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POLYCYSTIC OVARY SYNDROME

¡ originally described in 1935 by Stein and 
Leventhal as a syndrome consisting of 
amenorrhea, hirsutism, and obesity in 
association with enlarged polycystic 
ovaries 

¡ most common hormonal disorder in 
reproductive-aged women

¡ Prevalence: 5-8 % worldwide
Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA 
editors); chapter 41, Polycystic ovary syndrome; pp 881- 896



POLYCYSTIC OVARY SYNDROME: 
“DIAGNOSIS OF EXCLUSION”

Part V REPRODUCTIVE ENDOCRINOLOGY AND INFERTILITY882

may have polycystic ovaries found on US. These ovaries have 
been called polycystic-appearing ovaries (PAO) or polycystic ovarian 
morphology (PCOM) in the literature (Wong, 1995). This isolated 
finding should not be confused with the diagnosis of PCOS, but 
it may be a risk factor for other features of PCOS (e.g., insulin 
resistance, cardiovascular risk factors) discussed later.

MENSTRUAL IRREGULARITY

Menstrual irregularity includes oligomenorrhea (cycles over 35 
days) as well as a menstrual frequency of every few months and 
frank amenorrhea (over 6 months missed). Though the majority 
of women with PCOS have irregular cycles, signifying problems 
with ovulation, the ovulatory phenotype (“C”) reporting regular 
cycles occurs with variable frequencies in different populations: 
from 3% in Korea to 30% in Italy among women diagnosed 
with PCOS (Chae, 2008; Carmina, 2007). The ovulatory phe-
notype has less metabolic and cardiovascular risks as will be dis-
cussed later. It has been reported that menstrual irregularity is 
the best correlate of having insulin resistance in women with 
PCOS (Chae, 2008; Carmina, 2007). Additionally, although 
the subfertility of women with PCOS is predominantly due to 
 problems of anovulation, many women with PCOS with ovula-
tory function will present with subfertility as well.

HYPERANDROGENISM/ANDROGEN EXCESS

Often considered to be the cardinal feature of women with 
PCOS, androgen excess may be difficult to diagnose. As dis-
cussed in Chapter 40, production of androgens in excess may 
emanate from the ovary, adrenal, or the periphery. Although 
symptoms of androgen excess, particularly of hirsutism, is suf-
ficient for the inclusion of this parameter in the diagnosis of 
PCOS, blood measurements of testosterone may not always be 
accurate and often are “normal” in women with symptoms.

Table 41.1 Criteria for Diagnosis of Polycystic Ovary Syndrome

Study* Criteria

National Institute of Child 
Health and Human 
Development 1990

Menstrual irregularity
Hyperandrogenism (clinical or  

biochemical)
ESHRE-ASRM 2003 

“ Rotterdam criteria”
Menstrual irregularity
Hyperandrogenism (clinical or biochemical)
Polycystic ovaries on ultrasound (two of 

three required)
AEPCOS 2006 Hyperandrogenism (clinical or biochemi-

cal) and menstrual irregularity
Polycystic ovaries on ultrasound (either or 

both of the latter two)
NIH Workshop 2012 Endorsement of Rotterdam criteria, 

acknowledging its limitations, and 
suggesting the name PCOS should be 
changed

*All required the exclusion of other underlying hormonal disorders or tumors.

Figure 41.1 Surgical specimen of polycystic ovaries.

Figure 41.2 Typical color Doppler ultrasound of a polycystic ovary 
showing increased blood flow. (From Strauss JF, Barbieri RL, eds. Yen 
and Jaffe’s Reproductive Endocrinology. 6th ed. Philadelphia: Elsevier; 
2009:822.)

Figure 41.3 Example of calculating the ovarian cystic area (A1) and 
the stromal area (A2). (Modified from Fulghesu AM, Angioni S, Frau 
E, et al. Ultrasound in polycystic ovary syndrome—the measuring of 
ovarian stroma and relationship with circulating androgens: results 
of a multicentric study. Hum Reprod. 2007;22[9]:2501-2508.)

Obstetrics & Gynecology Books Full 

Exclude:
1. Non classic adrenal 

hyperplasia
2. Cushings syndrome
3. Androgenic tumors
4. Hyperprolactinemia
5. Thyroid disease

Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz 
GM, Valea FA editors); chapter 41, Polycystic ovary syndrome; pp 881- 896



El Hayek et al. PCOS Review

FIGURE 1 | Guidelines for the diagnosis of PCOS (Rotterdam, 2004; Azziz et al., 2006).

FIGURE 2 | Signs and symptoms in patients with PCOS (Rotterdam, 2004; Chhabra et al., 2005; Legro et al., 2013).

into consideration ethnic variations (Ferriman and Gallwey,
1961).

