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Polycystic Ovary Syndrome

Azadeh Nasseh and Jenna Sarvaideo

Learning Objectives

1. List the diagnostic criteria for PCOS.

Discuss the diagnostic work-up for PCOS.

Describe the underlying pathophysiology of PCOS.

Demonstrate knowledge of metabolic abnormali-

ties in patients with PCOS such as insulin resis-

tance, diabetes, and hyperlipidemia.

5. Describe short-term and long-term sequela associ-
ated with PCOS, including symptoms of androgen
excess, endometrial cancer risk, and depression.

6. Formulate a treatment plan for a patient with PCOS
that addresses weight management, symptoms of
androgen excess such as acne/hirsutism, endome-
trial cancer prevention, and metabolic abnormali-
ties, if present.

7. Discuss how to address infertility issues in women
with PCOS.

ECES

Shazia is a 32-year-old woman here for a new annual
visit who notes irregular menses. For 6 years, she has
had fewer than six menses per year and her last men-
strual period was 5 months ago. The irregularities
worsened after she gained weight in the past few years.
She is sexually active and is not using any form of con-
traception since she does not believe she can become
pregnant. You highly suspect PCOS.
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Epidemiology

Polycystic ovary syndrome (PCOS) is the most common
endocrine disorder seen in women of childbearing age [1-3]
with an estimated prevalence between 5% and 16% depend-
ing on the population studied and the criteria applied [1, 4].
PCOS has been identified as a complex and heterogenous
disorder that results from the interaction of diverse genetic
and environmental factors and can lead to adverse reproduc-
tive and metabolic complications in affected women [5]. The
syndrome was first described by Stein and Leventhal in 1935
and encompasses three cardinal features, oligo-anovulation,
polycystic ovaries, and hyperandrogenism and/or hyperan-
drogenemia [4, 6]; further discussion of each of these fea-
tures will follow below. PCOS is a common cause of
infertility in women due to oligo-anovulation [2, 3] and can
be associated with a wide range of metabolic abnormalities
such as insulin resistance, diabetes mellitus type 2, hyperlip-
idemia, and increased risk of cardiovascular disease [2, 3, 7].
It can be accompanied by symptoms of androgen excess
such as acne and hirsutism, increased risk of endometrial
cancer, and depression [5, 7, 8]. Therefore, primary care pro-
viders must be familiar with the diagnostic criteria and basic
steps in management for PCOS to identify and treat this dis-
order in their patients.

Diagnostic Criteria and Phenotypes

Over the past three decades, significant efforts have been
made to classify PCOS. The first formal attempt was made at
the National Institutes of Health (NIH) conference, April
1990 [9]; the NIH criteria served as a standard for research-
ers and clinicians for more than a decade. Based on NIH cri-
teria, clinical or biochemical hyperandrogenism (HA) and
chronic oligo-anovulation (OA) were considered key diag-
nostic features of PCOS, after exclusion of related disorders
[7]. In 2003, a consensus workshop in Rotterdam,
Netherlands, developed new diagnostic criteria, the
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Rotterdam criteria, which added ultrasound characteristics
for polycystic ovary morphology (PCOM) to the NIH crite-
ria definition. The 2003 Rotterdam criteria required the pres-
ence of two of the following three findings: signs of clinical
or biochemical hyperandrogenism; chronic ovulatory dys-
function (OD); and the presence of polycystic ovary mor-
phology, after exclusion of secondary causes [7, 10, 11]
(Table 6.1). As a growing body of evidence supported the
presence of hyperandrogenism as a key factor in the patho-
physiology of PCOS and a strong predictor of the associated
metabolic dysfunctions [12], a task force assembled in 2006
by the Androgen Excess and PCOS Society proposed the
AE-PCOS criteria. These criteria require the diagnosis of
PCOS to be based on the presence of clinical or biochemical
hyperandrogenism in combination with ovarian dysfunction
(i.e., OD or PCOM), excluding other causes [13]. Given the
multiplicity of criteria that could cause confusion in clinical
practice, the NIH sponsored an Evidence-Based Methodology
PCOS Workshop in 2012 that addressed the benefits and
drawbacks of existing diagnostic criteria [11]. As a result,
the panel recommended the use of the broader Rotterdam
2003 criteria, while also providing detailed description of the
different PCOS phenotypes defined by above criteria [7, 11].

Based on the 2012 NIH criteria, four clinical pheno-
types can be defined for PCOS (Table 6.2). Phenotypes A
and B are defined as “classic PCOS.” This group of

Table 6.1 PCOS diagnostic criteria

patients may experience more pronounced menstrual
irregularities [14, 15] and is at a higher risk for metabolic
dysfunction such as insulin resistance, atherogenic dys-
lipidemia, and obesity [7, 14, 16, 17] when compared with
women diagnosed with nonclassic or non-hyperandro-
genic PCOS phenotypes (phenotypes C and D). Phenotype
C, “ovulatory PCOS,” generally includes women with
preserved ovulation who show an intermediate level of
symptoms [18, 19] compared with patients with other
subtypes. Phenotype D, also defined as “non-hyperandro-
genic PCOS” [7], has the mildest degree of metabolic dys-
function and the lowest prevalence of metabolic syndrome
of all subtypes [14, 19, 20].

