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Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in females, with a high prevalence. The etiology of this heterogeneous condition
remains obscure, and its phenotype expression varies. Two widely cited previous ESHRE/ASRM sponsored PCOS consensus workshops focused on diagnosis
(published in 2004) and infertility management (published in 2008), respectively. The present third PCOS consensus report summarizes current knowledge
and identifies knowledge gaps regarding various women’s health aspects of PCOS. Relevant topics addressed—all dealt with in a systematic fashion—include
adolescence, hirsutism and acne, contraception, menstrual cycle abnormalities, quality of life, ethnicity, pregnancy complications, long-term metabolic and
cardiovascular health, and finally cancer risk. Additional, comprehensive background information is provided separately in an extended online publication.
(Fertil Steril® 2012;97:28-38. ©2012 by American Society for Reproductive Medicine.)
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endocrine disorder in women,
with a prevalence between 6% and
10% based on the U.S. National Insti-
tutes of Health (NIH) criteria and as
high as 15% when the broader Rotter-
dam criteria are applied. Typically,
PCOS is first identified during the early
reproductive years. The clinical expres-
sion varies but commonly includes
oligo-ovulation or anovulation, hyper-
androgenism (either clinical or bio-
chemical), and the presence of
polycystic ovaries. The etiology of the
syndrome remains obscure, and the
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variability in phenotype expression
continues to render the clinical care
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and research concerning this heterogeneous condition
challenging.

Two ESHRE/ASRM-sponsored PCOS consensus work-
shops have previously been organized. The first one in Rotter-
dam, the Netherlands, in 2003 focused on diagnostic criteria
for PCOS (1, 2); the second in Thessaloniki, Greece, in 2007
dealt with infertility management in PCOS (3, 4). The
conclusions of these meetings were subsequently jointly
published simultaneously in both Human Reproduction and
Fertility and Sterility. These papers are highly cited,
suggesting a great interest in this area and underlining the
value of such consensus contributions.

A third PCOS consensus workshop—the focus of the pres-
ent report—took place in Amsterdam, the Netherlands, in Oc-
tober 2010 and attempted to summarize current knowledge
and to identify gaps in knowledge regarding various women’s
health aspects of PCOS. Diverse aspects of care during the
reproductive and postreproductive years were addressed,
including adolescence, hirsutism and acne, contraception,
menstrual cycle abnormalities, quality of life and sexual
health, ethnicity, pregnancy complications, long-term (meta-
bolic) cardiovascular health, and cancer risk (Fig. 1). Due to
the complexity of the many issues discussed, this contribution
will address each topic separately in a fixed format: a brief
introduction, concluding statements (where there was agree-
ment), a summary of areas of disagreement (if any) and knowl-
edge gaps, with recommended directions for future research.
These concluding statements in relation to each specific topic
mentioned are published in the journals (maximum of 5 refer-
ences per paragraph). An extended version of this article is
available online with Supplemental Material that provides
comprehensive background information.

The hierarchy of the evidence available in the literature
assessed for this conference was graded as follows:

Level A requires at least one randomized, controlled trial
(RCT) as part of a body of literature of overall good
quality and consistency that addresses the specific
recommendation.

Level B requires the availability of well-controlled clinical
studies, but no RCTs on the topics of recommendation.

Level C requires evidence obtained from expert commit-
tee reports of opinions and/or clinical experiences of
respected authorities, which indicates an absence of
directly applicable clinical studies of good quality.

Good practice points (GPP) are also addressed.

ADOLESCENCE

There is no overall agreement as to how to diagnose PCOS in
adolescence. Acne is common during the adolescent years,
whether or not PCOS is present, whereas hirsutism—associ-
ated with PCOS—typically develops over time. Hyperandro-
genemia may be a more consistent marker for PCOS
during the teenage years (5). In all young women, irregular
menses are common in the years immediately after menar-
che. As many as 85% of menstrual cycles are anovulatory
during the first year after menarche, and up to 59% are still
anovulatory during the third year after menarche (6). In one
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study, persisting oligomenorrhea was not predicted by
increased androgens, polycystic ovaries on ultrasound, or
increased serum luteinizing hormone (LH) levels (7). In-
creased body mass index (BMI), however, was the major
risk factor for persistent anovulation.

Only approximately 40% of adolescent women with men-
strual irregularity have polycystic ovaries on ultrasound (8).
These considerations have led to the suggestion that all three
elements of the Rotterdam criteria should be present in teen-
agers to make the diagnosis of PCOS (9). These investigators
suggest that oligomenorrhea or amenorrhea should be present
for at least 2 years after menarche (or primary amenorrhea at
age 16 yrs), the diagnosis of polycystic ovaries on ultrasound
should include increased ovarian size (>10 cm’), and hyper-
androgenemia rather than just signs of androgen excess
should be documented.

Conclusions (Agreement)

o C(riteria for the diagnosis of PCOS in adolescents differ from
those used for older women of reproductive age (level B).

e Groups at risk (e.g., obese, hirsute, irregular menses) should
be identified, but physicians should be cautious of
overdiagnosing PCOS (level B).

e Individual PCOS manifestations in adolescents (e.g., obe-
sity, hirsutism, irregular menses) (level B) should be treated.

Knowledge Gaps/Recommended Future Research

e Absence of longitudinal studies through adolescence.

e Absence of specific diagnostic criteria for identifying PCOS
early in adolescence.

e Absence of normative values for a number of biochemical
markers during adolescence.

e Assessment of value of intervention in PCOS early in
adolescence.

e Lack of clarity as to whether the severity of symptoms
during adolescence predicts the extent of the disorder in
later life.

HIRSUTISM/ACNE/ALOPECIA

Hirsutism is a good marker for hyperandrogenism even when
considering ethnic differences and systemic factors such as
obesity. Hirsutism is present in approximately 70% of women
with PCOS, but hyperandrogenemia should be evaluated
biochemically in all women suspected of having PCOS. By
comparison, acne and alopecia are not commonly associated
with hyperandrogenemia and therefore should not be re-
garded as evidence of hyperandrogenemia.

For women with PCOS in whom hirsutism is a major
concern, treatment is focused on reduction of androgen pro-
duction, decreasing the fraction of circulating free testoster-
one (T), and limiting androgen bioactivity to hair follicles.
In those women with PCOS who have acne vulgaris, clinical
benefit may be derived from many systemic therapeutic mo-
dalities. Because terminal hair turnover occurs slowly, at least
6 months of treatment is generally considered the minimal
interval to see a response.
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The main therapeutic emphasis has focused on inhibition
of ovarian steroid production and decreased bioavailability
through augmentation of sex hormone-binding globulin
(SHBG) levels with the use of oral contraceptive pills (OCPs).
Often OCPs are prescribed in combination with an antiandro-
gen to block androgen action at the hair follicles. Antiandro-
gens include spironolactone (an aldosterone-antagonist
diuretic), flutamide (an androgen receptor antagonist), and fi-
nasteride (a 5a-reductase type 2 inhibitor). In general, the ad-
dition of an antiandrogen to OCPs has not appeared to increase
the overall treatment benefit. Each of these agents have been
shown to reduce hirsutism, and all appear (without head-
to-head comparisons) to have equivalent efficacy (10-12).
Notably, antiandrogens should not be used without effective
contraception (given their potential fetal toxicity). Flutamide
is of limited value because of associated hepatotoxicity. In
addition, drospirenone is not antiandrogenic in the dosage
used as a component of some OCPs. Insulin-sensitizing agents,
such as metformin and pioglitazone, have little effect on hir-
sutism or acne (13, 14). Physical approaches to remove
unwanted hair, including electrolysis and laser treatments,
may be acceptable to many patients.

In severe acne, isotretinoin can be beneficial, but individ-
ual responses vary. It is not effective for hirsutism and occa-
sionally may lead to alopecia. Physical approaches to remove
unwanted hair, including electrolysis and laser treatments,
may be acceptable to many patients. Topical treatment with
eflornithine hydrochloride, an inhibitor of ornithine decar-
boxylase, limits cell division and has been shown to be effec-
tive for decreasing the development of new unwanted facial
hair (15). No effective pharmacologic treatment for alopecia
exists.

Conclusions (Agreement)

e Hirsutism, considering ethnic differences, is a good marker
for hyperandrogenism (level B).

e Isolated acne and alopecia are not necessarily related to
and are not good markers for hyperandrogenism (level B).

e Hirsutism should be evaluated biochemically (level B).

e Prolonged (>6 months) medical therapy for hirsutism is
necessary to document effectiveness (level B).

e Many drugs used for the treatment of hirsutism are not ap-
proved by the U.S. Food and Drug Administration (FDA) for
this indication (GPP).

e No effective treatment for alopecia is known (level B).

e Antiandrogens should not be used without effective con-
traception (level B).

e Flutamide is of limited value because of its dose-dependent
hepatotoxicity (level B).

e Drospirenone in the dosage used in some OCPs is not anti-
androgenic (level B).

Knowledge Gaps/Recommended Future Research

e Unclear what is the best medical therapy for hirsutism.
e Unclear how long therapy should be continued.
e Unclear how best to evaluate hirsutism clinically.

e Measurement of serum androgens fraught with error but
the best estimate we have for hyperandrogenism.

MENSTRUAL IRREGULARITY

Although cycle abnormalities are common during the repro-
ductive years, women with PCOS may ovulate spontaneously.
How frequently this occurs is unknown (16), but ovulations
have been reported in up to 32% of “cycles.” Women with oli-
gomenorrhea or amenorrhea have about a 90% chance of be-
ing diagnosed with PCOS, and up to 95% of affected adults
have oligomenorrhea or amenorrhea (17). The definition
used to establish the diagnosis of PCOS affects the proportion
of women included with menstrual irregularities (18).

Amenorrheic women with PCOS usually have the most
severe hyperandrogenism and higher antral follicle counts
as compared with women presenting with oligomenorrhea
or regular menstrual cycles. Menstrual cycles in women with
PCOS become more regular as they approach menopause
(19, 20). Obesity rather than the menstrual cycle pattern or
the size of the follicular cohort determines hyperinsulinemia,
dyslipidemia, and hypertension in aging women with
PCOS (20).

Conclusions (Agreement)

e Both amenorrheic and oligomenorrheic women may occa-
sionally ovulate (level B).

e Menstrual cycles in women with PCOS may become more
regular later in life (level B).

e Irregular menses are associated with increased metabolic
risk (level B).

e The greater the menstrual irregularity, the more severe the
PCOS phenotype (level B).

Disagreement

e The time needed before regular menstrual cycles occur in
young women.

e The extent to which irregular menses (especially amenor-
rhea) are a source of psychological morbidity and/or de-
creased quality of life.

Knowledge Gaps/Recommended Future Research

e It is unclear to what extent the severity of the menstrual
disturbance is associated with the severity of the PCOS
phenotype.

e The natural history and progression of menstrual irregular-
ity in PCOS are not well understood.

e [t remains unclear whether PCOS patients have a longer
reproductive life span.

e How often do oligomenorrheic or amenorrheic women
ovulate?

CONTRACEPTION

Women with PCOS who do not desire pregnancy need contra-
ception. No contraceptive methods are contraindicated in
PCOS. However, some of the features associated with PCOS
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(such as obesity and insulin resistance) may represent a rela-
tive contraindication to the use of combined OCPs. Cycle con-
trol is usually achieved by the use of OCP in women with
PCOS.

Oral contraceptives suppress LH secretion and lead to
a decrease in ovarian androgen production. The estrogenic
component increases the levels of sex hormone-binding
globulin (SHBG), which, in turn, results in a decrease in circu-
lating free T levels. The progestin in the pill can compete for
5a-reductase at the level of the androgen receptor. Oral con-
traception also decreases adrenal androgen production by
a mechanism yet unclear, possibly due to a decrease in adre-
nocorticotropin hormone (ACTH) production.

There are few randomized double-blind studies compar-
ing the metabolic effects of a combination of two OCPs, or
combined with an insulin sensitizer (21). A Cochrane review,
based on limited evidence, concluded that OCP use does not
increase metabolic risk (22). Findings from a few small studies
suggest that insulin resistance worsens during the natural
course of PCOS, but long-term OCP use either does not change
or improves cardiometabolic risk parameters, including insu-
lin resistance, lipoprotein profile, and possibly body fat
distribution.

Conclusions (Agreement)

e Overall, the benefits of OCPs outweigh the risks in most
patients with PCOS (level B).

e Women with PCOS are more likely to have contraindica-
tions for OCP use than normal women (level C).

e Inthe absence of other risk factors, there is no evidence that
women with PCOS are at increased risk with OCPs com-
pared with normal women (level C).

e There is no evidence for differences in effectiveness and
risk among the various progestogens and when used in
combination with a 20 versus a 30 ug daily dose of estrogen
(level B).

e Subsequent fertility is not negatively affected by OCPs
(level Q).

e There is no definitive evidence that the type of OCP deter-
mines efficacy of hirsutism control (level C).

Knowledge Gaps/Recommended Future Research

e Head-to-head blinded trials comparing different OCP strat-
egies are lacking.

e There is a lack of longitudinal follow-up studies after
a course of OCPs.

QUALITY OF LIFE

Patients with PCOS are an at-risk group for psychological and
behavioral disorders and reduced quality-of-life (QOL)
(23-25). Studies in this area have been hampered by the
existence of only one validated disease-specific question-
naire, the QOL Questionnaire for Women with PCOS (PCOSQ)
(26). A review of generic and specific quality-of-life studies in
women with PCOS concluded that (1) PCOS has a significant
detrimental effect on QOL compared with controls, (2) weight
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Schematic representation of the change in emphasis from early age
reproductive disorders to long-term metabolic and cardiovascular
health.

Fauser. ESHRE/IASRM PCOS Consensus. Fertil Steril 2012.

issues are most apt to affect quality of life, (3) few studies in-
clude an instrument specific for PCOS in their assessment, and
(4) very few studies include QOL instruments in their assess-
ment of the benefits of the investigated treatment (24).

The PCOSQ cannot be used to evaluate the prevalence of
emotional and other disorders (e.g., sexual or eating disorders).
However, from other validated measures, it appears that pa-
tients with PCOS are at higher risk for developing significant
psychological difficulties (i.e., depression, anxiety) compared
with healthy and other controls and may also be at risk for eat-
ing disorders and sexual and relational dysfunction, though
this evidence is inconsistent (23). It has been suggested that
women with PCOS should undergo psychological screening
to improve their long-term prognosis. However, until it is
possible to disentangle potential features of the disorder
from reactions to it, recommending psychological screening
is premature.

Conclusions (Agreement)

e There is evidence of increased prevalence of psychological
disorders in women with PCOS (level B).

e Psychological issues should be considered in all women
with PCOS because of evidence suggesting increased prev-
alence and associated comorbidities (level C).

e It is unclear if this increased prevalence is due to the
disorder itself or its manifestations (e.g., obesity, hirsutism,
irregular menses, infertility) (level C).

e Based on the consultation and the patient’s perception of
her problems, appropriate counseling and intervention
should be offered (level C).

Knowledge Gaps/Recommended Future Research

e Evaluation of the validity of existing instruments for psy-
chopathology as screening tools in PCOS.
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e Determination of the prevalence of psychological disorders
using appropriate instruments.

e Development of appropriate screening instruments and in-
terventions (level C).

e Determination whether disease, its manifestations, or its
consequences lead to psychological disorders.

PREGNANCY

Women with PCOS may be subfertile. This may be explained
by the effects of obesity and/or metabolic, inflammatory, and
endocrine abnormalities on ovulatory function, oocyte qual-
ity, and endometrial receptivity. Ovarian hyperandrogenism
and hyperinsulinemia may promote premature granulosa
cell luteinization, and paracrine dysregulation of growth fac-
tors may disrupt the intrafollicular environment and impair
cytoplasmic and/or nuclear maturation of oocytes (27). These
features are not universal, and oocyte quality, fertilization,
and implantation rates in an individual woman with PCOS
can be normal (28).

During early pregnancy, the embryo may be exposed to
androgen excess in utero. This may have long-term effects,
particularly on female offspring. Fetal hyperandrogenism
may disturb epigenetic programming, in particular those genes
regulating reproduction and metabolism. Data in relation to
the risk of miscarriage in women with PCOS are conflicting,
although miscarriage rates are generally thought to be compa-
rable with other subfertile populations (29, 30). When
pregnancy occurs in women with PCOS, there is a higher
incidence of gestational diabetes (GDM) (40% to 50%) and
associated fetal macrosomia, gestational hypertensive
disorders (such as preeclampsia and pregnancy-induced hy-
pertension) (5%), and birth of small-for-gestational-age
(SGA) babies (10% to 15%) (31). The use of metformin for
women with anovulatory PCOS has no benefit with respect
to enhancing either fertility or live-birth rates, and its routine
use is not recommended.