Menstrual Irregularity
Adolescents frequently exhibit physiological menstrual
irregularities such as oligomenorrhea (Powers et al., 2015),
usually during the first 2 years after menarche, due to lack
of maturation of hypothalamic-hypopituitary-ovarian axis
(Tfayli and Arslanian, 2008). As such, menstrual irregularity
can be sometimes an unreliable criterion for diagnosis of
PCOS in adolescents (Kamangar et al., 2015). Through close
observation of the menstrual cycle patterns, clinicians have to
differentiate physiological anovulation associated with puberty
from pathological anovulation as a dysfunction identified in
PCOS (Franks, 2002; Wiksten-Almstromer et al., 2008). It has
been suggested to postpone diagnosis at least 2 years after
menarche to establish a persistent menstrual irregularity (Hardy
and Norman, 2013). However, this may delay the initiation of
appropriate treatment (Powers et al., 2015).

Polycystic Ovaries on Ultrasonography
Normal physiological changes and variations in the volume
and size of the ovaries during puberty make ultrasonography
findings controversial for the diagnosis of PCOS (Dewailly
et al., 2014). Also, performing a transrectal or transvaginal
ultrasonography in adolescents may not be always applicable,
which may delay diagnosis (Venturoli et al., 1995). For diagnostic
purposes, normal ovarian volume in female adolescents is
considered equal to or less than 10 ml (Carmina et al.,
2010).

ASSOCIATED MORBIDITIES

Obesity
Obesity is considered one of the most important features of
PCOS. Its prevalence in diseased women varies between 61 and
76% (Glueck et al., 2005). The prevalence of obesity reaches 80%
in the United States (Ehrmann et al., 1999) and 50% outside
(Balen et al., 1995) which indicates that this figure depends on

Frontiers in Physiology | www.frontiersin.org 4 April 2016 | Volume 7 | Article 124

POLYCYSTIC OVARY SYNDROME
“ROTTERDAM CRITERIA”



PCOS VS PCOM:
• 10% to 25% of the normal reproductive age 

population may have polycystic ovaries found 
on ultrasound à called polycystic-appearing 
ovaries (PAO) or polycystic ovarian 
morphology (PCOM)

• should not be confused with the diagnosis of 
PCOS, but it may be a risk factor for other 
features of PCOS (e.g., insulin resistance, 
cardiovascular risk factors)

Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA 
editors); chapter 41, Polycystic ovary syndrome; pp 881- 896
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Acanthosis nigricans (AN) has been found in approximately
30% of hyperandrogenic women. Approximately 50% of the
hyperandrogenic women who had PCOS and were obese had
AN. Although it has been suggested that the presence of hyper-
androgenism, IR, and AN constitute a special syndrome (the
HAIR-AN syndrome), most investigators believe that many
women with PCOS have some degree of AN, particularly when
obese, and do not have another distinct endocrine disorder. The
combination of increased insulin and IGF-1 enhances the devel-
opment of AN.

Müllerian-inhibiting substance (MIS) or anti–müllerian hor-
mone (AMH) is a glycoprotein produced by the granulosa cells
of preantral follicules. Because of the larger number of preantral
follicles in PCOS, theMIS or AMH level is significantly elevated
in women with PCOS. Physiologically, AMH orMIS attenuates
a sensitivity of FSH in stimulating granulosa cells. Because AMH
or MIS reflects the number of preantral follicles, it serves as a
useful measure of ovarian reserve and ovarian aging and de-
creases with age. This measurement, however, is not as predictive
in PCOS in that levels are already higher than in normal women
because of altered polycystic morphology.

Pathophysiologic Considerations
It is clear that there is a genetic predisposition to PCOS. How-
ever, it is likely that several genes are involved. A susceptibility
gene for PCOS has been suggested to lie in the region of
19p3.2, although this needs confirmation. Environmental fac-
tors are clearly involved as well, based on twin studies, in which
PCOS is not always concordant on a genetic basis. Maternal ex-
posure to androgen has been shown in a monkey model to con-
tribute to the development of PCOS.

It has been long established that a vicious cycle propagates the
disorder in PCOS, regardless of how it begins (Fig. 40-15). Thus,
it was attractive to postulate that dopamine deficiency in the hy-
pothalamus might give rise to the exaggerated LH responses in
PCOS, and there are several similar hypotheses. However, it
has been observed that morphologically identifiable polycystic
ovaries are seen in children. This occurrence predicts puberty
and other normal endocrinologic events, suggesting a central
role for altered polycystic ovarian morphology in the disorder.

