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Epidemiology of polycystic ovary syndrome

Prevalence: Polycystic ovary syndrome, a condition characterized by oligomenorrhea and androgen excess, is a common problem among women of reproductive age, although absolute rates of this condition remain unclear. 

Associated disease risks  

· Increasingly, it is clear that the clinical and biochemical findings of hyperandrogenism in women are frequently forerunners of metabolic disturbances that may have a major impact on their health. 

· Recent data clearly demonstrate the role of hyperinsulinemia and/or insulin resistance in PCOS. These have been implicated in the development of atherosclerosis and together with a constellation of other risk factors may predispose to coronary heart disease and type 2 diabetes mellitus. 

· The focus is shifting to possibly thwarting the metabolic complications by early diagnosis and treatment of PCOS. The latter approach may use insulin-sensitizing agents and other modalities, which together with weight reduction in obese women with PCOS may reduce the risks of the Syndrome X (insulin-resistance syndrome). 

· Available data support significantly increased rates of type II diabetes mellitus, dyslipidemia, and endometrial cancer in PCOS that are not completely explained by obesity.

· Data also suggest that rates of hypertension, gestational diabetes, and pregnancy-induced hypertension may likewise be increased, although the extent to which obesity mediates these risks is not clear. 

· The increased prevalence of several cardiovascular risk factors in PCOS and limited cross-sectional data suggest that cardiovascular disease should be more likely in PCOS, but prospective data are lacking to confirm this supposition.

· Limited data have suggested an association between PCOS and ovarian cancer risk and require further study, and the present data do not support an increased risk for breast cancer in this condition. 

Pathogenesis of polycystic ovary syndrome

Ovarian and adrenal function in polycystic ovary syndrome

· Androgens are secreted by both the ovaries and adrenal glands in response to their respective trophic hormones LH and ACTH. Androgens in women are not specifically under negative feedback control by these pituitary hormones because they are by-products of estradiol and cortisol secretion. Rather, androgen secretion seems to be regulated mostly by intraglandular mechanisms.

· Functional ovarian hyperandrogenism is found in about 70% of patients with PCOS. It is characterized by excessive secretion of 17-hydroxyprogesterone in response to GnRH agonist or hCG stimulation. 

· Functional adrenal hyperandrogenism is found in about half of patients with PCOS. It is most often characterized by moderately increased secretion of the 17-ketosteroid DHEA in response to ACTH. The most likely cause of the excessive androgen secretion by both glands seems to be abnormal regulation (dysregulation) of the 17-hydroxylase and 17,20-lyase activities of P-450c17, the rate-limiting step in androgen biosynthesis. 

· There are also subtle generalized disturbances of steroid metabolism, including tendencies toward excessive estrogen and cortisol secretion. The cause of dysregulation of steroidogenesis is unknown. The hyperinsulinemia that is compensatory for resistance to the glucose-metabolic effect of insulin seems to have a role in many cases. In most cases, intrinsic intraovarian or intra-adrenal autocrine or paracrine regulatory mechanisms are most likely malfunctioning. 

Neuroendocrine aspects of polycystic ovary syndrome

· Currently, a consensus has emerged that abnormalities in the neuroendocrine control of GnRH secretion exist in a significant subset of patients and lead to persistent hypersecretion of LH particularly in nonobese patients. The relative frequency of primary abnormalities in the regulation of GnRH secretion versus secondary changes reflecting altered circulating concentrations of ovarian steroid remains uncertain.

· The recent data showing insensitivity of the hypothalamic GnRH pulse generator to E2 progesterone feedback have suggested potential mechanisms that may explain the abnormalities of GnRH secretion seen in adolescent girls in whom the clinical syndrome of PCOS is destined to develop. 

Growth factor action on ovarian function in polycystic ovary syndrome

· Insulin-like growth factors, their receptors, binding proteins, and binding protein proteases are important in normal and abnormal ovarian follicle development. 

· IGFs stimulate ovarian cellular mitosis and steroidogenesis and inhibit apoptosis. PCOS follicle is androgen-dominant and has characteristic IGF family expression. Available data support an intraovarian, as opposed to endocrine, role for this growth factor family in ovarian follicle growth, steroidogenesis, and atresia. 

Insulin action in the polycystic ovary syndrome

· Research on insulin action in PCOS has been intensive after the identification of insulin resistance as a feature of the syndrome in 1980. It is now clear that PCOS is a metabolic as well as a reproductive disorder and an important cause of type 2 diabetes mellitus in women. 

· The cellular and molecular mechanisms of insulin resistance in PCOS are distinct from those in other insulin resistance syndromes. Elucidating these mechanisms promises to provide considerable insight into insulin receptor signal specificity. 