Conclusions (Agreement)

e Women with PCOS who desire a pregnancy may be at in-
creased risk for adverse pregnancy outcomes, and this
may be exacerbated by obesity and/or insulin resistance
(level B).

e Health should be optimized before conception, with advice
about smoking cessation, lifestyle, diet, and appropriate vi-
tamin supplementation (e.g., folic acid) (GPP).

e Miscarriage rates are not increased in natural conceptions
in women with PCOS, independent of obesity. Miscarriage
rates after induction of ovulation mirror those found in
other infertile populations (level A).

o Women with PCOS should be observed closely during preg-
nancy as they may be at increased risk for the development
of GDM, gestational hypertension, and associated
complications (level B).

e Pregnancy-associated risks are greater in women diag-
nosed by more classic (NIH) criteria as opposed to nonhy-
perandrogenic women (level B).

e Babies born from women with PCOS may have increased
morbidity and mortality (level B).

e There is no evidence for improved live-birth rates or
decreased pregnancy complications with the use of metfor-
min either before conception or during pregnancy (level A).

Knowledge Gaps/Recommended Future
Directions for Research

e Is there any value to specific periconceptional diets for
women with PCOS?

e Should pregnancies of women with PCOS have increased
antenatal monitoring, including earlier screening for
GDM and additional Doppler studies?

e What is the long-term outcome of children born from
women with PCOS?

e What is the long-term outcome for women with PCOS who
develop gestational hypertension and GDM compared with
women with PCOS who do not conceive?

ETHNIC DIFFERENCES IN THE PHENOTYPE

There is considerable ethnic variation in the expression of
PCOS, including the prevalence and severity of obesity, met-
abolic disturbances, and their correlates. There are differences
in psychosocial aspects affecting QOL and health-seeking be-
haviors (32). For example, Asian women are generally shorter,
have a lower BMI, and a milder hyperandrogenic phenotype.
South Asians in particular have a high prevalence of the met-
abolic syndrome (MetS) and are at risk for type 2 diabetes
(T2D), with central obesity more than BMI reflecting their
metabolic risk (33). A common clinical indicator of greater
metabolic risk is acanthosis nigricans.

African American and Hispanic women are more often
obese and more prone to metabolic problems; women of
African descent are particularly prone to hypertension and
cardiovascular disease, whereas Hispanic women are more
at risk for MetS and T2D (34). There is a strikingly high prev-
alence of hirsutism among women of Middle Eastern and
Mediterranean origin. Nevertheless, abnormal glucose toler-
ance in southern and eastern Europeans is far less common
than in South Asians and Hispanics (33, 35). Geographic
location, ethnic origin, and cultural/social practices are
likely contributors to the differing manifestations of PCOS
and should be recognized in routine clinical practice.

Conclusions (Agreement)

e Ethnic origin and culture contribute to the differing mani-
festations of PCOS (level B).

e Ethnically appropriate thresholds are required for identify-
ing anthropometric cutoffs for appropriate metabolic
screening in high-risk ethnic groups (level B).

Knowledge Gaps/Future Directions for Research

e Effects of migration and rapid economic development for
different ethnic groups for long-term cardiovascular and
metabolic risk.

e Population-based prevalence of PCOS in all ethnicities.
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e Best management for manifestations by ethnicity, and the
role of genetic and environmental factors to explain ethnic
variances.

e Effects of insulin sensitizers in different ethnic groups.

OBESITY

There is widespread variability in the prevalence of over-
weight (BMI 25 to 30 kg/m?) and obese (BMI >30 kg/m?)
women in PCOS populations across different countries. The
proportion of women with PCOS who are overweight but
not obese ranges from 10% in Italy to 37% in Kuwait. The
highest prevalence of obesity is reported in studies conducted
in the United States and Australia, with 61% to 76% of
women with PCOS considered obese (36, 37).

Women with PCOS are more likely to have upper-body fat
distribution compared with weight-matched controls. Greater
abdominal or visceral adiposity is associated with greater in-
sulin resistance, which could exacerbate the reproductive and
metabolic abnormalities in PCOS (38). It is known that obesity
is associated with PCOS, but its causal role in this condition
has yet to be determined. Very few studies report the associ-
ation of BMI with menstrual irregularity. Few randomized
controlled studies have been performed on lifestyle interven-
tions, but these suggest substantial reproductive and meta-
bolic benefits (39, 40).

Conclusions (Agreement)

e The prevalence of obesity is increasing and has an impor-
tant bearing on the phenotype of PCOS (level B).

e Some studies suggest that higher BMI is associated with
a greater prevalence of menstrual irregularity, hyperandro-
genemia, and hirsutism, but more studies are required to
confirm this (level B).

e Increased BMI and visceral adiposity are associated with
greater insulin resistance as in the general population,
but its effect on menstrual irregularity and hirsutism re-
main unclear (level B).

o Lifestyle management results in weight loss and improves
surrogate markers of metabolic disease/syndrome (level A).

Knowledge Gaps/Recommended Future
Directions for Research

e Mechanistic studies are necessary to understand the evolu-
tion of obesity and PCOS. Does PCOS predispose to obesity,
and does obesity unmask latent PCOS?

e More studies are required of the type and duration of exer-
cise specifically for women with PCOS.

e Further research is required on determinants of increasing
participation and compliance in lifestyle programs as well
as the effects of these interventions on primary outcomes
such as live birth, perinatal morbidity, and diabetes
prevention.

e Research is required on the role of bariatric surgery for all
aspects of PCOS and on the offspring of women with
PCOS conceived after such surgery.
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e Research is required to optimize lifestyle interventions,
maximizing weight loss and minimizing dropouts among
participating women.

INSULIN RESISTANCE AND THE METABOLIC
SYNDROME (METS)

Insulin resistance is a prevalent finding in the obese in gen-
eral, and in women with PCOS (41). It is most prevalent and
severe in those with the classic NIH PCOS phenotype involv-
ing hyperandrogenism and chronic anovulation. Women
with PCOS assessed by the Rotterdam criteria yet with regular
cycles are metabolically less abnormal (40, 42, 43).

The cellular and molecular mechanisms of insulin resistance
in PCOS differ from those in other common insulin-resistant
states such as obesity and T2D. In vivo insulin action is
profoundly decreased in skeletal muscle secondary to signaling
defects, but hepatic insulin resistance is present only in obese
women with PCOS. There is a synergistic negative effect of hav-
ing both PCOS and obesity on insulin action. Pancreatic 3-cell
dysfunction is also present in PCOS but may be more related
to T2D risk factors as this dysfunction is most severe in women
with a first-degree relative who has T2D (44).

Extensive evidence indicates that hyperinsulinemia con-
tributes directly to reproductive dysfunction in PCOS (41).
Women with classic NIH PCOS have significantly increased
rates of the MetS compared with reproductively normal
women of similar age and weight.

Conclusions (Agreement)

e Metabolic disorders associated with PCOS are major predic-
tors of prediabetes, diabetes, and MetS in reproductive-age
women (level B).

e Patients with MetS are an important clinical subset of
women with PCOS (level B).

e Not all PCOS phenotypes have similar metabolic risk. The
combination of hyperandrogenemia and oligomenorrhea
signifies the most at-risk group (level B).

e It is critical for public health and for optimum design of
long-term studies to stratify women with PCOS according
to metabolic risk. This goal would be greatly facilitated
by using a specific name for this high metabolic risk
PCOS subset (GPP).

Knowledge Gaps/Recommended Future
Directions for Research

e Long-term prospective studies to define metabolic out-
comes and cardiovascular disease (CVD) risk in PCOS.

e Research on the role of androgens in the spectrum of MetS
risk in women.

e Further definition of the importance of adipocyte patho-
physiology, in particular in the visceral adipose depot, in
the evolution of insulin resistance and MetS in PCOS.

TYPE 2 DIABETES (T2D)

Insulin resistance is a prominent feature of PCOS. There is now
compelling evidence from epidemiologic data (45) that PCOS is
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associated with increased risk of impaired glucose tolerance
(IGT), GDM, and T2D (31, 40, 41). Biochemical screening in
the form of an oral glucose tolerance test (OGTT) is indicated
in obese women with PCOS, and/or those with increased
visceral adiposity, as measured by waist circumference. Risk
of IGT or diabetes is highest in women who have both oligo-
ovulation or anovulation and hyperandrogenism, and the risk
is further amplified by obesity (46).

Management of women at risk for T2D should include
diet and lifestyle improvement as the first-line treatment.
Metformin treatment is indicated in those with IGT who do
not respond adequately to calorie restriction and lifestyle
changes. In those with frank diabetes, metformin is safe and
effective whereas there is concern about the use of thiazolidi-
nediones and glucagonlike peptide-1 analogues in women of
reproductive age (47).

Conclusions (Agreement)

e PCOS is a major risk factor for developing IGT and T2D
(level A).

e Obesity (by amplifying insulin resistance) is an exacerbat-
ing factor in the development of IGT and T2D in PCOS
(level A).

e The increasing prevalence of obesity in the population
suggests that a further increase in diabetes in PCOS is to be
expected (level B).

e Screening for IGT and T2D should be performed by OGTT
(75 g, 0- and 2-hour values). There is no utility for measur-
ing insulin in most cases (level C).

e Screening should be performed in the following conditions:
hyperandrogenism with anovulation, acanthosis nigricans,
obesity (BMI >30 kg/m?, or >25 in Asian populations), in
women with a family history of T2D or GDM (level C).

e Diet and lifestyle are first choice for improving fertility and
prevention of diabetes (level B).

e Metformin may be used for IGT and T2D (level A). Avoid
use of other insulin sensitizing agents such as thiazolidine-
diones (GPP).

Knowledge Gaps/Recommended Future Research

e Identification of genetic factors contributing to diabetes
risk in PCOS.

e Clear definition of the interaction of obesity and body fat
distribution with PCOS in development of IGT and T2D.

e Definition of the prevalence of GDM in a large cohort of
women with PCOS.

e Collection of good longitudinal data on progression from
IGT to T2D.

e Data on efficacy and safety of newer drugs for treatment of
T2D in PCOS (including GLP-1 agonists).

e Better assessment of the efficacy of bariatric surgery and its
long-term effect.

CARDIOVASCULAR DISEASE MARKERS

Metabolic dysfunction in women with PCOS leads to exagger-
ated risk for cardiovascular disease (CVD) with aging. Markers

for CVD risk reflect the metabolic dysfunction. Changes can
occur without obesity and are magnified with obesity. More
android central obesity occurs in nonobese women with
PCOS. Severity of insulin resistance is related to the amount
of abdominal obesity even in women with a normal BMI.
This is likely to contribute to the abnormalities in the classic
markers for CVD risk (IGT, metabolic syndrome, T2DM,
dyslipidemia).

The odds for these CVD risk indicators are approximately
three times higher in women with PCOS compared with
women without PCOS, and in BMI-matched studies the
odds are approximately double. The prevalence of these in-
creased CVD risk markers differs by geographic region (48).
The more severe PCOS phenotypes are associated with
a greater magnitude of CVD risk, and this has been found in
obese and nonobese women (49, 25).

Triglyceride, low density lipoprotein (LDL), and non-high
density lipoprotein (HDL) cholesterol changes are higher com-
pared with women who do not have PCOS. This reflects more
atherogenic apolipoprotein B (ApoB)/ApoA ratios. Differ-
ences are greater when PCOS is diagnosed using NIH rather
than Rotterdam criteria. Assessing waist circumference and
non-HDL-cholesterol appear to be the most useful clinical in-
dicators of this metabolic disturbance. Systemic inflamma-
tion associated with endothelial vascular dysfunction and
metabolic disturbance is commonly present in women with
PCOS. Numerous biochemical inflammatory and thrombotic
markers of CVD risk circulate in excess in women with
PCOS. Some of these markers correlate with insulin resis-
tance. It remains unclear if increased levels of markers of in-
flammation and thrombotic risk CVD risk provide additional
predictive power beyond assessment using classic CVD risk
factor estimates for estimating individual of CVD.

Conclusions (Agreement)

e PCOS at any age is characterized by greater odds for ele-
vated CVD risk markers. Elevated markers occur without
obesity and are magnified with obesity (level B).

e Dyslipidemia, IGT, and T2D (classic risk indicators of ath-
erosclerosis and CVD) are more prevalent in women with
PCOS, even when weight matched with normal control
women (level B).

e Altered levels of triglycerides, HDL, LDL, and non-HDL (re-
flecting altered ApoB/ApoA metabolism) are prevalent in
women with PCOS and are more severe in hyperandrogenic
women (level B).

e Non-HDL cholesterol and waist measurement appear to be
the best clinical indicators of elevated CVD risk (level C).

e All markers reflect a greater magnitude of risk when
women are diagnosed using NIH criteria (including
hyperandrogenism) compared with the Rotterdam criteria
(level B).

e Depression and anxiety, major risk factors for CVD, are
common in women with PCOS (level B).

e The recommended CVD risk assessment at any age is for
psychosocial stress, blood pressure, glucose, lipid profile
(cholesterol, triglycerides, HDL, LDL, and non-HDL
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cholesterol), waist circumference, physical activity, nutri-
tion, and smoking (level C).

e Because CVD risk increases with age and accompanying
additive environmental insults, periodic reassessment for
CVD risk is recommended (GPP).

Knowledge Gaps/Recommended Future Research

e How often should CVD risk assessment be repeated in
women with PCOS with or without elevated risk indicators?

e What are optimal specific recommendations in various
races or ethnicities?

e Which novel CVD risk markers provide added benefit be-
yond the classic CVD risk indicators?

e Longitudinal studies associating surrogate markers with
CVD events are needed for precise CVD risk prediction.

CARDIOVASCULAR DISEASE OUTCOMES

Life-long metabolic dysfunction in women with PCOS exag-
gerates the risk for CVD with aging, particularly after meno-
pause. This metabolic dysfunction is based upon insulin
resistance, which occurs in most women with PCOS and is in-
dependent of and additive with obesity. Consequently, begin-
ning in adolescence, IGT and T2D are highly prevalent in
PCOS (odds ratio (OR) of approximately 4:1) and occur in
about 40% of women with PCOS by the fourth decade of
life, with age and weight gain worsening glycemic control.
Insulin-resistant women with PCOS have vascular dysfunc-
tion, which is associated with total and abdominal adiposity.
Women with PCOS also have more subclinical vascular dis-
ease than normal women. The severity of carotid-intima me-
dia thickening, coronary artery calcification, and to a lesser
extent aortic calcification are greater in women with PCOS
(by NIH criteria) than controls, independent of age and BML.

Nevertheless, evidence for increased CVD morbidity and
mortality in women with PCOS, based upon Rotterdam and/or
NIH criteria, remains inconclusive (20, 50-52). It is not possible
to properly diagnose PCOS after menopause. Nevertheless,
postmenopausal women with existent hyperandrogenemia and
premenopausal menstrual irregularity have a larger number of
cardiovascular events than controls, despite technical
challenges in accurately measuring low circulating androgen
levels in this age group (53). Among nondiabetic postmeno-
pausal women with intact ovaries, moreover, atherosclerotic
CVD is associated with features of PCOS, including premeno-
pausal menstrual irregularity, hirsutism, and postmenopausal
biochemical hyperandrogenism (54).

Conclusions (Agreement)

e Life-long metabolic dysfunction in women with PCOS ex-
aggerates CVD risk, causing a possible increase in CVD
events with age, especially after menopause (level B).

e All surrogate markers of cardiovascular risk are higher in
PCOS (adjusted for age and BMI), but the association of
these markers with cardiovascular events in PCOS remains
unclear (level B).

e Endothelial dysfunction in PCOS is related to abdominal
obesity and insulin resistance (level B).
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e Coronary artery calcification and carotid intima media wall
thickness are also increased in women with PCOS com-
pared with matched controls (level B).

e Among nondiabetic postmenopausal women with intact
ovaries, atherosclerotic CVD is associated with features of
PCOS, such as relative androgen excess and a recalled his-
tory of irregular menses (level B).

Disagreement

e Uncertainty exists as to whether PCOS status per se in-
creases cardiovascular mortality.

Knowledge Gaps/Recommended Future Research

e Data are lacking regarding ethnic and racial differences in
the set point for vascular damage associated with PCOS.

e Precision of cardiovascular surrogate markers is unknown.

e Association between cardiovascular surrogate markers and
cardiovascular events is unclear.

e Longitudinal studies are needed to associate cardiovascular
markers with vascular events.

e Longitudinal studies are lacking regarding the effects of
various PCOS phenotypes on cardiovascular events.

e The role of sex steroids on regional adipogenesis and its im-
pact on total and abdominal obesity is uncertain.

e It is uncertain whether PCOS phenotypic expression varies
over lifetime and modulates cardiovascular risk.

e It is uncertain whether hyperandrogenemia per se has its
own independent effects on atherosclerosis.

e The optimum multifaceted approach to women with PCOS
that reduces and prevents CVD has yet to be determined.