Table 40-7 Measurements of Insulin Sensitivity

Test Measurement Normal Value*

Hyperinsulinemic
Clamp

M/1 (mean glucose
use/mean plasma
insulin concentration)

>1.12 ! 10"4

Homeostasis
model assessment
of insulin
resistance
(HOMAIR)

[Fasting insulin (mU/
mL) ! fasting
glucose (mmol/L)]/22.5

<2.77

Glucose-to insulin
ratio

Fasting glucose
(mg/dL)/fasting
insulin (mU/mL)

>4.5

Quantitative
insulin sensitivity
check index
(QUICKI)

1/[log fasting insulin
(mU/mL) þ log þ fasting
glucose (mg/dL) ]

>0.357

Fasting insulin — Assay-dependent

*Normal values may vary depending on the insulin assay used.
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Figure 40-14 Percentage of 129 obese women with PCOS with
insulin resistance (IR) based on fasting basal insulin (white), G/I ratio
(red), HOMA (yellow), or QUICKI (light blue). *P < .01 compared with
G/I ratio. HOMA, Homeostasis model assessment of insulin
resistance; QUICKI, quantitative insulin sensitivity check index. (From
Carmina E, Lobo RA: The use of fasting blood to assess the prevalence
of insulin resistance in polycystic ovary syndrome [PCOS]. Fertil Steril
82:661, 2004.)
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Figure 40-15 Pathophysiologic concept of polycystic ovary
syndrome (PCOS). Increased luteinizing hormone (LH) secretion,
together with enhanced theca cell responsiveness, drives the
production of excess ovarian androgen. Increased androgen
production may inhibit steroid negative feedback effects on
hypothalamic gonadotropin-releasing hormone pulse generation to
account for the rapid LH pulse frequency observed in women with
PCOS. In addition, increased androgen levels are associated with
android obesity, visceral fat deposition, and dyslipidemia, all of which
may contribute to insulin resistance. Independently,
hyperandrogenemia, obesity, and hyperinsulinemia may decrease sex
hormone-binding globulin, thereby increasing bioactive testosterone.
Finally, increased androgen may have direct effects on the ovary to
increase follicle number and follicle size and possibly enhance
granulosa cell responsiveness to follicle-stimulating hormone (FSH)
E2, Estradiol. (From Strauss JF, Barbieri RL [eds]: Yen and Jaffe’s
Reproductive Endocrinology, 6th ed. Philadelphia, WB Saunders,
2009, p 509.)

85740 Hyperandrogenism

Pathophysiology
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Hyperandrogenism:
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Anovulation: 
menstrual irregularities

POLYCYSTIC OVARY SYNDROME
“PATHOPHYSIOLOGY”
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Update: PCOS Pathophysiology, 
Diagnosis, and Treatment

3Horm Res Paediatr
DOI: 10.1159/000479371

(unbound) testosterone in circulation, is the most com-
mon abnormality observed in the syndrome and plays a 
major role in perpetuating the aberrant hormone con-
tributors to the pathophysiology of PCOS. Excessive 
ovarian androgen production is present in the majority of 
cases, but excessive adrenal androgen production can oc-
cur among some. The elevated androgen concentrations 
suppress sex hormone-binding globulin (SHBG) con-

centrations contributing to higher free testosterone con-
centrations [5]. Herein, we deconstruct this complex  
disorder into its major pathophysiologic components. 
Although we discuss specific elements, PCOS represents 
an example of systems biology with multiple intercon-
nected signaling networks, which in individual instances 
may not involve all networks (Fig. 2). 

Fig. 2. Potential factors involved in pathophysiology of PCOS. Al-
terations in steroidogenesis, ovarian folliculogenesis, neuroendo-
crine function, metabolism, insulin secretion, insulin sensitivity, 
adipose cell function, inflammatory factors, and sympathetic 
nerve function contribute to the pathogenesis of this disorder. Not 
all factors play roles in individual patients. Environment factors 

such as food choice, exercise, and endocrine disruptors influence 
the development of clinical features. Genome-wide association 
studies have identified loci of interest in close proximity to genes 
involved in gonadotropin secretion, gonadotropin action, ovarian 
follicular development, and insulin sensitivity.

Ibanez L, Oberfield SE, Witchel S, Auchus RJ, 
Chang RJ, Codener E, Dabadghao P, 
Darendeliler F, Elbarbary NS, Gambineri A, 
Garcia Rudaz C, Hoeger KM, Lopez-Bermejo 
A, Ong K,Pena AS, Reinehr T, Santoro N, 
Tena-Sempere M, tao R, Yiliz BO, Alkhayyat
H, Deeb A, G, Joel D, Horikawa R,De Zegher
F, Lee PA. An International Consortium 
Update: Pathophysiology, Diagnosis, and 
Treatment of PCOS in Adolescence. Horm
Res Paediatr. 2017; 88(6):371-395

POLYCYSTIC OVARY SYNDROME
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CHARACTERISTIC ENDOCRINE FINDINGS IN 
POLYCYSTIC OVARY SYNDROME 

¡ high tonic levels of LH (“inappropriate gonadotropin 
secretion” ): due to elevated androgen and unbound 
estradiol or hypothalamic/pituitary functional 
abnormalities related to neurotransmitters such as 
dopamine. 

¡ Normal or low FSH levels

¡ **However, an elevated LH level or an elevated LH/FSH ratio 
is neither specific for, nor required for, the diagnosis of PCOS. 

