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Preface

This volume analyzes the impact of polycystic ovary syndrome (PCOS), metabolic
syndrome (MS), and obesity on women’s reproductive function and health from
adolescence to elderly.

Starting from the description and importance of Brain Phenotype in PCOS, the
volume analyzes the impact of adolescence as a high-risk period for PCOS develop-
ment and the strategies to be used toward adolescent PCOS to prevent adult
anovulation.

The possible responsibility of environmental factors in developing obesity and
insulin resistance as well as the metabolic and neuroendocrine aspects of PCOS
pathogenesis are presented considering their implications on the future therapeutic
strategies.

The impact of PCOS, MS, and obesity on follicular growth arrest in women’s
health and the role of PCOS on women’s quality of life and sexual health are exten-
sively discussed as well as the impact on female infertility and treatment and on the
management of PCOS women preparing pregnancy and pregnancy outcome.

Specific chapters are also dedicated to the role of insulin resistance in benign
breast diseases and the impact of PCOS on inflammation, metabolic changes, and
menopause, on cardiovascular function, and, last but not least, on how to prevent,
diagnose, and treat gynecological cancers in PCOS patients.

This volume represent a very comprehensive effort to clarify how to better under-
stand, recognize, and treat PCOS patients with personalized therapies according to
the goals to be reached for their health, reproductive needs, and quality of life.

Pisa, Italy Andrea R. Genazzani
Barcelona, Spain Lourdes Ibafiez
Wroclaw, Poland Andrzej Milewicz

Mumbai, India Duru Shah
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The Brain Phenotype in Polycystic Ovary
Syndrome (PCOS): Androgens,
Anovulation, and Gender

Sarah L. Berga

1.1 Introduction

Polycystic ovary syndrome (PCOS) is a common condition with reproductive and
metabolic features. Recent studies confirmed that women with PCOS have multiple
genetic allelic variants that are independently associated with hyperandrogenism,
gonadotropin regulation, timing of menopause, depression, and metabolic distur-
bances, including insulin resistance [1]. Of note, the data cited above showed that
not all women with PCOS possess the full complement of the 14 genetic variants
identified. Genetic heterogeneity results in clinical heterogeneity. We have long rec-
ognized that there is a spectrum of clinical presentation, with some women having
a more pronounced reproductive phenotype and others presenting primarily with
metabolic features. Despite variation related to PCOS genotype and phenotype,
however, two long-recognized pathogenic themes remain the same: excess andro-
gen exposure and insulin resistance. Since androgens and insulin modulate of brain
architecture and function, it is not surprising that PCOS is associated with a brain
phenotype, but also one that presents variably. Building on the notion that the brain
is a target of hormones of all classes, in this chapter we characterize the brain phe-
notype in PCOS and explore the evidence that the brain phenotype is the result of
androgen exposure that not only predisposes to anovulation and obesity but also has
the potential to skew gender identity and sexual orientation.

S. L. Berga (<)

Department of Obstetrics and Gynecology, Jacobs School of Medicine and Biomedical
Sciences, University at Buffalo SUNY, Buffalo, NY, USA

e-mail: slberga@buffalo.edu
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1.2  Anovulation Reflects the PCOS Brain Phenotype

A key paradox in the presentation of PCOS is chronic anovulation despite an abun-
dance of oocytes (polycystic ovaries). This paradox was one of the first clues to the
unique brain phenotype in PCOS associated with reproductive dysfunction.
Subsequent studies found that the primary cause of anovulation in PCOS was not
resistance to FSH but an insufficient rise in FSH to initiate folliculogenesis. It is
now widely appreciated that exogenous FSH administration readily initiates follicu-
logenesis in women with PCOS and that follicle development is often so exuberant
that ovarian hyperstimulation results. Not only are FSH levels insufficient, para-
doxically, LH levels are tonically high. The elevated LH/FSH ratio characteristic of
women with PCOS catalyzed an investigative search for an explanation. As shown
in Fig. 1.1, one likely contributor to increased LH and reduced FSH levels is
increased GnRH-LH drive [2, 3]. As shown in Fig. 1.2, GnRH-LH pulse frequency
in women with PCOS approaches that of men, namely, one LH pulse per hour,
rather than one pulse every 90 minutes observed in eumenorrheic, ovulatory women
[2]. Studies in men with idiopathic hypothalamic hypogonadism revealed that the
more rapid the pulse frequency of exogenously administered GnRH, the higher the
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Fig. 1.1 GnRH-LH and alpha-subunit pulse patterns in 9 women with polycystic ovary syndrome
(PCOS) (left) and 9 eumenorrheic, ovulatory women (right). Blood samples were obtained at
10-min intervals fro 24 h from an indwelling intravenous catheter and pulse patterns were analyzed
using a computer-based algorithm. Berga et al. [2]
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LH and the lower the FSH levels [4]. Subsequent studies showed that low dose tes-
tosterone increased GnRH-LH pulse frequency in eumenorrheic women and that
high dose testosterone increased GnRH-LH pulse frequency in women with
PCOS. Further, we and others also showed that the increased GnRH-LH drive in
PCOS was resistant to suppression by sex steroids [5, 6] and that sensitivity to sex
steroid suppression was restored by the androgen receptor blocker flutamide [7], but
not by metformin [8]. The above evidence suggests that androgen exposure causes
the rapid GnRH pulse frequency and explains the skewed LH/FSH ratio observed in
women with PCOS.

1.3  Neuroregulation of GnRH and the Brain
Phenotype in PCOS

An explosion in knowledge regarding the regulation of GnRH over the last 30 years
has afforded us the opportunity to identify factors that mediate the development of
the brain phenotype in women with PCOS. We now understand that neurodevelop-
ment and neuroregulation is much more than sex steroid exposure, although clearly
androgens, estrogens, and progesterone are major modifiers of both. However, other
hormones, including peptides, growth, and immune factors also influence neurode-
velopment and neuroactivity.

The discovery that the kisspeptin peptide system serves as a key proximate regu-
lator of GnRH pulsatility revolutionized our understanding of the neuroregulation
of reproductive function. Within the arcuate nucleus, kisspeptin/neurokinin B/dyn-
orphin (KNDy) neurons release the prohormone kisspeptin, a 145 amino acid pro-
tein thatis enzymatically cleaved to a 54 amino acid peptide known as kisspeption-54.
The kisspeptin receptor, abbreviated GPR54 for G protein-coupled receptor 54, is
expressed on GnRH neurons, allowing kisspeptin to activate GnRH neurons [9].
Exogenously administered kisspeptin exerts a profound stimulatory effect on
gonadotropin secretion in animal and human models. Both testosterone and
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Fig. 1.3 Schematic representation of neural interactions between metabolic and reproductive
functions depicting likely sites of action of leptin, insulin, and ghrelin to control GnRH release.
3V, third ventricle; ARC, arcuate nucleus; ME, median eminence; PMYV, ventral pre-mammillary
nucleus; POA, preoptic area. Navarro and Kaiser [11]

estradiol regulate Kiss/ gene expression. In addition to activating GnRH neurons,
kisspeptin neurons also form synapses with GnRH neuron terminals in the median
eminence, where GnRH release (exocytosis) is stimulated by kisspeptin [10].
Figure 1.3 shows the central cascade that regulates GnRH and highlights the role of
KNDy neurons [11].

As shown in Fig. 1.3, GABA (gamma-aminobutyric acid) neuronal input modu-
lates the entire cascade, including kisspeptin neurons, and directly and indirectly
regulates GnRH drive. Importantly, the GABAergic network integrates external
environmental and internal host signals to align reproductive function with indi-
vidual circumstance. Thus, stress, sex steroids, and metabolic signals regulate
GABAergic tone and the entire cascade by direct and indirect mechanisms. For
example, in a monkey model, the administration of the CRH antagonist, astressin B,
reversed the impact of the chronic social stress of subordination on GABA-A recep-
tor binding in the prefrontal cortex, a site implicated in the regulation of the limbic-
hypothalamic-pituitary-adrenal, —gonadal, and -thyroidal axes [12]. A recent study
found that chronic administration of letrozole to female mice induced polycystic
ovaries, anovulation, elevated testosterone, increased LH pulsatility, and elevated
kisspeptin and neurokinin B gene expression in the arcuate nucleus [13]. In a murine
model, leptin-responsive GABAergic neurons regulated fertility through pathways
that reduced kisspeptinergic tone [14].

Androgens play a fundamental role in the organization and activation of the hypo-
thalamic circuitry shown in Fig. 1.3. The mechanisms by which androgens act are
many. Androgens increase GABAergic innervation of KNDy neurons and alter sex
steroid feedback sensitivity [15]. Administration of dihydrotestosterone (DHT), a
non-aromatizable androgen, to mice increased GnRH firing activity [16]. In a sheep
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model of PCOS, prenatal testosterone exposure increased GABAergic synaptic inputs
to and stimulation of GnRH and KNDy neurons [17]. Androgen exposure acting via
an androgen receptor mechanism also impaired progesterone receptor transcription,
impaired negative feedback, and resulted in GnRH neuronal hyperactivity [18].
Absence of progesterone signaling in kisspeptin neurons disrupted the LH surge and
impaired fertility in female mice [19]. In a mouse model of DHT-induced PCOS,
selective deletion of the androgen receptor (AR) in neurons, but not granulosa cells,
reversed the impact of DHT, leading the investigators to conclude that neuroendocrine
genomic AR signaling is an important extra-ovarian mediator of the PCOS phenocopy
in mice [20]. The above preclinical studies likely explain why GnRH drive in women
with PCOS was resistant to suppression by progestin and progesterone feedback [5—
7]. Thus, as shown in Fig. 1.3, KNDy neurons and kisspeptin-GPR54 receptors form
the final common pathway in the hypothalamic circuitry that regulates GnRH drive
[9]; GABAergic tone modulates the function of the kisspeptinergic pathway and con-
fers feedback sensitivity to sex steroids and metabolic signals.

The term hyperandrogenic anovulation parsimoniously conceptualizes PCOS
and conveys the notion that androgens of ovarian origin initiate and maintain the
brain phenotype responsible for anovulation, namely, increased GnRH-LH drive
and chronic insufficiency of FSH. To investigate the role of androgens and GABA
in human PCOS, we compared cerebrospinal fluid (CSF) levels of GABA, testoster-
one, and estradiol in eumenorrheic, ovulatory women and those with PCOS [21].
Figure 1.4 shows that women with PCOS not only have higher CSF levels of
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Fig. 1.4 Increased cerebrospinal fluid levels of GABA, testosterone (T), and estradiol (E2) in 12
women with polycystic ovary syndrome as compared to 15 eumenorrheic, ovulatory women (EW).
Original graph. Kawwass et al. [21]
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Fig. 1.5 Cerebrospinal fluid levels of testosterone and estradiol in 15 eumenorrheic, ovulatory
women, 14 women with PCOS, and 6 men. Unpublished data from Berga lab

testosterone and GABA but also higher CSF levels of estradiol. While the CSF lev-
els of testosterone in PCOS were not as high as the levels in men (Fig. 1.5), they
were clearly higher than the levels in eumenorrheic, ovulatory women. Thus, the
brain phenotype in PCOS that predisposes to chronic anovulation despite increased
oocyte endowment most likely results from chronically increased androgen expo-
sure, which, in turn, reflects an increased oocyte pool, as androgen levels and oocyte
endowment correlate in PCOS [22]. As shown in Fig. 1.5, women with PCOS also
displayed higher CSF levels of estradiol as compared to both eumenorrheic women
and men. Higher CSF estradiol levels may differentially suppress FSH more than
LH, contribute to the brain phenotype in PCOS, and explain the paradox of increased
oocyte endowment and chronic anovulation. Ultimately, higher brain exposure to
both androgens and estradiol imprints the brain in other ways that remain to be bet-
ter elucidated, including gender identity and sexual orientation.

