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ABSTRACT

olycystic ovary syndrome affects 6%-7% of reproductive-aged women, making it the most common
ndocrine disorder in this population. It is characterized by chronic anovulation and hyperandrogenism.
ffected women may present with reproductive manifestations such as irregular menses or infertility, or

utaneous manifestations, including hirsutism, acne, or male-pattern hair loss. Over the past decade,
everal serious metabolic complications also have been associated with polycystic ovary syndrome
ncluding type 2 diabetes mellitus, metabolic syndrome, sleep apnea, and possibly cardiovascular disease
nd nonalcoholic fatty liver disease. In addition to treating symptoms by regulating menstrual cycles and
mproving hyperandrogenism, it is imperative that clinicians recognize and treat metabolic complications.
ifestyle therapies are first-line treatment in women with polycystic ovary syndrome, particularly if they
re overweight. Pharmacological therapies are also available and should be tailored on an individual basis.
his article reviews the diagnosis, clinical manifestations, metabolic complications, and treatment of the
yndrome. A table summarizing treatment recommendations is provided. © 2007 Elsevier Inc. All rights
eserved.
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lthough up to 5 million women in the United States may
e affected by polycystic ovary syndrome, it is frequently
ot recognized. Because affected women may not view their
ymptoms of irregular menses and hirsutism as “medical”
omplaints, they may not bring them up to their provider.
hus, active provider inquiry may be required to uncover

he diagnosis.

IAGNOSIS
xperts at a 1990 National Institutes of Health conference
roposed the following diagnostic criteria: oligo- or anovu-
ation and biochemical or clinical signs of hyperandro-
enism, such as hirsutism, acne, or male-pattern hair loss.

Dr. Tracy Setji is supported by Duke University fellowship Grant
T32-DK-007012. Dr. Ann Brown is supported by K23HL04390-01, Na-
ional Heart Lung and Blood Institute, National Institutes of Health.

Requests for reprints should be addressed to Tracy L. Setji, MD,
epartment of Medicine, Division of Endocrinology, Duke University
edical Center, Box 3611, Durham, NC 27710.
k: setji001@mc.duke.edu

ront matter © 2007 Elsevier Inc. All rights reserved.
ed.2006.06.029
ecently, an international consensus group broadened the
efinition by also including ovarian morphology.1 They
roposed that the diagnosis requires 2 of the following 3
riteria: oligo- or anovulation, biochemical or clinical signs
f hyperandrogenism, and polycystic ovaries. In both defi-
itions, hyperandrogenism can be documented with either
linical or biochemical data. This is important because some
omen have mild or no clinical evidence of hyperandro-
enism but have elevated serum androgen levels. Although
nsulin resistance and obesity are common; neither is part of
he diagnostic criteria.

Both definitions require that other causes of menstrual
rregularity and hyperandrogenism are excluded. These
auses are listed in Table 1 and can be evaluated through a
etailed history, physical examination, and supplemental
aboratory tests.2

ATHOGENESIS
lthough the etiology of polycystic ovary syndrome is un-

nown, 3 main hypotheses have been proposed (Table 2).3
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everal candidate genes including those related to insulin
esistance and androgen biosynthesis or action have been
ssociated with the syndrome. Additionally, environmental
actors are thought to play an important role.

Table 1 Laboratory Testing to Exclude Other Causes of Irregu

Laboratory Test Evaluation for:

Total or bio-available
testosterone

Androgen-secreting tumo

Dehydroepiandrosterone
Sulfate

Androgen-secreting tumo
adrenal gland

Morning 17-
hydroxyprogesterone

Late-onset congenital ad
hyperplasia

24-hour urine for cortisol and
creatinine

Cushing’s Syndrome

Prolactin Hyperprolactinemia

Thyroid function studies Hyper- or hypothyroidism

*Data from Setji and Brown.2

Table 2 Possible Pathogenesis of Polycystic Ovary
Syndrome*

1) Hypothalamic-pituitary axis abnormalities cause
abnormal secretion of gonadotropin releasing hormone
and luteinizing hormone, resulting in increased ovarian
androgen production.