High LH/FSH ratio

Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors); chapter 41, Polycystic ovary syndrome; pp 881- 896



¡ Elevated “unbound” estradiol (non-SHBG bound) and estrone

¡ Elevated androgens: 

¡ Serum testosterone levels usually range from 0.7 to 1.2 ng/mL
¡ androstenedione levels are usually from 3 to 5 ng/mL.

¡ dehydroepiandrosterone sulfate (DHEAS) 

**the presence or absence of hirsutism depends on whether those androgens are 
converted peripherally by 5α-reductase to the more potent androgen 
dihydrotestosterone (DHT), as reflected by increased circulating levels of 3α-
androstanediol glucuronide (3α-diol-G)

CHARACTERISTIC ENDOCRINE FINDINGS IN 
POLYCYSTIC OVARY SYNDROME 

Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors); chapter 41, Polycystic ovary syndrome; pp 881- 896



CLINICAL ASSESSMENT: PHYSICAL 
EXAMINATION

Acne: when it occurs early, is inflammatory, and mainly 
localized in chin, neck and thorax;

Persistent and poorly responsive to topical 
dermatologic therapy

Hirsutism: Moderate to severe Peripubertal
onset of hirsutism with slow progression 

àconsistent with PCOS. 

Alopecia: when it affects the vertex.

These findings are indications to test for hyperandrogenemia…



ACNE

¡ Acne severity can be graded on the basis of lesion 
counts

¡ The presence of moderate (>10 facial lesions) or severe 
inflammatory acne through the perimenarchial years is 
uncommon (<5%)

¡ Moderate to severe inflammatory acne vulgaris that is 
persistent and poorly responsive to topical treatment should 
prompt investigation

Rosenfield RL.  Definition, clinical features and differential diagnosis of  PCOS in adolescents. UpToDate.com. July 20,2016.



Acne: when it occurs early, is inflammatory, and mainly 
localized in chin, neck and thorax;

Persistent and poorly responsive to topical 
dermatologic therapy

Hirsutism:  Moderate to severe;
Peripubertal onset of hirsutism with slow 

progression àconsistent with PCOS

when it affects the vertex/crown.

These findings are indicative of hyperandrogenism when…

CLINICAL ASSESSMENT: PHYSICAL EXAMINATION



HIRSUTISM

¡ Should be objectively quantified according to the 
modified Ferriman- Gallwey score

¡ The severity of hirsutism does not correlate well 
with circulating androgen concentrations

¡ Due to ethnic/genetic differences, hirsutism may be 
a less prominent feature of hyperandrogenism, as 
observed in some Asian populations. 

Witchela SF,  Oberfieldb S, Rosenfield RL, Codnerd E,  Bonnye A,   Ibáñezf L,  Penag A, Horikawah R, Gomez-Loboi V,  Joelj D, Tfaylik H, Arslanianl S, 
DabadghaomP,  Garcia C,  Rudazn,Lee PA.The Diagnosis of Polycystic Ovary Syndrome during Adolescence. HormRes Paediatr 2015;83:376–389 
DOI: 10.1159/000375530 



MODIFIED FERRIMAN GALLWEY SCORING

Figure 1. Modified Ferriman–Gallwey (F–G) hirsutism scoring system. Each of the nine body areas is rated from 0 (absence of terminal hairs) to 4 (extensive terminal hair
growth), and the numbers in each area are added for a total score. A modified F–G scoreR6 generally defines hirsutism.18 qRicardo Azziz, 1997.

170
B.O.Yildiz

<6-8 normal      8-15 mild hirsutism >15  moderate to severe hirsutism

Witchela SF,  Oberfieldb S, Rosenfield RL, Codnerd E,  Bonnye A,   Ibáñezf L,  Penag A, Horikawah R, Gomez-Loboi V,  Joelj D, Tfaylik H, Arslanianl S, 
DabadghaomP,  Garcia C,  Rudazn,Lee PA.The Diagnosis of Polycystic Ovary Syndrome during Adolescence. HormRes Paediatr 2015;83:376–389 
DOI: 10.1159/000375530 



¡ Isolated mild hirsutism should not be considered 
clinical evidence of hyperandrogenism in the early 
post- menarcheal years when it may be in a 
developmental phase. Level C 

¡ Moderate to severe hirsutism constitutes clinical 
evidence of hyperandrogenism.    Level B

Witchel SF et al. The Diagnosis of Polycystic Ovary Syndrome during Adolescence.Horm Res Paediatr 2015;83:376–389 

HIRSUTISM



Acne: when it occurs early, is inflammatory, and mainly 
localized in chin, neck and thorax;Persistent and poorly 
responsive to topical dermatologic therapy

Hirsutism: Moderate to severe Peripubertal onset of 
hirsutism with slow progression àconsistent with 

PCOS. 

Alopecia: when it affects the 
vertex/crown.