Another recently reported regulator of hypothalamic GnRH function is anti-
Mpbllerian hormone (AMH). In both humans and mice, GnRH neurons expressed
AMH receptors. In mice, AMH potently activated GnRH neuron firing rate and
accentuated GnRH-dependent LH release from the pituitary [23]. Since AMH and
testosterone are correlated with oocyte endowment [22], AMH also could play a
fundamental role in the development and maintenance of the brain phenotype in
PCOS that results in chronic anovulation. If so, this may explain why women with
PCOS display more regular cycles as they age because AMH levels and oocyte
endowment drop [24, 25]; a later age at menopause [1, 26, 27]; and better fertility
than eumenorrheic women after age 40 [28, 29].

Androgen excess may also explain at least some of the metabolic features of
PCOS including insulin resistance. In female mice, excess androgen receptor acti-
vation in neurons caused peripheral insulin resistance and pancreatic beta cell dys-
function [30]. In contrast, selectively knocking out the androgen receptor in neurons
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of female mice decreased glucose and insulin levels in fasted and fed states as com-
pared to wild-type female mice [31]. Ultimately, the most parsimonious explanation
for PCOS, including the reproductive brain phenotype, is androgen excess in an XX
genotype.

1.4  Gender Identity and Sexual Orientation

The brain orchestrates many functions in addition to reproductive function. What
are the possible consequences of brain androgenization in women with PCOS other
than increased GnRH pulsatility? Both insulin resistance and a tendency to weight
gain likely reflect brain androgenization. Other behavioral variables that could be
attributable at least in part to brain androgenization include stress sensitivity, mood,
gender identity, and sexual orientation. While sex refers to genetic sex, which is
readily determined because it is a biological attribute, gender refers to a set of
behavioral expectations assigned according to genetic sex. However, gender is a
cultural construct; the attributes considered male and female varies somewhat across
cultures. Some cultures define gender as male, female, and other, while other cul-
tures have a strictly binary view. Currently, cultures around the world are grappling
with a more expanded perspective on gender.

At least two key important questions deserve increased clinical attention to better
care for women with PCOS. First, do women with PCOS differ in terms of gender
identity from eumenorrheic, ovulatory women? Second, do women with PCOS dif-
fer in terms of sexual orientation from eumenorrheic, ovulatory women? Given that
our understanding of the role of prenatal and postnatal hormone exposures as con-
tributors to brain organization and activation is limited, it should not be surprising
that our understating of the impact of hormones on gender identity and sexual ori-
entation is also constrained. However, current evidence based on neuroimaging and
clinical studies suggests that women with PCOS differ from eumenorrheic women
in terms of the proportion that report nonconforming gender identity and lesbianism.

To delve into the topic of gender identify and sexual orientation requires an
appreciation of the notion that sex steroid exposures in utero organize the brain. At
the time of puberty and during the ensuring reproductive years, gonadal hormones
activate the already sexually dimorphic brain, which results in gender asymmetries
and sex-specific attributes [32, 33]. There are many clinical studies showing that
sex hormone exposures modulate attention, comprehension, reaction time, and
memory. One of the critical behavioral consequences of gonadal hormonal expo-
sures is altered information processing [34]. In a recent review, McCarthy and
Arnold suggested that estradiol is a masculinizing hormone and exerts multiple
region-specific effects via distinct cellular mechanisms [35]. During the perinatal
sensitive period, estradiol promotes cell survival, cell death, and cell proliferation
in separate brain regions and promotes the formation of new dendritic spine syn-
apses in some brain regions while suppressing them in others. Essentially, hor-
monal exposures ‘“sculpt” the brain. The enduring organizational effects of
exposure to estradiol are mediated in part via epigenetic changes to the DNA and
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chromatin in processes that are region-specific. Given the organizational complex-
ity of the brain and the spectrum of hormonal exposures, the potential for neuro-
complexity is enormous. Unfortunately, neither our lexicon nor our cultural and
medical constructs adequately capture the neurocomplexity of gender identity and
sexual orientation. Certainly, it is unlikely that gender is dichotomous. At this time,
it might be best to assume that the actual range of neurodiversity is not “visible”
due to the dissonance between biological complexity and cultural stereotypes that
constrain individual expression.

Our study of CSF levels of estradiol and testosterone in women with PCOS
revealed increased brain exposure to both estradiol and testosterone as compared to
eumenorrheic women [21]. For women with PCOS, altered sex steroid exposure
likely began in utero, resumed at puberty, and continued at least until menopause.
The altered steroid milieu differentially organizes the brain architecture and then
differentially activates brain function. As McCarthy and Arnold [35] suggest, altered
sex steroid hormone exposures likely result in a spectrum, mosaic or hybrid of brain
masculinization versus feminization that might be best termed gender
neurodiversity.

Few investigations have directly determined the gender identity and sexual ori-
entation of women with PCOS. Agrawal et al. [36] found that 80% of lesbian
women versus 32% of heterosexual women had polycystic ovarian morphology
(PCOM) on ultrasound. Nearly all transmen (female to male transgender) had
PCOM [37]. Women with congenital adrenal hyperplasia showed increased rates of
bisexual and homosexual orientation that correlated with prenatal androgenization.
Bisexual and homosexual orientation also correlated with global measures of mas-
culinization of non-sexual behavior and was predicted by childhood behavior
[38, 39].

Neuroimaging of women with PCOS and congenital adrenal hyperplasia has
revealed additional neurocomplexity that likely reflects the interaction of hyperan-
drogenism in an XX genotype, including sex-specific hormone action. The findings
do not easily fit into the conventional mindset that gender identity and sexual orien-
tation exist on a spectrum of maleness to femaleness. Rather the data suggest that
gender nonconforming is a unique brain state. Lentini et al. [40] analyzed the con-
tributions of genetic sex and androgen exposure and found that cerebellar and pre-
central gray matter volume was related to X-chromosome escapee genes in the
amygdala, parahippocampus, and occipital cortex and that gray matter volume cor-
related with testosterone levels regardless of sex. They concluded that brain asym-
metries are attributable to sex hormones and X-chromosome genes in a regionally
differentiated manner [41]. Using PET scanning with O-H,0, Savic et al. [42]
showed that sex-specific pheromones elicited sex-differentiated hypothalamic acti-
vation in heterosexual women and men; however, homosexual men and women
responded to pheromone exposure according to sexual orientation rather than bio-
logical sex [43, 44]. Two parameters previously shown to be sexually dimorphic are
hemispheric asymmetry and functional connectivity. Extending earlier studies,
Savic and Lindstrom [45] found that PET and MRI revealed differences in cerebral
asymmetry and functional connectivity between homo- and heterosexual subjects.
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Heterosexual men and homosexual women showed rightward cerebral asymmetry
while all homosexuals showed sex-atypical amygdala connections. They concluded
that these results were not due to learning. Other investigators found that white mat-
ter microstructure was altered and cognitive function was compromised in young
adults with PCOS independent of education and BMI [46]. Further, women with
PCOS who displayed insulin resistance had greater regional activation during an
emotion task than controls, and this difference resolved with metformin therapy
[47]. The best synopsis of the few neuroimaging findings currently available is that
brain function in women with PCOS is neither strictly male nor female and reflects
a hybrid or mosaic of features.

The brain is complex. There are more than 86 billion neurons in the mamma-
lian brain, which exceeds the number of stars in the Milky Way. In the cortex, each
neuron forms about 10,000 synapses with target cells. Astonishingly, a cubic mil-
limeter of brain contains as many as 90,000 neurons. The human brain is also an
energy hog; rodents require about 5% of daily energy intake to fuel their brains
while monkeys require 10%, human adults 20%, and human infants 60%. In con-
trast the brain is only 2% of the human body by weight, requires only 16% of
cardiac output, and 25% of oxygen consumption. No wonder our brains drive us
to eat. Indeed, insulin resistance may well be an adaptive response to constrain
energy utilization that until recently would have represented a survival advantage
as it would have rendered insulin-resistant humans “fuel independent” relative to
other humans. It is important to consider PCOS in the context of human evolution
and recognize that genes that conferred “energy parsimony” may have provided
reproductive and survival advantages in fuel-deficient environments, which until
recently have been normative. Humans generally now have fuel abundance as
even nutrient poor foods fuel the brain. One has to consider that hyperandrogen-
ism in women may have increased rather than decreased reproductive opportunity
by allowing survival and conferring prolonged fertility [29]. Thus, while women
with PCOS display chronic anovulation and obesity in fuel replete settings, they
also display neurodiversity with regard to cognition, behavior, gender identity,
and sexual orientation. Clinically it is best to acknowledge and recognize that
women with PCOS may not conform to cultural expectations with regard to gen-
der identity and sexual orientation and that they may initiate care for a variety of
reasons including gender-affirming hormone therapy.

1.5 Summary

PCOS is generally understood to be a reproductive condition characterized by
chronic anovulation, hyperandrogenism, obesity, and metabolic dysfunction. In
PCOS, chronic anovulation reflects increased GnRH drive resulting in chronically
suppressed FSH. The most likely explanation for increased GnRH drive is prenatal
and sustained postnatal brain androgenization. Recent studies suggest both geno-
typic and phenotypic variability. Given the complexities of brain development,
brain androgenization not only manifests as altered reproductive function but also
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gender neurodiversity. Thus, gender identity in women with PCOS may be cultur-
ally nonconforming. Gender diversity carries psychological consequences for indi-
viduals, families, and society and must be recognized and managed for better overall
health. Clinical decision trees need to incorporate the variation in, and complexity
of, the clinical presentation of PCOS. The medical profession must be able to offer
more than ovarian suppression with oral contraceptives, ovulation induction for
infertility, and metformin for metabolic dysfunction. Women with PCOS will
undoubtedly benefit from holistic diagnostic and treatment algorithms that incorpo-
rate recognition of gender identity and sexual orientation and screening for mood
disorders [48]. A deeper appreciation of the nuances of PCOS affords an opportu-
nity for individualized and improved care.
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Adolescence: A High-Risk Period
for PCOS Development?

Charles Sultan, Laura Gaspari, Samir Hamamah,
and Francoise Paris

Polycystic ovary syndrome (PCOS) has long been considered “a riddle wrapped in
a mystery inside an enigma” [1], and the relationships among genetic, endocrine,
metabolic, environmental, and lifestyle factors in its development are indeed quite
complex. Moreover, the underlying causes [2], diagnostic criteria, and recommen-
dations for managing adolescent PCOS [3] remain controversial. The diagnostic
features in adult women, such as hyperandrogenemia, obesity, and menstrual disor-
ders, may be part of the normal pubertal process [4]. We thus propose the following
three criteria (Fig. 2.1) to make a definitive diagnosis [5].

The prevalence of PCOS has been estimated to range between 0.6 and 12%. In a
group of post-menarcheal obese adolescents, Ybarra et al. identified 18.4% cases [6].
Christiansen, in a cross-sectional study including a high number of adolescents
between 15 and 19 years, reported a PCOS diagnosis in 3.8%, 10.2%, and 23.10% of
the overweight, moderately obese, and extremely obese adolescents, respectively [7].
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Fig. 2.1 Criteria for the diagnosis of PCOS in adolescence
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- SGA / LGA

- Glucose / insulin
- Fetal androgens 1
- AMH

- Aromatase activity

Childhood

- Post-natal weight gain
- Ectopic fat storage

- Premature pubarche
- Early puberty

- Central obesity

- Hyperinsulinism
- Hyperandrogenism

Environmental Endocrine Disruptors

Epigenetics

Peri-puberty

*-

Fig. 2.2 Natural history of adolescent PCOS according to Louwers et al. [57]

Adolescent PCOS may have its origins in fetal life [8] (intrauterine growth retar-
dation, hyperandrogenism) or before puberty (through premature pubarche, obesity,
early puberty). In the last few years, evidence has clearly emerged showing that
peri-puberty is a high-risk period for PCOS development (Fig. 2.2), through obesity,
insulin resistance, metabolic syndrome, and hyperandrogenism (HA). In addition,
androgens stimulate appetite, food craving, and recurrent binge eating (Fig. 2.3).
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Fig. 2.3 Consequences of HA in women according to Rodriguez et al. [58]

PCOS is an obesity-related condition, with weight gain and obesity in adoles-
cence contributing to its development [9]. In addition, the link between early adi-
posity rebound in childhood and obesity in adolescence has been established
[10, 11].