2) An enzymatic defect of ovarian (� adrenal)
steroidogenesis favors excess androgen production.

3) Insulin resistance drives the metabolic and reproductive
abnormalities in polycystic ovary syndrome.

3

a
*Data from Polycystic Ovary Syndrome Writing Committee.
ATIENT EVALUATION
valuation should include a detailed menstrual history
nd information about the onset and duration of hyperan-
rogenism symptoms. Polycystic ovary syndrome is typ-
cally characterized by chronic menstrual irregularity and
lowly progressive symptoms of hyperandrogenism.
brupt changes in the menstrual pattern or hyperandro-
enism symptoms should alert the provider to other possible
tiologies. Other important historical information includes
ersonal or family history of late-onset congenital adrenal
yperplasia and metabolic diseases. The physical examina-
ion should include assessment of blood pressure, body
ass index, and waist circumference. Skin should be exam-

ned for evidence of insulin resistance (acanthosis nigri-
ans, skin tags) and hyperandrogenism (hirsutism, acne,
nd male-pattern hair loss). Laboratory tests to exclude
ther etiologies and assess for metabolic complications

ses and Hyperandrogenism*

Comment

Testosterone levels should be checked if there are
symptoms consistent with an androgen-secreting
tumor or if biochemical evidence of
hyperandrogenism is needed to make the
diagnosis of polycystic ovary syndrome. A total
testosterone �200 ng/dL should prompt a work-
up for an androgen-secreting tumor.

e Dehydroepiandrosterone sulfate should be checked
if there are symptoms consistent with an
androgen-secreting tumor. Although modest
elevations in dehydroepiandrosterone sulfate can
be seen in polycystic ovary syndrome, greater
elevations should prompt a work-up for an
adrenal androgen-secreting tumor.

Late-onset congenital adrenal hyperplasia is caused
by a partial adrenal enzyme defect that leads to
impaired cortisol production, compensatory
elevation in adrenocorticotropic hormone, and
subsequent excess androgen production.
Screening for this should be considered in
women who are Ashkenazi Jews or have a
positive family history.

Cushing’s Syndrome should be considered in women
with an abrupt change in menstrual pattern,
later-onset hirsutism, or other evidence of
cortisol excess such as hypertension,
supraclavicular fullness, abdominal striae, and
fragile skin.

Hyperprolactinemia is a relatively common cause of
oligo-amenorrhea that may be accompanied by
galactorrhea. Consider obtaining prolactin in all
women with irregular menstrual cycles.

Thyroid dysfunction can cause oligo-amenorrhea
and should be evaluated in all women with
irregular menstrual cycles.
lar Men

r

r of th

renal
re summarized in Tables 1 and 3.2
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OMPLICATIONS

eproductive
he oligo- or anovulation associated with polycystic ovary
yndrome can result in reduced fertility. Prolonged absence
f ovulation also can result in continuous endometrial stim-
lation by estrogen, unopposed by progesterone. Thus,
omen have an increased risk of endometrial hyperplasia

nd possibly endometrial cancer. Regulating menstrual cy-
les to prevent endometrial hyperplasia is one of the major
reatment goals. Although an in-depth discussion of infer-
ility is outside the scope of this article, it is important to
ote that many of the treatments that improve insulin sen-
itivity, such as weight loss, metformin, and thiazolod-
nediones, may also increase the frequency of ovulation and,
hus, improve fertility.

etabolic
omen with polycystic ovary syndrome are at a markedly

ncreased risk of type 2 diabetes. Both lean and obese North
merican women with polycystic ovary syndrome have

ncreased insulin resistance and impaired beta-cell function
ompared with age- and body mass index-matched controls.
y their fourth decade, 31% have impaired glucose toler-
nce (prediabetes) and 7.5% have type 2 diabetes.4 Addi-
ionally, they may have an increased risk of gestational
iabetes.