Pathophysiology

The most consistent biochemical abnormality in women
with PCOS is an overproduction of androgens [8]. There are
two main sources of androgen production in women: the
ovaries and the adrenal glands. It has been hypothesized that
in most PCOS cases, intrinsic dysregulation in ovarian ste-
roidogenesis results in functional ovarian hyperandrogenism
(FOH) (Fig. 6.1). This inherent abnormality is further influ-
enced by other hypothalamic-pituitary axis factors, includ-
ing higher baseline gonadotropin-releasing hormone (GnRH)

Hyperandrogenism | Ovulatory Polycystic ovarian
(HA) dysfunction (OD) morphology (PCOM) Other requirements
NIH 1990 [9] + + Both required
(oligo-anovulation)
Rotterdam 2003 [10] + + + Two of three required
Androgen Excess and PCOS | + +/— +/— HA + either OD or PCOM
Society 2006 [13]
NIH 2012 Extension of + + + Two of three required; phenotypes
Rotterdam 2003 [11] added (see Table 6.2)
Reprinted from Lizneva et al. [7], with permission from Elsevier
Table 6.2 NIH 2012 PCOS phenotypes and clinical features
Phenotype D:
Phenotype A: Phenotype B: Phenotype C: non-
Clinical presentation classic PCOS classic PCOS ovulatory PCOS hyperandrogenic
Hyperandrogenism + + + -
Ovulatory dysfunction + + - +
Polycystic ovary + - + +
morphology
Clinical features 1 menstrual irregularities Intermediate levels of insulin, androgens, Mildest form:
1 obesity, insulin resistance, atherogenic lipids, and metabolic syndrome 1| metabolic
metabolic syndrome syndrome

1 risk of hepatic steatosis
1 anti-mullerian hormone levels

| androgens
| menstrual
irregularity

Reprinted from Lizneva et al. [7], with permission from Elsevier
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Fig. 6.1 This figure depicts the main processes involved in the patho-
physiology of PCOS. Functional ovarian hyperandrogenism (FOH) is
the cardinal proposed feature, and it can explain the different clinical
manifestations of PCOS. LH acts on theca cells of ovarian follicles to
start the process of follicle development and stimulates androgen pro-
duction. Theca cells in women with PCOS have an exaggerated
response to LH that leads to increase in androgens. Meanwhile, granu-
losa cells of antral follicles respond to FSH for further development.
Inhibin-B produced by granulosa cells has an inhibitory feedback on
FSH. It also increases androgen production in theca cells. Patients with
PCOS have elevated levels of inhibin-B. Anti-mullerian hormone
(AMH) is another key player in control of follicular growth. Its levels
are increased in PCOS due to excessive number of growing follicles. It
can also have a suppressing effect on FSH. Androgens accelerate
luteinization of ovarian follicles (a part of normal follicular develop-
ment). However, when in excess, they can cause premature luteiniza-
tion and follicular growth arrest. This leads potentially to anovulation

pulse frequency and reduced hypothalamic feedback
response to circulating sex steroids [6, 8]. This in turn leads
to hypersecretion of luteinizing hormone (LH) and subse-
quent enhanced ovarian androgen synthesis and folliculo-
genesis. Insulin-resistant hyperinsulinemia also plays an
important role in PCOS. Insulin has been shown to enhance
the response of androgen-producing theca cells in the ovaries
to LH stimuli. In a smaller number of PCOS cases, dysregu-
lation at the adrenal zona reticularis causes hyperandrogen-
ism by increased production of dehydroepiandrosterone
(DHEA) [1].

ells : T response to LH

Granulosa cells:

1 Anti-Mullerian

Functional ovarian hyperandrogenism

androgen production

Hyperandrogenism

Chronic oligo- anovulation

Premature
luteinization of
ovarian follicle

Polycystic ovarian
morphology

and development of polycystic ovaries. The picture also depicts contri-
bution of the hypothalamus-pituitary axis. Patients with PCOS can have
increase in pulse frequency of GnRH. This can lead to a higher LH
production (compared to FSH), which at the end can contribute to
enhanced androgen production by ovaries. Sex steroids produced by
ovaries have negative regulatory feedback on gonadotropins. It is
hypothesized that the hypothalamus-pituitary axis is less responsive to
this feedback in PCOS patients as well. Insulin-resistant hyperinsu-
linemia can have an independent contributory role in pathophysiology
of PCOS. Insulin synergizes with LH to stimulate theca cells’ androgen
production. Insulin also, similar to androgens, enhances luteinization of
ovarian follicles. Hyperinsulinemia can trigger peripheral adiposity,
and adiposity can in turn worsen insulin resistance. The figure does not
depict the contribution of the adrenal glands to androgen production
(functional adrenal hyperandrogenism), which is seen either alone (in a
smaller number of patients) or as an adjunct to FOH

Functional Ovarian Hyperandrogenism (FOH)

Normal ovarian function: Ovulation takes place due to
synchronized activity between the hypothalamus, pituitary,
and ovarian follicles (see Chap. 5 on Menstruation and
Secondary Amenorrhea). In the follicular phase, theca cells
express LH receptors; LH stimulates the production of
androstenedione from its precursor cholesterol [6].
Androstenedione, an androgen, is required for ovarian estro-
gen biosynthesis. A delicate balance exists between adequate
and overproduction of androgens (Fig. 6.2).
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Fig. 6.2 Depiction of the organization and regulation of the major ste-
roid biosynthetic pathways in the small antral follicle of the ovary
according to the two-gonadotropin, two-cell model of ovarian steroido-
genesis. LH stimulates androgen formation within theca cells

Ovarian function in PCOS: There are several proposed
mechanisms to explain anovulatory cycles in PCOS.

Theca cell dysfunction: Women with PCOS are suspected to
have intrinsic abnormalities in the ovarian theca cells’ ste-
roidogenesis which leads to hyperandrogenemia. In vivo and
in vitro studies have shown overexpression of P450 enzymes
along with LH receptors in ovaries of women with PCOS
(21). This hyper-responsiveness can increase androgen pro-
duction. When produced in excess, androgens cause an arrest
in follicular maturation, cause follicular atresia, and hinder
ovulation [5].

Granulosa cell dysfunction: Granulosa cells convert andro-
gens coming from the thecal cells to estradiol by aromatase.
In women with PCOS, there seems to be a relative aromatase
deficiency likely due to inhibition by anti-mullerian hormone
(AMH). Therefore, there is limited conversion of androgens
to estrogens, leading to hyperandrogenemia [22]. In addition
to AMH, inhibin-B is a peptide that is produced in granulosa
cells and is in a reciprocal negative regulatory feedback loop
with FSH. It is essential and permissive for thecal androgen
production. Women with PCOS tend to have elevated serum
inhibin-B as well as AMH [23].