These findings are indicative of hyperandrogenism when…

CLINICAL ASSESSMENT: PHYSICAL EXAMINATION



¡ presence of acanthosis nigricans, 
Cushingoid features, blunting of 
facial features suggestive of 
acromegaly, and signs of systemic 
illness

¡ obesity (body mass index (BMI) 
>25 kg/m2) or abdominal adiposity

Witchel SF et al. The Diagnosis of Polycystic Ovary Syndrome during Adolescence.Horm Res Paediatr 2015;83:376–389 

CLINICAL ASSESSMENT: PHYSICAL 
EXAMINATION



PCOS: LONG-TERM HEALTH RISKS
¡ 10-fold risk for developing type 2 diabetes in 

adulthood 

¡ 2-fold increased risk of metabolic syndrome 

¡ Infertility and increased endometrial cancer 
risks are also of importance.

¡ Early intervention and counseling might be the 
key for prevention of comorbidities of PCOS. 

Ojaniemia M, Tapanainena P, Morin-Papunenb L. Management of Polycystic Ovary Syndrome in Childhood 
and Adolescence. Horm Res Paediatr 2010;74:372–375 DOI: 10.1159/000320388 



CONSEQUENCES OF POLYCYSTIC OVARY 
SYNDROME 

Part V REPRODUCTIVE ENDOCRINOLOGY AND INFERTILITY888

in reproductive life, allow symptoms of PCOS to emerge with 
varying degrees of severity. Two of the major insults are thought 
to be weight gain and psychological stress. Therefore the typical 
teenager born with PAO may develop PCOS fairly quickly, but a 
PCOS picture may only develop later in life in some women, even 
after having children, with weight gain, for example.

CONSEQUENCES OF POLYCYSTIC OVARY 
SYNDROME

The importance of diagnosing PCOS is that there are known 
long-term consequences of the diagnosis warranting lifelong 

surveillance. These include metabolic and cardiovascular risks as 
well as the risk of certain cancers with aging.

There have been several consensus meetings for the  diagnosis 
and treatment of PCOS as mentioned earlier. The first two 
dealt with the diagnosis of PCOS (Rotterdam ESHRE/ASRM 
Sponsored PCOS Consensus Workshop Group, 2004) and 
the treatment of  infertility (Thessaloniki ESHRE/ASRM-
Sponsored PCOS Consensus Workshop Group, 2008). The 
third and most recent of these was held in Amsterdam and 
addressed the “long-term” consequences of PCOS (Fauser, 
2012). Figure 41.16 depicts the shift in emphasis with aging, 
requiring a multidisciplinary approach. With aging, concerns 
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Figure 41.15 Pathophysiology of polycystic ovary syndrome (PCOS) showing differences in presen-
tation. PAO, Polycystic-appearing ovaries.
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Figure 41.16 Schematic representation of the change in emphasis from early age reproductive dis-
orders to long-term metabolic and cardiovascular health. (From Fauser B, Tarlatzis B, Rebar RW, et al. 
Consensus on women’s health aspects of polycystic ovary syndrome [PCOS]: the Amsterdam ESHRE/
ASRM-sponsored 3rd PCOS Consensus Workshop Group. Fertil Steril. 2012;97[1]:28-38.e25.)

Obstetrics & Gynecology Books Full Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors); chapter 41, Polycystic ovary syndrome; pp 881- 896



CONSEQUENCES OF POLYCYSTIC OVARY 
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This is because of a decrease in the total follicular cohort and 
subsequently lower levels of AMH (Carmina, 2012a). In our 
longitudinal studies of women with PCOS, followed for 20 
years, by the fourth decade nearly half of the women had evi-
dence of ovulatory function, and in 8% the diagnosis of PCOS 
could no longer be made (Carmina, 2012b).

Although with aging the follicular cohort is decreased, com-
pared to other women of the same age, there are still more fol-
licles, and typically higher levels of AMH. This leads to the notion 
that there may be preserved fertility in women with PCOS as 
they age. This has been confirmed in one retrospective study in an 
IVF model, in which the live birth rate was higher at an older age 
compared to women with tubal disease (Mellembakken, 2011). 
As women enter menopause, which is likely to be at a later age 
(although not well documented [Fauser, 2012]), despite lowered 
androgen levels, hirsutism may still be prevalent (Schmidt, 2011). 
There is also evidence that there is a persistence of the metabolic 
issues that existed at an earlier age (Puurunen, 2011), thus requir-
ing continued vigilance in managing and following these women.

ISOLATED POLYCYSTIC OVARIES

We have found that normal ovulatory women with PAO or 
PCOM have a subtle form of ovarian hyperandrogenism when 
stimulated with gonadotropins or human chorionic gonadotro-
pin (hCG) (Wong, 1995). We have also found subtle changes 
in insulin sensitivity and altered lipoproteins (Chang, 2000). 
Therefore, although many women with isolated PAO or PCOM 
may not have any problems, this finding may be considered as a 
risk factor for developing the consequences of PCOS.