Moreover, it is well known that the risk of developing a binge eating disorder
increases around pubertal onset and continue to rise through adolescence, leading to
overweight and obesity.

2.1 The Role of Peri-Pubertal Obesity

According to the ACOG, the prevalence of adolescent overweight and obesity is
about 30% and 20%, respectively. The rising prevalence over the last few decades
underscores the importance of recognizing its implication at different levels.
Adolescent obesity merits special attention as its ramifications persist into adult-
hood by modulating endocrine, metabolic, and reproductive performances [12].

As obesity during pubertal development is a risk factor for endocrine and meta-
bolic diseases, it has become critical to understand how this occurs [13]. Obesity is,
for example, known to modulate pubertal development, as both cross-sectional and
longitudinal studies have shown it is associated with earlier puberty [14].

How obesity impacts the relationship between sex steroids and glucose metabo-
lism in early puberty is a matter of active research [13].

Besides, it is well known that girls show a “physiological” decrease in insulin
sensitivity during puberty that begins in Tanner stage 2, reaches a nadir in mid to
late puberty, and returns to pre-pubertal levels after puberty is completed. This
“physiological” insulin resistance is thought to play a role in hyperinsulinemia. The
association between childhood obesity and both insulin resistance and hyperinsu-
linemia has been well documented, especially in Tanner 1-3 girls. The concomitant
elevation of insulin and testosterone suggests an interrelationship between these two
hormones [15].

It was recently hypothesized that PCOS might be induced by eating disorders
occurring at the onset of puberty and associated with stress, mood problems, and
low self-esteem [16]. In addition, excessive nutrient intake and the subsequent peri-
pubertal obesity can lead to abnormal endocrine and neuroendocrine activity during
puberty, which may predispose to PCOS. High dietary intake of energy, proteins,
and polyunsaturated fatty acids are risk factors for overweight and obesity and may
exacerbate the hyperandrogenism (HA) occurring in most adolescents.
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Even if obesity is evident in pubertal PCOS and increases with age, we still do
not know if adolescents with PCOS have a predisposition to gain weight or whether
PCOS and obesity are causally related [17].

A key question at this point is the following: Which factors mediate the effects of
obesity on the development of PCOS?

In addition to genetic factors, insulin resistance and hyperinsulinemia are
involved in androgen [18] biosynthesis by the ovary (in conjunction with LH), the
development of metabolic syndrome, and the release of adipokines: adiponectin is
lower in PCOS, contributing to insulin resistance [19]. Vistatin is increased and
reinforces insulin resistance and metabolic dysfunction.

There is evidence that hyperinsulinemia can induce HA either by directly stimu-
lating ovarian/adrenal production or by indirectly enhancing LH secretion, intensi-
fying LH action on the ovary, or increasing bioavailability of testosterone through
the reduction of liver SHBG production [20]. Insulin resistance is commonly asso-
ciated with a higher prevalence of a chronic low-grade inflammatory state and hypo-
adiponectinemia, both of which negatively affect ovarian function. Lewi et al.
reported profound metabolic derangements detected early in the course of PCOS,
including a 50% reduction in peripheral tissue insulin sensitivity, hepatic insulin
resistance, and compensatory HA in premenarcheal girls with PCOS [21].

Although the ovary is the major contributor to the hyperandrogenic state,
increased circulating levels of DHEAS, an adrenal androgen, is present in 15-45%
of PCOS girls. The cause of this increase may be adrenal hyperresponsiveness to
ACTH, increased ACTH drive to androgens, or hyperinsulinemia, which is known
to stimulate adrenal production of DHEAS.

In addition, it is generally accepted that obesity is a risk factor for the develop-
ment of PCOS during the adolescence in girls who are genetically predisposed [22].

The amount of abdominal fat is recognized as a major contributor to the signifi-
cant variation in the severity of PCOS phenotypes, with increased abdominal adi-
posity exacerbating the endocrine, metabolic, and psychological features of
PCOS [23].

Abdominal obesity worsens HA, menstrual disorders, insulin-resistance, dyslip-
idemia, and metabolic syndrome. Notably, a large proportion of adolescents with
PCOS are centrally obese [24].

In these adolescents, insulin resistance and its compensatory hyperinsulinism
[25] are intrinsic factors that play a key role in producing hyperandrogenia in PCOS:

— Insulin excess can trigger insulin receptors in the pituitary gland to increase LH
release and promote androgen secretion by both the ovary and adrenal gland.

— Increased insulin can inhibit the synthesis of hepatic SHBG and increase the
level of free T.

— Enhanced activity of the IGF1 receptor in the ovary promotes androgen produc-
tion by the thecal cells.

Insulin resistance/dyslipidemia, due to high level of free fatty acid and the inhibi-
tion of lipolysis, is the most common metabolic disorder [26].
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Metabolic syndrome usually encompasses central obesity, insulin resistance,
high fasting glucose, high fasting triglycerides, and low HDL cholesterol
[27]. According to the Clinical Practice Guidelines from the American
Academy of Pediatrics [28], metabolic syndrome is present when an adoles-
cent meets three or more of the following criteria:

e Waist circumference in at least the 90th percentile for age.

e Systolic or diastolic blood pressure in at least the 90th percentile for age
and height.

* HDL-C <40 mg/dL

* Fasting triglycerides >110 mg/dl.

e Glucose sensitivity is usually increased on the OGTT, which is performed by
measuring glucose before the administration of 75 g of oral dextrose and
30-60-90-120-180 minutes after.

— Homeostatic model for insulin resistance (HOMA-IR).
— Tissue sensitivity to insulin (HOMA-S).
— p-cell function.

which are calculated using an online program [29].

2.2 Hyperandrogenism

Androgen excess is the cardinal feature of PCOS.

HA causes a series of endocrine changes, including insulin resistance, hyperin-
sulinemia, metabolic syndrome, dyslipidemia, and increased LH secretion.

The free androgen index (FAI) is approximately three times higher in pubertal
girls with obesity compared with normal-weigh pubertal girls, reflecting early evi-
dence of obesity-associated HA in early pubertal development.

Previous reports have actually documented an association between obesity and
HA in pre- and early pubertal girls (Tanner B1-B3). McCartney et al. first empha-
sized that obesity was associated with HA in 66-94% of obese girls [30]. Knudsen
et al. reported that morning LH and fasting insulin were significant predictors of
free T in obese peri-pubertal girls, suggesting that abnormal LH secretion and
hyperinsulinemia can promote HA in peri-pubertal girls with obesity [31].

Abdominal obesity has been positively correlated with androgen levels, suggest-
ing that obesity plays an important role in PCOS. Androgens have actually been
shown to induce abdominal adipocyte accumulation and may cause abdominal tis-
sue dysfunction, including lipid accumulation, oxidative stress, and inflammation
[32]. HA is also associated with the development of white adipose tissue dysfunc-
tion, which includes increased visceral adiposity and visceral and subcutaneous adi-
pocyte hypertrophy.

What do we know about the genetic background of HA and PCOS? Approximately
40% of sisters of affected girls have elevated total and bioavailable T level, suggest-
ing a genetic susceptibility to this phenomenon [33].
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Pre-menarcheal first-degree relatives have HA, further pointing to a genetic sus-
ceptibility to PCOS, which has been confirmed by the evidence of elevated T levels,
early metabolic syndrome, and f-cell dysfunction in daughters of women affected
with PCOS [34]. Polymorphisms and splice variants in genes such as follistatin,
fibrillin-3, CYPI11A, insulin receptor, 17BHSDB6, androgen receptor, and
Sareductase have been linked to PCOS [35].

It is likely that gene variations resulting in HA during a key developmental win-
dow program the phenotypic feature of PCOS.

Recent studies in young female macaques have suggested that DNA methylation
and RNA levels of the genes associated with pathways involved in inflammation,
metabolic syndrome, and adipogenesis were involved in the regulation of the white
adipose tissue (WAT) transcriptional profile [36]. This contributes to body fat distri-
bution and the modulation of the pathophysiological response to obesity. In addi-
tion, these studies reported the synergistic effects of HA and the obesogenic
Western-style diet on this process.

Lastly, animal studies currently reinforce the hypothesis that androgen excess
plays a key role in the origin of PCOS.

In female monkeys, DHT exposure induces PCOS reproductive traits of cycle
irregularity, ovulation dysfunction, and reduced follicular maturations.
Simultaneously, a PCOS metabolic characteristic of increased adiposity, adipocyte
hypertrophy, and hepatic steatosis was observed.

2.3  GnRH Dysregulation

PCOS is associated with a neuroendocrine abnormality characterized by increased
GnRH and LH secretions. It has been reported that HA enhances the GnRH pulse
frequency and the subsequently elevated LH secretion. Insulin may increase the
frequency and amplitude of GnRH and LH pulse secretion. Insulin has also been
reported to stimulate GnRH-mediated LH release from the pituitary.

A reduced dopaminergic tone along with low plasma norepinephrine and serum
serotonin has been associated in PCOS women [37]. In a rat model of PCOS,
Chaudhari et al. recently demonstrated that GnRH inhibitor neurotransmitter, sero-
tonin, dopamine, GABA, and acetylcholine were reduced, whereas glutamate, an
active stimulator of GnRH activity, was increased (Fig. 2.4) [38]. The kisspeptin/
GPR54 system is also involved in this stimulation [39]. The dysregulated neuro-
transmission profile could explain the frequency of low self-esteem anxiety, depres-
sion, and mood disorders associated with PCOS adolescents. This neurotransmission
dysregulation may be a key feature in PCOS development [40].

24 Brain Disorders

PCOS is associated with by psychological distress and episodes of overeating and/
or dieting during puberty and adolescence, when body dissatisfaction and emotional
problems are present [16].
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It is well known that eating disorders disturb endocrine pathways: bulimia can
increase insulin level as well as stress. Binge-foods are usually high in fat or sugar
and increase the insulin level. Binge-eating and stress induce hypercortisolism.
Obesity is also associated with leptin resistance, leading to leptin overproduction.
Ghrelin increases food intake and adiposity.

Even if PCOS is associated with psychological issues usually observed in obese
girls, some investigators consider that pre-existent mental health problems may contrib-
ute to weight gain and the development of PCOS at the vulnerable age of puberty [41].
Screening for anxiety and repression is thus required, and the assessment of eating dis-
orders should be considered in the peri-pubertal period of high-risk adolescents.

Moreover, activation of the hypothalamic-pituitary-ovarian axis during puberty
can be epigenetically altered by psychological stressors, which are common during
adolescence, and can thus lead to the development of PCOS [40].

Recent studies have revealed that the pathophysiology of PCOS also involves the
gut-brain axis (GBA), which plays a critical role in the regulation of appetite, food
intake, glucose metabolism, energy maintenance, and body weight.

Gastrointestinal hormones, including ghrelin, glucagon-like peptide, and chole-
cystokinin, are actually involved in insulin resistance and inflammation disorders.

2.5 Endocrine-Disrupting Chemicals

Within the past few decades, more than 1000 of the 100,000 environmental chemi-
cals in the world have been documented as endocrine-disrupting chemicals (EDCs)
[42]. These include diethylstilbestrol (DES), dioxin (herbicide), PCBs (electrical
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coolant), PBDEs (flame retardants), DTT (pesticide), atrazine (herbicide), alkylphe-
nols (detergents), parabens and triclosan (cosmetics), phthalates (plastics, cosmet-
ics), and BPA (plastics) [43]. Most of them can mimic estrogen action and interfere
with nuclear receptors (and other receptors, such as the aryl-hydrocarbon receptor:
AhR), transcriptional factors, growth factors, or enzymatic activity (aromatase).