CANCER RISK

Polycystic ovary syndrome is a common reproductive disor-
der resulting in a disruption of normal reproductive physiol-
ogy. This condition may be associated with increased risk of
the development of cancer of the endometrium, ovary, and/
or breast, either directly or mediated by its associated
reproductive-metabolic alterations. There is a small to mod-
erate amount of literature assessing the association of PCOS
with the development of cancer of the reproductive organs.

Estimates of the strength of association are likely to be
sensitive to a number of factors including limitations in the
definition of PCOS, limitations in comparison with various
populations, and the small number of studies assessing each
cancer type (50, 52, 55, 56).

Conclusions (Agreement)

e There are moderate quality data to support that women
with PCOS have a 2.7-fold (95% confidence interval [CI],
1.0-7.3) increased risk for endometrial cancer. Most endo-
metrial cancers are well differentiated and have a good
prognosis (level B).

e Limited data exist that do not support the conclusion that
women with PCOS are at increased risk for ovarian cancer
(level B).
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e Limited data exist that do not support the conclusion that
women with PCOS are at increased risk for breast cancer
(level B).

Disagreement

e There is no agreement on the optimal modality or timing of
how to monitor women for the presence of endometrial
cancer or precursor endometrial changes using ultrasound
and/or endometrial biopsy. The decision to assess for the
presence of endometrial cancer should be based on clinical
factors including length of amenorrhea, presence of abnor-
mal uterine bleeding, thickness and appearance of the en-
dometrium on imaging, and the age of the patient (GPP).

Knowledge Gaps/Recommended Future Research

e There is insufficient evidence to evaluate any association of
PCOS with vaginal, vulvar, or cervical cancer.

e Cancer risk with PCOS is difficult to separate from other
recognized risk factors such as nulliparity, infertility and
its treatment, anovulation, and obesity.

e There is a lack of precision in the estimate of the risk of en-
dometrial cancer in PCOS, especially in subgroups with and
without risk factors.

e There is limited confidence in the association of PCOS and
ovarian cancer.

e Cancer studies in PCOS should involve more patients, with
more clarity on the phenotypic variation in the diagnosis of
PCOS.

e Comparison population studies should be conducted and
improved.

MENOPAUSE, GENERAL HEALTH

The transition of women with PCOS into menopause and
whether there is a specific phenotype for PCOS after meno-
pause is poorly understood. There is evidence that women
with PCOS have a larger cohort of primary follicles than
age-matched control women before menopause. Serum T
levels decrease as women age from the third to fifth decades.
Additionally, women with PCOS often develop improved
menstrual regularity with age. These factors may all contrib-
ute to improvement in reproductive functioning with age
before menopause. Menopausal PCOS phenotype is poorly de-
fined. The polycystic ovary criterion is likely not useful after
menopause.

It is not definitively known what the general health status
of postmenopausal women with PCOS is, or what are opti-
mum therapies. It is suspected that women with PCOS who
have transitioned through menopause will have increased
rates of obesity, diabetes, and cardiovascular events. Most re-
ports tend to show normal or increased bone mineral density
in women with PCOS. The natural history of hirsutism and/or
alopecia in postmenopausal women with PCOS is unknown. It
is difficult from the existing data to know whether the mortal-
ity rate is different in women with PCOS. Retrospective data in
women with polycystic ovaries suggest mortality occurs at
a similar rate as in the general population and presumably

at the same age (19, 57-61). Alternative data suggest they
have higher rates of stroke and CVD.

Conclusions (Agreement)

e Age may improve many manifestations of PCOS, including
normalizing ovarian size and morphology, T levels, and
oligo-ovulation before menopause (level B).

Knowledge Gaps/Recommended Future Research

e There are little data on long-term fecundity and precise age
of menopause in women with PCOS.

e The long-term risk for morbidity and mortality among
postmenopausal women with a history of PCOS is
uncertain.

e There is no established phenotype for PCOS after
menopause.

e Most clinical assays are not precise for determining T levels
in postmenopausal women.

e Long-term, multicenter cohort studies are needed where the
following issues should be assessed: menopausal phenotype,
cardiovascular events, cancer, and other causes of morbidity/
mortality.

e Genomewide association studies should be used to identify
new genes/pathways involved in ovarian dysfunction re-
lated to age of menopause and polycystic ovaries.
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POLYCYSTIC OVARY SYNDROME IN
ADOLESCENCE

There is no agreement concerning how to diagnose polycystic
ovary syndrome (PCOS) in adolescence. In fact, during the
transition of girls into adulthood, several features may be in
evolution or may only be transitory findings (1). Prematurely
assigning a diagnostic label of PCOS to an adolescent may be
incorrect and may result in unnecessary treatments and
worsen the psychological distress that, especially in adoles-
cence, is associated with disorders and therapies involving
body image and reproductive issues. It may also jeopardize
clinical and basic studies of PCOS, which require
homogeneity and certainty about the diagnosis. Because of
such problems, some investigators have even suggested
avoiding making the diagnosis until the age of 18 years (2),
and others have proposed specific and very strict criteria for
the diagnosis (3). However, in girls who are affected by
PCOS, it may be useful to start treatment during the adoles-
cent years. Hence, by critically reviewing elements that may
emerge during adolescence and are thought to encompass
the diagnosis of PCOS, we suggest possible criteria upon
which to base the diagnosis.

Hyperandrogenism

In adult women, the diagnostic criteria include hirsutism,
acne, or androgenic alopecia as markers of hyperandrogen-
ism. However, acne is quite common during the adolescent
years, and in most patients it is a transitory phenomenon
(4). In addition, very few data exist about adolescent andro-
genic alopecia. Accordingly, we do not support the use of
these clinical markers as criteria for the diagnosis of PCOS
in adolescents.
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Hirsutism may represent a better marker of hyperandro-
genism, and some investigators have reported that progres-
sive hirsutism during the adolescent years may be an
important sign of PCOS (5). However, in adolescents, it may
be more prudent to rely on the presence of hyperandrogene-
mia, a classic characteristic of PCOS that generally appears
at puberty, rather than on clinical signs for the diagnosis of
PCOS. In fact, hyperandrogenemia is relatively constant and
may represent an important symptom of PCOS during
adolescence (6).

Chronic Anovulation and Menstrual Irregularities

Chronic anovulation, generally presenting with oligomenor-
rhea or secondary amenorrhea, is one of the key elements
for the diagnosis of PCOS in adults. However, chronic anov-
ulation and menstrual irregularities are very common in
adolescence, and approximately 40% to 50% of adolescent
girls have anovulatory cycles (7, 8). There is a progression
toward more ovulatory cycles with increasing gynecologic
age; the prevalence of ovulatory cycles increases from 23%
to 35% during the first year after menarche to 63% to 65%
in the fifth year after menarche (7, 8).

Most adolescent girls become ovulatory with age, but half
of adolescent girls who have oligomenorrhea or secondary
amenorrhea are affected by a permanent ovulatory disorder
(9). It would be important to distinguish these girls from those
who will progress eventually toward ovulatory cycles. In
a study that assessed endocrine and ovarian morphologic pa-
rameters in girls at the age of 15 years and again at age 18
(10), the investigators showed that persistent oligomenorrhea
was not predicted by increased serum luteinizing hormone
(LH), increased androgens, or polycystic ovaries on ultra-
sound. Persistent oligomenorrhea was present in 43% of girls
who had normal androgen levels, in 40% of girls who had
normal LH levels, and in 44% of girls who had normal-
appearing ovaries on ultrasound. Similarly, insulin resistance
and body mass index (BMI) did not predict persistent oligo-
menorrhea; however, increased BMI was the major risk factor
for the persistence of anovulation. The association of
oligomenorrhea with increased androgens or polycystic
ovaries may help predict the persistence of oligomenorrhea.
The additional findings of elevated androgen testosterone
(T) levels and polycystic ovaries but not increased serum LH
levels were predictive of the persistence of oligomenorrhea
at age 18.

Ovarian Findings on Ultrasound

In adolescents, the ultrasound examination is often per-
formed abdominally rather than vaginally, even though the
resolution of the scan is better vaginally. This problem is fur-
ther magnified by the evolution of ovarian findings with age.
Some girls will be found not to have polycystic ovaries but to
have multifollicular ovaries as a stage of development. Using
strict criteria for multifollicular and polycystic ovaries, the
two entities should not be confused. However, because of
the reduced resolution of abdominal scans, misinterpretation
is possible. In a study of 73 adolescents with menstrual irreg-
ularities, polycystic ovaries were found in 41% and normal
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ovaries in 36% of the girls, and 23% had multifollicular ova-
ries (11). In adolescents with normal menses, a high preva-
lence of characteristic polycystic ovaries were found in
otherwise asymptomatic girls (12), suggesting that the
occurrence of this finding is high in the general adolescent
population. It was also suggested that maximal ovarian size
is expected to occur 1.25 to 3.8 years after menarche (13),
which is an important consideration when placing an upper
limit for ovarian volume for the diagnosis of PCOS in
adolescents.

Suggestions for the Diagnosis of PCOS in
Adolescents

Based on few available data, guidelines for diagnosing PCOS
during adolescence have recently been proposed (1). During
adolescence, a positive diagnosis of PCOS should require all
elements of the Rotterdam consensus (and not just two out
of three). In addition, it may be better to define hyperandro-
genism as hyperandrogenemia (elevated blood androgens
found using sensitive assays) and discount clinical findings
such as acne and alopecia, with the exception of documented
progressive hirsutism. Oligo-amenorrhea should be present
for at least 2 years, and the diagnosis of polycystic ovaries
by abdominal ultrasound should also include increased
ovarian volume (>10 cm?®). Thus, the diagnosis of PCOS
should be considered only in girls who had menarche at least
2 years before diagnosis. By use of these parameters, clini-
cians may confirm the diagnosis PCOS only in adolescents
who have hyperandrogenism, oligo-amenorrhea, and poly-
cystic ovaries on ultrasound. When the diagnosis cannot be
confirmed, the patients should be observed closely until
adulthood, and the diagnosis should be reconsidered if the
symptoms persist.

Management of Adolescent PCOS

In patients in whom the diagnosis of PCOS has been estab-
lished, the main clinical problem is the control of menstrual
cycles and the treatment of hirsutism. Generally, combined
steroid oral contraceptive pills (OCPs)—either containing or
not containing an antiandrogen—may be safely used, but
the usual contraindications to administration should be care-
fully considered. Lipid patterns should be evaluated before
and after a few months of treatment.

Special attention should be given to body weight be-
cause it has been suggested that obesity during adolescence
may be an important factor that conditions the evolution of
ovarian function (14). Psychological and dietary treatment
should be used in obese adolescent girls; in some patients,
especially if glucose intolerance is present, metformin may
be added. Many of the patients with milder phenotypes
may only need symptomatic treatment of their hirsutism.
It has been shown that cardiovascular and metabolic risks
are much lower in patients with mild PCOS phenotypes.
More prospective studies are needed and will be useful in
understanding not only the correct criteria for making the
diagnosis of PCOS, but also whether any treatment may be
useful to prevent or reverse the evolution toward PCOS in
adulthood.

HIRSUTISM/ACNE/ALOPECIA
Hirsutism

In women, hirsutism is usually manifested by excessive facial
and/or body hair. There are three hair types. Lanugo hair
grows on fetuses and is lost early after birth. Vellus hair oc-
curs in childhood and appears as nonpigmented, soft, and
short. Terminal hair is pigmented, coarse, and excessive in
hirsute women. Androgens (T and dihydrotestosterone
[DHT]) transform vellus to terminal hairs in androgen-
sensitive areas.

Various factors may influence hair growth, including eth-
nic differences, systemic factors, sex steroid production, and
target organ responsiveness. For instance, Asians have less
dense hair compared with Caucasians. In addition, hirsutism oc-
curs in 60% to 80% of American women with PCOS but in only
20% of Japanese patients. It is unclear whether these differences
are genetically determined. Systemic conditions such as
hypothyroidism and growth hormone therapy may also be as-
sociated with hirsutism (15, 16). In addition, seasonal
conditions may also affect hair growth, with higher rates
observed during the summer as compared with the winter
months (17).

In women with PCOS, hirsutism may result from the com-
bined influence of increased androgen production, increased
circulating free T, or greater androgen activity within the pi-
losebaceous unit. In general, the primary source of androgen
overproduction is the ovary, although adrenal androgens are
increased in about 30% of cases. Not uncommonly, this
increased androgen output is enhanced by elevated levels of
serum free T due to decreased sex hormone-binding globulin
(SHBG) levels, particularly in obese women. Finally, local
factors in skin may amplify the androgen effect through in-
creased 5a-reductase and androgen receptor activity.

The etiology of approximately 70% of hirsutism in women
is PCOS, but other diagnoses should be excluded. The list of dif-
ferential diagnoses for hirsute women includes hyperthecosis,
nonclassic adrenal hyperplasia, Cushing syndrome, thyroid
dysfunction, and ovarian and adrenal androgen-secreting tu-
mors. Androgen-secreting tumors are rare, with a prevalence
of less than 0.5% in hirsute women. Although individuals
with acromegaly and hyperprolactinemia have been reported
to exhibit an increased prevalence of hirsutism, the likelihood
of hirsutism as the initial presentation for these disorders is
also exceedingly rare.

Acne

Acne is the most common skin disorder and affects approxi-
mately 40 to 50 million people in the United States (18). This
condition results from the formation of comedones, due to
sebum accumulation along with desquamated follicular
epithelial cells, which allows colonization by the bacterium
Propionibacterium acnes (19). Inflammatory propagation of
comedones may lead to development of papules, pustules,
and nodules. Androgens may worsen acne formation by in-
creasing sebum production within the pilosebaceous unit.
Most women with PCOS who have acne exhibit facial lesions,
and up to 50% of individuals demonstrate lesions on the neck,
chest, and upper back (20).
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Past studies have shown that androgen levels are elevated
in women with acne, although the severity of acne has not
been positively correlated with any particular hormone with
the exception of the adrenal androgen dehydroepiandroster-
one sulfate (21). Notably, several studies have demonstrated
an inverse relationship with SHBG.

About 50% of normal women with acne do not have
clinical or biochemical evidence of hyperandrogenism. Con-
versely, in many women with PCOS hirsutism is not associ-
ated with acne. These discrepancies may be due to local
androgen bioactivity. It has been postulated that [1] androgen
levels within skin are more important mediators of acne than
circulating levels and [2] androgen receptors may exhibit
variable sensitivity to androgens.

Alopecia
Alopecia is loss of terminal hair from some or all areas of the
body, but usually refers to the scalp. The condition is a com-
mon cause of baldness in women and tends to progress slowly.
The pattern of hair loss involves the crown, sparing the fontal
hairline, or balding with bitemporal recession (22, 23). An
early sign of alopecia may be a widened hair parting.
Androgenic alopecia is generally a poor marker for hyper-
androgenemia unless present in women with oligomenorrhea
(24). However, it has been demonstrated that polycystic ovaries
are more likely in women with alopecia than in those with
normal hair growth (25). The mechanism for androgenic alope-
cia is not well understood. It has been shown that aromatase
activity is decreased and androgen receptors overexpressed in
balding versus nonbalding scalps (26). It is interesting that
there is evidence of increased 5a-reductase and 178-hydroxys-
teroid dehydrogenase (173-HSD) activity in the area of the
occiput, which is spared hair loss in alopecia (26).

Pilosebaceous Unit

The pilosebaceous unit is the target of androgen stimulation,
and responsiveness is influenced by activities of local en-
zymes and the androgen receptor. The hair follicle is com-
posed of an outer root sheath, a dermal papilla, and
a sebaceous gland. Androgen receptors are primarily located
in the dermal papilla with some expression in the outer root
sheath. Conversion of testosterone to DHT is determined by
5a-reductase, of which there are two isoforms, type 1 and
type 2. Type 1 is found in sebaceous glands and pubic skin,
and type 2 is located primarily in the hair follicle (27). Both
types exist in the outer root sheath with less expression in
the dermal papilla. In addition, type 1 is markedly expressed
in the distal portion of the sebaceous gland, and type 2 is lo-
cated primarily in the proximal duct of the sebaceous gland.
Increased activity of one isoenzyme compared with the other
could contribute to the variable clinical picture seen in the hy-
perandrogenic woman when the degree of hirsutism is not
compatible with the severity of the acne.

