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INTRODUCTION 

Polycystic ovarian syndrome is the most common endocrine disorder in females. Prevalence rates vary 

depending on the diagnostic criteria used. It ranges from 15-20% universally [1]. The clinical 

presentation commonly includes oligoovulation or anovulation, hyperandrogenism (clinical or 

biochemical) and the presence of polycystic ovaries. The etiology of this heterogenous condition 

remains obscure and the variability in phenotype expression continues to render the clinical care and 

research concerning this disease challenging.  

There is no universally accepted definition of PCOS. The following table shows the recommended 

diagnostic schemes for PCOS [2]. 

 

All diagnostic approaches require more than one sign or symptom. PCO alone is a nonspecific finding 

and is noted in women with no endocrine or metabolic finding. So, conditions like hyperprolactinemia, 

disorders of thyroid glands, and non-classic congenital adrenal hyperplasia should be excluded before a 

PCOS diagnosis can be made. Metabolic disorders like insulin resistance and obesity are commonly seen 

in PCOS. But they are not included in the diagnostic criteria.  

In 2012, an independent party in an international workshop reviewed the diagnostic schemes and 

recommended that Rotterdam criteria be adopted with specific identification of phenotype. These four 

phenotypes are listed below in order of decreasing clinical severity, which also correspond to decreasing 

specificity of the milder phenotypes [3]. 
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Table 2. Diagnostic Criteria for PCOS 

 

ETIOLOGY 

The exact etiology of PCOS is unclear. It is currently thought to emerge from a complex interaction of 

genetic and environmental traits. Hyperandrogenism is the central concept of PCOS etiology.  

Proof of the genetic origin of hyperandrogenism in PCOS is performed by familial aggregation and twin 

studies as well as identification of dependent genetic variance associated with PCOS susceptibility. All 

these account for the similar prevalence rates among various ethnic and racial groups.  

Environmental factors may be congenital or acquired. They include intrauterine factors such as 

androgen exposure, poor prenatal nutrition, and even toxic changes during embryonic development and 

early stages of female gonadal differentiation. Obesity is a major postnatal factor influencing the PCOS 

phenotype. Insulin resistance is common in this disease condition. 

PCOS is a syndrome with different characteristics. Therefore, different pathways may be involved in its 

etiology with hyperandrogenism being the final common pathway [4]. 

  



(Discussion of Figure 1.) 

1) Abnormal HPO Axis 

The increase in frequency and magnitude of GnRH and subsequent LH secretion is the most 

important pathophysiological feature of PCOS. Effective mechanisms for increasing pulse 

frequency and amplitude of LH in PCOS are not well understood. Four hypotheses have been 

suggested. 

a. Defective GnRH pulse generator that reduces the activity of gonadotropin inhibitory 

hormone (GnIH) known as RFRP-3. RFRP-1 and RFRP-3 neuronal cell bodies are located in 

the dorsomedial nucleus of the human hypothalamus that inhibit GnRH pulses [5].  

b. Hyperinsulinemia elevates the GnRH activity or increases the pituitary responsiveness of the 

gonadotropins to GnRH.  

c. Low levels of progesterone from anovulation eventually remove the influence of negative 

feedback at the level of the hypothalamus. 

d. Hyperandrogenism in itself blunts all the negative feedback circuits (estrogen, progesterone, 

cortisol feedbacks). 

 

2) Fetal Programming Disturbances  

Fetal exposure to androgens during development may also lead to PCOS phenotypes in 

adulthood.  

a. Mother has PCOS. Placenta has defective aromatase and sex hormone binding globulin 

(SHBG) activity resulting in increased passage of androgens to the fetus [6, 7]. 

b. Fetal undifferentiated ovary is the source of excess androgen production [8]. 

c. Malformation of androgen producing tissues including the adrenals as is seen in CAH with 

defective 21 alpha hydroxylase enzyme 

d. HPO axis disorder during embryonic development [8] 

 

3) Insulin Resistance  

Hyperinsulinemia increases the secretion of androgens with different effects on the ovary, 

adrenals, pituitary, LH receptor, SHBG, insulin growth factor binding protein (IGFBP), etc. 

4) Obesity 

 

DISCUSSION 

NORMAL ANDROGEN PHYSIOLOGY 

Central to the pathophysiology of PCOS is hyperandrogenemia. It is imperative that everyone must 

understand the normal androgen physiology before one can fully comprehend PCOS. 

Under normal circumstances, the ovaries and adrenal glands contribute equally to male hormone 

production. Half of the testosterone in the circulation comes directly from the two endocrine organs – 

adrenals and ovaries. The other half arises from peripheral conversion of androstenedione.  



Androgens are secreted in response to their respective trophic hormones – LH and ACTH. Androgen 

production is NOT UNDER direct negative feedback regulation of the HPO/HPA axis in the female. 