In several animal studies, EDC exposure was shown to induce endocrine and
metabolic expressions that fit the PCOS phenotype [44], including ovarian polycys-
tic morphology on ultrasound [45].

There are some data on the association of PCOS and EDCs in women [46, 47].
According to the investigators, EDCs can modify neuroendocrine modulation [46],
adipose tissue development [47], insulin secretion, and metabolic disorders, favor-
ing PCOS development [48].

Very recently, Luo et al. reported novel associations between the UDP-
glucuronosyltransferase polymorphisms and EDC concentrations in patients with
PCOS, supporting the relevance of genetic differences in EDC metabolism, which
might be considered a modulating factor of PCOS development [49].

2.6 Gut Microbiota

It is known that intestinal flora can regulate the synthesis and secretion of insulin,
and a variety of endocrine and metabolic diseases are affected by the dynamics and
structure of the gut microbiota. Tremelen et al. suggested that the high-sugar, high-
fat, and low-fiber diet usually observed in adolescent girls may cause an imbalance
in the intestinal flora, which then increases the permeability of the liposaccharides
known to activate the immunological system, causing inflammation [50]. Recently,
a potential two-way interaction between androgens and the intestinal flora was pro-
posed [51, 52].

We should also consider the role of gut microbiota in addition to the epigenetic
regulation of neurotransmitters. Recent studies have shown that dysbiosis of the gut
microbiota may be associated with the PCOS phenotype [53]. Some groups have
proposed that it may be a potential player in the development of PCOS (Fig. 2.5).

| Hyperandrogenism |—

_— | Inflammation | _ PCOS

| Insulin resistance |

Fig. 2.5 The microbiota as a key factor in the development of PCOS
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2.7 AMH

AMH is a new factor involved in the development of PCOS in obese girls. AMH is
known to be secreted by the granulosa cells of the ovarian follicles.

Since polycystic ovaries have a larger number of follicles, they produce more
AMH. High AMH concentration is considered a marker of adolescent PCOS, but it
also contributes to the pathophysiology of PCOS [54]. Recent studies have sug-
gested that AMH may play a role in the development of PCOS by increasing GnRH-
dependent LH secretion and inhibiting aromatase activity within the ovary [22].

Previous studies found increased AMH levels in PCOS girls during early puberty,
suggesting that an alteration in ovarian follicular genesis may begin early in devel-
opment [55].

An AMH value of 6.26 ng/mL seems to be an optimal cut-off value in obese girls
for predicting PCOS [56].

2.8 Conclusions

Several studies have outlined the multifactorial origin of PCOS, which includes
genetic factors, obesity, neuroendocrine dysregulation and HA, metabolic dysfunc-
tions, immune disorders, lifestyle, and psychological disorders. Insulin resistance is
one of the main pathological changes (Fig. 2.6).

Although PCOS can manifest at any age in reproductive life, it often develops
during adolescence, coincident with pubertal activation of the hypothalamic-
pituitary-ovarian axis, eating disorders, and obesity. Identifying peri-pubertal girls
at risk of PCOS may prevent that adulthood PCOS. One of the main future

Energy balance Pre / Peri-natal |Genetic / Epigeneticl Microbiota Environmental

- Environment endocrine-disrupting
- Energy balance| chemicals

I Obesity | l
e 1 1

—»| Insulin resistance T| | AdipokinesT | |GnRH pulse generator| | Mental health

Leptin | LHA

Metabolic
syndrome

[ Ovarian AT Adrenal AT]| | SHBG! |

Fig. 2.6 Endocrine and metabolic disorders associated with peri-pubertal abdominal obesity
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challenges will be to identify the environmental triggers of PCOS development dur-
ing adolescence and manage them accordingly.
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Toward Adolescent Prevention of Adult 3
Anovulation in Polycystic Ovary
Syndrome

Francis de Zegher and Lourdes Ibafez

3.1 Definition, Origins, and Diagnosis of Adolescent PCOS

Recent changes in the paradigm of adolescent polycystic ovary syndrome (PCOS)
are summarized in Table 3.1 [1].

Adolescent PCOS is defined by the co-presence of irregular menses (as proxy for
oligo-anovulation) and androgen excess (clinical + biochemical evidence) at least
2 years after menarche, and by the exclusion of disorders such as an androgen-
secreting tumor; ovarian morphology is not a criterion [2].

Worldwide, PCOS is the most prevalent endocrinopathy of adolescent girls
(~10%), and its prevalence is rising since, in essence, adolescent PCOS is the out-
come of a mismatch between a relatively energy-sparing (epi)genetic background and
a relatively energy-rich environment [3]. In any variant of such a mismatch, there is a
chronic need to store more fat than is safely feasible in subcutaneous adipose tissue,
and the lipid excess ends up being stored in ectopic depots, notably in liver and viscera
(= hepato-visceral fat excess, or central obesity). Adolescent PCOS is typically driven
by an ensemble including central obesity, insulin resistance, LH hypersecretion, and
low concentrations of circulating high-molecular-weight (HMW) adiponectin, which
is a key adipokine with insulin-sensitizing properties [2—4].
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Table 3.1 Adolescent PCOS: a changing paradigm

Past Present
The essence of PCOS Highly heritable Mismatch disorder in obesogenic
disorder of the world: Absolute or relative excess of
hypothalamic-pituitary- | subc fat leads to ectopic adiposity and
ovarian axis insulin resistance, on a background of
genetic susceptibility (involving >19
genes)
Sequence PCOS — fat excess Fat excess — PCOS
Forerunners Early androgen excess? | Upward mismatch between BW

Z-score and subsequent BMI Z-score
— early adrenarche/pubarche, — early

puberty/menarche
Clinical presentation Hirsutism, severe acne/seborrhea, irregular menses
Diagnostic criteria Presence of any 2 of the | Presence of the 2 upper criteria

e Androgen excess 3 criteria
 Oligo-amenorrhea
* Polycystic ovaries (US)

Subc subcutaneous, BMI body mass index, BW birth weight, US ultrasound
Adapted from [1]

Adolescent PCOS is commonly heralded by an upward Z-score change from
weight-at-birth to body mass index (BMI)-in-childhood; weight-at-birth tends to be
below average in non-obese PCOS, but not in obese PCOS girls [5]. The magnitude
of this Z-score increment is partly driven by genetic variants that control appetite
and/or BMI [6]. A higher Z-score increment associates with more insulin resistance
and with more central adiposity in childhood [7], and also with a faster maturation
toward pubarche and menarche [8, 9].

Oligo-anovulation may result from an adaptive neuroendocrine response to a
deficit of central fat (as in athletic amenorrhea) [10], or to an excess of central fat (as
in obese PCOS and non-obese PCOS) [11, 12], and there is genetic variation in the
hypothalamo-pituitary responsiveness to central adiposity. Girls genetically attuned
to the harshest environments are nowadays the most vulnerable to develop PCOS
under circumstances of physical inactivity and/or nutritional abundance [13, 14].

3.2 Treatment of Adolescent PCOS: Lifestyle,
Estro-Progestagen, SPIOMET

There is still no EMA/FDA-approved treatment for adolescent PCOS. Given the cru-
cial role of central fat excess, the prime aim should be a preferential loss of central fat.
Such a loss can revert the entire PCOS phenotype, and it can be achieved with sus-
tained lifestyle measures that involve multiple factors including diet, exercise, sleep,
and biorhythm, all within an environment that may remain stubbornly obesogenic [15].

Failure to sustain these lifestyle measures is frequent, and the standard approach is
then to add an oral estro-progestagen contraceptive [2, 16]. This adjunct silences the
gonadotropic axis, reduces the androgen excess [in part via a pharmacological incre-
ment of circulating sex-hormone-binding globulin (SHBG)], and leads to regular and
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anovulatory pseudo-menses [2, 16], but it does not solve the core (or central-fat) prob-
lem, and thus channels the adolescent girl toward a post-treatment rebound of andro-
gen excess and oligo-anovulation, in other words, toward adult PCOS [12].

Alternative adjuncts could aim at enhancing the effects of lifestyle measures, by
switching fat from ectopic to eutopic depots, and/or by stimulating brown adipose
tissue (BAT) activity, thereby increasing energy expenditure. A first example of such
an alternative adjunct could be SPIOMET, which is a fixed low-dose combination of
three old and safe generics that act through different pathways: spironolactone (only
50 mg/day), pioglitazone (only 7.5 mg/day), and metformin (only 850 mg/day).

Spironolactone has been used for >50 years as a mixed anti-androgen and anti-
mineralocorticoid, and has recently been identified as a potent activator of BAT [17,
18], and thus as a potential driver of energy expenditure. There are no major safety
concerns when spironolactone is dosed at only 50 mg/d (<1 mg/kg/day) in adoles-
cent girls with PCOS [19].

Pioglitazone has been used for >20 years as an anti-diabetes medication, in four- to
six-fold higher doses than in SPIOMET. The observation that low-dose pioglitazone
(7.5 mg/day) raises the concentrations of circulating HMW adiponectin [20] suggests
that such a low dose acts as an inhibitor of cyclin-dependent kinase 5 (CDKS)-
mediated phosphorylation of peroxisome proliferator-activated receptor (PPAR)-Y
rather than as an activator of PPAR-Y [21], also in the hypothalamus [22]. The uncer-
tainty around a potential risk for bladder cancer in older male patients with diabetes
and with long-term, high-dose pioglitazone treatment has recently been cleared: there
is no evidence for this risk, which is now considered to have been “a red herring” [23].

Metformin has been known for >20 years to have normalizing effects on the
endocrine-metabolic state [24] and on the ovulation rate [25] of adolescent girls
with PCOS. Metformin monotherapy failed to reach the market for adolescent
PCOS because it proved to be too cheap to be commercially viable [26]. The phar-
macokinetics of metformin in girls compare to those in women [27]. Metformin is
well tolerated by adolescent girls with PCOS [24, 25], and also by younger girls at
high risk of developing PCOS [28].

SPIOMET components have partially overlapping benefits that are essentially
present with low doses, and have different side effects that are essentially absent
with low doses. Hence, the SPIOMET concept is to aim for the presence of cumula-
tive effectiveness, and for the absence of safety concerns.

3.3 SPIOMET Experience in Adolescent Girls: Limited
but Promising

So far, the effects of SPIOMET have only been investigated in two randomized
controlled pilot studies (ISRCTN29234515 and ISRCTN11062950) that were based
in Barcelona between 2012 and 2019 and were performed in non-obese girls with
PCOS and with no need for contraception (total N = 62; mean age 16 year and BMI
24 Kg/m?; treatment for 1 year; ovulation assessment during the post-treatment
year). In these two studies, the effects of SPIOMET were compared to those of an
oral contraceptive (OC; ethinylestradiol-levonorgestrel).
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Proof-of-concept by ISRCTN29234515 has been reported in 2017 [12] and has
recently been confirmed by ISRCTN11062950 [29]. Indeed, pooled results from
both studies disclosed that SPIOMET has more normalizing effects than OC, nota-
bly on insulin sensitivity, visceral fat, and liver fat (Fig. 3.1); there were a mean
threefold (and even a median fivefold) more ovulations post-SPIOMET than post-
OC (Fig. 3.2); normovulation was only observed post-SPIOMET; anovulation was
>ten-fold more frequent post-OC [29].