Treatment of Hirsutism and Acne

For women with PCOS in whom hirsutism is a major concern,
treatment is focused on reduction of androgen production,
decreasing the fraction of circulating free T, and limiting
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androgen bioactivity at the hair follicle. In those women
with PCOS with acne vulgaris, clinical benefit may be derived
from any of these therapeutic modalities. Because medical
treatment of hirsutism prevents or slows the formation of
new terminal hair growth and does not impact existing hair
follicles, the hirsute patient must allow terminal hairs to be
shed before anticipating significant improvement. In general,
6 months of treatment is considered the minimal interval to
detect differences in hirsutism.

In women with PCOS, the main therapeutic emphasis has
been inhibition of ovarian steroid production with the use of
estrogen and progestins as in OCPs. In addition, spironolac-
tone, an antiandrogen, has been used alone or in combination
with OCPs to block androgen action at the hair follicles.
Flutamide, an androgen receptor antagonist, and finasteride,
a b5a-reductase type 2 inhibitor, are also antiandrogens.
Insulin-sensitizing agents, such as metformin and pioglita-
zone, have minimal effectiveness on hirsutism and acne.
Various combinations of medications such as OCPs with anti-
androgens have been advocated to lessen prescribed doses and
side-effects as well as to enhance the cosmetic outcome. In se-
vere cases of acne in women with PCOS, isotretinoin can be of
great benefit, although individual responses may not be uni-
form. However, isotretinoin is not effective for hirsutism and,
in some cases, may result in alopecia. As a topical treatment,
eflornithine hydrochloride has been effective in decreasing of
unwanted facial hair. Eflornithine is an irreversible inhibitor
of ornithine decarboxylase, an enzyme essential for synthesis
of polyamines that are necessary for cell division. Depilatory
agents, the majority of which contain thioglycolates, act to
sever chemical bonds and dissolve the hair shaft. Side effects
of these chemical compounds are similar to eflornithine.

MENSTRUAL IRREGULARITY

The clinical expression of PCOS varies but commonly in-
cludes oligo-ovulation or anovulation, hyperandrogenism
(either clinical or biochemical), and the presence of polycystic
ovaries (28, 29). Obesity and insulin resistance are commonly
encountered (30) but are not required for diagnosis.

Amenorrhea is generally defined when there are intervals
between periods exceeding 199 days, whereas in oligomenor-
rheic patients the intercycle interval varies between 35 and
199 days. However, oligomenorrheic and, to a lesser extent,
amenorrheic women with PCOS occasionally experience
spontaneous ovulations. Indeed, the original manuscript of
Stein and Leventhal mentioned the presence of ovulation
stigmata on the enlarged polycystic ovaries of some patients.
Information about spontaneous ovulation rates in oligome-
norrheic and amenorrheic women is scarce (31). In the pla-
cebo arm of a large randomized controlled trial (RCT),
women with PCOS ovulated in 32% of cycles, though this
likely overestimates the overall rate (32) In a woman who
has oligomenorrhea/amenorrhea, there is an approximately
90% chance that PCOS also will be diagnosed (33).

Menstrual Cycle Throughout Life

During the assessment of menstrual cycle length, one should
bear in mind that oligo-ovulation and anovulation are quite
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common in adolescents. Menstrual cycles are rather long and
very irregular during the first year after menarche. The estab-
lishment of regular menstrual cycles can be a slow process. It
has been shown that 85% of menstrual cycles are anovulatory
during the first year after menarche, and up to 59% of cycles
are still anovulatory during the third year after menarche (34).
This is especially important because PCOS is increasingly rec-
ognized as a major endocrine problem in adolescents (35).

Moreover, it has been recognized that, due to aging,
women with PCOS appear to gain more regular cycles as
they approach menopause (31, 36, 37). Apart from age, the
smaller follicle count, the higher follicle-stimulating hormone
(FSH) serum levels, and the lower FSH-induced inhibin B in-
crement found in aging PCOS patients confirm that this phe-
nomenon is indeed due to ovarian aging (38). Finally, in line
with the high levels of antimiillerian hormone (AMH) in PCOS
patients (39), their steady decline over time (40), and the
strong association of AMH levels with the number of antral
follicles (41), cycle irregularity improves with increasing age
(38). It has been hypothesized that women with PCOS may
have a longer reproductive life span (39, 42).

Incidence of Menstrual Cycle Irregularities in PCOS

The incidence of cycle irregularity in adolescent girls with
PCOS seems to be quite variable. About 43% presented with
oligomenorrhea, and 28% had either primary (7%) or second-
ary (21%) amenorrhea. Approximately 21% reported regular
menstrual cycles, and 7% reported frequent menstrual cycles
with a cycle interval of less than 21 days (35). Adult patients
with PCOS present with either oligomenorrhea or amenorrhea
in up to 95% of cases (33). Oligomenorrhea and amenorrhea
have been encountered in women ranging from 45% up to
9500, depending on the definitions used to diagnose PCOS
(43). If the U.S. National Institutes of Health (NIH) criteria
are used, 100% of all women with PCOS will have irregular
menstrual cycles; if the Rotterdam consensus definition is
used, up to 30% will have regular menstrual cycles (30, 44, 45).

Menstrual Cycle Irregularities and Other PCOS
Characteristics

Several studies had assessed the endocrine profile in patients
with PCOS with either regular cycles or with oligomenorrhea
or amenorrhea. All studies point in a similar direction indicat-
ing a more deranged endocrine profile in those women with
irregular cycles compared with those with regular cycles.
Moreover, women with amenorrhea and PCOS constitute
the group with the most profound derangements: they are sig-
nificantly more hyperandrogenic, have increased serum lutei-
nizing hormone (LH) and cortisol levels, and are more
hyperinsulinemic (46, 47). In an analysis of a large data set
of nearly 2,000 women with PCOS, amenorrheic women
were shown to be the most profoundly hyperandrogenic,
and they had statistically significantly higher T,
androstenedione, dehydroepiandrosterone (DHEA), and
dehydroepiandrosterone sulfate (DHEAS) levels with lower
SHBG serum concentrations compared with woman with
oligomenorrhea. Amenorrheic women also had the highest
antimillerian hormone (AMH) serum concentrations and

higher antral follicle counts compared with both
oligomenorrheic women and regularly cycling patients with
PCOS (31). In a recent study, the number of follicles seemed
to be similar between women with PCOS having irregular or
regular menstrual cycles (48). It therefore seems that women
with amenorrhea and PCOS constitute the most profoundly
affected phenotype. Indeed, the incidence of ovulatory cycles
was statistically significantly lower in women with amenor-
rhea compared with those with oligomenorrhea (49). Simi-
larly, a higher socioeconomic status was associated with
a higher prevalence of the ovulatory phenotype. Differences
in ovulatory status were also attributable to differences in
serum insulin levels and fat quantity and distribution (50).

Menstrual Cycle Irregularities and Fertility/
Fecundity

Women with self-reported oligomenorrhea or amenorrhea
and/or hirsutism had similar pregnancy rates and abortion
rates compared with the general population without these
symptoms. However, symptomatic women more often experi-
enced infertility. Oligomenorrhea or amenorrhea as well as
obesity were more often associated with decreased fecund-
ability (51). Similarly, amenorrhea and oligomenorrhea also
predict the outcome of first-line ovulation-induction treat-
ment. Along with BMI, mean ovarian volume, and the free an-
drogen index, the degree of menstrual cycle irregularity
predicted ovulation in women with anovulatory infertility
(52). Moreover, age along with amenorrhea predicted live-
birth rates in these women (52). During second-line treatment,
the menstrual cycle pattern is one of the most significant pre-
dictors of live birth (53). Significantly fewer women with
amenorrhea ovulated on clomiphene citrate compared with
those with oligomenorrhea. During second-line treatment,
women with oligomenorrhea had a reduced chance of con-
ceiving and had reduced live-birth rates when compared
with those with amenorrhea (49).

The Menstrual Cycle and Quality of Life

There are several studies addressing psychological well being
in women with PCOS. They all indicate that the symptoms
typically associated with PCOS such as acne, hirsutism, irreg-
ular menses, amenorrhea, obesity, and subfertility are a major
source of psychological morbidity and can negatively affect
quality of life (54). In PCOS, changes in appearance (particu-
larly obesity and hirsutism) reduce quality-of-life and
decrease sexual satisfaction. The roles of biochemical, endo-
crine, and metabolic parameters as well as menstrual irregu-
larities appear to be less important (55). Amenorrhea in
women with PCOS was associated with lower self-esteem,
greater fear of negative appearance, and earlier sexarche
compared with a nationwide Dutch control cohort. These re-
sults suggest that in younger women sexarche was earlier
compared with a historic Dutch control cohort whereas in
older patients with PCOS sexarche seemed to be delayed (56).

The Menstrual Cycle and Long-Term Health Risks

Although clinical parameters such as ovulation disorders and
hirsutism play a key role in the definition, there is a paucity of
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data that correlate the grade of clinical findings with meta-
bolic disorders in PCOS. This is surprising because, for exam-
ple, the degree of cycle irregularity as a rough parameter of
oligo-ovulation/anovulation is an objective and reproducible
parameter that can be easily assessed (47). Indeed, several
studies indicate that oligomenorrheic or amenorrheic women
exhibit a significantly more pronounced degree of insulin re-
sistance, are more obese, and have more disturbed carbohy-
drate metabolism. Moreover, amenorrheic patients have
a less favorable metabolic profile (47). Irregular menstrual
cycles along with hirsutism particularly seem to constitute
an unfavorable combination as far as the metabolic syndrome
is concerned, and both factors might be helpful in identifying
women with metabolic and cardiovascular risk factors
associated with PCOS (57, 58).

Moreover, the observed changes in endocrine and meta-
bolic profiles, also recorded in obese and overweight controls,
were magnified in the presence of symptoms associated with
PCOS like oligomenorrhea or amenorrhea and hirsutism (46).
In a large Dutch cohort of patients with PCOS, it was
established that obesity, rather than the menstrual cycle pat-
tern or the size of the follicle cohort, determined hyperinsuli-
nemia, dyslipidemia and hypertension in aging women with
PCOS (59).

The relationship between endometrial cancer risk due to
prolonged unopposed estrogen exposure and PCOS has been
established for several decades (60). The intermenstrual inter-
val seems to correlate well with endometrial thickness and en-
dometrial hyperplasia in women with PCOS (61). Compared
with a control group, proliferative endometrium was signifi-
cantly more often observed in patients with PCOS compared
with age-matched controls.

CONTRACEPTION

Combined oral contraceptive pills (OCPs) have been the
mainstay for the chronic treatment of women with PCOS
not seeking pregnancy (62). Oral contraceptives can address
many of the goals of reproductive-aged women with PCOS:
they ameliorate hyperandrogenic skin manifestations, regu-
late menstrual cycles, and thereby lower the risk of endome-
trial carcinoma and provide effective and safe contraception.

Oral contraceptives suppress the secretion of LH and lead
to a decrease in ovarian androgen production. The estrogenic
fraction increases the levels of SHBG, which, in turn, results in
a decrease in free T levels. The progestin in the pill can com-
pete for 5a-reductase and the androgen receptor, and thus an-
tagonize androgen action. Oral contraceptives also decrease
adrenal androgen production by a mechanism that is as yet
unclear, possibly due to a decrease in adrenocorticotropic
hormone (ACTH) levels.

Almost all of the OCPs contain ethinyl estradiol as the
estrogenic fraction, but progestins in the pills vary in their
androgenic potential. Norethindrone, norgestrel, and levo-
norgestrel are known to have androgenic activity, whereas
desogestrel, norgestimate, and gestodene are less androgenic.
The pills containing progestins with antiandrogenic activity,
rather than second- and third-generation OCPs containing
progestins with varying androgenic activity, appear to be
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an appropriate alternative in the treatment of PCOS. Among
OCPs containing antiandrogenic progestins, the combination
of ethinyl estradiol and cyproterone acetate has been used in
many studies of PCOS, whereas only a few studies of ethinyl
estradiol in combination with drospirenone or chlormadinone
acetate are available, and the combination of ethinyl estradiol
and dienogest has not yet been studied in PCOS.

Taken together, OCPs are effective agents for the long-
term management of PCOS. However, there are concerns
about the safety of these drugs, particularly potential long-
term risks related to cardiovascular disease (CVD) and glucose
intolerance.

OCP Use and Cardiovascular Disease Risk in PCOS

Current use of low-dose OCPs in healthy women might in-
crease CVD risk although that risk does not continue once
OCPs are stopped (63, 64). The CVD risk is associated with
increased age, smoking, and hypertension (63). Accordingly,
young nonsmoking women do not appear to possess any in-
creased CVD risk due to OCP use. Intriguing data from
a healthy population suggest that OCP use during the repro-
ductive years might be protective against CVD later in life
(64). Unfortunately, there are no data available in the litera-
ture assessing the potential association of OCP use and CVD
outcome in PCOS. Because patients with PCOS do not have in-
creased or premature morbidity or mortality from CVD despite
having increased CVD risk factors, it would be interesting to
test the hypothesis that long-term use of OCPs during repro-
ductive years might be protective against CVD morbidity and
mortality in PCOS later in life.

OCP Use and Diabetes Risk in PCOS

The strong association between PCOS and insulin resistance
and the increased risk of diabetes in this disorder have boosted
the number of insulin-sensitizer studies in PCOS within the
last 15 years. On the other hand, there have been only a few
studies evaluating the metabolic effects of OCPs in PCOS.
Similarly, there are few randomized double-blind studies
are available in the literature comparing the metabolic effects
of an OCP either with another OCP or with an insulin sensi-
tizer or with an OCP/insulin-sensitizer combination (65).

A recent Cochrane review comparing OCPs versus met-
formin in PCOS identified only four RCTs in the literature in-
volving 104 patients with a study duration ranging between 6
and 12 months. This review reported, based on limited evi-
dence, that OCP use does not have any adverse metabolic
risk compared with metformin use (66).

There are a few prospective studies on a limited number of
patients using different combinations of OCPs with a duration
ranging from 3 to12 months (65). The results regarding the
effects of OCPs on insulin sensitivity, measured by various
methods ranging from fasting insulin to clamp studies, are in-
consistent and contradictory in that decreased, unchanged,
and increased insulin sensitivity measurements have been re-
ported (65). More importantly, in all but two studies glucose
tolerance status did not change. Of note, these two small stud-
ies included morbidly obese patients with PCOS with an aver-
age BMI of 36.8 and 37.2 kg/m?, respectively. Additionally,
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potential confounding factors that might have influenced the
results, such as ethnicity, family history of diabetes, and level
of physical activity, were not reported (67, 68).

Overall, limited available data suggest that low-dose OCP
use for up to 1 year does not have an adverse impact on insulin
sensitivity in most patients with PCOS even though decreased
or increased insulin sensitivity might be observed in a small
group of individuals. Low-dose OCP use for 1 year or less
does not appear to increase the incidence of type 2 diabetes
in PCOS. However, deterioration of glucose tolerance status
might be observed, particularly in morbidly obese patients
with PCOS. It is highly likely that, similar to healthy individ-
uals, the risk of diabetes development depends on individual
patient characteristics such as BMI, age, ethnicity, and family
history of diabetes as well as on individual characteristics of
the OCP combination. Finally, it remains to be determined
prospectively whether these variable effects of OCPs on insulin
sensitivity and glucose tolerance status for less than a year
persist with longer term use of these medications in PCOS.

Long-Term Use of OCPs and Cardiometabolic Risk
in PCOS

Only a few long-term observational studies evaluating the met-
abolic effects of OCPs in PCOS are available in the literature. In
a prospective open-label study evaluating lipid profiles and glu-
cose homeostasis in 72 women with PCOS treated with ethinyl
estradiol/cyproterone acetate for 3 years, the investigators ob-
served an increase in triglycerides and high-density lipoprotein
(HDL) cholesterol and a decrease in the low-density lipoprotein
(LDL)/HDL ratio in women PCOS after the treatment. More im-
portantly, insulin and glucose plasma concentrations did not
change (69).

Another small observational study on 37 patients with
PCOS with an average follow-up period of 10 years (range:
12 to 180 months) assessed the long-term effects of OCPs on
cardiometabolic risk factors in patients with PCOS (70). Six-
teen patients were on OCP treatment while 21 patients had
never used OCP. None of the anthropometric measurements,
including body weight, BMI, waist and hip circumference,
and waist-to-hip ratio (WHR), changed in non-OCP users dur-
ing the follow-up period. Alternatively, waist circumference
and WHR statistically significantly decreased in OCP users.
The area under the curve (AUC) for glucose during oral glucose
tolerance test (OGTT) administration decreased in OCP users
and remained unchanged in non-OCP users whereas the
AUC for insulin remained unchanged in OCP users but in-
creased in non-OCP users. Finally, HDL-cholesterol and
SHBG levels increased significantly only in the OCP users
while there was no change in non-OCP users (70). Taken to-
gether, findings of these studies suggest that insulin resistance
worsens during the natural course of the syndrome while
long-term OCP use either does not change or improves the
cardiometabolic risk parameters, including insulin resistance,
lipoprotein profile, and potentially body fat distribution.