Intraglandular (adrenals and ovaries) paracrine and autocrine mechanisms modulate androgen response 

to trophic hormone stimulation.  

 

OVARIAN STEROIDOGENESIS 

 

Figure 2. Depiction of the organization and regulation of the major steroid biosynthetic pathways in the 

small antral follicle of the ovary according to the 2-gonadotropin, 2-cell model of ovarian 

steroidogenesis. 

In the 2-cell 2-gonadotropin theory of ovarian steroidogenesis, LH stimulates androgen formation within 

the theca cell. FSH regulates estradiol biosynthesis from androgen inside the granulosa cells. Estradiol at 

physiologic levels suppress LH via long-loop negative feedback. But with increased levels of estradiol, LH 

can be stimulated under certain circumstances (i.e. LH surge during ovulation). Androgen formation in 

response to LH appears to be modulated by intraovarian feedback at the levels of 17-hydroxylase and 

17,20-lyase (enzyme cytochrome P450c17A1) which are expressed only in the theca cells. The relative 

quantity of androstenedione formation from 17 hydroxyprogesterone (17OHP) in the intact follicle is 

probably small. And this small amount of androstenedione crosses over to the granulosa cell and is 

converted to estradiol via the aromatase enzyme. Note that aromatase is present only in the granulosa 

cell. But androstenedione is preferentially metabolized to dihydrotestosterone rather than estradiol in 



small ovarian follicles prior to the main follicle selection by FSH. Estradiol on the other hand is primarily 

formed from androstenedione and not from testosterone. Modulation of all these enzymatic activities 

occur locally. Androgens and estradiol inhibit while inhibin, insulin, and IGF-1 stimulate 17-hydroxylase 

and 17,20-lyase activities [9]. 

 

ADRENAL STEROIDOGENESIS 

 

Figure 3. Depiction of the organization of the major steroid biosynthetic pathways in the adrenal cortex. 

There is marked similarity between the synthetic capacities of the zona reticularis and that of the 

ovarian theca cells. Sulfotransferase 2A1 is uniquely expressed in the zona reticularis and rapidly 

converts DHEA to DHEAS. Whereas the 3 beta hydroxysteroid dehydrogenase enzyme (3βHSD) which 

converts DHEA to androstenedione is low in activity. Therefore, the main androgen product in the 

adrenals is DHEAS and not the sex hormones. But there exists a unique expression of cytochrome b5 

which acts a cofactor enhancing the 17,20-lyase activity contributing to the small amount of sex 

hormone production in the adrenals. Insulin also stimulates the activities of 17,20-lyase [10].  

 

ADAM AND EVE THEORY 

In small antral follicles, theca cells produce androgens in response to LH. But granulosa cells do not do 

so because they do not express cytochrome P450c17A1, which to reiterate, possesses the activities of 

17-hydroxylase and 17,20-lyase. Androgens diffuse from theca cells to granulosa cells. In the presence of 

FSH, when the follicle is destined is mature, the androgen is converted to estrogen by aromatase. This 

enzyme is encoded by the gene CYP19A1. 

 



HOMOLOGOUS DESENSITIZATION TO LH 

The expression of theca steroidogenic enzymes depends upon LH stimulation in a dose-response 

relationship. However, as LH rises, desensitization of ovarian responses to LH begins. This occurs via 

recycling of LH receptors as seen in animal studies and in part via down regulation of 17,20-lyase 

activity. Thus, more of the precursor 17OHP is produced compared to the sex hormones. This is what 

usually occurs in normal ovaries. But insulin and IGF stop the normal desensitization process leading to 

increased 17,20-lyase activity. The reaction hence proceeds to excessive androgen production. Insulin 

was initially thought to act through IGF-1. But recent studies showed that it acts via its own insulin 

receptor [11]. 

 

ROLES OF INSULIN AND ANDROGEN IN FOLLICULOGENESIS 

Normal thecal androgen production supports antral follicle growth and development. It first upregulates 

the granulosa cell expression of FSH receptors then augments the FSH induction of LH receptors on the 

granulosa cells. Granulosa cells become sensitized to both FSH and LH followed by luteinization. Insulin 

amplifies the luteinization process.  

Androgen excess stimulates proliferation of small antral follicles causing follicle maturation arrest and 

premature luteinization of the granulosa cells, ultimately presenting with PCOM.  

 

REGULATION OF PERIPHERAL ANDROGEN PRODUCTION 

Peripheral formation of testosterone primarily occurs in liver, skin and fat. Skin and fat express 17 beta 

hydroxysteroid dehydrogenase 5 (17𝛽HSD5) and P450aro (aromatase) required for the conversion of 

androstenedione to testosterone and estrone respectively. Adipose tissue is an important site for the 

generation of sex steroids and inflammatory enzymes. Insulin potentiates these activities by 

upregulating the gene expression of 17𝛽HSD5. In the liver, insulin instead downregulates 17𝛽HSD5 but 

potentiates 5 alpha reductase, thereby converting testosterone to the more potent 

dihydrotestosterone. 