Polycystic ovary syndrome is associated with several
ther metabolic complications including central obesity,
ypertension, dyslipidemia, nonalcoholic fatty liver disease,
nd obstructive sleep apnea. Surrogate markers for cardio-
ascular disease, such as carotid artery intima-media thick-
ess, coronary artery calcification, and C-reactive protein
re also abnormal. Despite the presence of these cardiovas-
ular risk factors, it is not known whether affected women
re at increased risk of cardiovascular-related morbidity and
ortality.

sychological Issues
lthough research of psychological issues is limited, small

Table 3 Laboratory Testing to Evaluate for Metabolic Complic

Laboratory Test Evaluation for:

2-hr oral glucose tolerance
test

Impaired glucose tolerance, ty
diabetes

Fasting lipid profile Dyslipidemia

Alanine aminotransferase and
aspartate aminotransferase

Hepatic steatosis

*Data from Setji and Brown.2
tudies have found that women with polycystic ovary syn- c
rome have high prevalence rates of depression and reduc-
ions in health-related quality of life and sexual satisfaction.
n addition, eating disorders may be more prevalent.

REATMENT
reatment of polycystic ovary syndrome targets the repro-
uctive, cutaneous, metabolic, and psychological complica-
ions. Recommendations to treat each of these components
re summarized in Table 4.2

ifestyle Interventions
ifestyle interventions such as diet and exercise are first-

ine treatment for women with polycystic ovary syndrome,
articularly if they are overweight. Several nonrandomized
rials have shown that a reduction in body weight through
iet and exercise improves insulin sensitivity and ovulation
ate. In other populations, weight loss of 5%-7% decreases
he conversion from impaired glucose tolerance to type 2
iabetes by 58% over a 3-year period.5 Taken together,
hese data support lifestyle interventions in this high-risk
opulation.

ormonal Therapy
f pregnancy is not desired, hormonal contraceptive agents
ontaining estrogen and progestin can be used to provide
ndometrial protection and treat symptoms of hyperandro-
enism. Cyclic therapy, such as oral contraceptives, induces
egular withdrawal bleeding, thus preventing endometrial
yperplasia. Estrogen-containing contraceptives improve
ymptoms of hyperandrogenism by decreasing ovarian an-
rogen production and increasing hepatic production of
ex-hormone binding globulin. It is possible that some
omen experience a worsening of carbohydrate metabo-

ism while taking oral contraceptives. However, until this
ssue is resolved with larger randomized controlled clin-
cal trials, hormonal contraceptives remain an effective
reatment.

In women with contraindications to estrogen-containing
herapy, cyclic progestin therapy given every 1 to 3 months

of Polycystic Ovary Syndrome*

Comment

Consider this in all women with polycystic ovary syndrome,
particularly those with a body mass index �25 kg/m2 or
other risk factors for type 2 diabetes such as a positive
family history.

Hypertriglyceridemia and decreased high-density lipoprotein
are relatively common in women with polycystic ovary
syndrome. Elevations in low-density lipoprotein have also
been noted. Thus, periodic screening is recommended.

Consider checking transaminases in women with other risk
factors for nonalcoholic fatty liver disease.
ations

pe 2
an provide endometrial protection by inducing regular en-
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ometrial shedding. Alternatively, a progestin-only contra-
eptive can be used. Progestin-only therapy will not im-
rove hyperandrogenism symptoms.

nti-Androgen Therapy
pironolactone (50-100 mg twice daily) effectively treats
irsutism. Spironolactone is often used in combination with
ral contraceptives because of the additive effects of andro-
en suppression (oral contraceptives) and androgen block-
de (spironolactone). Spironolactone is contraindicated dur-
ng pregnancy because of potential teratogenicity.