Polycystic ovary morphology (PCOM) and role of anti-
mullerian hormone (AMH): The ovaries of women with
PCOS often show an excessive number of follicles. AMH is
an important intrafollicular regulator of follicle growth, and

women with PCOS tend to have higher baseline AMH levels
due to a higher number of growing follicles. Initially, insulin
and androgen promote the primordial to primary follicle
transition until FSH becomes the primary regulator at the
early antral follicle stage [1]. However, FSH is decreased in
PCOS due to elevated levels of AMH, which is in a negative
regulatory feedback loop with FSH as stated above.
Therefore, follicle maturation arrest occurs.

Hypothalamic-pituitary axis: Gonadotropin-releasing
hormone (GnRH) is secreted in a pulsatile manner to stimu-
late FSH and LH secretion from the pituitary. Changes in
amplitude and frequency of the GnRH pulse determine the
amplitude and frequency of LH and FSH production through-
out the menstrual cycle. At higher pulses, GnRH promotes
the production of LH, while lower pulsation frequencies
enhance the production of FSH. In women with PCOS,
accelerated GnRH-LH pulsatile activity as well as decreased
sensitivity of the hypothalamus to negative feedback from
ovarian steroids leads to higher LH production [1, 6]. Higher
LH pulses generally lead to higher production of ovarian
androgens.

Hyperinsulinemia: Insulin resistance is common in both
obese and lean women with PCOS. Insulin has a direct role
on ovaries and enhances androgen production from theca
cells in response to an LH stimulus (Figs. 6.1 and 6.2). It is
proposed that with higher insulin levels, both ovarian theca
cells and adrenal zona reticularis cells have enhanced andro-
gen production in response to LH and ACTH, respectively.

Genetics

Familial clustering of PCOS suggests a genetic basis.
Heritable traits that have been identified as PCOS risk factors
are maternal PCOS, polycystic ovary morphology, hyperan-
drogenemia, and metabolic syndrome [1]. Phenotypic fea-
tures associated with PCOS such as hyperandrogenism and
metabolic abnormalities can be seen in aggregate in certain
families, suggesting a genetic cause. An example is sisters
with hyperandrogenism and metabolic derangements, with
or without menstrual irregularities. Several susceptibility
genes have been implicated, especially in the region of insu-
lin receptor genes [21]. Defects in androgen steroidogenesis
as well as beta cell function have been observed in brothers
of women with PCOS, manifesting itself as elevated levels of
dehydroepiandrosterone-sulfate (DHEA-S) and increased
risk for type 2 diabetes [21]. Furthermore, it is thought that
PCOS evolved to preserve anabolism and reproductive
capacity via increased androgen and insulin production in
times of nutritional deprivation [1].
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Clinical Manifestations

Shazia noted that she had her upper lip waxed regu-
larly due to bothersome facial hair. She had moderate
acne across her upper back as well. Based on these
features and her oligomenorrhea, PCOS is highest on
your differential. You discuss the diagnosis and work-
up with her.

Ovulatory dysfunction with or without menstrual abnor-
malities: Ovulatory dysfunction typically presents with
obvious disruption in menstrual flow but can present sub-
clinically without obvious menstrual irregularity [13].

Overt dysfunction: Overt dysfunction occurs for the major-
ity of the patients with PCOS [9, 12, 24-26] in the form of
oligomenorrhea, defined as vaginal bleeding episodes occur-
ring at greater than 35-day intervals or less than ten bleeds
per year. A much smaller percentage of patients present with
polymenorrhea, defined as bleeding episodes occurring fre-
quently with less than 25 days between cycles [13, 27].

Subclinical ovulatory dysfunction: Roughly 15-40% of
oligo-ovulatory patients with PCOS present with eumenor-
rhea (cycles every 25-35 days in length) [13, 26, 28]. In
eumenorrheic patients for whom there is a high suspicion of
PCOS, day 18-24 progesterone levels can clarify the diagno-
sis. Levels below 3 to 4 ng/mL may suggest an anovulatory
cycle but should be checked on at least two different occa-
sions as the presence of one anovulatory cycle may not indi-
cate chronic anovulation [13].

Hyperandrogenemia or hyperandrogenism: Hyperandro-
genemia refers to higher than normal levels of circulating
endogenous androgens, including testosterone (T), andro-
stenedione (A4), and DHEA-S [13]. Clinical features of ele-
vated androgens (known as hyperandrogenism) include
hirsutism, acne, and androgenic alopecia [8, 13].

Hirsutism: Hirsutism refers to the presence of course, pig-
mented hair on the face and/or body in a male pattern distri-
bution, including the upper lip, chin, chest, upper back and
shoulders, lower back, abdomen, upper arms, and thighs.
While the degree of hirsutism can vary based on race and
ethnicity [13], hirsutism affects approximately 65-75% of
patients with PCOS [16], including women of White, Black,
and Southeast Asian backgrounds. If a clinician is uncertain
regarding the presence of hirsutism, the Ferriman-Gallwey
score can be used to further quantify the degree of hirsutism
present [29, 30]. This score, originally introduced in 1961,
assesses terminal hair growth in nine body areas. The degree
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of hirsutism can be assessed by assigning a score of 0—4
based on the density of terminal hairs [13, 21, 29, 30]. A total
score of 8 or greater based on the 95th percentile of the data
originally collected by Ferriman and Gallwey may suggest
hirsutism. Race and ethnicity specific normative ranges are
not well established. Figure 6.3 depicts the visual scoring
method used for assessing hirsutism.

Acne: The prevalence of acne varies by ethnicity but is
estimated to affect 15-25% of patients with PCOS [10].
There is no consistent scoring for assessment, and it is
unclear how much PCOS raises the prevalence of acne over
that in the general population given a general prevalence of
5-20% [13].

Androgenic alopecia: Women with PCOS who experience
androgenic alopecia tend to lose hair in the anterior midver-
tex area extending to the crown. The anterior hairline remains
intact in women with PCOS, and significant bitemporal scalp
hair recession is unusual except in virilizing syndromes [32,
33]. The prevalence of androgenic alopecia is reported to be
as high as 22% in some studies [34].