Sex hormone binding globulin (SHBG) of hepatic origin binds serum androgen and estrogen delivering 

them to target tissues and liver for clearance from circulation. Estrogen increases SHBG while androgen, 

obesity, insulin resistance, and hypothyroidism decrease SHBG [12, 13]. Monosaccharide excess itself, 

via inflammatory cytokine signals, mediates the SHBG response to obesity [13, 14]. 

 

THE HYPOTHESIS OF PCOS AS FUNCTIONAL OVARIAN HYPERANDROGENISM REVISITED [15] 

Hyperandrogenism is the central mechanism in PCOS. Polycystic ovarian syndrome was hypothesized to 

result from functional ovarian hyperandrogenism (FOH) due to dysregulation of androgen secretion back 

in 1989 to 1995. This hypothesis was revisited subsequently by Rosenfield et al (2011). In their study, 

they functionally categorized PCOS patients according to whether the source of androgen excess is 

primarily the ovaries, adrenal glands, or both. Tests used were GnRH antigen test or HCG test, 

dexamethasone androgen suppression test (DAST), and ACTH test. The study measured the respective 



androgen excess, namely 1) 17OHP 2) testosterone and 3) DHEA. Remember that 17OHP and 

testosterone predominantly come from the ovaries while DHEA is from the adrenal glands. The study 

concluded that the common denominator of the great majority (87%) of PCOS patients is FOH. Two-

thirds of these 87% of PCOS cases have 17OHP hyperresponsiveness to GnRH antigen stimulation. Two-

thirds of the remaining PCOS patients have FOH detectable by DAST in which testosterone remains 

elevated after suppression of adrenal androgen production. The remaining 13% of the PCOS subjects 

had negative results from both GnRH antigen test and DAST. They were then subjected to the ACTH test. 

Of the 13% PCOS patients, about 5% have isolated functional adrenal hyperandrogenism (FAH), which is 

DHEA excess. And the last 8% of the PCOS cases have mild symptoms and lack evidence of steroid 

secretory abnormalities. Most of these 10% are obese comprising the atypical group of PCOS patients.  

Table 3. Functional Classification of PCOS According to Source of Androgen Excess 

 

 

Figure 4. Relationship among sources of androgens in PCOS. 

Theca cells from polycystic ovaries of classic PCOS patients are likewise subjected to long term in vitro 

cell culture, showing an intrinsic steroidogenic dysregulation typical of FOH. These cells overexpress 

most steroidogenic enzymes, particularly CYP450c17A1. On genetic screening using GWAS (Genome 

Wide Association Screening), an overexpression of DENND1A.V2 was identified to be located on the cell 

surface receptor site of theca cells. Stimulation of this protein produces characteristic PCOS phenotype. 

This enzyme is allegedly involved in protein trafficking, endocytotic processes, and receptor recycling 



[16]. This study, though small and not randomized, tried to tell us that the fundamental defect in most 

PCOS patients is FOH which is an otherwise unexplained unique type of steroidogenic hyperactivity that 

disrupts the normal intraovarian hormonal function.  

 

RELATIONSHIP OF METABOLIC DISORDERS TO PCOS 

Metabolic syndrome is described as a cluster of hyperglycemia, central obesity, hypertension and 

dyslipidemia. It ordinarily results from the interaction of insulin resistance and obesity. Half of the adult 

PCOS have metabolic syndrome [17, 18, 19, 20, 21]. In 1/3 to 2/3 of PCOS cases, only obesity and insulin 

resistance are reported. Not only is insulin resistance common in PCOS, it is often in excess relative to 

the degree of adiposity. But insulin resistance is also found in non-obese PCOS women [22, 23, 24, 25, 

26, 27]. Either it occurs intrinsically or acquired through exogenous obesity. The mechanism involves 

constitutive, very tissue specific post binding defects in receptor signaling. Intracellular serine kinases, 

instead of tyrosine kinases, account for the phosphorylation of the insulin receptors. This decreases the 

normal activation of the phosphatidyl inositol-3 kinase signaling pathway. Two main consequences 

occur in the absence of this pathway – 1) no glucose uptake into the skeletal and adipose tissues except 

visceral fat, 2) increased steroidogenesis in ovaries and adrenals via upregulation of the 17,20-lyase 

activity of CYP450c17 [23, 25, 27].  