Current Contraindications to the Use of OCPs

The World Health Organization (WHO) has developed an
evidence-based guideline for the use of OCPs (71). This docu-

ment, based on systematic reviews of available clinical and
epidemiologic research, is updated regularly. The most recent
version was published in 2009. Absolute contraindications to
the use of low-dose combined OCPs include smoking (more
than 15 cigarettes a day) over the age of 35, liver dysfunction,
hypertension (>160/100 mm Hg), deep venous thrombosis,
ischemic heart disease, stroke, and breast cancer.

Conclusions

Oral contraceptive pills are a key component in the chronic
treatment of PCOS, addressing many of the goals of
reproductive-aged women with PCOS who are not seeking
pregnancy. Only a few studies assessing the metabolic effects
of OCPs in PCOS are available in the literature. There are even
fewer RCTs. Most of the studies included only a small number
of participants with a limited follow-up period, and several con-
founding factors that might have influenced the results were
not taken into account in these studies. Long-term risks and
benefits of the use of other modalities remain largely unknown,
including [1] contraceptives delivered by nonoral routes (i.e.,
transdermal or vaginal) (72, 73), [2] OCPs combined with
other treatment modalities such as antiandrogens or insulin
sensitizers, and [3] progestin-only contraceptives.

Larger randomized, controlled studies are needed to re-
solve controversies about OCPs and to address important
questions raised by earlier studies in the literature. New
low-dose OCPs containing antiandrogenic progestins with
a better safety profile are now available. Accordingly, future
studies evaluating the long-term effects of OCPs in the treat-
ment of PCOS should adequately consider clinical heteroge-
neity of the syndrome and variations in the efficacy and
safety of different combinations.

Despite the unresolved questions about overall long-term
safety and potential variable effects in different phenotypes,
current evidence supports the benefits of long-term OCP use
in PCOS. However, it should be kept in mind that OCP use
might increase the risk of diabetes, particularly in obese pa-
tients with severe insulin resistance. Continued development
of effective long-term treatment options for PCOS is needed.
Meanwhile, it is critical that the WHO guidelines for the con-
traindications to OCP use should be observed in women with
PCOS and that the precise individualized treatment targets
and risk stratification depending on patient characteristics
be determined.

QUALITY OF LIFE

The present review updates studies published since the PCOS
reviews performed on quality of life (54), specific psycholog-
ical impairments (74), and psychological and lifestyle
interventions (75-78) were reported.

PCOS Effects on Quality of Life (QOL)

Seven new quality of life (QOL) studies have been published,
and the conclusions remained more or less the same as those
published earlier. In-depth interviews indicate that women
with PCOS feel different, especially in regard to their feminin-
ity (79). Women use words such as “freakish” and “abnormal”
to describe their periods, “upsetting” and “embarrassing” to

38.e6

VOL. 97 NO. 1/JANUARY 2012


http://guide.medlive.cn/
http://guide.medlive.cn/

describe excess body hair, and “crushing” to describe fertility
problems (80). In generic instruments, patients with PCOS re-
port lower QOL (Short Form 36 Health Survey [SF-36]: phys-
ical, psychological) compared with community controls (81),
healthy controls matched for body mass index (BMI) (82), and
population reference groups (83). In online studies, women
with self-reported PCOS reported more unfavorable PCOSQ
and generic SF-36 scores on all dimensions compared with
respondents not declaring PCOS (84, 85).

More than 20 studies investigating specific impairments
in patients with PCOS have been added to the literature since
a 2006 review on specific disorders (74). Across these studies,
which used questionnaires (86), structured psychiatric inter-
views (87), and Internet methods (84, 85, 88-90), there is
convergence that the prevalence of emotional disorders
(depression, anxiety) is higher in patients with PCOS
compared with healthy controls (85, 91-93) and compared
with normative data from age-matched reference groups
(83, 93). Studies have replicated the greater prevalence of
emotional disorders in adolescents (i.e., 12 to 18 years) (94-
96) and younger women (i.e., 18 to 25 years) (88) compared
with controls. Higher prevalence rates were also reported in
samples from Turkey (97) and India (98), countries not repre-
sented in the earlier review. One Italian study reported the rate
of depression in new cases (no previous diagnosis, no previous
treatment) of PCOS (88% participation rate) versus age-
matched controls (mean age: 17 years) (95). Patients with
PCOS were more likely to have mild depression (27%) com-
pared with controls (9%) with no difference in more severe
forms of depression. The only longitudinal investigation com-
paring rates of major depressive disorder at two time points in
the same sample showed that an additional 19% of patients
with PCOS developed major depressive disorder in the 22-
month period after medical assessment (87, 99).

Four studies examined other dysfunctions. A case-control
study did not find a statistically significant difference in the
rate of sexual dysfunction between Italian patients with
PCOS and healthy, age- and BMI-matched controls (4% and
11%, respectively) (100). In contrast, for 64% of patients in
a descriptive American study, the women with PCOS scored
above norms on the sexual distress inventory (101); in a Polish
study, the patients with PCOS reported statistically signifi-
cantly more sexual dissatisfaction (28%) than the controls
(10%) who were presenting for other obstetric/gynecologic
complaints (81). In a recent study, patients with PCOS were
found to have started sexual intercourse (i.e., sexarche) at an
earlier age than the reference population (56). An earlier
case-control study with American adolescent patients with
PCOS (mean age: 17 years) versus healthy controls showed
no difference in the timing of sexarche (102). Statistically sig-
nificantly more patients with PCOS compared with community
controls had an eating disorder (12% vs. 4%) and/or social pho-
bia (27% vs. 29%) based on structured clinical interviews (91).

PCOS Correlates Associated with Poor Quality of
Life

Relationships between the features of PCOS (e.g., obesity) and
QOL have been investigated to identify which feature is most
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problematic and causes specific consequences (e.g., emotional
disorders). Several studies report an association between
weight or BMI and QOL scores (83, 84) and recurrent major
depressive disorder and social phobia (91). In an Australian
study, the difference between PCOS and community controls
in emotional disorder was attenuated after controlling for
BMI (88-90). In two intervention studies, the extent of
weight loss was associated with improvement in QOL (94,
103). In a Polish sample with comparatively lower BMI
scores, QOL was not associated with BMI (81). Experimental
work suggests that patients with PCOS may have impaired
immune function (most likely due to obesity), and that im-
mune dysregulation is associated with mood (82).

Other determinants of QOL seem to produce more variable
effects. For example, one study reported that QOL was associ-
ated with an unfulfilled wish for a child (85, 86), but another
did not find this to be the case (83). Other determinants are too
sparsely studied to draw firm conclusions. An association was
reported between PCOS status and sleep disturbance, anxiety
disorders (phobia), and pain (92). Self-reported hirsutism,
weight issues, and infertility were all associated with QOL
measures (generic questionnaire and PCOSQ) in an Australian
study (93).

Impact of Interventions on Quality of Life

Weight loss has been the main target of interventions. An RCT
was conducted of metformin versus placebo and incorporated
a 24-week lifestyle modification program (LMP) for adoles-
cents with PCOS and their parents. All PCOSQ domains of
QOL improved from baseline to immediately after interven-
tion (94). Effects of a 24-week LMP focused on changing
physical activity level or diet (depending on patient prefer-
ence) in obese women with PCOS were also studied. There
was no difference between the activity and diet groups on fre-
quency of sexual activity (only QOL outcome), but physical
and biochemical outcomes improved after both interventions
(104). Women with PCOS randomized to diet only, diet and
aerobic exercise, or diet and combined aerobic-resistance ex-
ercise showed significant decreases in depression scores by
week 10, with no further change by the end of the program
(week 20) (103). Improvements in PCOSQ subscales of emo-
tion, body weight, and menstrual problems were also clini-
cally significant. Finally, an investigation of laser surgery
showed significantly improved QOL scores after five treat-
ments (laser hair removal) (105). Participants of a nurse-led
support group (providing emotional expression and support)
for patients with PCOS were interviewed, and qualitative
analysis reported the benefits in increased knowledge, re-
duced isolation, and enabling change (106).

Methodological and Conceptual Considerations

There is consistent evidence that patients with PCOS represent
an at-risk group for a variety of psychological and behavioral
disorders and for reduced QOL. Because of the complicating
methodologic and conceptual issues, it is difficult to deduce
from existing research what proportion of patients with
PCOS fall into the at-risk group. Many studies providing prev-
alence estimates do not have the appropriate design for this
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type of inquiry. For example, recruitment from online sites or
patient advocacy groups (86), advertisements appealing for
particular subpopulations (e.g., “body weight concerns”;
and high attrition in intervention studies) (78) can contribute
to biased prevalence values and discrepancies across studies.
Other sources of bias are due to the diagnosis being self-
reported (84, 107) or assessed by interviewers who were not
blind to the study hypotheses (87).

The nature of PCOS may also impact on prevalence. The
multiple phenotypes and manifestations of PCOS across the
life span (108) mean that developmental changes in the disor-
der may produce different psychosocial and symptom profiles
over time. Additionally, because the onset of PCOS is rarely
known, one cannot disentangle potential features of the dis-
order from reactions to it. Results suggest that there is psycho-
logical disadvantage even before diagnosis (95), but the
comparatively higher prevalence reported in older women
with PCOS suggests there may be strong reactive effects
and/or aggravation of the disorder over time. Even if there
was a reliable methodology, the cross-cultural and race vari-
ations in disease manifestation (e.g., hirsutism) and country
variations in the correlates of PCOS may make cross-study
synthesis difficult.

Attention should be given to the assessment tools because
these too can yield different prevalence estimates. For exam-
ple, subjective appraisal and medical evaluation yield differ-
ent estimates of sexual dysfunction (100, 101). Patients with
PCOS also respond differently to experimentally induced
stressors  (public speaking) compared with controls
(i.e., amplified cardiovascular and hormonal response,
attenuated immune response) despite similar subjective
ratings of emotional distress (107). The only PCOS-specific
QOL tool (PCOSQ) has important limitations. The Emotion
subscale is intended to capture the impact of PCOS on mood
and emotions, but the questions refer to specific PCOS fea-
tures (“weight concern,” “infertility concern”), virtually
guaranteeing that groups with PCOS appear to have more un-
favorable emotional well-being scores and/or that BMI or in-
fertility status is shown to account for unfavorable emotional
well-being. Others have argued that PCOSQ is a measure of
symptom issues rather than of QOL, and these limitations
need to be addressed before this instrument can be used in
clinical trials (109). Together, these issues imply that the con-
fidence intervals for the prevalence estimates and/or effect
size for PCOS effects are undoubtedly wide.

Conclusions

Further efforts to determine the true prevalence of emotional
and behavioral disorders (and reduced QOL) in PCOS should
only be made if designs capable of achieving this goal are
employed.

The existing research does not yet provide compelling
support for prior recommendations of psychological screen-
ing for all patients with PCOS to improve long-term prognosis
(74). Screening is most appropriate when the screened-for
problem (e.g., depression or sexual dysfunction) can be de-
tected at the start of treatment with relatively low cost,
when there are effective and acceptable methods to detect

the problem and the consequences of the disorder are known
and significant, and, importantly, effective interventions to
tackle the problem exist (110). Without a true prevalence es-
timate for psychological disorders/low QOL in PCOS (5%?
300%7?), the cost of screening cannot be determined. Further,
the management of depression or sexual disorders in popula-
tions of women with PCOS has not been systematically stud-
ied to the same extent as obesity, and thus there is uncertainty
about what interventions to offer identified patients. Effective
treatments exist for some disorders, but whether they would
be acceptable and feasible to patients with PCOS is not
known. High dropout rates for lifestyle management pro-
grams in obese patients with PCOS (78) and low counseling
uptake in infertile patients (111) suggest that continued inter-
vention development is required before rolling out screening
programs.

PREGNANCY

Women with polycystic ovary syndrome (PCOS) are subfer-
tile, with multiple potential contributing factors, including
the effects of obesity and metabolic, inflammatory, and endo-
crine abnormalities on ovulatory function, oocyte quality,
and endometrial receptivity and fetal development. Women
with PCOS may exhibit reduced developmental competence
of the oocyte, defined as the ability of the oocyte to complete
meiosis, achieve fertilization, and develop into a normal em-
bryo. Impaired oocyte competence in PCOS is inextricably
linked with abnormal follicle development. Ovarian hyperan-
drogenism and hyperinsulinemia may promote premature
granulosa cell luteinization, and paracrine dysregulation of
growth factors may disrupt the intrafollicular environment,
alter granulosa cell-oocyte interactions, and impair cytoplas-
mic and/or nuclear maturation of oocytes (112). However,
these features are not universal, and oocyte quality, fertiliza-
tion, and implantation rates in women with PCOS may be
normal (113).

Abnormal Folliculogenesis and Implantation

During follicle growth and development, the growing and
maturing oocyte obtains nutrients and energy substrates
from the reservoir provided by the follicular environment.
Polycystic ovary syndrome is associated with metabolic dis-
turbances, including impaired insulin signaling and glucose
metabolism in ovarian follicles. Studies of granulosa cell
function from in vitro fertilization (IVF) patients with PCOS
have established that follicular glucose metabolism is altered,
with cultured cells showing a significant reduction in insulin-
stimulated glucose consumption (114). It is likely that the
metabolic lesion in the follicle precipitates an altered meta-
bolic milieu throughout oogenesis, which may have down-
stream consequences for oocyte energy generation and/or
could result in alteration of the metabolic profile of the oocyte
enclosed within the follicle. Reduced expression of genes
encoding oxidative phosphorylation components has been
observed in women with PCOS (115). An additional factor as-
sociated with aberrations in oocyte meiosis in PCOS is altered
expression of key genes associated with chromosome
alignment and segregation, which has been attributed to
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hyperandrogenemia (116). Indeed, it has recently been shown
that differences in metabolism exist in oocytes derived from
PCOS patients (117). Oocytes from PCOS patients are not
likely to harbor an increased number of numeric chromosome
abnormalities, but the disturbed metabolic profile of oocytes
is associated with chromosomal predivision (i.e., premature
separation of sister chromatids) (117).

During early pregnancy, the embryo may be exposed to
androgen excess in utero, which may have long-term effects,
particularly on female offspring. Fetal hyperandrogenism
may disturb epigenetic programming, in particular those
genes regulating reproduction and metabolism (118, 119).
The risk of miscarriage in PCOS patients after natural or
assisted conception is reported to be as high as 30% to 50%,
and it has been suggested that the miscarriage rate is
threefold higher in women with PCOS than in normal
women (120). However, other data from prospective, random-
ized clinical trials suggest that the miscarriage rate is in the
range of 15% to 25% and that it is comparable with other sub-
fertile populations (121-123). The role of endometrial
dysfunction in women with PCOS is under investigation
(124).

Pregnancy Complications

When pregnancy occurs in women with PCOS, there is
a higher incidence of gestational GDM (40% to 50%) (125),
gestational hypertensive disorders (e.g., preeclampsia and
pregnancy-induced hypertension) (5%), and the birth of
small-for-gestational-age (SGA) babies (10% to 15%) (126).
In addition, GDM may also result in fetal macrosomia. The po-
tential mechanisms for these problems include obesity, al-
tered glucose metabolism, and disturbances in uterine blood
flow. Indeed, alterations in the impedance to blood flow
through the uterine artery may be sustained during first and
middle trimester of pregnancy (127). Obesity in its own right
is associated with several adverse pregnancy outcomes, in-
cluding spontaneous miscarriage, preeclampsia, gestational
diabetes, congenital anomalies (e.g., cardiac and spina bifida),
fetal macrosomia, cesarean delivery, and wound complica-
tions after cesarean section (128). Insulin resistance partially
mediates the effects of obesity on adverse pregnancy outcome
(129). However, studies on GDM prevalence in women with
PCOS show conflicting results, reflecting the heterogeneity
of PCOS and the diversity in methodology of screening and
diagnosing GDM (126).