TREATMENT OF POLYCYSTIC OVARY 
SYNDROME

Treatment of women with PCOS should be directed at the spe-
cific complaint. These concerns fall into three main categories: 
androgen excess and symptoms of hyperandrogenism; irregular 
bleeding (in this setting often called dysfunctional uterine bleed-
ing) and risks of endometrial disease due to unopposed estrogen 
stimulation from anovulation; fertility concerns and subfertility, 
mostly due to anovulation. In addition, a common complaint 

is weight gain or the inability to lose weight. This is also related 
to IR and metabolic concerns discussed previously. Accordingly, 
regardless of the complaint, lifestyle management is an extremely 
important component of any treatment regimen.

Androgen excess (acne, hirsutism, and alopecia) occurs in the 
majority of women with PCOS, but not in all women. At times 
the symptoms are sufficiently mild that the treatment focus is 
on other concerns such as subfertility. Specific treatment for 
androgen excess symptoms is covered in Chapter 40 and usually 
involves the use of an OC, with or without an anti androgen.

Treatment of irregular bleeding should be directed at supplying 
the missing progesterone in anovulatory women. This potentially 
can lead to endometrial hyperplasia or cancer if not treated. Women 
who are overweight and older are a higher risk group, and endo-
metrial biopsy may be indicated, although there are no validated 
guidelines as to when a biopsy should be carried out (Fauser, 2012). 
It is important to remember that it is the women with PCOS along 
with menstrual irregularity who have IR and are more likely to have 
metabolic dysfunction. OCs are the most logical and effective treat-
ment, particularly because it is known that they reduce the risk of 
endometrial cancer. OCs may also be indicated for treatment of 
symptoms of androgen excess. In other women, progestogen ther-
apy alone may be used at 2- to 3-month intervals to shed the endo-
metrium in chronically anovulatory women. Medroxyprogesterone 
acetate (5 to 10 mg) or norethindrone acetate (2.5 to 10 mg) may be 
used in this setting. More complicated cases of menometrorrhagia 
are treated, as would other patients, as discussed in Chapter 26.

Treatment of subfertility in PCOS is predominantly due to 
anovulation. Even women with the ovulatory phenotype “C” may 
have subtle ovulatory disturbances, and it is known that some 
women have endometrial defects in progesterone and insulin 
signaling (DuQuesnay, 2009). Prior to treatment with ovulation 
induction, it is important to rule out other fertility factors, specifi-
cally male factors by obtaining a semen analysis (see Chapter 42).

TREATMENT OF SUBFERTILITY IN 
POLYCYSTIC OVARY SYNDROME

Before ovulation induction, it is necessary to normalize overt 
abnormalities in glucose tolerance and to encourage weight loss 
for overweight women. Ovulation induction may be accom-
plished by a variety of agents, including metformin, clomiphene, 

Intermediate Long term

Ages 20 30 40 50 60 70

Diagnosis

Infertility

Endometrial ca

Ovarian ca

DM

Hypertension

CVD

Figure 41.21 Consequences of polycystic ovary syndrome (PCOS) as a function of age. ca, Cancer; 
CVD, cardiovascular disease; DM, diabetes mellitus.
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WEIGHT GAIN/OBESITY AND METABOLIC 
SYNDROME 

¡ Weight gain is a major predictor of abnormal metabolic 
findings and the emergence of cardiovascular (CV) 
disease risks 

¡ symptoms of PCOS are worse with increasing body 
weight. 

¡ there is increased abdominal and visceral fat in women 
with PCOS à correlated to insulin resistance and 
metabolic dysfunction 
¡ lifestyle management has to be a priority for women 

with PCOS and must be maintained lifelong. 

Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors); chapter 41, Polycystic ovary syndrome; pp 881- 896



¡ Metabolic syndrome  is largely driven by obesity and leads to 
diabetes and CVD

¡ diagnosis is made using Adult Treatment Panel III criteria:

¡ three of five of the following: 

¡ waist circumference >88 cm

¡ high-density lipo- protein <50 mg/dL

¡ triglycerides >150 mg/dL

¡ blood pressure >130/85 mm Hg

¡ fasting blood sugar >110 mg/dL

Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors); 
chapter 41, Polycystic ovary syndrome; pp 881- 896

WEIGHT GAIN/OBESITY AND METABOLIC 
SYNDROME 



DIABETES 
¡ Prevalance of  Type 2 Diabetes Mellitus is high in women with PCOS of 

reproductive age 

¡ driven by insulin resistance, which in turn is worsened by overweight status 
and menstrual irregularity. 

¡ it is extremely important to screen for diabetes in the overweight 
population with PCOS. 
¡ It has been suggested that this is best done with an oral glucose tolerance test 

¡ HbA1C à not a good screening method, but useful in the follow-up of women as 
they are being treated. 