 

INSULIN RESISTANCE AND ADIPOST TISSUE BIOLOGY 

Insulin stimulates adipogenesis, lipogenesis and inhibits lipolysis [28, 29, 30]. Studies on adipocytes from 

women with PCOS revealed impaired insulin sensitivity and reduced glucose transport which is the first 

step in lipogenesis [30, 31, 32, 33]. But in the visceral adipocyte lineage, this intrinsic defect is not 

present. Glucose can still enter and lipogenesis occurs. However, testosterone from ovarian, adrenal and 

peripheral sources causes impaired sensitivity of glucose transport to insulin in both abdominal and 

visceral adipocytes [23, 34, 35, 36, 37]. This data shows that there is a local negative feedback regulatory 

loop for visceral adipogenesis wherein the androgen formed by these adipocytes impairs the insulin-

stimulated lipogenesis.  

About half of the PCOS women have an abnormal degree of insulin resistance, selectively affecting 

tissue-specific metabolic but not mitogenic or steroidogenic insulin actions. The compensatory insulin-

resistant hyperinsulinemia sensitizes ovarian theca cells to secrete androgen in response to LH and 

seems to have a similar effect on the adrenal androgenic response to ACTH. Insulin resistance is thus an 

aggravating factor in PCOS pathogenesis. The lipogenetic activity also contributes to the obesity of 

PCOS.  

 

OBESITY AND PCOS  

PCOS is the most common obesity related endocrine syndrome in females. One third or more of natural 

weight women with PCOS have abdominal obesity whereas obese PCOS women accumulate fat globally. 

Obesity plays roles in PCOS via insulin resistance and by generating testosterone from circulating 

androstenedione while suppressing gonadotropin production and decreasing SHBG.  



Visceral fat contributes more to insulin resistance than abdominal wall fat. Catecholamines increase 

lipolysis in visceral fat. Free fatty acids from lipolysis are lipotoxic to the liver, thereby enhancing hepatic 

insulin resistance. 

Proinflammatory cytokines arising from mononuclear cells (MNC) of adipose tissues mediate insulin 

resistance in PCOS. Androgens increase this inflammatory response after glucose and saturated fat 

ingestion [38, 39, 40, 41]. Abdominal adipocyte hypertrophy also triggers this inflammatory response 

[29]. 

Obesity is associated with suppression of serum gonadotropins independently of insulin resistance. The 

decreased gonadotropin secretion affects the follicular function. The accelerated metabolism of LH 

through sulfonation is the proposed mechanism [42].  

Lastly, obesity itself can account for excess peripheral fat formation of testosterone independent of 

PCOS. But insulin also aggravates this by upregulating the enzyme 17βHSD-5 which converts 

androstenedione to testosterone. 

 

SUMMARY 

Polycystic ovarian syndrome is a heterogenous endocrine disorder characterized by oligo or anovulation, 

hyperandrogenism, and polycystic ovaries. There are four different phenotypes of PCOS but all have 

hyperandrogenism as their central etiology. Hyperandrogenism can be congenital or acquired and can 

arise from four different causes – abnormal HPO axis, fetal programming disturbances, insulin 

resistance, and obesity. Androgens may be exogenously supplied, produced by steroidogenic organs, or 

peripherally converted from fat. The key players in increasing circulating androgens include enzymes 

17α hydroxylase, 17,20-lyase, 17βHSD5, and the SHBG protein. Androgen excess causes maturation 

arrest of the small antral follicles and premature luteinization of the granulosa cells, conferring the 

PCOM features and anovulation.  

Rosenfield et al (2016) hypothesized that majority of the PCOS cases have functional ovarian 

hyperandrogenism as a result of dysregulated steroidogenesis. But more importantly, management of 

PCOS necessitates the understanding of the roles of insulin resistance and obesity in the pathogenesis of 

PCOS.  

Insulin resistance can result from obesity or from an intrinsic defect in the phosphatidyl inositol-3 

signaling pathway. This insulin resistance causes a compensatory hyperinsulinemia. Insulin then leads to 

hyperandrogenism by 1) upregulating 17,20-lyase activity 2) decreasing SHBG 3) sensitizing ovarian 

theca cells to secrete androgens in response to LH and 4) upregulating 17βHSD5 activity. Insulin also has 

an adipogenetic, lipogenetic property thereby contributing to obesity. Obesity, especially visceral fat, in 

turn promotes insulin resistance. This is aggravated by the inflammatory cytokines in the mononuclear 

cells of adipocytes. Other roles of obesity in PCOS include independent suppression of serum 

gonadotropins, and excess peripheral fat testosterone formation, and decreased SHBG. 

In conclusion, this lecture highlights the magnitude of the involvement of obesity and insulin resistance 

in hyperandrogenism and PCOS. With this understanding, we can effectively justify proper diet and 

lifestyle modification as key approaches in the management of PCOS. We must then urge patients to eat 



healthy, avoid food high in sugar and fat content, and engage in regular physical activities. The purpose 

of this lecture is to aid us physicians in properly guiding our patients as they face their PCOS condition. I 

hope we were able to achieve that today. Thank you and have a good day ahead.  
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