In a meta-analysis in which pregnancy outcomes in
women with PCOS were compared with controls, 15 studies
were included, involving 720 women presenting with PCOS
and 4,505 controls (126). Women with PCOS demonstrated
a statistically significantly higher risk of developing GDM
(odds ratio [OR] 2.94; 95% confidence interval [CI], 1.70-
5.08), pregnancy-induced hypertension (OR 3.67; 95% CI,
1.98-6.81), preeclampsia (OR 3.47; 95% CI, 1.95-6.17), and
preterm birth (OR 1.75; 95% CI, 1.16-2.62). Their babies had
a statistically significantly higher risk of admission to a neo-
natal intensive care unit (OR 2.31; 95% CI, 1.25-4.26) and
a higher perinatal mortality (OR 3.07; 95% CI, 1.03-9.21), un-
related to multiple births (126).
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Treatment with Metformin

The use of metformin for women with anovulatory PCOS was
found to have no benefit with respect to enhancing either fer-
tility or live-birth rates (76, 77, 122), and its routine use is not
recommended. Similarly, a recent meta-analysis showed met-
formin had no effect on the miscarriage risk in PCOS patients
when administered before pregnancy (130). One small RCT
did, however, report a reduced rate of severe pregnancy com-
plications when metformin was taken through pregnancy
(131), although a subsequent larger multicenter trial by the
same group found no benefit of metformin in reducing
pregnancy complications or altering fetal weight (123).

ETHNIC DIFFERENCES IN THE PHENOTYPE

A study of ethnic variations in the expression of PCOS requires
evaluation of epidemiologic data based on the geographic loca-
tion of affected women, with particular reference to its pheno-
type, comorbidities, and response to treatment. This requires
a systematic review of population-based data or of large clinical
databases to ascertain the racial and cultural determinants of
manifestations of PCOS such as hyperandrogenism, but also
obesity, insulin resistance, and metabolic risks, and hyperan-
drogenism. Standard continent-based categorization of human
populations includes African, Caucasian (Europe and Middle
East), Asian, Pacific Islander (Australian, New Guinean, and
Melanesian), and Native American groups. However, this
method pays little attention to differences within the groups
living in the large continents—particularly in Asia. Because
there are distinct differences between East Asians (e.g., Chinese
and Japanese) and South Asians (e.g., Indian, Bangladeshi, Sri
Lankan, and Pakistani) that have an impact on PCOS, a further
subcategorization of Asians into East, South-East, and South
Asians is required.

Available data depict variations of the PCOS phenotype
among Caribbean Hispanics (132), Mexican Americans
(133-135), Japanese (136), indigenous Chinese/Taiwanese
(137-140), migrant and indigenous South Asians (141-146),
Thai (147, 148), multiethnic groups living in the United
States (149-153), Southern Europeans (154-156), New
Zealand and Canadian indigenous groups (157, 158), and
migrant and indigenous Arabs (159-161). These add new
dimensions to the ethnic variability in the phenotype of
PCOS, its diagnostic criteria, metabolic problems, and
correlates as well as the psychosocial aspects affecting
quality of life (QOL) and health-seeking behaviors.

Ethnicity and Metabolic Phenotypes

Ethnic variation does occur in the metabolic phenotype of
PCOS (obesity, acanthosis nigricans, and insulin resistance)
and in the androgenic phenotype (pilosebaceous unit sensi-
tivity to androgens, acne, and temporal balding). Asian
women generally are shorter, have a lower BMI, and have
a “milder” phenotype in terms of hyperandrogenism (149,
151), whereas South Asians in particular have a high
prevalence of the metabolic syndrome and risk of type 2
diabetes (T2D), and their central obesity more than their
BMI reflects their metabolic risk (144, 162). East Asians
manifest hirsutism to a very mild degree compared with
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other ethnic groups (137, 163). However, their propensity to
acne appears to be more marked than in South Asians (139,
140). The risk of metabolic disease is lower in East Asians
than among South Asians (138). African American and His-
panic women are more obese and more prone to metabolic
problems; women of African descent are particularly prone
to hypertension and cardiovascular disease, whereas Hispanic
women are more at risk for metabolic syndrome and T2D
(149-153). Compared with South Asian women, women of
Middle Eastern origin are more obese, and metabolic disease
is a common problem (160, 161), although it is not as
marked in terms of the hypertension and diabetes developed
in young South Asians. There is a striking prevalence of
hirsutism among Arab women, which is similar to that seen
in women of Mediterranean origin (156). Nevertheless, abnor-
mal glucose tolerance in southern and eastern Europeans
(164) is far less common than in South Asians and Hispanics.

Groups at risk for the metabolic syndrome and T2D (e.g.,
South Asians), may manifest PCOS at a younger age (late
teens and mid 20s). A common clinical indicator of their
greater metabolic risk is acanthosis nigricans, which is not,
however, a diagnostic marker for PCOS (144, 148, 165). A
family history of T2D correlates with the metabolic risks of
PCOS, which are influenced by ethnicity (150). Moreover, hy-
perandrogenemia shows less correlation with metabolic prob-
lems in these high-risk ethnic groups. Meanwhile, white
European women are taller in stature and have a moderate
metabolic risk, which manifests later in life (fourth decade).
It is interesting that white Europeans of the same origin but
living in different locations have some differences in manifes-
tation (e.g., Boston vs. Iceland) (152, 153). But migration is
not a determinant of the development of metabolic
problems among South Asians with PCOS.

Acknowledging the Full Impact of Ethnicity and
Origin on the PCOS Phenotype

The health-seeking behavior of women with PCOS is cultur-
ally determined; for instance, South Asians are reclusive,
with a culture of silence (33). The impact on QOL also appears
to have an ethnic basis. For example, the QOL of affected
South Asian women shows a greater impact from hirsutism
than from obesity (166), which is mirrored by reports of mi-
grant Arabs (159). Such misconceptions of obesity can lead
to failure to recognize ethnic-specific problems in managing
PCOS.

Geographic location, ethnic origin, and cultural/social
practices are likely contributors to the differing manifesta-
tions of PCOS and should be recognized in routine clinical
practice. Ethnic groups from South Asia manifest PCOS at
a young age, and they have a relatively larger waist circum-
ference despite a smaller body configuration. They have
a higher risk for the metabolic syndrome, which correlates
with acanthosis nigricans and a family history of diabetes
rather than with hyperandrogenism. African American
women are at greater risk of obesity and hypertension than
diabetes. Available data support the recommendation to
adopt a policy of training primary health caregivers from
resource-limited settings in developing countries to evaluate

symptomatic young women for PCOS. This should be com-
bined with simple methods of risk assessment for metabolic
disease by measuring waist circumference and blood pressure
and identifying acanthosis nigricans to institute appropriate
preventive care.

OBESITY

It is known that PCOS is associated with obesity, but the prev-
alence of obesity in PCOS populations has not been systemat-
ically assessed. In a literature search on obesity and PCOS,
there was widespread variability in the prevalence of over-
weight women (BMI 25 to <30 kg/m?) in PCOS population
across different countries. The proportion of women with
PCOS who were overweight ranged from 10% in Italy (167)
to 37% in Kuwait (168). The largest studies in this sample (n
> 400) were conducted in Australia (93) and the United States
(169). These studies reported that 15% to 19% of women with
PCOS were overweight. The proportion of adolescents with
PCOS who were overweight was between 18% and 22%, as
noted in two studies conducted in the United States (170, 171).

Prevalence of Obesity

The prevalence of obesity (BMI >30 kg/mz) was greater than
the prevalence of overweight (BMI 25 to 30 kg/m?) in women
with PCOS. As with the prevalence of being overweight, the
prevalence of obesity varied widely across geographic re-
gions. The lowest proportion of obese women with PCOS
(25%) was noted in a study conducted in Pakistan (172).
The highest prevalence of obesity was reported by studies
conducted in the United States and Australia, with 61% to
76% of women with PCOS considered obese (93, 169).

When the overweight or obese women with PCOS were
combined in the consideration for prevalence, the proportion
of women with a BMI greater or equal to 25 kg/m” ranged
from 20% in China (8) to over 90% in Poland, the United States,
and the United Kingdom (169, 173, 174). The larger studies (n >
400) conducted in the United States and Australia reported that
85% of women with PCOS were overweight or obese (93, 169).
On the other hand, larger studies (n > 400) in China found that
only approximately 20% of women with PCOS had a BMI of 25
kg/m? or greater (175, 176). When the Asian BMI cutoff for
being overweight (BMI >23 kg/m? was used, the prevalence
of overweight and obesity in China was found to be 35% (11),
which was still notably lower than that seen in Western
countries.

Body Fat Distribution

Women with PCOS are more likely to have upper body fat dis-
tribution compared with weight-matched controls (68, 177-
179). Greater abdominal or visceral adiposity is associated
with greater insulin resistance, which could exacerbate the
reproductive and metabolic abnormalities in PCOS. A study
in the United Kingdom reported the highest prevalence of
abdominal obesity, with 83% of the PCOS patients having
a waist circumference above 88 cm (173). Studies in the
United States and Italy have reported that around 65% of
women with PCOS have abdominal obesity, as determined
by having a waist circumference of more than 75th percentile
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by age or gender, or by having a waist/hip ratio of greater
than 0.8 (171, 180). In China, a study noted that 31% of
women with PCOS were abdominally obese, as determined
by having a waist/hip ratio of 0.8 or greater (176). In contrast,
a study in Japan found that 60% of women with PCOS had an
upper-half/lower-half body fat ratio of 1.0 or greater (181).
Differences in the determination of abdominal obesity limited
any direct comparisons between the studies.

Obesity in PCOS: Cause or Result

It is known that obesity is associated with PCOS, but its causal
role in this disorder has yet to be determined. Very few studies
have reported the effect of BMI on menstrual irregularity.
These studies tend to find that obesity or being overweight
is associated with a greater prevalence of oligomenorrhea or
amenorrhea (182, 183). There also have been very few
studies investigating the effect of body weight on hirsutism.
Different scales were used to measure hirsutism in these
studies. Studies that measured hirsutism using the
Ferriman-Gallwey scores did not find a statistically signifi-
cant association between BMI and hirsutism (184, 185). In
terms of biochemical hyperandrogenism, most studies found
that BMI was positively associated with the levels of total T,
free T, or with the free androgen index (182, 186, 187).
Excess body weight was also associated with decreased
SHBG (182, 187). One study reported that greater BMI was
associated with a greater number of ovarian cysts (185).

Excess adiposity was also associated with poorer meta-
bolic health in PCOS. Women with PCOS who had a greater
BMI had higher fasting insulin levels and greater insulin resis-
tance (175, 187, 188). Larger studies (n > 200) found that
a greater BMI was associated with higher levels of LDL,
triglyceride, and total cholesterol and lower levels of HDL
(175, 188). Obesity and being overweight were also
associated with higher blood pressure among women with
PCOS (185, 188).

Fat distribution could have an effect on PCOS symptoms
and metabolic health, independent of BMI. Several studies
found that greater obesity in the central region as determined
by waist circumference, visceral fat, or the central/peripheral
fat ratio was associated with lower SHBG levels (171, 173,
189). Some studies found that a higher trunk/leg fat ratio or
upper/lower region fat ratio is associated with higher levels
of T (181, 190). The effect of fat distribution on hirsutism is
unclear. One study reported that a greater proportion of
women with upper obesity was hirsute compared with those
with lower obesity, but the statistical significance level was
not reported (191). The other two studies that looked at the ef-
fect of fat distribution on hirsutism did not find a statistically
significant effect (180, 181).

Similarly, the effect of fat distribution on ovarian func-
tion is unclear. One study found that a greater proportion of
women with PCOS who had upper region obesity had oligo-
menorrhea compared with those who had lower region obe-
sity; the statistical significance level was not reported (191).
The presence of ovarian cysts did not appear to be affected
by fat distribution (180). Central obesity was associated
with greater fasting insulin levels, greater insulin area under
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the curve, and greater insulin resistance (HOMA) (180, 192,
193). Central obesity was also associated with higher
triglyceride levels (173, 180, 189) and possibly with lower
HDL cholesterol levels (173, 180).

Ethnicity and Geography Affect Obesity

In our preliminary analysis of a selected group of articles, we
found that the prevalence of being overweight or obese varied
widely across geographic regions. It is unclear whether eth-
nicity plays a role in the relationship between obesity and
PCOS. Some studies suggest that a higher BMI is associated
with a greater prevalence of menstrual irregularity and hirsut-
ism, but more studies are required to confirm this. Most stud-
ies found that a higher BMI was linked to higher androgen
levels. Greater visceral adiposity appeared to be associated
with greater insulin resistance, but its effect on menstrual ir-
regularity and hirsutism is unclear. The relationship between
central obesity and ovarian cysts has not been investigated in
this pool of studies.

In most studies, participants were recruited through con-
venience sampling (e.g., from an endocrine clinic of a hospi-
tal). As such, these studies were at high risk of selection bias.
Studies were also heterogeneous in their definitions of PCOS,
overweight or obese, abdominal obesity, hirsutism, and men-
strual irregularity. This contributes to detection bias in these
studies. Preliminary analysis suggests that regional differ-
ences exist in the prevalence of obesity in PCOS, which may
have implications for the physiologic role of obesity in
PCOS in these populations. This potential confounder needs
to be taken into account in future studies in PCOS and obesity.
Little is reported in terms of menstrual irregularity, hirsutism,
and ovarian size and morphology, even though these were
considered the defining features of PCOS according to the
Rotterdam criteria.

Treatment with Lifestyle Interventions

Despite many uncontrolled papers on lifestyle interventions in
obesity and PCOS (194, 195), there are relatively few
randomized controlled studies—these are summarized in
a recent Cochrane review (196) with percentage of change
data (median change: —7.00%; 95% CI, —10.1, —3.90;
P<.00001). There was no evidence of an effect for the lifestyle
treatment compared with minimal treatment for BMI. Four
studies reported on adiposity distribution and waist/hip ratio.
There was a greater reduction in waist circumference (median:
—1.95 cm; 95% CI, —3.34, —0.57; P=.006) and waist/hip ratio
(median: —0.04; 95% CI, —0.07, —0.00; P=.02) for lifestyle
treatment compared with minimal treatment. Reproductively,
lifestyle modification improved total T levels (median: —0.27
nmol/L; 95% CI, —0.46, —0.09; P=.003) and the Ferriman-
Gallwey score (median: —1.20; 95% CI, —2.36, —0.04;
P=.04). Metabolically, lifestyle treatment improved the fast-
ing insulin concentrations (median: —2.02 ulU/mL; 95% CI,
—3.28, —0.77; P=.002) and the oral glucose tolerance test
(OGTT) insulin (median —1,714.59 ulU/mL/minute; 95% CI,
—2,122.50, —1,306.68; P<.00001). All controlled and uncon-
trolled evidence has recently been reviewed in a systematic
fashion (88-90).
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INSULIN RESISTANCE AND INSULIN
METABOLISM

Insulin resistance was first identified in women with PCOS
diagnosed by the NIH criteria. It is a common but far from
universal finding in this PCOS phenotype (197). Indeed, it
was recognized very early on in the history of this association
that women with other hyperandrogenic and/or polycystic
ovary phenotypes, such as ovulatory women, did not have
substantial insulin resistance (198, 199). This finding has
been confirmed in numerous subsequent studies stratifying
affected women according to the Rotterdam diagnostic
criteria: women with the most marked metabolic
abnormalities are those with hyperandrogenism and chronic
anovulation (i.e., NIH criteria), independent of polycystic
ovaries (89, 200-203). Other phenotypes have much milder
metabolic dysfunction or are normal (204, 205). Moreover,
women with polycystic ovaries according to the Rotterdam
criteria and with regular cycles are metabolically normal,
although they may have subtle hormonal abnormalities (43).

Cellular Mechanisms of Insulin Resistance

The cellular and molecular mechanisms of insulin resistance in
PCOS differ from those in other common insulin-resistant states
such as obesity and T2D. There is a postbinding defect in insulin
signaling associated with increased serine phosphorylation of
the receptor and downstream signaling molecules (206).
In vivo insulin action is profoundly decreased in the skeletal
muscle secondary to signaling defects, but hepatic insulin
resistance is present only in obese women with PCOS, indicat-
ing a synergistic negative effect of PCOS and obesity on insulin
action (206). Pancreatic 3-cell dysfunction is also present in
PCOS but may be more related to T2D risk factors, as this dys-
function is most severe in women with a first-degree relative
with T2D (207) and is associated with the strongest T2D risk
allele, transcription factor 7-like 2 (TCF7L2) (208). Both insulin
resistance and pancreatic $-cell dysfunction appear to be
necessary for progression to T2D, as in other insulin-resistant
states (209).