Polycystic ovaries: Polycystic ovaries are defined by three
features: ovarian size and volume, stromal volume, and fol-
licle size and number. Based on the Rotterdam criteria, poly-
cystic ovaries contain 12 or more follicles measuring 2-9 mm
in diameter and/or increased ovarian volume >10 mL in at
least 1 ovary [35]. It should be noted that this definition can-
not be used for women on oral contraceptives. The preva-
lence of polycystic ovaries in patients with PCOS is high: in
one study, 60% of women met size criteria, while another
35% met follicular criteria [36-38].

Other Features Associated with PCOS

While the clinical criteria for diagnosing PCOS include ovu-
latory dysfunction, hyperandrogenemia or its clinical find-
ings, or polycystic ovary features on ultrasound, a number of
other clinical features may accompany this syndrome
(Fig. 6.4).

Insulin resistance, hyperinsulinemia, and the metabolic syn-
drome: Impaired glucose tolerance or diabetes mellitus type
2 develops in about 40% of women with 1990 NIH-defined
PCOS by the fourth decade of life. Glycemic control wors-
ens with age and weight gain [8, 39]. Women with PCOS can
also have dyslipidemia, which manifests as lower levels of
high-density lipoprotein (HDL) cholesterol, increased levels
of triglycerides, and increased low-density lipoprotein (LDL)
cholesterol [40-42]. Metabolic syndrome is also highly
prevalent in patients with PCOS compared to BMI-matched
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Fig. 6.3 Facial and body terminal hair growth scored according to the
modified Ferriman-Gallwey method. All were taken on women who
had not used laser or electrolysis for at least 3 months, not depilated or
waxed for at least 4 weeks, and not shaved or plucked for at least 5 days
before the photograph. The photographs depict scores of 1 through 4 for
the upper lip (a), chin (b), chest (¢), arm (d), upper abdomen (e), lower
abdomen (f), upper back (g), lower back (h), and thighs (i). The areas
were photographed with a standard single-lens reflex camera (Nikon
N50, Nikon Corp, Melville, NY, USA) equipped with a macro lens
(Vivitar 50 or 100 mm Auto Focus Macro, Vivitar Corp, Newbury Park,

Score 3

Calif) and ring flash (Vivitar Macroflash 5000, Vivitar Corp). For film,
Kodacolor VR 200 ISO film (Eastman Kodak Co, Rochester, NY, USA)
was used. Representative areas were selected. All photographs of hair
were anonymized and all identifying information removed, meeting
current Institutional Review Board for Human Use and Health Insurance
Portability and Accountability Act of 1996

A score of 0—4 based on the density of hair is given in each region;
scores >8 are suggestive of hirsutism (Reprinted from Yildiz et al. [31],
by permission of Oxford University Press)
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Fig. 6.3 (continued)
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controls [25, 43]. Despite the higher prevalence of obesity
among patients with PCOS, not all of the metabolic abnor-
malities can be explained by BMI. Studies suggest that even
lean PCOS women exhibit a higher prevalence of insulin
resistance and dyslipidemia compared to weight- and age-
matched controls.

Newer studies have suggested links between PCOS and
surrogate markers of cardiovascular disease (CVD) such as
increased left ventricular mass, endothelial dysfunction, and
subclinical vascular disease [8]. Nevertheless, there is lim-
ited data to suggest that women with PCOS are experiencing

Glucose
intolerance

Oligo-
anovulation

Hyperandrogenism

Endometrial
hyperplasia

Dyslipidemia

Depression
and anxiety
disorder

Infertility Sleep apnea

Fig. 6.4 Clinical components of PCOS. This figure illustrates the clin-
ical features of PCOS that need to be carefully assessed and addressed.
NAFLD refers to nonalcoholic fatty liver disease (Reprinted from
Trikudanathan [21], with permission from Elsevier)

higher CVD events. This is likely explained by the later onset
of clinical CVD in women and paucity of studies in older
women with history of PCOS [8].

Increased risk of endometrial cancer: Women with PCOS
have risk factors for endometrial cancer including obesity,
metabolic abnormalities, and chronic oligo-anovulation
resulting in prolonged exposure of the endometrium to unop-
posed estrogen. Therefore, it has been shown that women
with PCOS that have oligomenorrhea can have a 2.7-fold
increase in risk of developing endometrial cancer compared
to the general population [8, 44] (see also Chap. 15 on
Gynecologic Malignancies). Endometrial protection is a key
focus of PCOS treatment (see below).

Infertility: Women with PCOS are at increased risk for
infertility due to anovulatory cycles. They also have higher
risk of preterm delivery, gestational diabetes, and preeclamp-
sia [8].

Psychosocial issues: The prevalence of depression and anxi-
ety is higher in women with PCOS than in the general popula-
tion [45]. These symptoms may be even more pronounced in
young adult women concerned with fertility but can affect
women of all ages with respect to weight and body habitus
and clinical signs of androgen excess [46, 47]. Figure 6.5 dis-
plays the effect of PCOS on women, at different stages of life.

Weight excess

Visceral adiposity
Irregular menses
Dis-/anovulation
Acne /Seborrhoea
Hyperandrogenism/Hirsutism

Insulin resistance
Adipose tissue dysfunction
Excessive post-natalcatch-
up weight gain
Premature adrenarche
Premature pubarche
Premature menarche f
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Fig. 6.5 Main clinical and metabolic manifestations of polycystic ovary syndrome according to women’s stage of life (Reprinted by permission
from Springer Nature, [47]). IUGR= Intrauterine Growth Restriction, SGA= Small for Gestational Age
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Diagnostic Evaluation

It is essential to start with a detailed history and physical exam
when evaluating a patient for PCOS. The history should
include questions about (1) onset of menses and menstrual
patterns; (2) hirsutism, specifically on the chin, jawline, chest,
back, breasts, and stomach; (3) acne; (4) weight gain or the
inability to lose weight; (5) the presence of galactorrhea; (6)
behaviors and practices to offset symptoms such as plucking/
waxing hair, acne treatments, excessive exercise/dieting, and
taking medications that may mask or induce symptoms like
hormones or steroids; and (7) family history, specifically
regarding the presence of endocrinopathies, PCOS, cardiovas-
cular disease, lipid disorders, and diabetes. The exam should
focus on the skin looking for acne, alopecia, striae, and hirsut-
ism; the presence of a goiter or thyroid nodule; adiposity; vir-
ilization which may result from an androgen-producing tumor;
and the genitourinary tract, evaluating for clitoromegaly and
uterine and ovarian abnormalities.

