent, 

complex endocrine disorder characterised by polycystic 

ovaries, chronic anovulation and hyperandrogenism 

leading to symptoms of irregular menstrual cycles, 

hirsutism, acne and infertility.  
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