Hepatic fat (%)

0 12 24 mo

Fig. 3.1 Hepatic fat content (by magnetic resonance imaging) in non-obese adolescent girls with
PCOS who were randomized to receive either an oral contraceptive (OC; N = 31; dark circles) for
12 months or a low-dose combination of spironolactone-pioglitazone-metformin (SPIOMET;
N = 31; white circles) for 12 months; subsequently, both subgroups were untreated for 12 months.
Body weight did not change in either subgroup. The dotted line indicates the average level in
healthy control girls of similar age. Results are expressed as mean + SEM. P < 0.0001 for on-
treatment change between subgroups. Modified from Reference 29
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Fig. 3.2 Post-treatment ovulation results in adolescent girls with polycystic ovary syndrome who
were randomized to receive an oral contraceptive (OC) or low-dose spironolactone + pioglitazone
+ metformin (SPIOMET) for 12 months and were subsequently followed for 12 months without
treatment. Ovulations were assessed twice over 12 weeks, for a total of 24 weeks, between the
study timepoints of 15-18 months (= post-treatment months 3—-6) and 21-24 months (= post-
treatment months 9-12). Both the ovulation number and the normovulatory fraction (%) were
significantly higher (p < 0.0001) in girls receiving SPIOMET
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3.4  Perspective

Adolescence may provide an early opportunity to normalize the PCOS phenotype,
and to prevent subsequent oligo-anovulation, and its consequences and comorbidi-
ties (Fig. 3.3).

SPIOMET’s efficacy and safety remain to be corroborated by a randomized,
double-blind, multicenter study wherein the effects of SPIOMET (in a single tablet)
are tested versus placebo, versus pioglitazone, and versus pioglitazone-plus-
spironolactone, all on a background of standardized lifestyle measures, in larger
study populations that are more diverse in genetic background and that span broader
ranges of age and BMI.

[ Early intervention to prevent subsequent PCOS-related morbidity & costs ]

Normal (Normal) (Normal)
Fat Partitioning
Insulin Sensitivity
Adiponection
Androgens
Ovulation Rate

Metabolic Health

PCOS PCOS PCOS PCOS

Ectopic Adiposity Ectopic Adiposity
Insulin Resistance Insulin Resistance Pre-elcampsia High

Low Adiponectin Low Adiponectin Diabetes Prevalence of
Androgen Excess l—:| Preterm Delivey Neurological &

Oligoanovulation Oligoanovulation (all x2 to x3) Other Sequelae
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Fig. 3.3 Summary of how early SPIOMET treatment may prevent or reduce subsequent PCOS-
related morbidity and costs. Adolescent girls with PCOS are rather unhealthy (= on the low/red
side along the metabolic-health spectrum), and lifestyle measures are recommended for most of
these girls, particularly when obese. Pharmacological treatment with an oral contraceptive (OC)
reduces the androgen excess but fails to improve other markers of metabolic health. Post-OC oligo-
anovulation may require the use of assisted reproductive technology (ART) in order to achieve a
pregnancy. In turn, ART-induced pregnancies in women with PCOS are accompanied by a
doubling-to-tripling of major complications, and followed by a higher prevalence of sequelae in
the offspring. In contrast, pharmacological intervention with SPIOMET in adolescent girls with
PCOS improves their metabolic health and leads to the virtual disappearance of the entire PCOS
phenotype. The anticipation that there will be fewer complications in spontaneous post-SPIOMET
pregnancies than in post-OC/ART pregnancies remains to be corroborated in future studies
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The primary endpoint of clinical relevance could be ovulation rate, but this is
cumbersome to assess in adolescent girls [12]. Circulating microRNA-451a, either
alone [30], or together with fasting insulinemia [29], are simple candidate proxies
to gauge the normalization of the underpinning PCOS condition. Indeed, circulating
microRNA-451a was recently identified as a biomarker that associates closely to
androgen excess, insulin resistance, hepato-visceral adiposity, and ovulation rate in
adolescent girls with PCOS [30].
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Environmental Factors Responsible 4
for Obesity and Insulin Resistance
in Polycystic Ovary Syndrome

Andrzej Milewicz, Alina Urbanovych, and Anna Brona

Polycystic ovary syndrome (PCOS) is an important public health concern with
reproductive, metabolic, and psychological features. PCOS is one of the most com-
mon endocrine disorders in reproductive-aged women affecting 8—13% of them [1].
Except meeting the diagnostic criteria, women with PCOS present with metabolic
disturbances including insulin resistance (IR), metabolic syndrome, prediabetes,
type 2 diabetes (DM2), and cardiovascular risk factors [1]. The prevalence of insulin
resistance ranges from 50 to 70% [2].

Obesity is associated with deterioration of reproductive and metabolic status in
women with PCOS. Hence, it is necessary to address any factor that increase the
risk of obesity in PCOS. Among environmental factors endocrine-disrupting chemi-
cals (EDCs), advanced glycated end products (AGEs), and vitamin D are proposed
to have an impact on obesity and insulin resistance in polycystic ovary syndrome.

Exposure to environmental toxins, EDCs and AGEs, may lead to endocrine, met-
abolic, and reproductive disruption resulting in development of different PCOS phe-
notypes and adverse health effects. Metabolic disorders include increase in insulin
resistance, oxidative stress, and inflammation that result in increased adipogenesis
and finally leads to obesity [3]. Vitamin D deficiency has been postulated to play a
role in the pathogenesis of insulin resistance and to be related to metabolic risk fac-
tors in PCOS [4, 5].
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4.1 Endocrine-Disrupting Chemicals

A 2000 report documented 2300 pesticide exposures in American schools from
1993 to 1996.

In 2004, levels of polybrominated diphenyl ethers (PBDEs) were about 40 higher
in North American women than in Swedish women, based on samples of breast
milk. A 2001 study showed that 96% of the pregnant women surveyed tested posi-
tive for bisphenol A (BPA).

As of October 2013, there are nearly 1000 endocrine-disrupting chemicals on
The Endocrine Disruption Exchange’s (TEDX) list. A 2008 study showed that 19
out of 20 children tested had PBDE levels an average of 3.2 times higher than their
mothers [6].

Most of the 2000 chemicals that come on the market each year don’t go through
even simple tests to determine toxicity [6].

An endocrine-disrupting chemical (EDC) is an exogenous chemical, or mixture
of chemicals, than can interfere with any aspect of hormone action. It is suggested
that EDCs influence hormone action in different ways. EDCs or their metabolites
can influence hormone metabolism in tissues-specific manner, and may directly
interfere with hormone action only in those tissues where they are generated. EDCs
or their metabolites may also interact with hormone receptors in a tissue-specific
manner and exert direct agonist or antagonist effects, either because some tissues
exhibit greater receptor density or because different receptor isoforms are expressed
in different tissues [7].

4.1.1 Bisphenol A

One of EDCs, bisphenol A is considered to interfere with the endocrine system and
play arole in the development of insulin resistance and obesity with major contribu-
tors being modern human diet and genomic composition.

Bisphenol A (BPA) is one of the most common plasticizers; it was first synthe-
sized in 1891 and was discovered to be estrogenic in 1936. The xenoestrogen PBA
is especially prevalent as a component used in rigid plastic products such as com-
pact discs, dental materials, cosmetics, food and beverage containers, food and for-
mula can linings, and glossy paper receipts. The BPA from food containers can
leach into foods when they are heated or scratched and then be ingested [8]. More
BPA is produced annually that any other chemicals (EDCs) with 15 billion pounds
produced in 2013.

In the human urine, BPA was detected in 52 up to 100% of participants [9].
These findings indicate broad human exposure to BPA. The Environmental
Protection Agency (EPA) in the USA has established the tolerable daily intake
(TDI) for BPA at 50 mg per kg (body weight) per day in 1988 [10]. In January 2015,
European Food Safety Authority has reduced TDI for BPA from 50 to 4 mg per kg
(body weight) per day [10].
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BPA exert diabetogenic and obesogenic effects. BPA contributes to insulin action
in several mechanisms. It has an impact on insulin synthesis and release by
b-pancreatic cells, and insulin signaling within liver, muscle, adipose tissues [11].

BPA has been shown to act through variety of receptors, such as the estrogen
receptors alpha and beta, ERa and ERb, membrane receptor G-protein-coupled
receptor 30 (GPR30), and the estrogen-related receptor gamma ERRy [12].

It was reported that BPA between 1 and 10 nmol/l concentrations interferes with
adipocyte metabolism by increasing oxidative stress and contributing to inflamma-
tion due to inhibition of adiponectin release and stimulation of interleukin 6 and
tumor necrosis factor release [13]. Additionally, Wells et al. suggested a relation
between BPA exposure and central obesity. They observed higher BPA concentra-
tions in individuals with higher waist-to-hip ratio [14].

BPA acts as a xenoestrogen, thus binding to estrogen receptors. However, the
interaction of BPA with ER receptors is relatively weak, ranging 2—3 orders of mag-
nitude lower compared to estrogens [10].

It has been well described that all three estrogen receptors (ERa, ERb, and the G
protein coupled ER (GPER)) are present on rodent and human b cells [10]. It has
been reported that BPA mimics the action of estradiol and exerts effects on energy
balance and glucose homoeostasis [15]. In vitro, BPA increased the frequency of
glucose-induced ionized calcium oscillations in pancreatic beta cells and enhanced
insulin secretion. In vivo, male mice taking daily doses of BPA presented higher
insulin concentration in pancreatic beta cells and enhanced insulin secretion in com-
parison with control mice [15]. These changes result in hyperinsulinemia.

It is also known that BPA binds estrogen receptors in both adipocytes and pan-
creatic beta cells, and BPA-exposed cells develop lipid accumulation [15].

BPA acts in human tissues through ER receptors alpha, beta, and gamma result-
ing in gene expression. Additionally, BPA binds to membrane receptors resulting in
non-genomic effects. Gene transcription depends on ER confirmation induced by
BPA. Conformation alterations are responsible for recruitment of transcriptional
co-regulators [10].

Other than the proposed ER-activation mechanism that involves binding to nuclear
receptors, it has been suggested that BPA may exert its effects through rapid non-
genomic pathways [10]. Binding to membrane ER receptor promotes rapid influx of
calcium ion [10]. BPA causes membrane depolarization followed by alteration of con-
formation of voltage-dependent calcium channels. These changes do not require high
BPA concentration; they occur at picomolar and at nanomolar concentrations [10].

In the animal study of Jayashree et al. [16], it has been demonstrated that after
BPA administration glucose oxidation and glycogen content in the liver were
decreased [11]. Another factor promoting hepatic insulin resistance — decreased Akt
phosphorylation — was also reported. Additionally, decreased phosphorylation of
Akt and GSK3b in skeletal muscle was found. It may explain how BPA contributes
to insulin resistance in the muscle. Menale et al. [17] showed that BPA decrease the
expression of PCSK1 gene in human pancreatic cell line [11]. PCSK1 contributes to
insulin synthesis. The BPA action on adipose tissue was also investigated [11]. BPA
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administration caused increase in circulating inflammatory factors and local inflam-
mation in the white adipose tissue. In addition higher plasma leptin levels were
detected.

Decreased glucose utilization and phosphorylation of insulin receptor contrib-
utes to impaired insulin action in 3T3-L1 cells [11]. It has been demonstrated that
BPA induced adipogenesis in 3T3-L1 preadipocytes [8]. Its actions comprise
enhanced mRNA expression and increased enzymatic activity of 11f-hydroxysteroid
dehydrogenase type 1 (11-BHSD type 1). 11-BHSD type 1 induces adipogenesis in
human adipose tissue [8]. It suggests that BPA contributes to obesity suscepti-
bility [8].

Also from an epidemiologic point of view, there are several studies to investigate
positive correlation between exposure to PBA and obesity. In 3390 Chinese adults
aged 40 year or older BPA were was positively associated with generalized obesity,
abdominal obesity, and insulin resistance [18]. Another study provided evidence for
a positive association between urinary BPA concentrations and waist circumference
in the group of 1030 Korean adults [19]. In the National Health and Nutritional
Examination Survey (NHANES) 2003-2008, the association between urinary BPA
levels and obesity in the US population was reported [20]. Moreover, Hong et al.
found that higher urinary BPA levels are associated with obesity and insulin resis-
tance in Korean reproductive-aged women [15].

It is known that BPA promotes hyperandrogenism state, impairs oocyte develop-
ment and folliculogenesis, and has a negative impact on metabolic parameters such
as insulin resistance, obesity, oxidative stress, and inflammation [4]. Additionally,
another studies have been conducted to investigate relationship between metabolic
disturbances in PCOS and BPA. That is, a case control study of 71 women with
PCOS and 100 women without PCOS showed positive association between BPA
and insulin resistance. Moreover, higher serum BPA concentration was found in
PCOS women [21].