¡ Diet and exercise are the mainstays of treatment
¡ Metformin (1500 mg per day) may be given for at risk women and those with 

glucose intolerance and prediabetes
Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors); chapter 41, Polycystic ovary 
syndrome; pp 881- 896



CANCERS IN POLYCYSTIC OVARY SYNDROME 

¡ Endometrial cancer is increased at least 2-3fold

¡ endometrial cancer can begin at a younger age because of :

1. long-term anovulation and unopposed estrogen 
stimulation of the endometrium. 

2. defect in progesterone signaling in the endometrium 
among cancer patients

¡ Risk for ovarian cancer:  2.5 times increased 
¡ breast cancer does not seem to be increased in women with 

PCOS 

Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors); chapter 41, Polycystic ovary syndrome; pp 881- 896



CANCERS IN POLYCYSTIC OVARY SYNDROME 

¡ this level of risk for endometrial and ovarian cancer 
can be brought down to a normal rate with the use of 
oral contraceptives (OCs) for about 5 years 

¡ there is a growing body of evidence that metformin 
has inhibitory effects on various cancers

Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors); chapter 41, Polycystic ovary syndrome; pp 881- 896



¡ Treatment of women with PCOS should be directed at the specific 
complaint à these concerns fall into 3 main categories: 

1. androgen excess and symptoms of hyperandrogenism; 

2. irregular bleeding and risks of endometrial disease due to 
unopposed estrogen stimulation from anovulation (can lead to 
endometrial hyperplasia or cancer if not treated)

3. fertility concerns and subfertility, mostly due to anovulation. 

¡ weight gain or the inability to lose weight is related to IR and 
metabolic concerns 

¡ regardless of the complaint, lifestyle management is an extremely 
important component of any treatment regimen. 

POLYCYSTIC OVARY SYNDROME:
TREATMENT

Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors); chapter 41, Polycystic ovary syndrome; pp 881- 896



¡ Specific treatment for androgen excess symptoms involves the use of an 
OC, with or without an anti androgen. 

¡ Treatment of irregular bleeding should be directed at supplying the 
missing progesterone in anovulatory women. 

¡ Women who are overweight and older are a higher risk group, and 
endometrial biopsy may be indicated

¡ OCs are the most logical and effective treatment, particularly because it 
is known that they reduce the risk of endometrial cancer

¡ progestogen therapy alone may be used at 2- to 3-month intervals to 
shed the endometrium in chronically anovulatory women. 

¡ Medroxyprogesterone acetate (5 to 10 mg) or norethindrone acetate 
(2.5 to 10 mg) may be used in this setting. 

POLYCYSTIC OVARY SYNDROME:
TREATMENT

Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors); chapter 41, Polycystic ovary syndrome; pp 881- 896



¡ Treatment of subfertility in PCOS is 
predominantly due to anovulation. 

¡ some women have endometrial defects in 
progesterone and insulin signaling 

¡ Prior to treatment with ovulation induction, it 
is important to rule out other fertility factors, 
specifically male factors by obtaining a semen 
analysis 

POLYCYSTIC OVARY SYNDROME:
TREATMENT

Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors); chapter 41, Polycystic ovary syndrome; pp 881- 896



TREATMENT OF SUBFERTILITY IN 
POLYCYSTIC OVARY SYNDROME 

¡ Before ovulation induction, it is necessary to normalize overt 
abnormalities in glucose tolerance and to encourage weight loss for 
overweight women. 

¡ Ovulation induction may be accomplished by a variety of agents 
including:

1. metformin

2. clomiphene 
3. Letrozole

4. Gonadotropins

5. ovarian diathermy or drilling
In vitro fertilization (stimulated or unstimulated) may be indicated in 
difficult-to-manage cases or if other infertility factors are present

Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors); chapter 41, Polycystic ovary syndrome; pp 881- 896



¡ Clomiphene has been the mainstay for ovulation induction. Most pregnancies 
occur within the first few cycles. 

¡ Letrozole (2.5 to 5 mg/day, 5 days) has proved to be efficacious as an alternative 
to clomiphene, and it is particularly suited for women who have side effects with 
clomiphene. 

¡ Low- dose gonadotropin therapy is highly effective as a second-line treatment 
(for failure with oral agents and for the occasional patient who may have 
transitory low estrogen status)

¡ Ovarian drilling (diathermy) is a reasonable second-line therapy, particularly in 
clomiphene failures and when gonadotropin therapy has proved difficult. 

¡ For women who fail to conceive with ovulation induction over six cycles and in 
those with other infertility factors, IVF is the next step..

¡ the only caveat to IVF treatment in women with PCOS is the higher-than-normal risk of 
ovarian hyperstimulation syndrome. 

TREATMENT OF SUBFERTILITY IN 
POLYCYSTIC OVARY SYNDROME 

Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors); chapter 41, Polycystic ovary syndrome; pp 881- 896



METABOLIC AND WEIGHT CONCERNS

¡ Mainstay of treatment for all PCOS patients should be 
lifestyle modification à the key management strategy 
(should be directed at altering lifestyle variables. 