It is important to consider other possible diagnoses that can
mimic PCOS and to evaluate for these conditions. For exam-
ple, in women presenting with hyperandrogenism, consider-
ation should be given to nonclassic congenital adrenal
hyperplasia (NCCAH) and/or androgen-secreting tumors. For
a woman with oligomenorrhea as her presenting feature, preg-
nancy, hypothyroidism, hyperprolactinemia, primary ovarian
insufficiency, and Cushing syndrome should be considered
(see Chap. 5 on Menstruation and Secondary Amenorrhea).

According to the 2003 Rotterdam criteria, a diagnosis of
PCOS is made when two of the following are present: signs of

hyperandrogenism, including clinical features like hirsutism
or acne, or biochemical features such as elevated testosterone
or DHEA-S; chronic ovulatory dysfunction; and/or the pres-
ence of polycystic ovaries on imaging, preferably on trans-
vaginal ultrasound. Once the diagnosis of PCOS is secured,
patients should be screened for diabetes, hyperlipidemia, and
metabolic syndrome. Diabetes screening options include fast-
ing blood glucose, hemoglobin Alc and 2-hour oral glucose
tolerance test (OGTT). Hemoglobin Alc is often used instead
of OGTT for patient convenience, though Alc alone may miss
patients with isolated postprandial hyperglycemia. A fasting
blood glucose or Alc may also underestimate the degree of
insulin resistance for these patients. Screening every 3 years
for those with normal results and annual screening for those
with impaired results is recommended.

It is also important to note that assessments of free testos-
terone levels are more sensitive than the measurement of
total testosterone for the diagnosis of hyperandrogenic disor-
ders [1, 13, 21]. Table 6.3 provides an outline of the recom-
mended evaluation for different features associated with
PCOS.

Shazia had mild elevation of her testosterone and normal
thyroid function tests, prolactin, and FSH. Her ultrasound
did not have features of polycystic ovaries. She asks how
best to manage her symptoms and if she is at risk of any
other conditions—she read that PCOS can lead to infer-
tility and endometrial cancer and is worried.

Table 6.3 Differential diagnosis and diagnostic evaluation by clinical feature of PCOS

Clinical feature

Differential diagnosis

Diagnostic evaluation

Ovulatory dysfunction

Pregnancy

Thyroid disorders
Hyperprolactinemia

Primary ovarian insufficiency
Cushing syndrome

Structural gynecologic disease

Urine HCG

TSH, free T4

Prolactin

FSH, estradiol

Salivary cortisols, 24-hour urine
cortisol, dexamethasone
suppression test

Pelvic ultrasound

Hysteroscopy

Hyperandrogenism

Nonclassic congenital adrenal
hyperplasia (NCCAH)
Androgen-secreting tumors

Morning 17-OH progesterone
Testosterone, free and total
DHEA-S

Metabolic complications: Obesity, insulin resistance,
metabolic syndrome, dyslipidemia, hepatic steatosis

Thyroid disease

Diabetes

Physical inactivity and/or diet
Primary lipid disorder

Other familial disorders of metabolism

TSH, free T4
OGTT, Alc, and/or fasting glucose
Liver function tests, lipid panel

Endometrial hyperplasia

Structural causes of AUB (polyps,
adenomyosis, leiomyoma)
Endometrial cancer

Transvaginal ultrasound
Endometrial biopsy

Infertility

Includes all of the above conditions

Work-up for ovulatory dysfunction
and/or hyperandrogenism

Referral to fertility specialist for
additional evaluation
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PCOS Treatment

The goals of treatment for PCOS are to restore menses and/
or ovulation, reduce hyperandrogenism, and/or reduce the
risk of developing associated complications such as diabetes
(Table 6.4). Treatment of PCOS should target the patient’s
most bothersome symptoms (i.e., hirsutism) and/or compli-
cations that can cause harm (i.e., anovulatory cycles, meta-
bolic syndrome). Not all treatments recommended for PCOS
will treat all complications of PCOS; therefore, patient and
provider together must outline a management plan based on
patient preferences, clinical manifestations, and medical
comorbidities.

One key goal of PCOS treatment includes reducing insu-
lin resistance. Weight loss, medications, and bariatric sur-
gery are all employed to achieve this goal with improvement
in ovulation and hyperandrogenemia as the final outcome
[48]. A weight reduction of as little as 5% can restore ovu-
lation in up to 60% of patients with PCOS [49]. The
Endocrine Society Clinical Practice Guideline suggests the
use of exercise therapy along with diet modification as first-
line treatment to manage obesity in women with PCOS
[50]. Based on studies on rodent models, it is suggested
that early intervention with dietary restrictions and exercise
in young adolescents with PCOS as well as in prepubertal
children at risk of PCOS may improve metabolic, repro-
ductive, and endocrine parameters. This improvement is
caused by regulation of the neuropeptides in the hypotha-
lamic-pituitary-gonadal axis [50, 51]. Pretreatment weight
loss has also been studied as infertility treatment in
PCOS. Pretreatment lifestyle modification and weight loss
for 16 weeks, with or without concurrent oral contraceptive
therapy, is associated with a significant improvement in the
ovulation rate and an even greater increase in live birth
rates as compared to immediate fertility treatment without
lifestyle modification [49, 52].

The following sections will be organized by treatment
modalities that target specific symptoms and manifestations
of PCOS.