Authors of meta-analysis have also demonstrated that BPA levels in PCOS
women were significantly higher than controls. They found that high BPA levels
were significantly associated with high BMI and high HOMA-IR [22]. Several
mechanisms have been proposed to explain BPA action on insulin resistance.
Findings from different studies pointed to changes of the structures and metabolism
of pancreas leading to impaired insulin secretion. They also showed changes of
insulin signaling in liver and muscles [22]. Studies in women with PCOS did not
reveal the exact mechanisms for impact of BPA on insulin resistance [22], but there
are numerous studies conducted in animals or cell culture elucidating these mecha-
nisms (as described before).

4.2  Advanced Glycation End Products

Advanced glycation end products (AGEs) are derivatives of nonenzymatic glu-
cose—protein, glucose-lipids, and glucose—nucleic acids reactions [23]. They are
the end products of a chemical procedure called Maillard reaction [23]. These
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processes are irreversible. Aging, hyperglycemia, obesity, oxidative stress, and
hypoxia accelerate the generation of their precursors [24]. AGEs are formed exog-
enously from thermally processed foods that are rich in proteins and reducing sug-
ars. It is known that 10% of ingested AGEs are absorbed [25]. It has been reported
that AGEs play a role in the pathogenesis of different diseases by causing oxidative
stress, altering enzymatic activities, affecting cytotoxic pathways, or damaging
nucleic acids.

It has been shown that serum AGEs are elevated in women with PCOS [26]. In
another study increased serum levels of AGEs and upregulation in advanced glyca-
tion end products receptor (RAGE) expression in circulating monocytes in women
with PCOS with insulin resistance without hyperglycemia had been found [26].
AGEs have also been reported to correlate with insulin, HOMA, and waist-to-hip
ratio in these women [27]. Elevated serum AGEs levels were also found in lean
women with PCOS without insulin resistance [27].

AGEs group includes over 20 heterogeneous compounds [11]. They bind to
receptor or form crosslinks with extracellular matrix [24]. The AGE receptor
(RAGE) binds also other molecules/ligands (i.e., amyloid b peptide) [24]. When
ligands bind to RAGE, they activate signaling pathways (the PI3K/AKT pathways
or the mitogen-activated protein kinase (MAPK) signaling pathways), and finally,
genes associated with inflammation and apoptosis are transcripted [24]. The AGE-
RAGE binding activates also JAK-2/STAT-1, another signaling pathway that con-
tributes to inflammation and cytokine production. This signaling pathway is
associated with the composition and activity of proteasomal subunits [24].

Physiological role of RAGE is yet not well understood, but it displays a role in
immune or inflammatory response. Cytokines (IL-1, IL-6, IL-8) and chemokines
are formed after AGE binding to RAGE which leads to the activation of inflamma-
tory processes. Then through NADPH oxidase, as well as activation of the transcrip-
tion factor NF-kB, excess oxidative stress is generated [24]. The excessive reactive
oxygen species (ROS) production leads to upregulation in RAGE expression [24].

Insulin resistance and hyperinsulinemia are found in approximately 50 up to
70% of women with PCOS. Oxidative stress and inflammation contribute to hyper-
insulinemia and insulin resistance [24]. It is suggested that excessive oxidative
stress is one of the features of PCOS and it cannot be compensated by the antioxi-
dant mechanisms [24].

Increased AGEs level is associated with inflammatory markers such as high-
sensitivity C-reactive protein (CRP), fibrinogen, 8-isoprostanes (a marker of lipid
peroxidation), TNF-a, and vascular adhesion molecule-1 (VAM-1) [28].

There is a system of glyoxalases that protects cells from damage caused by cyto-
toxic metabolites such as AGEs [24]. This is the glyoxalase detoxification system.
It comprises two glyoxalases GLO-I and GLO-II [24]. Significant reduction of
ovarian GLO activity has been reported in PCOS animal study. Animals fed a high-
AGE diet had lower ovarian GLO activity than animals fed a low-AGE diet [24].

AGEs change insulin cell signaling and modify glucose transporters and glucose
metabolism in insulin-sensitive cells, also in ovarian cells. That is, RAGE overex-
pression led to a decrease in GLUT-4 gene expression and attenuation of insulin
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signaling in adipocytes and caused morphological changes of adipocytes [24].
Women with PCOS presented impaired action of GLUT-4 [24]. Insulin resistance
(IR) in PCOS has complex molecular pathophysiology. It includes different mecha-
nisms: a post-binding receptor defect, low levels of IRS-1 expression, impaired
IRS-1 phosphorylation, reduced activity of the serine/threonine kinase AKT2, and
altered glucose transporter GLUT-4 translocation to the plasma membrane [24].
Hence, it is suggested that AGEs impair insulin signaling and glucose metabolism
through several mechanisms.

Thera are different studies presenting the effect of AGEs on glucose metabolism.
In one study the effect of human glycated albumin (HGA) on glucose transport in
the human granulosa KGN cell in the presence of insulin was investigated [24].
Inhibition of insulin-mediated AKT phosphorylation was found in these cells. HGA
also inhibited insulin-induced GLUT-4 translocation from the cytoplasm to the
membrane compartments of KGN cells [24]. In skeletal muscle cells the phosphati-
dylinositol 3-kinase (PI3K)/protein kinase B (PKB) pathway (part of insulin signal-
ing cascade) was suppressed by HGA [24]. HGA activated PKCa that caused an
increase in serine/threonine phosphorylation of IRS and ultimately altered insulin
metabolic signals [24]. In addition, it has been reported that AGEs cause b cell mal-
function in animals [24].

Obesity is also commonly observed in women with PCOS, in 30-75% of cases
[23]. Recent studies have shown how AGEs contribute to the development of obe-
sity [27]. For example, in animal studies, weight gain in mice fed with high-AGE
diet and low-AGE diet was compared. Animals on H-AGE diet had a significant
weight gain in comparison to control group [27].

The effect of high-AGE diet on hormonal and metabolic parameters in human
was also investigated. Low-AGE diet in comparison with high-AGE diet resulted in
lower testosterone levels, HOMA-IR, and improved oxidative stress status in women
with PCOS [25]. Results suggest a novel treatment strategy for ovarian dysfunction
by decreasing AGEs in diet to attenuate AGEs effects.

In another study association between AGEs/soluble receptor of advanced glyca-
tion end products (AGEs/sRAGE) and anthropometric parameters in reproductive-
aged PCOS patients was investigated. Positive correlation between serum levels of
AGEs and BMI was found. On the contrary serum levels of SRAGE were decreased
along with increased BMI [23].

There is evidence that AGEs induced the production of inflammatory mediators
in adipocytes and macrophages via RAGE activation [29]. It has been found that
MG stimulated adipogenesis by the upregulation of Akt signaling (increased the
phosphorylation of Akt1) [30]. MG treatment increased also the phosphorylation of
p21 and p27. P21 and p27 are the major regulators of the cell cycle. The increased
phosphorylation of p21 and p27 activates their degradation and leads to the entry of
cells to S phase that enhance cell proliferation [30].

Studies have also shown that women with PCOS have increased serum CML
(carboxymethyl-lysine, one of the AGEs) in comparison to the control group, inde-
pendently of obesity and insulin resistance [25].
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4.2.1 VitaminD

Vitamin D receptors are expressed in 2776 genomic positions and modulate the
expression of 229 genes in more than 30 different tissues, such as skeleton, brain,
breast, pancreas, parathyroid glands, immune cells, cardiomyocytes, and ovaries [2].

Women with PCOS are likely to have an increased risk of vitamin D deficiency
(VDD). The prevalence of vitamin D deficiency among the general adult population
is estimated about 20-48% [2], while among women with PCOS approximately
67-85% [31].

Vitamin D affects glucose metabolism. It contributes to increased insulin secre-
tion, increased insulin sensitivity, increased glucose uptake, and expression of insu-
lin receptor [32]. Multiple cellular and molecular mechanisms have been proposed
to explain this. 1,25-dihydroxyvitamin D enhance insulin release from f-cells, tran-
scriptional activation of the human insulin receptor gene, and suppression of the
release of proinflammatory cytokines that are involved in insulin resistance [33].
Vitamin D may also exert effect on insulin action due to the regulation of extracel-
lular calcium concentration and normal calcium influx across cell membranes [34].

Vitamin D deficiency was observed in obese individuals. In a large study com-
prising 42,024 persons, 10% increase of BMI was associated with 4% decrease of
serum vitamin D [35]. The National Health and Nutrition Examination Survey
(2001-2004) showed that abdominal obesity was associated with vitamin D defi-
ciency [36]. Drincic et al. recommend 2-3 times higher daily dose of vitamin D
supplementation in obese persons in comparison to normal (2.5 [U/kg) [37].

In Tsakova et al.’s study, higher prevalence of vitamin D deficiency in obese
women with PCOS than in lean women with PCOS (70% vs. 60%) was found [38].

In obese individuals, a higher proportion of vitamin D, which is fat soluble, is
sequestered in adipose tissues; and hence, bioavailability of the vitamin is low-
ered [5].

There is an evidence that vitamin D level plays an important role in insulin sen-
sitivity and glucose metabolism.

Negative correlation between serum vitamin D levels and waist circumference,
triglycerides, fasting glucose, and HOMA-IR were found [39]. It has been reported
that PCOS patients with vitamin D deficiency were more likely to have increased
levels of fasting glucose and HOMA-IR compared to those without vitamin D defi-
ciency [2].

Inverse association between vitamin D concentration and HOMA-IR, glucose,
CRP, and triglycerides have been found in many studies [2]. These studies have also
shown positive correlation between vitamin D concentration and HDL-C or QUICKI.

It has been demonstrated that both intrinsic and extrinsic factors contribute to
insulin resistance in PCOS women [40]. Impaired serine phosphorylation of the
insulin receptor-1 is the intrinsic factor [40]. Ngo et al. investigated the potential
role of vitamin D and NO responsiveness (defined as platelet response to NO donor)
as extrinsic factors [40]. They found on multivariate analysis that NO responsive-
ness and 25(OH)D3 levels were significantly associated with QUICKI. Low
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vitamin D levels and low platelet response to NO donor correlated with low QUICKI
in the whole study group.

Another prospective study investigated effects of calcium and vitamin supple-
mentation on serum insulin level, HOMA-IR, and QUICKI [41]. The 8 weeks sup-
plementation in PCOS women with vitamin D deficiency led to a significant
reduction in serum insulin levels, HOMA-IR score, and a significant elevation in
QUICKI index.

Li et al. reported that severe vitamin D deficiency correlated with insulin resis-
tance and was independent of BMI and waist-to-hip ratio in women with PCOS. They
also showed higher insulin levels in women without PCOS but with severe vitamin
D deficiency [5].

It was proposed by Irani et al. that vitamin D attenuates the effects of the AGE—
RAGE system in vitamin D-deficient women with PCOS due to increase of serum
sRAGE levels. sSRAGE acts as an anti-inflammatory factor. It binds circulating
AGE:s and blocks the intracellular events following the AGE-RAGE binding [42]. It
has been demonstrated that vitamin D3 supplementation significantly increased
serum SRAGE levels [42]. It was also observed that serum SRAGE was inversely
correlated with BMI.

It has been shown that environmental factors play a role in the development of
obesity and insulin resistance in PCOS women. There is a bulk of evidence that
endocrine-disrupting chemicals, advanced glycated end products, and vitamin D
deficiency contribute to these disorders. The results of in vitro and in vivo studies
have demonstrated different mechanisms involved in the development of these con-
ditions. They suggest new ways of treatment. In addition, they point to the impor-
tance of avoidance of exposure to deleterious environmental factors.
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5.1 Introduction

Polycystic ovary syndrome (PCOS) is a heterogeneous condition affecting between
5 and 20% of fertile women [1]. It is the most common cause of anovulation and
therefore of infertility, characterized by hyperandrogenism with the arrest of fol-
licular development, esthetic problems (acne, hirsutism, alopecia), and frequently
associated with metabolic alterations such as insulin resistance or overweight/
obesity.