· Insulin resistance is now known to have an important role in the pathogenesis of the reproductive disturbances of PCOS. It is thought that one or several genetic defects may cause both the insulin resistance and reproductive abnormalities characteristic of PCOS. 

Diagnosis of polycystic ovary syndrome 

Clinical manifestations of polycystic ovary syndrome

· The heterogeneity of the disorder makes the pathogenesis as well as the definition

   of PCOS difficult. The clinical features of polycystic ovary syndrome include

   hirsutism and irregular menses, which are the results of ovarian hyperandrogenism

   and chronic, unopposed estrogen secretion. 

· The lack of a specific diagnostic test for PCOS combined with the broad clinical spectrum resulting form anovulation and hyperandrogenism, the symptoms of PCOS may be mimicked by other endocrine disorders of the ovary and adrenal glands warrants careful evaluation. DDx: ovarian hyperthecosis, congenital adrenal hyperplasia, Cushing’s syndrome, androgen-producing neoplasms arised from ovary and adrenal gland. 

Laboratory studies, radiological evaluation, and differential diagnosis 

· Basically, the laboratory diagnosis of PCOS is one of exclusion. Traditionally, assays for serum total testosterone, free testosterone, androstenedione, and/or dehydroepiandrosterone sulfate (DHEAS).

· Threshold values beyond which a neoplasm should be considered are 200 ng/dl for testosterone and 7000 ng/ml for DHEAS. 

· Levels of prolactin, LH, FSH, sex hormone-binding globulin (SHBG), and plasma insulin may also be useful parameters. Reduced SHBG levels in obesity are often associated with elevated values of plasma-free T and plasma insulin. 

· Normal levels of plasma androgens may be present on a single measurement in a patient with obvious clinical signs of androgen excess. Secretory peaks may be missed as high early morning levels due to diurnal variations.

· The role of the pelvic ultrasound is useful, but not necessarily diagnostic. In one study of 257 unselected healthy women of reproductive age, it was found that 23% had polycystic ovaries. Similarly, there is a small minority of women with clinical PCOS who have normal ultrasonographic findings. 

· Despite the non-specificity of the pelvic ultrasonogram, it yields information regarding ovarian size, the nature of follicles and stroma, the state of the endometrium, the response to therapy, and diagnosing possible ovarian neoplasms (mostly dermoids) whose incidence in PCOS may range up to 15%.

Medical therapy

· The response of PCOS to medical therapy is slow, often requiring 3 to 9 months for apparent improvement. Therapy is tailored to the particular complaint of the patient, which can vary from menstrual dysfunction to physical appearance.

· Although recognition of metabolic disorders is not the reason the woman seeks treatment, the possible use of early intervention with newer agents that enhance insulin sensitivity may have long-term beneficial effects. 

· Medical treatment of androgen excess is usually effective and minimizes progression of symptoms, whereas discontinuation of therapy is usually followed by a resurgence of clinical and biochemical hyperandrogenism. 

· It should be stressed that obese women (android body habitus) with PCOS must be advised to first undergo weight reduction to reduce hyperinsulinism and the impact on ovarian hyperandrogenism, and advised to the later possible consequences of the CDS.

Oral contraceptives

· The use of oral contraceptives (OCs) in attenuating some of the hyperandrogenic clinical features has been documented. Some of the possible mechanisms of action include suppression of LH resulting in reduction of plasma androgens, increase in hepatic production of SHBG, and inhibition of 5 alpha-reductase and androgen receptor binding.

· Often the administration of OCs alone is effective in the treatment of acne. The combination of OCs with antiandrogens seems to be necessary in most instances of clinically moderately severe cystic acne and hirsutism, as well as androgenetic alopecia when associated with the hyperandrogenism. The use of OCs alone is relatively ineffective (<10% success rate) in the treatment of hirsutism.

· The reduction in the incidence of ovarian and endometrial cancer is a major benefit in patients on OC treatment. It has not yet been established with certainty whether treatment with OCs increases insulin resistance, carbohydrate metabolism, or body fat distribution. 

Antiandrogens

Spironolactone

· There has been extensive experience with the use of spironolactone, usually in association with OCs, in the treatment of hyperandrogenism. The mechanism of action is primarily in competitively inhibiting the interaction of dihydrotestosterone with its intracellular androgen receptor. It also has a suppressive effect on 17-hydroxylase and 17,20-lyase activity necessary for the biosynthesis of androgens. 

· Spironolactone does not seem to have a significant antigonadotrophic effect and reduction of free T and androstenedione is minimal when used without OCs. A daily divided dose varying between 100 mg and 200 mg for 6 to 12 months is often effective in reducing regression of hair growth by 40-88%.