Menstrual Regulation and Endometrial
Protection

Oral contraceptive pills (OCPs): OCPs are useful for
women with oligomenorrhea, hirsutism, and acne and/or
those who desire contraceptive benefit [53]. The most com-
monly used OCPs contain both estrogen and progestin, also
known as combined oral contraceptive pills (COCs)
(Table 6.4). The estrogen component increases sex hormone-
binding globulin (SHBG), which binds testosterone and
helps reduce hirsutism. One specific combination shown to
have benefit in patients with PCOS includes both ethinyl
estradiol and a low-androgenic progestin such as norgesti-
mate; in general, any COC is fine. Patients need to be coun-
seled that there is an increased risk of venous
thromboembolism, along with potential increase in blood
pressure, triglycerides, and HDL cholesterol levels [53] (see
Chap. 4 on Patient-Centered Contraceptive Counseling).

Progestin therapy: Women may choose to take progestin-
only therapy for endometrial protection. Examples include
medroxyprogesterone acetate 5-10 mg or micronized pro-
gesterone 200 mg for 10-14 days monthly or continuous
therapy with norethindrone 0.35 mg daily. The latter also
provides contraception. Unlike COCs, progestin-only ther-
apy will not reduce symptoms of acne or hirsutism as estro-
gen is required for SHBG to increase and subsequently bind
testosterone.

Intrauterine device (IUD): COCs are recommended as first-
line therapy given the multiple potential benefits described
above. For women who cannot or choose not to take COCs,
IUDs can provide endometrial protection and contraception for
a woman with oligomenorrhea. While IUDs can be either hor-
monal (levonorgestrel-releasing) or nonhormonal, only the
levonorgestrel-releasing hormone has endometrial protective
effect. For primary care providers who do not place IUDs,
referral to a gynecologist can facilitate [UD placement, particu-
larly for patients who desire highly effective contraception.

Table 6.4 Specific therapies to address PCOS symptoms or complications

Restore Reduce Improve metabolic Reduce endometrial Improve
menses hyperandrogenism syndrome cancer risk fertility
Weight loss \/ \/ \/ \/ \/
Combined oral contraceptives \/ \/ \/
Levonorgestrel IUD \/
Metformin® \/ \/ \/

Spironolactone

<=

Topical acne medications or hair
removal

Clomiphene or letrozole

Adapted from McCartney and Marshall [48]
* May have modest (3%) impact on weight loss
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Metformin: Metformin can be useful for women who do not
want to take OCPs but have oligomenorrhea. Recall that insu-
lin resistance and hyperinsulinemia are part of the pathophys-
iology of PCOS. By acting to improve insulin resistance,
metformin can both impact patients’ glucose metabolism and
oligomenorrhea. A recent study found that metformin, at a
dose of at least 1000 mg daily, restored menses in at least
42% of women within 6 months of treatment [58].

Metformin has been available for use for many years and
has a mostly tolerable adverse effect profile. The most com-
mon adverse effect is GI distress such as bloating and diar-
rhea, which occasionally resolves after a few weeks of use.
Metformin does not seem to have a significant effect on hir-
sutism, and it may increase pregnancy risk given its effect to
restore menses and ovulation; patients who do not desire
pregnancy require effective contraception.

Hyperandrogenism

Spironolactone: 1If a patient is bothered by hirsutism and
acne, spironolactone, an anti-androgen, is an option.
Spironolactone works by competing with dihydrotestoster-
one (DHT) for binding to the androgen receptor and inhibits
enzymes involved in androgen biosynthesis. In general, it is
recommended to start patients on a COC for 6 months, and if
desired reduction in hirsutism is not attained, spironolactone
can be started [50]. There is danger that a male fetus could be
feminized by spironolactone therapy, so women desiring
treatment with spironolactone also require adequate contra-
ception. The typical effective dose is 50-100 mg twice daily
and the clinical effect is dose-dependent. Despite these high
doses, patients with normal blood pressure tend to tolerate
spironolactone quite well. It is also important to be mindful
that spironolactone could cause adverse effects including,
but not limited to, hypotension, hyperkalemia, kidney injury,
GI discomfort, and headache.

Other treatment options: In addition to COCs and spirono-
lactone, topical agents can be used to treat bothersome acne.
Commonly used topical therapies include, but are not limited
to, benzoyl peroxide, retinoids, sulfone agents, and salicylic
acid. Both oral and topical antibiotics are often used in con-
junction with these therapies. Benzoyl peroxide is an anti-
bacterial agent that kills P. acnes and is mildly comedolytic.
Strengths available for acne treatment range from 2.5% to
10%. Topical retinoids are vitamin A derivatives and are both
comedolytic and anti-inflammatory. Examples are tretinoin
(0.025-0.1% in cream or gel), adapalene (0.1%, 0.3% cream
or 0.1% lotion), and tazarotene (0.05%, 0.1% cream, gel,
foam). The sulfone agent, dapsone 5% gel, is available as a
twice-daily agent. It works primarily for inflammatory

lesions. Combination with topical retinoids may be indicated
if comedones are also present. Finally, salicylic acid is a
comedolytic agent that is available over the counter in 0.5%
to 2% strengths. If acne is treatment-resistant, scarring, or
causing severe distress, oral isotretinoin may be appropriate,
and referral to a dermatologist should be made [54].

Metabolic Complications

Weight loss and exercise can help to improve the metabolic
profile in patients with PCOS. Metformin can be used for
treatment of prediabetes and diabetes. Newer treatments
such as liraglutide, a GLP-1 agonist, can help treat diabetes
mellitus type 2 in women with PCOS while also mediating
weight loss.

Infertility

It is important for women with PCOS to know that they are
indeed fertile but that it may be more challenging to conceive
due to anovulation. Some women with PCOS conceive natu-
rally; when they do not, ovulation induction is possible with
medical management and/or assisted reproduction tech-
niques. As stated earlier, metformin can restore ovulation in
some patients, but referral to a reproductive endocrinologist
is encouraged if patients do not conceive after 6 months to
1 year of unprotected and frequent intercourse.