Although several diagnostic criteria have been proposed (Rotterdam, Androgen
Excess and PCOS Society, National Institutes of Health), the diagnosis of PCOS is
still based on the Rotterdam criteria (2003) [2], which require the presence of two
out of three main features of the syndrome: chronic anovulation that means oligo—/
amenorrhea, hyperandrogenism (clinical and/or bio-humoral), and polycystic ova-
ries at ultrasound [3].

Over the years a very variable spectrum of clinical manifestations has been high-
lighted, variously combined in different patterns, so that four different possible phe-
notypes can be identified (Table 5.1).

The common features of these patients are the well-known presence of an inap-
propriate gonadotropin secretion, often characterized by elevated LH levels com-
pared to FSH levels, this last reduced up to lower than 30%, and an increased LH/
FSH ratio (>2.5), due to the increased amplitude of LH pulses, this being the cause
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Table 5.1 Adult Diagnostic 1. Phenotype 1 (classic PCOS)
Criteria (Rotterdam)

(a) Clinical and/or biochemical evidence of
hyperandrogenism
(b) Evidence of oligo-anovulation
(c) Ultrasonographic evidence of a polycystic ovary
2. Phenotype 2 (Essential NIH Criteria)

(a) Clinical and/or biochemical evidence of
hyperandrogenism

(b) Evidence of oligo-anovulation
3. Phenotype 3 (ovulatory PCOS)
(a) Clinical and/or biochemical evidence of
hyperandrogenism
(b) Ultrasonographic evidence of a polycystic ovary
4. Phenotype 4 (nonhyperandrogenic PCOS)

(a) Evidence of oligo-anovulation
(b) Ultrasonographic evidence of a polycystic ovary

of ovarian hyperandrogenism. In addition to the well-known clinical symptoms,
PCOS is also characterized by a series of metabolic problems such as obesity, pres-
ent in 25-50% of the patients, and hyperinsulinemia that occurs in up to 50% of
subjects. Indeed, extensive literature has shown that insulin resistance is very com-
mon in PCOS, independently from BMI.

Insulin resistance is a biological compensatory event that induces the elevation
of insulin concentrations (hyperinsulinemia) in order to keep the glycemic values
within the normal range. It is present in 50-80% of women with PCOS and obesity
and in 15-30% of PCOS with normal weight [4, 5, 6]. During pregnancy, women
with PCOS have a greater risk of incurring complications such as gestational diabe-
tes, hypertensive disorders, preeclampsia, HELLP syndrome, and preterm birth,
especially if they have a compensatory hyperinsulinism [7].

5.2  Physiopathology of the PCOS Patients
5.2.1 Weight and Metabolism

It is well-known how reproductive axis and body weight are tightly linked.
Depending on the bodily disposition of the fat, obesity is classified into gynoid
obesity, in which the fat is distributed in the lower part of the body, i.e., buttocks and
thighs, and android obesity, in which the fat is located centrally at abdominal, mes-
enteric, and visceral level [8]. The substantial difference of this different conforma-
tion relies in the fact that the adipose tissue accumulated at the abdominal level is
metabolically more active, more sensitive to catecholamines and less to insulin, and
releases higher amount of triglycerides, and this is considered a direct index of car-
diovascular risk. In fact, the Waist Hip Ratio determination (WHR) is an excellent
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index to assess the degree of obesity, quantifying the amount of intra-abdominal fat.
In a subject with BMI > 25 kg/m?, a ratio greater than 0.80 is a clear sign of android
obesity, while a ratio lower than 0.75 is an index of gynoid obesity. The waist cir-
cumference, more than BMI, is directly correlated with the risk of developing
Metabolic Syndrome (MS); in fact it is included among the diagnostic criteria for
MS drawn up by the Adult Treatment Panel III (ATIII), which considers as a risk
factor a waist circumference equal or greater than 102 cm in males and 88 cm in
women [8].

As a result of this excess of weight, in particular in women, an alteration of
reproductive capacity is frequently observed. The adipose tissue is not inert, but
it is a real endocrine organ, with effects at both peripheral and central level,
which unlike the other endocrine systems is poorly controlled and modulated in
its action by the hypothalamic area or by other endocrine systems: in fact, fat
cells are able not only to aromatize androgens into estrogens but also to release
hormonal signals (adiponectin, leptin), acting directly on the CNS and regulating
food intake, energy expenditure, and reproductive function. An excessive intake
of food influences the balance of our metabolic and endocrine systems up to
modulating the hypothalamus, which is the control unit that regulates and coor-
dinates the whole metabolic-hormonal system, with consequent abnormal release
of hypothalamic tropins and irregular menstrual cycle, from oligomenorrhea and
anovulation, up to amenorrhea. In the brain all the signals relating to the nutri-
tional state, such as the excess as well as the weight defect, are recorded and
processed as function of time and quite often are negatively recorded. The meta-
bolic signals arriving at the hypothalamic level are transmitted by leptin and
adiponectin (both hormones produced in adipocytes), Ghrelin, and many other
neurotransmitters, modulating the release of hypothalamic GnRH. When the
hypothalamic function is negatively affected, functional disorders result (i.e.,
PCOS, hypothalamic amenorrhea, etc.). In humans and nonhuman primates, the
majority of hypothalamic GnRH neurons are located more dorsally in the medial
basal hypothalamus, in the infundibulum, and in the periventricular region. They
are surrounded by the centers that control the sleep-wake rhythm, thermoregula-
tion, hunger/satiety, and glycemic control: modifications of the function of these
centers, induced by peripheral signals, lead to an alteration in the production and
pulsatile release of GnRH that affects the reproductive function, triggering oligo-
menorrhea, anovulation, and/or amenorrhea.

5.2.2 Hyperandrogenism

Although PCOS is a syndrome, we have always tried to understand where hyperan-
drogenism is triggered: abnormalities of the metabolic control (diabetes, thyroid
diseases), malfunctioning at ovarian level (ovarian cysts, atresic follicles), or hyper-
androgenism caused by endocrine diseases such as those of adrenal gland (exagger-
ated adrenarche, Cushing’s syndrome, adrenal hyperplasia). However, only 3% of
PCOS hyperandrogenism is due to an isolated adrenal disease [9] (Table 5.2).
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Table 5.2 Differential A. Physiologic adolescent anovulation
diagnosis of
hyperandrogenemia

B. Functional gonadal hyperandrogenism
1. PCOS: Primary FOH (Functional Ovarian
Hyperandrogenism) (common form of PCOS)
2. Secondary FOH
a. Virilizing congenital adrenal hyperplasia
b. Adrenal rests of the ovary
c¢. Ovarian steroidogenic blocks
d. Insulin resistance syndromes

e. Acromegaly
f. Epilepsy (valproic acid therapy)
3. Disorders of sex development
4. Pregnancy-related hyperandrogenism

C. FAH (Functional Adrenal Hyperandrogenism)
1. PCOS: primary FAH (uncommon form of PCOS)
2. Virilizing congenital adrenal hyperplasia
3. Other glucocorticoid-suppressible FAH

a. Hyperprolactinemia

b. Cortisone RD deficiency (and apparent RD deficiency)
c. Apparent DHEA sulfotransferase deficiency
4. Glucocorticoid-nonsuppressible FAH

a. Cushing’s syndrome

b. Glucocorticoid resistance
D. Peripheral androgen metabolic disorders
1. Obesity
2. Idiopathic hyperandrogenism

3. Portohepatic shunting
E. Virilizing tumors
F. Androgenic drugs

Androgens and its precursors are normally produced at ovarian and adrenal level
in approximately equal amounts, respectively, under LH and ACTH control.
Androgens, however, do not have a negative feedback or a neuroendocrine mecha-
nism that directly regulates/controls their production. In fact, the androgenic pro-
duction from the ovary has intra-ovarian mechanisms, in order to optimize the
synthesis of androgens, estrogens, and folliculogenesis: androgens are obviously
the substrate for the production of estrogens, but if they are present in exaggerated
amount, they block ovulation. The ovarian androgenic hypersecretion, typical of
PCOS patients, appears to be caused by a mechanism of desensitization of thecal
cells to LH, which however limit excessive androgenic production; on the other
hand, the amount of androgens produced is under paracrine control, which essen-
tially acts on the activity of the cytochrome p450c17 that limits the formation of
steroid hormones.
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Whatever triggers PCOS, the aromatase activity at ovarian level is altered. It is
well-known that in the ovaries the production of estradiol is linked to the correct
aromatization of androgens in estrogens: whenever a metabolic factor, such as a
compensatory hyperinsulinemia, induced by peripheral insulin resistance, alters this
equilibrium, androgen production increases, and aromatase activity is abnormally
reduced.

The failure of the conversion of androgens to estradiol and the resulting hyperan-
drogenism induce reduced hepatic SHBG synthesis, promoting the increase of plas-
matic free androgens levels and a higher bioactive availability, thus promoting the
onset of clinical signs such as hirsutism and acne [6]. Furthermore, the excess of
androgens negatively modulates the function of insulin in the liver and at peripheral
level: in fact it has been shown that testosterone negatively modulates the transmis-
sion of the intracellular insulin signal, reducing both the number and the efficiency
of glucose transporters (GLUT-4), generating/improving insulin resistance mecha-
nisms [10]. All such facts in women with PCOS promote also an excess of IGF-1
other than of insulin, with a further increase of androgens’ levels, caused by the
aromatase deficiency and by SHBG levels decrease, with the consequent increase of
the amount of free androgens, which are biologically active and deeply affecting the
reproductive axis. The importance of nutritional status for the proper functioning of
the reproductive axis is thus further emphasized.

5.2.3 Insulin Resistance

Insulin, as already mentioned, plays a role on the synthesis of androgens modulat-
ing the cytochrome P450-17alpha, and its levels correlate with glycemia. When
performing the oral glucose tolerance test (OGTT) in a patient with a suspect of
insulin resistance, we must not focus on blood glucose levels only since the meta-
bolic homeostasis reacts to control blood glucose levels inducing the release of
insulin up to 10 times the amount of insulin normally necessary. Prevention is there-
fore the most powerful tool we have. Through a correct lifestyle and the use of
insulin-sensitizers (like Metformin), we can be helpful in managing these conditions.

Insulin resistance and hyperinsulinemia are the elements that most frequently
determine the clinical and biochemical difference between PCOS patient with over-
weight/obesity from those with normal weight. When obesity and insulin resistance
occur together with an android-type distribution of adipose tissue, despite having
absolute values of androgens only moderately increased, SHBG levels are reduced,
and the clinical signs of hyperandrogenism become more evident. In PCOS without
insulin resistance, the amount of free androgens is lower, and the clinical manifesta-
tions linked to hyperandrogenism are less marked.

In this context, the data obtained from the OGTT becomes essential. Similar to
other endocrine diseases, such as in girls with hypo-GH, we find an insulin response
to the glucose load similar to that observed in obese patients: in fact, the GH defi-
ciency triggers a compensatory mechanism modifying both cortisol and insulin
secretions, in order to compensate the lack of GH, thus inducing a compensatory
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hyperinsulinemia. The result of this is an insulin response to glucose load in normal-
weight patients with GH deficiency paradoxically similar to that observed in obese
or PCOS patients.

Another important aspect recently investigated is the involvement of liver in this
endo-metabolic framework. The well-known NAFLD (Nonalcoholic Fatty Liver
Disease) is the result of insulin resistance, which leads to an accumulation of fat in
the liver; it has been recently shown that the liver produces two hormones, HGF
(Hepatocyte Growth Factor) and betatrophin, both involved in a system that modu-
lates the compensatory response of beta-pancreatic cells to insulin resistance.
Betatrophin modulates in a direct way the proliferation of beta cells in case of insu-
lin resistance in order to increase the amount of insulin and thus to obtain a better
control of glycemia and glucose uptake from the plasmatic circulation [11]; HGF is
a growth factor that plays a key role in the connection, via the opioidergic and neu-
roaminergic pathways, of the brain-liver-pancreas axis, modulating the adaptive
response of the pancreas to insulin resistance [11].