Body Fat Distribution and Insulin Resistance

The association between upper body or android obesity and
signs of androgen excess in women was first popularized by
Vague (210), and women with increased upper body fat
have increased production rates of androgens (211). Both
obese and lean women with PCOS have increased upper
body obesity, as determined by waist/hip girth ratios or waist
circumference, compared with reproductively normal women
of comparable weight (197, 212). However, in the limited
number of studies that have assessed this parameter directly
by computerized axial tomography or magnetic resonance
imaging, visceral adipose mass has been similar in women
with PCOS and reproductively normal women of
comparable weight (213-215). Nevertheless, it remains
possible that there are functional differences in PCOS
adipose tissue, even if the absolute amount of fat mass does
not differ from control women. For example, subcutaneous
adipocytes in both lean and obese women with PCOS are

larger than those from control women and have defects in
insulin action and lipolysis (197, 216). Further, visceral
adipocytes from women with PCOS have increased rates of
lipolysis compared with those from control women (217),
which could lead to increased portal levels of free fatty acids
in PCOS even in the absence of increased visceral fat mass.
Further characterization of adipocyte function, particularly
visceral adipocytes, is an important area of future research
in PCOS.

Extensive evidence indicates that hyperinsulinemia
contributes directly to dysreproductive function in PCOS
(197). However, it is also clear that not all women with
PCOS are insulin resistant. There is considerable evidence,
both physiologic and genetic, that hyperandrogenism in
PCOS is an intrinsic defect in PCOS (218). Because multiple
PCOS phenotypes can be present within the same family, it
would seem that insulin resistance is a modifying rather
than a causative factor (218). Whether hyperandrogenism
and insulin resistance in PCOS reflect the same genetic defect
with variable expression, closely linked genes, or causally re-
lated abnormalities remains unknown. It is important to note
that studies assessing the prevalence of insulin resistance in
PCOS are limited by the accuracy of the method applied for
quantifying insulin action. Moreover, there are also data to
suggest that even in the absence of insulin resistance the
ovarian response to insulin in PCOS may be abnormal (219).

Rebranding PCOS as a Unique Reproductive/
Metabolic Disorder

The metabolic syndrome (MetS) is a constellation of cardio-
vascular disease risk factors associated with insulin resistance
(220). Women with classic NIH-criteria PCOS have signifi-
cantly increased rates of MetS compared with reproductively
normal women of similar age and weight (200, 221). This
finding is consistent with the profound insulin resistance
associated with PCOS. In addition, hyperandrogenism may
be an independent contributor to MetS risk (206). Further, en-
dogenous androgen levels are higher in women with MetS in
the absence of PCOS (222). Blocking androgen action or im-
proving insulin sensitivity can improve features of MetS in
PCOS (223).

It is now widely appreciated that PCOS is a metabolic as
well as a reproductive disorder. The long-term impact of
PCOS-associated metabolic disorders remains poorly studied,
but it is clear that they are a major contributor to prediabetes,
diabetes, and MetS in reproductive-age women. One of the
aims of Rotterdam was to identify and characterize additional
phenotypes. The weight of the evidence indicates that not all
PCOS phenotypes have similar metabolic risk. It is critical for
public health and for the design of long-term studies to strat-
ify women with PCOS according to metabolic risk. This goal
would be greatly facilitated by using a specific name for
this high-risk PCOS subset that would differentiate it from
those women with a purely reproductive phenotype. The
name Syndrome XX has been proposed (206), but other
names, such as Female Metabolic Syndrome (FMS) or Meta-
bolic Reproductive Syndrome (MRS), may also be appropriate.
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TYPE 2 DIABETES
Metabolic Phenotype of PCOS

The first reports of metabolic abnormalities in PCOS date back
some 30 years, and it is now well established that PCOS is
characterized by peripheral insulin resistance (affecting
postreceptor insulin signaling) and compensatory hyperinsuli-
nemia (197, 198, 224, 225). Polycystic ovary syndrome is
a heterogeneous syndrome, and metabolic abnormalities are
most often seen (but are not invariable) in women who have
both hyperandrogenism and anovulation (152, 153, 198, 199,
226, 227). Overweight status and obesity amplify metabolic
dysfunction, but insulin resistance may be observed even in
lean women with PCOS (197, 198).

PCOS and Diabetes

Given the frequent occurrence of insulin resistance, it is not
surprising that PCOS is associated with impaired glucose tol-
erance and T2D, and the syndrome is now considered to be
a significant risk factor for development of T2D both in later
life and, increasingly, in overweight or obese young women
with PCOS. Figures regarding the prevalence of impaired
glucose tolerance (IGT) and T2D in PCOS vary quite widely.
Studies of clinic populations of women with PCOS indicate
that between 10% and 45% have either IGT or overt T2D
(228-230). Larger, epidemiologic studies indicate that the
odds ratio for development of diabetes in women with PCOS
(or at least with symptoms of PCOS) is around 2.0 after
adjustment for BMI but between 2.8 and 3.8 if BMI is
included (231-233). Obesity, by amplifying insulin
resistance, is a confounding factor in the development of
IGT and T2D in women with PCOS, but the increasing
prevalence of obesity in the population means that a further
increase in the prevalence of diabetes is to be expected. In
a recent meta-analysis reviewing 2,192 studies, 35 of which
were selected for further analysis, the odds ratio for IGT was
approximately 2.5 and for T2D was 4.0 in BMI-matched
groups (89).

Few studies have examined the conversion of IGT to dia-
betes in the same cohort of patients, but one longitudinal
study reported a change in the prevalence of IGT from 37%
to 45% and of T2D from 10% to 15% over a follow-up period
of 2 to 3 years (202). Another study observing a cohort of
women with PCOS for 6.2 years showed a conversion rate
from IGT to diabetes of 54% (234).

Gestational Diabetes

Gestational diabetes (GDM) is also linked to PCOS. There have
been no large studies of prevalence to date, but a recent meta-
analysis suggests that there is an overall threefold increase in
risk in women with PCOS (126).

Etiology of IGT and T2D in Women with PCOS

There is ample evidence for a genetic basis of PCOS, and it is
clear that abnormalities of glucose/insulin homeostasis are
more common in first-degree relatives of women with PCOS
than in a reference population (235, 236). It is therefore
logical to consider genes that have recently been identified

Fertility and Sterility®

as contributing to the genotype and phenotype of T2D as
candidate genes in the etiology of PCOS. The evidence that
such genes play a part in the genetic etiology of PCOS is
somewhat conflicting (205, 208, 214, 215). One
confounding factor in the interpretation of the current
evidence is that women with PCOS and their relatives who
are known to have either IGT or T2D are typically excluded
from the analysis.

Risk Factors for T2D in PCOS

As previously above, it is those women who have both andro-
gen excess and anovulation who are most vulnerable to de-
veloping metabolic dysfunction, including IGT and T2D.
Introduction of the broader (Rotterdam) diagnostic criteria
for PCOS appropriately accommodates the heterogeneous na-
ture of the syndrome (symptoms may change even within the
same patient). It is interesting (and important from a prognos-
tic viewpoint) that it appears that women with only polycystic
ovaries, or PCOS with anovulation but without androgen ex-
cess, or hyperandrogenism but regular menses usually have
normal insulin sensitivity and metabolic status—and presum-
ably are not at the same increased risk of development of IGT
or T2D compared with those with the “classic” features of the
syndrome (152, 153, 226, 227). Other obvious factors that
contribute to the risk of diabetes are obesity and a family
history of T2D (207).

Management of IGT and T2D in PCOS

As yet there are no large-scale interventional studies that spe-
cifically relate to the treatment of IGT or T2D in women with
PCOS. As in all patients with these disorders, diet and lifestyle
changes, and treatment with metformin, insulin-sensitizing
drugs, and other oral hypoglycemic agents may be considered
(122). However, there is already concern about the long-term
safety of thiazolidinediones, and these agents should be used
with extreme caution or arguably avoided altogether in
women of reproductive age. Preliminary studies of the effi-
cacy of bariatric surgery in reversing metabolic (and indeed
endocrine) abnormalities in women with PCOS have produced
encouraging results (237).

CARDIOVASCULAR HEALTH: MARKERS

Cardiovascular disease (CVD) is caused by genetic and life-
style influences. Nine risk factors account for 94% of the pop-
ulation attributable risk for coronary heart disease (CHD) in
52 different countries (238). The odds for an event are 2.5 to
5.0 times higher with each of these risk factors. The findings
are consistent at all ages and in all regions. Roughly 1% to
8% of myocardial infarctions (MI) occur in individuals <40
years. Most occur in women who are ages 50, 60, or 70 years.
Increased risk is associated with hypertension, diabetes, ab-
dominal obesity, psychological factors, smoking, and altered
circulating apoA1/ApoB ratios. Exercise, consumption of ad-
equate fruits and vegetables, and alcohol are negative risk
factors for MI. The prevalence of each risk factor is roughly
double for women with PCOS when compared with controls,
is 1.5 times higher in BMI-matched studies beginning in ad-
olescence, and is found in every decade.
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Relatively little work has been done regarding the effects
of diet on metabolic risk in women with PCOS. It was found
that women with PCOS, compared with controls, were more
likely to eat foods with a higher glycemic index (239). One
randomized trial found reduced inflammatory markers in pa-
tients with PCOS when given a low glycemic diet compared
with a conventional diet when used in conjunction with met-
formin (240). The hormone responses may differ with Western
vs. low-fat, high-fiber diets (241). In overweight women with
PCOS, weight loss improves arterial compliance and post-
prandial lipidemia (90). Modifying dietary carbohydrate or
protein content in weight-loss programs provided similar
improvements in arterial compliance and postprandial
lipidemia.

Psychosocial morbidity is very prevalent in PCOS (242).
Quality of life is commonly compromised by depression
and/or anxiety (242). A recent meta-analysis (243) found
that the odds of prevalent depression are four times higher
in women with PCOS compared with non-PCOS controls.
The odds were still four times higher even when women
with PCOS were BMI-matched to non-PCOS controls. Depres-
sion is therefore an important risk factor for CVD.

In normal-weight women with PCOS compared with
BMI-matched controls (BMI: 21) more android central fat dis-
tribution occurs (178). In lean women with PCOS compared
with lean controls, increased catecholamine-induced lipolysis
and altered hepatic lipase are present (217, 244). The severity
of insulin resistance is related to the amount of abdominal
obesity in women with PCOS, even when they are not obese
(192). This is likely to be at least in part instrumental in their
propensity to develop impaired glucose tolerance, metabolic
syndrome, and/or diabetes mellitus. The CVD risk markers
are magnified by obesity (90, 245, 246). The odds of
prevalent diabetes are approximately three times higher in
women with PCOS compared with women who do not have
PCOS; in BMI-matched studies, the odds are approximately
double (89). The prevalence of MetS differs by geographic re-
gion (165, 175) and phenotypic variation in the diagnosis of
PCOS. The more severe phenotypes are associated with more
metabolic syndrome, and this has been found in obese and
nonobese women (175, 247). The set point for when central
obesity becomes associated with MetS may be different in
different ethnic and racial groups (175, 248).

Dyslipidemia is common in women with PCOS (249). Al-
though the most common dyslipidemic pattern was thought
to be elevated triglycerides and low HDL cholesterol, most pa-
tients with PCOS have normal triglyceride levels, albeit higher
when women with PCOS are matched with women who do not
have PCOS. This has been found whether the studies used NIH
or Rotterdam criteria or included obese or nonobese women.
On average, women with PCOS had mean triglyceride concen-
trations that were 30 mg/dL higher by NIH criteria or 18 mg/
dL higher by Rotterdam criteria. The most revealing lipid ab-
normality was higher non-HDL cholesterol in women with
PCOS. This reflects altered ApoB/A1 ratios, an important
risk factor for CVD. Altered ApoB/ApoA ratios reflect
a more atherogenic lipoprotein lipid pattern in women with
PCOS. The LDL-cholesterol concentration is mildly elevated
in women with PCOS, and this probably reflects the measure-

ment of increased total LDL due to a greater production of
more atherogenic small LDL particles in women with PCOS
(250). These differences occur in women with PCOS compared
with non-PCOS controls even when they are lean. The differ-
ences also occur with greater magnitude in obese women with
PCOS. This suggests that excess weight is an effect modifier
for apoprotein lipid abnormalities in women who have PCOS.

Whether insulin resistance or androgen excess causes the
altered apolipoprotein lipid changes needs more investiga-
tion. Abdominal obesity is associated with more fatty acids
circulating into the portal vein. In states of insulin resistance,
Apo CII/III ratios are altered in women with PCOS (251). This
leads to a greater production of triglycerides, which are me-
tabolized to more atherogenic circulating small LDL particles
that enter into the arterial subendothelial space. Atherogene-
sis is an inflammatory disorder that occurs in response to
these circulating small LDL particles entering the subendothe-
lial space in the vascular system (252)—particularly in areas of
high shear stress.

Systemic inflammation is commonly present in women
with PCOS (253). Numerous biochemical inflammatory and
thrombotic markers of CVD risk circulate in excess in women
with PCOS (247). Tumor necrosis factor-a (TNF-a),
interleukin-6 (IL-6), IL-18, IL-17, factor VIlc, tissue plasmin-
ogen activator (t-PA), fibrinogen, von Willebrand factor
(VWF), plasminogen activator inhibitor-1 (PAI-1), thrombo-
modulin, D-dimers, antithrombin III (ATIII), Sp-Selectin, en-
dothelin-1 (ET-1), asymmetric dimethylarginine (ADMA),
intercellular adhesion molecule-1 (ICAM-1), soluble vascular
cell adhesion molecule-1 (sSVCAM-1), serum advanced glyca-
tion end-products (AGEs), membrane receptor for AGEs
(RAGE), malondialdehyde (MDA), nitric oxide (NO), latency-
associated peptides (LAPs) compared with non-PCOS con-
trols. Of strong interest is elevated ADMA, a factor that is
thought to mediate nitrous oxide activity, which is instru-
mental to vascular constriction and oxidation. Levels of
ADMA were found to be elevated in women with PCOS
even when matched to similar-weight obese non-PCOS con-
trols (254); and this correlated with insulin resistance.

Arterial stiffness has been reported to be worse in nonob-
ese women with PCOS compared with controls (255). Fifteen
of 24 studies (NIH or Rotterdam criteria) showed significantly
lowered flow-mediated dilation in women with PCOS when
compared with controls. Common limitations are that the
studies included only Caucasian women, had small sample
sizes, and used different definitions of PCOS. Most studies
did not address physical activity and did not include smoking
as a confounder. Fourteen of 23 cross-sectional comparison
studies showed a significantly higher carotid intima-media
thickness in women with PCOS as compared with controls
(249). For each of these markers of CVD in women with
PCOS, it would be desirable to have larger studies, with clearer
definitions of PCOS and more commonly agreed upon meth-
odology and reporting of results.

Women with classic PCOS are more likely to have preva-
lent T2D, IGT, and/or MetS (89). In BMI-matched studies, the
odds of prevalent disease are 2.5 times higher. One of the ways
in which women with PCOS may have a greater risk for CVD is
through the development of diabetes. The metabolic
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syndrome is a categorical construct to convey that having
four of five components is associated with a relative risk of
44 for the development of diabetes (250). Polycystic ovary
syndrome is now a well-defined risk factor for CVD.
Although the term “metabolic syndrome” is a categorical
measure, in reality there is a continuum of deleterious effects
reflected for any of the individual components.

Cardiovascular disease is a progressive disorder starting
in childhood. Most studies of CVD risk factors have compared
women with PCOS to controls in their second decade of life
(earlier than the usual horizon for events), but they have nev-
ertheless demonstrated more adverse changes in women with
PCOS. However, these same risk factors (abdominal obesity,
altered apoA1/apoB ratios, and glucose abnormalities) have
been found in women with PCOS compared with matched
non-PCOS controls in their seventh decade of life as well
(256). Of interest is that having PCOS was a stronger risk fac-
tor for CHD than was age (256) in postmenopausal women. In
early postmenopausal women, Maturana et al. (257) found
a correlation between high-sensitivity C reactive protein
(hs-CRP) and endothelin-1 (a marker of vascular damage)
and T, after adjustment for insulin resistance.

Conclusion

Women with PCOS cluster several CVD risk markers. A registry
for patients with CVD and a multisite longitudinal follow-up
study or case-control study is urgently needed. This would
use well-defined cohorts to provide better accuracy and
more precise estimates of the magnitude of CVD risk related
to PCOS and to correlate numerous markers of atherosclerotic
changes to CVD events. Further study is needed to clarify each
new marker and to determine how the changes they reflect are
related to the common universal risk factors for CVD. These
studies hopefully can provide information on whether these
newly discovered markers provide added benefit to CVD risk
prediction. In addition, they should provide information as
to whether PCOS status per se is a risk factor of CVD, and
the modifying effect of various lifestyle factors.

CARDIOVASCULAR HEALTH: OUTCOMES

Life-long metabolic dysfunction in women with PCOS exag-
gerates the risk for CVD with aging, particularly after meno-
pause. This metabolic dysfunction is based upon insulin
resistance, which occurs in most women with PCOS (258),
and is independent and additive with obesity (259). Conse-
quently, beginning in adolescence, impaired glucose toler-
ance (IGT) and T2D are highly prevalent in women with
PCOS (odds ratio approximately 4:1) (229, 230, 260) and
occur in about 40% of women with PCOS by the fourth
decade of life, with age and weight gain worsening
glycemic control (203, 234, 261).