Clomiphene, a selective estrogen receptor modulator
(SERM), and letrozole, an aromatase inhibitor (Al), have
been studied for use in ovulation induction (Fig. 6.6). Both
inhibit the negative feedback of estrogen at the hypothala-
mus with a consequent increase in ovarian stimulation by
endogenous gonadotropin [55]. A randomized trial of ovula-
tion induction involving women with PCOS and infertility
showed a higher live-birth rate among women who received
clomiphene than among women who received metformin

Hypothalamus +-
(clomiphene)

l GnRH

Pituitary

+
-

l LH, FSH

Aromatase

Ovary

—_—

Fig. 6.6 Mechanisms of actions of clomiphene, a selective estrogen
receptor modulator (SERM), and letrozole, an aromatase inhibitor
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alone (22.5% vs. 7.2%). There was an even greater live-birth
rate in the combination therapy group (26.8%) [56]. However,
a subsequent randomized trial from 2014 compared clomi-
phene 50 mg daily to letrozole 2.5 mg daily and found more
live births in the group that took letrozole (27.5% to 19.1%).
There was also significantly more ovulation, conception, and
pregnancy. This effect was most significantly seen in women
with a BMI >30.3 to <=39.4 kg/m? [57].

Mental Health

As noted above, depression is more common in patients with
PCOS than in those without. Patients with PCOS should be
screened using common primary care depression screening
tools like the PHQ-2 and PHQ-9. If positive, standard treat-
ments should be offered (see Chap. 33 on Depressive and
Anxiety Disorders).

Addressing patients’ concerns in regard to their signs and
symptoms of hirsutism, as well as providing appropriate
counseling and timely referral to specialists when it comes to
their concerns about fertility, can be important in managing
patients with PCOS.

Summary Points

1. PCOS is a common disorder in women of childbearing
age. It is important to ask about each woman’s menstrual
pattern and consider PCOS in women who report oligo-
menorrhea or other menstrual changes.

2. The main clinical features of PCOS are oligo-anovulation,
androgen excess, and polycystic ovaries. Two of these
three features are necessary to diagnose PCOS according
to the currently used Rotterdam criteria.

3. PCOS can be associated with a spectrum of metabolic
abnormalities such as impaired glucose tolerance and dia-
betes. Guidelines often recommend screening every
3 years. Those with abnormal test results should be
screened annually.

4. While a diagnosis of PCOS can be made clinically based
on history and physical examination, lab tests and ultra-
sound are often necessary to exclude other causes of
oligo-anovulation and to assess hyperandrogenism.

5. Treatments focus on reducing the risk of endometrial can-
cer, improving insulin sensitivity, and reducing hirsutism.
Cornerstones of treatment include weight loss and hor-
monal contraceptives; metformin is also frequently used.

6. Infertility and depression are common in patients with
PCOS. Patients should be screened and treated for depres-
sion, while patients who do not conceive within
6—12 months should be promptly referred to a reproduc-
tive endocrinologist.

Review Questions

1. Jane is a 30-year-old woman who visits in your office for
her annual exam. She has recently gained 15 pounds. Her
BMI is now 29. One of her friends who had a recent
weight gain was diagnosed with a condition called “poly-
cystic ovarian syndrome” or (PCOS). She is worried that
she also has this condition. Which of the following would
be needed so that you can make the same diagnosis for
her?

A. Menstrual cycles between 24 and 28 days, mild acne,
mildly elevated insulin levels
B. Prolonged episodes of amenorrhea, Alc in 6 range,
low normal FSH
C. Menstrual cycles generally >35 days apart, increased
hair growth under chin area, normal range Alc
D. Transvaginal ultrasound showing enlarged ovaries
with multiple cysts, normal testosterone level, and
impaired glucose tolerance test
The correct answer is C. Although most of the features
described in the answer choices above can be associated
with PCOS, the criteria for diagnosis require generally
two out of the three characteristics of chronic oligo-
anovulation, signs and symptoms of hyperandrogenism
or hyperandrogenemia, and polycystic ovarian morphol-
ogy on ultrasound [4, 6]. This is based on the most
recent and agreed-upon criteria for diagnosis of PCOS
(2012 extension of Rotterdam criteria) [7, 10]. Oligo-
anovulatory cycles are generally defined as vaginal
bleeding episodes occurring at greater than 35-day
intervals or less than ten bleeds per year. A much smaller
percentage of patients present with polymenorrhea,
defined as bleeding episodes occurring frequently with
less than 25 days between cycles [13, 27].
Hyperandrogenemia refers to higher than normal levels
of circulating endogenous androgens, including testos-
terone (T), androstenedione (A4), and DHEA-S [13].
Clinical features of elevated androgens (known as
hyperandrogenism) include hirsutism, acne, and andro-
genic alopecia [8, 13].
Although PCOS can be associated with hyperinsulinemia
and increased risk of diabetes (manifesting itself as eleva-
tion in A1C or abnormalities in the glucose tolerance test)
[8, 39], these endocrine abnormalities are not a part of
criteria for diagnosis of PCOS. FSH and other hormone
levels are only used to rule out other endocrine abnor-
malities causing oligo-anovulatory pictures (i.e., primary
ovarian insufficiency). They are not a part of criteria for
diagnosis of PCOS.

2. Tina is 35 years old. She is in your office to discuss her

new onset of amenorrhea for almost 6 months. She used
to have cycles every 26-28 days. She has noticed new
hair growth under her chin area; she is embarrassed to
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go out with her friends. What are the best next steps in

her care?

A. You explain to her that she is a typical case of a condi-
tion called “polycystic ovarian syndrome or PCOS”
and you think since she makes two out of three
Rotterdam criteria, no further work-up is necessary.

B. You explain to her that she is a typical case of a condi-
tion called PCOS, but to further confirm the diagno-
sis, you order a transvaginal ultrasound to assess her
ovaries as well.

C. You explain to her that although you suspect that her
symptoms can be suggestive of PCOS, however given
new prolonged amenorrhea and new onset of hirsut-
ism, you think further work-up including TSH, pro-
lactin, FSH, and testosterone levels are necessary to
rule out secondary causes of amenorrhea and
testosterone-secreting ovarian tumors.