ther Cosmetic Treatments
n addition to using oral contraceptives and anti-androgens
o treat hirsutism, permanent hair reduction can be achieved

Table 4 Summary of Recommendations for Addressing
Reproductive, Cosmetic, Metabolic, and Psychological
Complications of Polycystic Ovary Syndrome: “MY PCOS”*

Metabolic Assess diabetes and cardiovascular
disease risk

Assess risk for nonalcoholic fatty liver
disease

Discuss lifestyle therapies such as
nutrition and physical activity

Cycle Control Assess bleeding pattern and risk for
endometrial hyperplasia

Provide therapies to prevent endometrial
hyperplasia: estrogen-progestin
therapy (oral contraceptives, patch, or
vaginal ring) or cyclic progestin (every
1-3 months)

Psychosocial Address body image and eating
behaviors

Screen for depression
Discuss stress management
Provide nonjudgmental support

Cosmetic Discuss use of estrogen-containing oral
contraceptives to suppress androgens
if no contraindications

Consider spironolactone 50-100 mg
twice daily for refractory hirsutism or
acne

Discuss use of enflornithine
hydrochloride 13.9% cream, laser
therapy, and electrolysis

Discuss over-the-counter topical
minoxidil for male-pattern scalp hair
loss

Ovulation Discuss fertility goals
Discuss therapies to increase ovulation

frequency: weight loss, metformin
Consider referral to Reproductive

Endocrinology for assisted
reproductive technologies

Sleep Apnea Screen for sleep apnea
Refer for sleep study if indicated

*Data from Setji and Brown.2
ith laser or electrolysis therapy. Because laser therapy
elies on the contrast between light and dark for the best
ffect, it works best in individuals with light skin and dark
air. For darker skin, the laser instrument should be de-
igned to treat darker skin tones. Other available therapies
nclude enflorane hydrochloride 13.9% cream to slow hair
rowth and topical minoxidil to treat male pattern hair loss.

etformin
etformin has become a popular treatment, because it im-

roves ovulation, insulin sensitivity, and possibly hyperan-
rogenemia.6 It is commonly used to treat infertility, either
lone or in combination with clomiphene-citrate. Because it
ncreases ovulation in some women, it can also increase the
requency of endometrial shedding and may help with cycle
ontrol. It is not known whether using metformin to treat
nsulin resistance in women with normal glucose levels
mproves long-term outcomes. In other populations, met-
ormin decreases conversion from impaired glucose toler-
nce to type 2 diabetes. Thus, metformin may be useful in
omen with polycystic ovary syndrome and hyperglyce-
ia. The decision to prescribe this drug should be made on

n individual basis. Patients who do not wish to become
regnant should be counseled about contraception.

hiazolodinediones
n a large randomized controlled trial, troglitazone im-
roved glycemic measures, ovulation, hirsutism, and free
estosterone levels in women with polycystic ovary syn-
rome.7 Troglitazone was subsequently withdrawn from the
arket in 2002 secondary to hepatic toxicity seen in other

rials. More recently, smaller trials of rosiglitazone and
ioglitazone have had promising results. However, these
enefits need to be confirmed in larger trials. Because thia-
olodinediones are category C drugs, patients should be
ounseled to use contraception while taking the drug.

UMMARY
olycystic ovary syndrome is a common condition charac-

erized by hyperandrogenism and oligo- or anovulation. The
ecently introduced Rotterdam criteria also incorporate mor-
hologic appearance of the ovaries as one of the possible
efining traits of the syndrome. The clinical problems that
ay arise in the course of caring for affected women in-

lude endometrial hyperplasia, reduced fertility, and serious
etabolic complications. Lifestyle therapies are first-line

reatment for prevention of metabolic complications and can
mprove fertility. Pharmacological therapies are available to
egulate menstrual cycles and treat symptoms of hyperan-
rogenism. Pharmacological therapies can also improve
etabolic parameters such as prediabetes in situations
here lifestyle interventions are insufficient.
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