Insulin-resistant women with PCOS have vascular dys-
function, which is associated with total as well as abdominal
adiposity (262, 263). Women with PCOS also have more
subclinical vascular disease than normal women, adjusting
for age and BMI. Retrospective studies show that increased
waist/hip ratio, hirsutism, or polycystic ovaries more
commonly accompany stenotic coronary artery disease in
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women undergoing coronary angiography (246, 264). Case-
control studies further show that the severity of carotid-
intima media thickness (265, 266), coronary artery
calcification, and to a lesser extent aortic calcification (267-
269) also are greater in women with PCOS than controls by
NIH criteria, independent of age and BMI. These markers of
subclinical —atherosclerosis are correlated with age,
components of MetS, insulin resistance, and circulating
androgen levels (265, 266, 269), with surgical or natural
menopause being an independent risk factor for coronary
artery calcification as well (269).

Nevertheless, evidence for increased CVD morbidity and
mortality in women with PCOS remains inconclusive, given
the epidemiologic challenges of case ascertainment by ovar-
ian morphology and/or clinical symptoms, variable effect of
adiposity, effects of medical and/or surgical therapies on car-
diovascular outcomes, and low prevalence of CVD in young
women. Four studies have used Rotterdam and/or NIH criteria
to define PCOS and have observed PCOS cases for CVD end
points, with study designs being either cross-sectional using
small numbers (270, 271) or prospective with larger
numbers (232, 233, 272). Cross-sectional studies with small
patient numbers have reported either a higher prevalence of
self-reported diabetes (32% PCOS, 8% controls) and coronary
artery disease (21% PCOS, 5% controls) in 28 middle-aged
women with polycystic ovaries at surgery for infertility; oli-
gomenorrhea and hirsutism compared with 752 age-
matched controls (271); or a higher prevalence of diabetes
but not cardiac disease in 346 similarly aged women with
PCOS compared with a national survey of the Dutch female
population (270). One prospective cohort study of 82,439 fe-
male nurses from the Nurses’ Health Study showed that
women reporting menstrual irregularity at age 20 to 35 years
(presumably from PCOS) had an increased risk for nonfatal
(OR 1.25; CI 1.07-1.47) and fatal (OR 1.67; CI 1.35-2.06)
CHD versus those with regular menstrual cycles, independent
of age, BMI, and other confounders (57). Other prospective
studies, however, did not confirm an increased prevalence
of nonfatal/fatal CHD in women with PCOS (232, 233, 272),
defined by histologic evidence of polycystic ovaries and
clinical findings of hyperandrogenism and ovulatory
dysfunction, although the risk for nonfatal cerebrovascular
disease was higher in women with PCOS (232, 233).

To assess the PCOS-related risk for CVD in later life, some
studies have attempted to diagnose PCOS in postmenopausal
women by various criteria. A recent substudy of the Women'’s
Ischemia Evaluation Study (WISE) (273) confirmed that post-
menopausal women with premenopausal menstrual irregu-
larity and present hyperandrogenemia have a larger number
of cardiovascular events than other postmenopausal women.
In this study, multivessel cardiovascular disease occurred in
32% of PCOS-like women compared with 25% of non-
PCOS-like women (OR 1.7; 95% CI, 1.1-2.8, adjusted for
age and BMI), and correlated with diabetes, hypertriglyceride-
mia, and increased free T. Moreover, the event-free survival
(including fatal and nonfatal events) was statistically signif-
icantly lower in women with PCOS compared with controls
(hazard ratio 1.6; 95% CI, 1.2-2.1), controlling for age, diabe-
tes, BMI, and angiographic coronary artery disease. It is
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interesting that the difference between the two groups was
even higher when cerebrovascular accidents were included,
confirming the association of PCOS with stroke. In addition,
a cross-sectional study of 713 postmenopausal women
(mean age: 73.8 years) found in nondiabetic women with in-
tact ovaries a stepwise, graded association between CVD and
the number of features of PCOS, including premenopausal
menstrual irregularity, hirsutism, and postmenopausal bio-
chemical hyperandrogenism (256). Another case-control
study of 414 postmenopausal women (mean age: 60.4 years)
confirmed in women with a history of premenopausal men-
strual irregularity (as a surrogate marker of PCOS) an in-
creased odds ratio for CVD (274). As an important side note,
these studies emphasize the technical challenges of accurately
measuring low circulating androgen levels after menopause.

Conclusion

Collective data suggest that surrogate markers of cardiovas-
cular risk are higher in PCOS, adjusted for age and BMI. Stud-
ies of subclinical cardiovascular disease further show that
endothelial dysfunction in PCOS is related to insulin resis-
tance and total as well as abdominal obesity, while coronary
artery calcification/carotid intima media wall thickness also
are increased in PCOS compared with matched controls.
Nevertheless, the degree to which surrogate markers of
cardiovascular risk and subclinical cardiovascular disease
correlate with cardiovascular events in PCOS remains unclear.
Although uncertainty exists as to whether PCOS per se in-
creases cardiovascular mortality, atherosclerotic CVD in post-
menopausal women is associated with several PCOS-like
features. Therefore, lifelong metabolic dysfunction in women
with PCOS exaggerates CVD risk, causing a possible increase
in CVD events with age, especially after menopause.

CANCER RISK

Polycystic ovary syndrome is a common reproductive
disorder resulting in a disruption of normal reproductive
physiology that putatively may be associated with increased
risk of the development of cancer of the endometrium, ovary,
or breast, directly or mediated by its associated reproductive-
metabolic alterations.

It is well accepted that unopposed estrogen, secondary to
anovulation, is a risk factor for the development of endome-
trial cancer. The magnitude of the risk has not been precisely
quantified, but the best estimate based on a moderate amount
of data is an odds ratio of approximately 2.7 (275). There is
also limited information to suggest that women with PCOS
have an elevated risk of ovarian cancer (relative risk approx-
imately 2.5) (276). Conversely, there are limited data to sug-
gest that there is no association of PCOS with breast cancer.
There is insufficient evidence to evaluate any association of
PCOS with vaginal, vulvar, or cervical cancer.

When assessing the association of PCOS with the risk of
cancer, it is difficult to separate the cancer risk associated
with other recognized risk factors such as nulliparity, infertil-
ity, treatment of infertility, anovulation, and obesity. Because
of this confounding effect as well as a paucity of well-
designed research on the subject, the estimates provided for

the strength of association are likely sensitive to a number
of factors including [1] lack of precision of the estimate due
to a small number of studies and a small number of cases in
each study; [2] limitations in the definition of PCOS, includ-
ing that the definition has changed over time, that the diag-
noses used in many of the studies are based on self-report,
and that anovulation may have been used as a surrogate di-
agnosis for PCOS; [3] limitations in comparison (control) pop-
ulations, including lack of generalizability as some studies
have included or excluded women with infertility in compar-
ison populations, and the prevalence of PCOS is often low in
control populations.

Endometrial Cancer

Although the degree of risk has not been clearly defined, it is
generally accepted that women with PCOS who experience
symptoms of amenorrhea are at greater risk for endometrial
hyperplasia and cancer. However, the data to support the gen-
eral acceptance are not definitive. Most of the data are based
on case series with few longitudinal studies with a comparison
group. The increased risk is thought to be related to unop-
posed endogenous estrogen, but may also be related to ele-
vated androgens.

A three times increased risk of endometrial cancer was
shown in patients with chronic anovulation (277). In addition,
a possible association of PCOS and endometrial cancer re-
mained uncertain (278). It was speculated that there might
be a differential risk, especially for subgroups of women, pos-
sibly those who are obese. A meta-analysis on this subject in-
cluded four studies (275). Three showed elevated risk, although
only one was statistically significant, and one showed no risk.

Among 4,056 women there were 666 cases of endometrial
cancer, of which 29 were diagnosed with PCOS. In the 3,379
controls, 27 women were diagnosed with PCOS. The aggre-
gate analysis demonstrated an odds ratio of 2.7 (1.0-7.29).
This translates into an increase in risk from 17 to 46 per
100,000 women (275). Some limitations in combining the
data include different age groups used for inclusion criteria.
Some studies were population based while others used cancer
registries. A greater strength of association has been noted
with an odds ratio of 5.3 (1.5-18.6) for all women with
PCOS and 6.1 (1.0-36.9) for those women with PCOS with
an elevated BMI (232, 233). However, this study was cross-
sectional and was not included in the meta-analysis. Most
cancers have been found to be well differentiated and have
a good prognosis. There has been no histologic difference
noted in endometrial cancers in women with and without
PCOS.

Preventative measures for endometrial cancer include
recognition and treatment of unopposed estrogen with peri-
odic progestogen withdrawal and/or surveillance with
endometrial biopsy for those with extended periods of amen-
orrhea. It is recommended that women should have at least
four withdrawal bleeding episodes per year (every 3 months).
Surveillance with endometrial biopsy or ultrasound to assess
endometrial thickening for those with extended periods of
amenorrhea is recommended based on clinical suspicion
and presentation.
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Ovarian Cancer

Putative theories for an increase in the risk of ovarian cancer
include “incessant” ovulation. If this theory is true, one may
hypothesize that women with PCOS may have a lower risk
of cancer. However, ovarian cancer may be associated with
infertility and/or nulliparity, which may increase the risk of
ovarian cancer. There are very few studies that have evaluated
the risk of ovarian cancer in women with PCOS. In 1979,
McGowan et al. (279) demonstrated a 2.5-fold increased risk
was demonstrated in nulliparous women in respect to ovarian
cancer. Moreover, a sevenfold increase was demonstrated in
nulliparous women with infertility-related anovulation, but
it is not clear that these women truly had PCOS. Only one
large study evaluated the association of histologically con-
firmed epithelial ovarian cancer with women who reportedly
had PCOS (276). Of the 4,547 women in the study, there were
476 cases of ovarian cancer, of which 7 were in conjunction
with PCOS. Of the 4,081 controls, 24 had a PCOS diagnosis.
The calculated odds ratio was 2.52 (1.08-5.89), which trans-
lates into a risk of 17.4 to 44 per 100,000 women. Critiques
of the Schildkraut et al. (276) study include that this associa-
tion was not a primary aim of the study and that the seven
cases of PCOS accounted for only 1.5% of the group of women
with cancer. The 27 cases of PCOS in the control accounted for
only 0.06% of the controls. Underrepresentation of women
with PCOS in the control group may have biased the study.

Corroborating evidence of an increased risk of ovarian
cancer may be found in a few older, small studies (280-
283), which demonstrated that clomiphene citrate treatment
is associated with a 2.3-fold increase in ovarian cancer and
perhaps is a surrogate marker of cancer in women with
PCOS. Potentially contradictory evidence for the risk of ovar-
ian cancer in women with PCOS was provided by a study that
documented a standardized mortality rate for ovarian cancer
in PCOS that was lower than in the women without PCOS
(SMR 0.39; 95% CI, 0.01 to 2.17) (272). Use of combined
OCPs is known to be a preventive measure for ovarian cancer
risk. Treatment of infertility resulting in live birth is also
thought to be preventative. There is no recommended routine
surveillance strategy for the detection of ovarian cancer in
women with PCOS.

Breast Cancer

There are limited data evaluating the risk of breast cancer in
women with PCOS. Putative risk factors for breast cancer in-
clude obesity and nulliparity, which are common findings in
PCOS. A meta-analysis of three studies was performed (275).
Of the studies included, one showed a trend to an increased
risk, one showed protection, and one showed no risk. In
aggregate, no association was found. In total, the studies in-
cluded 23,842 women: 11,836 cases of breast cancer, of which
59 were diagnosed with PCOS. Of the 12,006 controls, 74 had
PCOS. This resulted in an odds ratio of 0.88 (0.44-1.77). Lim-
itations of the analyses include that clinical characteristics of
both groups varied in the studies and the diagnosis of breast
cancer was based on recall of a physician’s diagnosis in
some studies. Cancer cases were pooled together irrespective
of stage and histology. This study was thus unable to address
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whether there were differences in histology, type, or stage of
the breast cancer. Other limitations included that women with
PCOS accounted for less than 1% of the study control popu-
lation and for under 0.5% in the breast cancer group in one
study, and for only 1.35% in a second. Also, PCOS was
reported by patients and was not documented.

Standardized mortality rates for a 30-year follow-up
evaluation for all neoplasms in women with PCOS was 0.91
(95% CI, 0.6-1.32). It was 1.48 (95% CI, 0.78-2.54) for women
with PCOS diagnosed with breast cancer (272). Currently,
there are no recommended alterations in clinical care to assess
a differential risk of breast cancer in women with PCOS.

MENOPAUSE, GENERAL HEALTH, LONGEVITY
Menopause

The transition of women with PCOS into menopause and what
the phenotype of PCOS in postmenopause may be is poorly
understood. There is evidence that women with PCOS have
a larger cohort of primary follicles than age-matched control
women based on histologic evaluation (284), antral follicle
counts (285), and levels of serum AMH (286). Further, serum
levels of AMH tend to remain persistently elevated over time
in women with PCOS (287). These findings suggest prolonged
reproductive function in these women as well as increased
ovarian reserve. Studies in the normal female population
(288) and women with PCOS (289) have shown a marked de-
crease in serum T levels as women age from the third to fifth
decades, proportionately greater than during the perimeno-
pause to menopausal transition. Additionally, women with
PCOS develop improved menstrual regularity with age (37),
and most predictive models for pregnancy during ovulation
induction in women with PCOS show that age increases the
chance of ovulation (despite being associated with lower
pregnancy rates) (290, 291). These may all contribute
to improved reproduction with aging. Lifetime fecundity in
a Scandinavian population of women with PCOS was
comparable with that of a control group, although there
was increased use of infertility treatments (285). There is
evidence from at least one prospective cohort study that eval-
uated women through menopause that women with PCOS
may experience menopause on average 2 years later than
healthy control women (42).

There is no known menopausal PCOS phenotype, despite
multiple attempts to create one, usually with a mixture of cur-
rent and past phenotypic characteristics. The criterion that
seems most likely to normalize at menopause is the polycystic
ovary, at least in terms of follicle count and volume, both of
which tend to decrease with age in all women (48). Some stud-
ies using existing menopausal women have relied on a prior
history of irregular menses (256), the presence of polycystic
ovaries (292), or current hyperandrogenemia or hirsutism (of-
ten compared with menopausal controls) (273). However, tes-
tosterone assays, even those using mass spectrometry, have
poor precision in the menopausal range and thus are likely
to confound the diagnosis (293). Unfortunately, phenotype
drift is common in such situations, and expanded criteria in-
cluding an elevated waist circumference or evidence of bio-
chemical insulin resistance have been added in at least one
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study (256). These are likely to elevate the true prevalence of
PCOS in such studies.

General Health

The general health and best treatment of postmenopausal
women with PCOS are poorly understood; one study referred
to this area as a “black hole” in medicine (294). It is suspected
that women with PCOS have increased rates of obesity and di-
abetes in menopause (36), which are likely to decrease their
quality of life. Although data are conflicting, most reports
tend to show normal or increased bone mineral density in
women with PCOS (295, 296), but changes during
menopause have not been described. As noted in other
sections, women with PCOS have multiple risk factors for
CVD and may be at increased risk for premature CVD
events. Some aspects of PCOS associated with
cardiovascular risk may plateau with age, such as LDL
cholesterol levels (297) or glucose tolerance (203). Thus, with-
out appropriate longitudinal follow-up observations, it is in-
correct to assume that age will exacerbate outcomes in
women with PCOS. Other aspects of general health that
have been studied in younger women with PCOS, such as
mood (86, 243) or sleep disorders (298), have not been studied
in postmenopausal women with PCOS. Hirsutism is a common
complaint of postmenopausal women, and alopecia is more
common with aging. However, the natural history of hirsut-
ism and/or alopecia in postmenopausal women with PCOS
is unknown. A well-designed trial of 5a-reductase inhibition
in postmenopausal women with androgenic alopecia showed
no benefit (299) (whereas it is effective in males with andro-
genic alopecia), which suggests that other factors are contrib-
utory in women.

Longevity

It is difficult from the existing data to know what the effect of
the diagnosis of PCOS is on mortality. Retrospective data in
women with polycystic ovaries suggest mortality occurs at
a similar rate as in the general population (and presumably
at the same age) (232, 233). The best prospective data on
postmenopausal women diagnosed with suspected PCOS
suggest they have increased CVD event rates and decreased
survival (273). Limited family studies have suggested in-
creased and earlier cardiovascular event rates in the mothers
and fathers of women with PCOS (300, 301).
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