D. You explain to her that although you suspect that her
symptoms can be suggestive of PCOS, however to
further confirm the diagnosis, you need to order an
insulin level and a glucose tolerance test.

The correct answer is C. Your patient seems to have two
out of three criteria for PCOS based on the Rotterdam cri-
teria (chronic anovulatory cycles based on her prolonged
amenorrhea episode and hyperandrogenism manifesting
itself as increased hair growth under her chin area) [7].
Meanwhile, generally when making the diagnosis of
PCOS, one needs to rule out other causes of amenorrhea
(especially a new onset of amenorrhea in this case). These
can include but are not limited to hypothyroidism, hyper-
prolactinemia, primary ovarian insufficiency, and Cushing
syndrome (please see Table 6.3 in the text). Also, given the
new onset of signs of hyperandrogenism, androgen levels
need to be checked. Mild elevation is expected in PCOS.

. You make the diagnosis of PCOS for one of your patients

Leslie, who had come to you with new onset of hair

growth in her upper lip area, and finding of polycystic

ovaries on her pelvic ultrasound for evaluation of inter-
mittent heavy cycles. She informs you that she had been

a biology major while she was in college and is particu-

larly interested to understand the underlying mechanism

for her syndrome. What are the cardinal features that con-
tribute to the pathophysiology of polycystic ovary syn-
drome that are responsible for her symptoms?

A. Functional ovarian hyperandrogenism is the cardinal
feature in most patients and can be worsened by
insulin-resistant hyperinsulinemia.

B. Functional ovarian hyperandrogenism is the cardinal
feature in most patients but is only seen in obese
patients.

C. Overproduction of androgens from the ovaries is
mainly due to abnormalities of LH and FSH produc-
tion from the pituitary.

D. Overproduction of testosterone from ovaries is always
the primary cause.

The correct answer is A. Functional ovarian hyperan-
drogenism is considered the cardinal feature leading to
symptoms of PCOS [1]. Women with PCOS are sus-
pected to have intrinsic abnormalities in the ovarian theca
cells’ steroidogenesis which leads to hyperandrogenemia
[21]. This hyper-responsiveness can increase androgen
production and excess androgens can ultimately hinder
ovulation [5]. Hyperinsulinemia plays a direct role on
ovaries and enhances androgen production from theca
cells in response to LH stimulus. Insulin resistance is
common in both obese and lean women with PCOS.

LH and FSH production are mediated by GnRH secreted
from the hypothalamus. GnRH is generally secreted in a
pulsatile manner. At higher pulses, GnRH promotes the
production of LH in the pituitary gland, while lower pul-
sation frequencies enhance the production of FSH. In
women with PCOS, accelerated GnRH-LH pulsatile
activity as well as decreased sensitivity of the hypothala-
mus to negative feedback from ovarian steroids leads to
higher LH production [1, 48]. Higher LH pulses gener-
ally lead to higher production of ovarian androgens. That
being said, the ovarian androgen production abnormali-
ties are considered largely an inherent characteristic of
the ovaries in patients with PCOS. In a smaller number of
PCOS cases, dysregulation at the adrenal zona reticularis
causes hyperandrogenism by increased production of
DHEA [1].

. Eleanor is a 35-year-old female patient presenting with a

6-month history of amenorrhea. You have confirmed she
is not pregnant. Her TSH, prolactin, and FSH levels are
normal. She has mild hirsutism and her testosterone lev-
els are in the 40 range. At this point you make the diagno-
sis of PCOS for her. What are some of the concerns that
you make sure you should address with her?

A. You counsel her for weight loss, but given she has no
family history of diabetes, you don’t feel it is neces-
sary to check her for metabolic abnormalities.

B. You assess her family planning goals, and if she is not
planning to get pregnant, you start her only on a norg-
estimate containing birth control.

C. Given her hirsutism is mild, there is no indication for
her to get started on any specific treatment.

D. You screen her for depressive symptoms and you
refer her to specialist as indicated.

The correct answer is D. The cornerstones of treatment in

patients with PCOS are weight loss, protection of the endo-

metrium against prolonged unopposed exposure to estro-
gen (which can increase the risk of future endometrial
cancer), screening and treatment for metabolic abnormali-
ties such as diabetes and hypercholesterolemia, treating
hirsutism or other signs of hyperandrogenism (based on
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patient’s preferences), treatments to address infertility and/
or to increase chance of ovulation, and screening and pro-
viding appropriate treatments for depression and other psy-
chosocial conditions associated with PCOS [49, 50,
53-55]. When addressing endometrial protection, all the
different contraceptive options are potentially acceptable
treatments. The choice depends on the patients’ comorbid
conditions, as well as their personal preferences. Treatment
for signs of hyperandrogenism largely depends on patients’
preferences and can be offered at any stage of hirsutism.
Screening patients for depression and other psychosocial
consequences is an important part of evaluation and treat-
ment of patients with PCOS and can also include referral to
behavioral health specialists.

. Rose, a patient that you recently diagnosed with PCOS,

returns to your office 6 months after her initial visit and
states that she is interested in getting pregnant. What
available treatments for ovulation induction could you
recommend?

A. Metformin only

B. Metformin and clomiphene

C. Clomiphene and letrozole

D. Metformin, clomiphene, and letrozole

The correct answer is D. Metformin, clomiphene, and
letrozole are all acceptable treatments for ovulation
induction and treatment of infertility in PCOS patients.
The choice of medication can depend on how long the
couple has been trying to get pregnant, patient’s age,
BMI, and personal preferences. Trials have suggested
higher rates of pregnancy and live births with addition of
clomiphene compared to metformin alone [55, 56].
Another study found that letrozole was associated with
higher live birth and ovulation rates compared with clo-
miphene [55, 57]. In general, if the patient is not able to
conceive after 612 months of unprotected and frequent
intercourse and other treatments directed toward increased
chance of ovulation (weight loss, metformin), referral to
an infertility specialist is recommended.
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