¡ Metabolic syndrome (MBS) is usually treated by a 
combination of diet and metformin. Six- to 12-month 
therapy has been shown to reduce weight by 5% to 7%, as 
well as to reduce insulin resistance and improve metabolic 
parameters. 

¡ Positive results also have been reported with the use of 
bariatric surgery in obese women with PCOS, where most 
of the symptoms of PCOS were found to disappear after 
surgery

Comprehensive Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors); chapter 41, Polycystic ovary syndrome; pp 881- 896



Part V REPRODUCTIVE ENDOCRINOLOGY AND INFERTILITY894
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METABOLIC AND WEIGHT CONCERNS

The key management strategy should be directed at altering life-
style variables. Exercise regimens, particularly when coordinated 
with a group of similar women, have been shown to be benefi-
cial. Details of these approaches may be found elsewhere. How-
ever, this approach should be part of all therapies for PCOS, 
acknowledging that some thin and normal-weight women with 
PCOS probably already have a healthy lifestyle.

Metabolic syndrome (MBS), driven largely by weight in the 
United States, is usually treated by a combination of diet and 
metformin. Six- to 12-month therapy has been shown to reduce 
weight by 5% to 7%, as well as to reduce insulin resistance and 
improve metabolic parameters. Positive results also have been 
reported with the use of bariatric surgery in obese women with 
PCOS, where most of the symptoms of PCOS were found to 
disappear after surgery (Escobar-Morreale, 2005). Nevertheless, 
this approach carries risks and should not be considered as first-
line therapy.

Some data suggest that the use of antiandrogens (specifically 
flutamide) may also be efficacious for reducing body weight 
and visceral fat in women with PCOS (Gambineri, 2006). A 
combination of drospirenone and 17α-ethinylestradiol (EE2) 
with flutamide and metformin also has been used successfully 
in adolescents (Ibanez, 2005). However, this multidrug regimen 

has not been tested in an adult population. Although therapy 
for women with PCOS should be directed at a woman’s specific 
complaint, improvement of lifestyle variables, including weight 
reduction and fitness, should be the mainstay of all treatments. 
Metformin has an important role for metabolic concerns, partic-
ularly when MBS is present, and may aid in cases of subfertility.

A summary of various treatments for specific complaints in 
PCOS is provided in Table 41.4. Resources for patients may be 
found at Australia AEPCOS (jeanhailes.org.au/health-a-z/pcos), 
Endo Society (www.ae-society.org), and American Society for 
Reproductive Medicine (www.asrm.org).

KEY POINTS
 ■  There are three criteria to diagnose PCOS; the diagnosis is 

based on clinical criteria, not laboratory values.
 ■  The most frequently used diagnostic criteria for PCOS 

(called the Rotterdam criteria) require finding any two of 
the following: menstrual irregularity, hyperandrogenism, 
or polycystic ovaries on ultrasound.

 ■  The disorder is heterogeneous and is not a single gene disor-
der, although several susceptibility genes have been identified; 
environmental influences are most likely involved as well.

 ■  If untreated, women with PCOS have an increased risk 
of developing diabetes mellitus and hypertension after 
menopause; women with the disorder may have increased 
cardiovascular disease, although whether cardiovascular 
mortality is increased has not been confirmed.

 ■  Treatment of women with PCOS should be directed at 
the specific complaint: menstrual function, skin disorders 
of androgen excess, or subfertility. Typically, more than 
one complaint exists and can be dealt with concomitantly 
unless the woman is trying to conceive.

 ■  Weight gain and metabolic concerns (particularly insulin 
resistance, prediabetes, etc.) are extremely common and 
should be treated aggressively (usually with lifestyle man-
agement), particularly before pregnancy.

 ■  Long-term consequences of PCOS include cardiovascular 
and metabolic concerns and the increased risks of endo-
metrial and ovarian cancer, unless OCs have been used. 
With ovarian aging, cycles may become more regular, and 
some but not all the symptoms of PCOS may disappear as 
women approach menopause. The age of menopause may 
be later.

 ■  Women with PCOS who desire fertility should be treated 
with agents that stimulate ovulation. Letrozole and 
clomiphene are first-line agents, with the former being 
more successful. Gonadotropins and ovarian “drilling” 
are second-line treatments, which are less commonly used 
today in the United States, with an approach of progress-
ing women to IVF more quickly.

Table 41.4 Treatment for Women with Polycystic Ovary Syndrome

Complaint Treatment Options

Infertility Letrozole, clomiphene, with or 
 without metformin, gonadotropins, 
ovarian cautery (“drilling”)

Skin manifestations Oral contraceptive + antiandrogen 
(spironolactone, finasteride), GnRH 
agonists

Abnormal bleeding Cyclic progestogen, oral 
 contraceptives

Weight, metabolic 
 concerns

Diet/lifestyle management, 
 metformin

GnRH, Gonadotropin-releasing hormone.
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