· It is an aldosterone antagonistic diuretic and may cause salt depletion, light-headedness, lethargy, as well as menstrual irregularity, and mastodynia. It is very common (50-80%) for polymenorrhea to occur when taking spironolactone as monotherapy. Some patients also complain of headaches, mood swings, fatigue, and reduced libido. 

· The combination of the drug with OCs is effective in the treatment of resistant acne, which responds somewhat faster to treatment than hirsutism alone. 

Cyproterone acetate (CPA)

· CPA (not approved by FDA) which is a potent progestational agent and antiandrogen, is effective in the treatment of women with PCOS and hyperandrogenism. 

· Its mechanisms of action primarily include blocking the binding of DHT to its cytoplasmic receptor, reduction of 5 alpha-reductase activity as well as impairment of androgen steroidogenesis. 

· Various cyclic regimens have been used with ethinyl estradiol, thereby allowing for cyclic bleeding and avoiding hypoestrogenism. 

· There are no convincing data establishing the superiority of CPA and ethinyl estradiol over spironolactone and OCs in the treatment of hirsutism and acne.

· However, it is clear that CPA have an antigonadotrophic effect and reduces hyperandrogenism more effectively than spironolactone alone. 

· Some common side effects include depression, reduced libido, light-headedness, fluid retention, weight gain, and rare reports of adrenal insufficiency.

Flutamide

· Flutamide, a potent nonsteroidal antiandrogen used in the treatment of advanced prostatic cancer, has been used as an antiandrogen in hyperandrogenic women. 

· Its effect is via inhibition of nuclear binding of androgens in target tissues. The clinical onset of action may seem earlier than other antiandrogens, occurring as early as 3 months after start of treatment. Its effectiveness as an antiandrogen is equal to or superior to that of spironolactone. Abdominal distress, diarrhea, and rarely fatal hepatotoxicity has limited its usefulness. It should not be used except by women with PCOS who are resistant hyperandrogenic.

Cimetidine / Ketoconazole

· Cimetidine, a histamine type 2 blocker, has also been used as antiandrogens, but relatively ineffective in the treatment of hirsutism. 

· Ketoconazole seems to be an effective antiandrogen in the treatment of hirsutism in women with PCOS using a dose of 400 mg daily. The use of the drug is also limited, however, by potential hepatotoxicity.

Finasteride

· Finasteride does not interact with the androgen receptor, and thus, cannot be defined strictly as an antiandrogen. It is a 5 alpha-reductase inhibitor, which reduces conversion of T to DHT, thereby decreasing the DHT available for interaction with the androgen receptor. 

· Finasteride is as effective as spironolactone in reducing hirsutism. Side effects in women are minimal with no changes in menstrual cycles and only occasional minor gastrointestinal complaints. 

· It is mandatory that women who are given the drug avoid pregnancy because of the potential for causing ambiguous genitalia in a male fetus.

Drugs That Improve Insulin Sensitivity

-  Metformin/ Troglitazone

Other Modalities of Treatment

· Glucocorticoids. As with any form of androgen excess, the treatment goal should be defined. Glucocorticoids in the form of 0.25 to 0.5 mg of dexamethasone daily or 5.0 to 7.5 mg of prednisone daily are generally used. The improved effect on ovulatory function in women with PCOS with a significant adrenal factor treated with glucocorticoids is in stark contrast to the limited effect of treatment on hirsutism in these hyperandrogenic women. 

· GnRH agonists. The use of GnRH agonists is most effective in severe forms of ovarian hyperandrogenism. Depot preparations of GnRH agonists may be injected monthly. Because of the serious potential for the loss of 4 to 8% of trabecular bone after 6 months of monotherapy due to the resulting castrate levels of estrogens, combined therapy with oral contraceptive drugs are advised. The latter also will correct the severe vasomotor symptoms and other side effects of the resulting hypoestrogenism.

· Bromocriptine. The use of bromocriptine, a dopamine receptor agonist, in a divided dosage of 5- to 7.5-mg daily with meals is indicated in the subset of women with PCOS who are hyperprolactinemic. There are no convincing data that it is successful in women with PCOS who do not have elevated levels of circulating prolactin. It improves menstrual cyclicity in hyperprolactinemic patients with PCOS. Initial treatment with bromocriptine should be started very gradually so as to reduce possible light-headedness, hypotension, and nausea.

Conclusion

· The clinical presentation of hyperandrogenism in women with PCOS is quite varied and sometimes subtle. 

· A specific diagnosis confirmed by clinical manifestations and appropriate laboratory testing not only affords appropriate treatment but also may alter the impact of subsequent metabolic complications and the psychosocial aspects of the manifestations. 

· The realization of the potential for metabolic complications of androgen excess and the implications for long-term health in these women makes it imperative that early diagnosis and intervention is established.