Studies on animal models have hypothesized that insulin receptors are also pres-
ent at central level, in particular localized on kisspeptin-secreting neurons that stim-
ulate GnRH neurons. Under compensatory hyperinsulinemia, an excessive activity
of kisspeptin-secreting neurons has been observed, thus inducing an increase of
GnRH release. Neuroendocrinology of obese patients, therefore, described a direct
link between CNS and metabolism, and in particular, there is a metabolic-induced
modulation of several neuroendocrine activities [12].

It is well-known that insulin resistance is due to several conditions that can act
already during the prenatal period, such as gestational diabetes and obesity during
pregnancy, or that can act after birth as in case of children with IUGR (Intrauterine
Growth Restriction), where hyperinsulinemia represents a compensatory defensive
mechanism that allows the low-in-weight infants to store energy, survive, and thus
reach quickly a more appropriate body weight. Insulin resistance may also be linked
to receptor or signal transduction defects or to genetic factors such as familial dia-
betes, but when obesity occurs during adulthood the mechanism triggering the gain
of weight is clear [11].

5.3  New Perspectives in the Pathogenesis of PCOS

A recent review collected the results from several studies on animal models and
rationally hypothesized a primarily neuroendocrine origin of PCOS [13]: in particu-
lar, since hyperandrogenism is present in 60% of PCOS patients, the effects of high
androgen levels have been assessed. In these animal models the exposure to high
androgen levels during prenatal life or during the first months of life induces the
onset of the typical features of PCOS: clinical manifestations of hyperandrogenism,
hypersecretion of LH, ultrasonographic evidence of polycystic ovaries, ovulatory
dysfunction, increased amount of fat mass, hypertrophy of fat cells, and also insulin
resistance. Probably the androgen receptor (AR) plays an essential role in the patho-
genesis of PCOS: AR is expressed in the structures of the hypothalamic-pituitary-
ovarian axis, as well as in adipocytes and in hepatocytes. However, the role played
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Fig.5.1 Different sites of AR action in generating the characteristic features of PCOS. In particu-
lar, silencing AR at the level of the CNS and generating states of hyperandrogenism in the rats did
not induce the reproductive and metabolic traits of PCOS; therefore the loss of central AR function
protects from the onset of PCOS more than the loss of function of AR in the ovaries (modified
from [13])

by androgens in central nervous system (CNS) is probably predominant, since in
knock-out animal model for AR in the brain and undergoing to states of hyperan-
drogenism a much more marked reduction in the typical manifestations of PCOS
has been observed compared to the knock-out model for AR only at ovarian level
[13] (Fig. 5.1).

A frequent characteristic of the PCOS patient is the increased frequency and
amplitude of LH pulse. This reflects the increased stimulation of GnRH neurons: on
animal models it has been observed that these neurons do not express receptors for
androgens, progesterone, and alpha-estrogens. Interestingly the negative and posi-
tive feedback at central level is not played on GnRH neurons, and these mechanisms
are indirect. In fact, recently two neuronal groups have been identified: kisspeptin/
neurokinin B/dynorphin neurons (KNDy), which act with a mechanism depending
on the levels of circulating estrogens, and the GABAergic neurons of the arcuate
nucleus, which guarantee a stimulatory effect on the GnRH-secreting neurons [14].
The kisspeptin-secreting neurons have two locations: one group is in anteroventral
periventricular nucleus (AVPV) and is sensitive to low levels of circulating estro-
gens, generating a positive feedback on GnRH-secreting neurons; the other is in the
arcuate nucleus and is activated by high levels of estrogen, thus playing the negative
feedback on the GnRH pulse generator.

On such basis, androgen receptors have been proposed as potential modulator of
the KNDy system [15]: in fact, it has been observed that prenatal exposure to hyper-
androgenic states leads to a drop of innervation by the KNDy system on
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GnRH-secreting neurons, negatively affecting the negative feedback action. On
such basis, it has been postulated that the KNDy system could become a “putative”
therapeutic target to modulate the activity of the pulse generator GnRH/LH, in order
to reduce the frequency of LH pulse, the circulating levels of LH, and testosterone
[15]. In contrast, hyperandrogenism in the prenatal life generates an increased
innervation of GABAergic neurons of the arcuate nucleus on the GnRH-secreting
neurons, increasing their activity.

A model linked to adipocyte dysfunction as a trigger of PCOS pathophysiology
has also been proposed, and a role of androgen receptors at the ovarian level in the
development of the PCOS reproductive tracts cannot be excluded. However, the role
that androgens play at the central level is emblematic in the development and patho-
genesis of the typical characteristics of PCOS, although it obviously remains to
determine how prenatal exposure to androgens in humans modifies the pathways
acting on the hypothalamus. This experimental model lets us postulate a potential
role of those molecules blocking androgen receptors, thus generating again at the
central level an equilibrium among the various neurotransmitters/systems for the
reactivation/resumption of the correct functionality of the reproductive axis.
Certainly, the exposure to hyperandrogenic states during prenatal life is a relevant
epigenetic cofactor for the triggering and development of PCOS.

5.4 Genetics, Metabolism, and PCOS

Data regarding genetic mutations directly linked to the onset of PCOS are particu-
larly scarce. A 2017 study conducted on animal models with a selective mutation of
the PTEN gene (phosphatase and TENsin homolog) in ovarian theca cells showed
the occurrence of numerous reproductive characteristics typical of PCOS, including
alteration of menstrual cyclicity, anovulation, high levels of circulating androgens,
and characteristic PCO-like ovarian aspect. We recall that in the absence of the
PTEN protein, which takes part to the cascade of insulin signaling, the correct
mechanism of glucose transporters is altered [16]. Considering the frequency of
insulin resistance in PCOS, attention was given to carbohydrate metabolism and, in
particular, to the epimerase, responsible for the transformation of myo-inositol
(MYO) into D-chiro-inositol (DCI), which has been reported to reduce functionality
or expression in patients with hyperinsulinemia and PCOS, especially in those who
have familial diabetes [17]. There are two main isoforms of inositols working in the
transmission of the metabolic signal of numerous peptide hormones. Other than
insulin, also TSH and FSH have inositols as element of the post-receptor signaling.
Whereas inositol participates and promotes glucose transport into the cells, glucose
oxidative use, and glycogen storage, it is well worth considering the possibility of
inositols’ integrative use in PCOS as well as in diabetes. The amount of MYO pres-
ent inside the cells is in balance with all other inositol isoforms and when required
is transformed into DCI by the epimerase which is expressed in a tissue-specific
way and guarantees the conversion in the various districts [18]. In diabetic patients
or in case of insulin resistance, a lower amount of DCI was found in urine reflecting
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a lower insulin-sensitivity than in the general population, supporting the hypothesis
that there may be an anomalous function/expression of the epimerase which should
guarantee the synthesis of DCI, inducing the worsening of insulin resistance and a
compensatory hyperinsulinemia [19].

It has been proposed that the primum movens of PCOS was a dysfunctional ovar-
ian hyperandrogenism, caused by a lack of regulation in androgen secretion.
Recently it has been shown that this characteristic occurs in two thirds of PCOS
patients, who show an excessive production of 170H-P in response to gonadotropin
stimulation [20]. The third remaining is a population of atypical and heterogeneous
PCOS, in which hyperandrogenism has an adrenal origin, associated or not with
obesity [20]. Approximately half of the women with PCOM (polycystic ovarian
morphology) have a dysfunctional ovarian hyperandrogenism related to a defect of
steroidogenesis [20]: in fact in vitro theca cells of women with PCOS show an
intrinsic dysregulation of steroidogenesis, compatible with what observed in vivo,
with a high expression of steroidogenetic enzymes and in particular of the cyto-
chrome p450c17, an enzyme responsible for androgens production in case of exces-
sive synthesis, present at gonadal and adrenal levels. Recently DENNDIA.V2, a
protein promoting steroidogenesis, has been identified in androgen-producing cells,
differentially expressed in neoplastic and normal cells, which in normal theca cells
reproduced the PCOS phenotype observed in vitro [20].

The etiology of dysfunctional ovarian hyperandrogenism certainly remains mul-
tifactorial: as already mentioned, it seems to be triggered by a complex interaction
between predisposing congenital factors and promoting environmental factors such
as insulin resistance and obesity, both characterized by an inheritance component.
In fact, obesity is associated with the increased ovarian androgenic production, pri-
marily due to systemic conditions of hyperinsulinemia, but also to an increased
production of inflammatory cytokines. Metabolic syndrome related to obesity and
insulin resistance occurs in about half of women with PCOS and compensatory
hyperinsulinemia that is classically observed with tissue-specific effects, creating
the worsening of hyperandrogenism.

In fact, PCOS evolves from the interaction between various genetic and environ-
mental factors: among hereditary factors, we include PCOM, hyperandrogenism,
insulin resistance, and defects in insulin secretion; the environmental factors include
prenatal exposure to a hyperandrogenic environment, reduced fetal growth (IUGR),
small for gestational age (SGA) newborn, and acquired obesity. The great variety of
biological processes involved in glucose metabolism and steroidogenesis, associ-
ated to many possible environmental conditions, makes the pathogenesis multifac-
torial and the syndrome particularly heterogeneous. Therefore, other studies are
needed to understand the exact triggers of the pathophysiology of PCOS in order to
act on hyperandrogenism, anovulation, and hyperinsulinemia [20, 21].

Since 1968, studies have suggested an important role of genetics in the etiology
of PCOS [22]: in fact first-degree relatives of patients with PCOS have an increased
risk of being themselves affected compared to the general population [23], and it
has been observed a greater correspondence of pathology between monozygotic
twins compared to heterozygotes [24], concluding that the genetic component
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contributes more than 70% to the pathogenesis. However, studies based on the
genes candidate for the pathogenesis of PCOS did not lead to concrete results. To
date, numerous new loci and genes have been identified as candidates for the patho-
genesis of PCOS through the Genome-Wide Association Studies (GWAS), which is
a new approach to the study of the genome to understand the genetic basis of many
complex diseases, using a survey of the variations of genes observed in patients
affected by the same disease. Unfortunately these loci identified by the GWAS
explained less than 10% of the genetic component of PCOS, because this method
allows studying only the most common variants, while the less frequent and rarer
variants, which however could have a big impact in generating the syndrome and the
various possible phenotypes, are not yet detectable [25].

Certainly this disease cannot be explained by a limited number of variants [26]:
in this context, a process of massive sequencing of the genome has begun, probably
leading to its complete analysis, looking for rare genetic variants that contribute to
the pathogenesis of PCOS and mapping the genetic variants that generate the differ-
ent phenotypes of the syndrome [26]. More genetic knowledge, in association with
epigenetic studies on PCOS, could help us to understand more clearly the pathogen-
esis of this syndrome, creating practical implications as a simpler and earlier diag-
nosis of the patient’s specific phenotype, which would allow treating and preventing
the possible associated pathologies in an extremely personalized way.

5.5 The Management of Infertility in PCOS Patients

Since up to now the etiology of PCOS has not been completely defined, the thera-
peutic options are not specifically organized, and many treatments remain today
off-label. Up to now, several approaches and attempts have been tested to induce
ovulation in PCOS patient: we will discuss the main and most commonly used
methods.

5.5.1 Lifestyle Modification

Obesity obviously has a negative impact on the fertility of women with PCOS: it
decreases the chances of conception because of the reduced number of spontaneous
ovulatory cycles and the high percentage of spontaneous abortions, as well as the
risk of complications during pregnancy and adverse perinatal outcomes. Lifestyle
modification therefore is the first and most basic therapeutic approach, which
includes the combination of a hypocaloric diet, constant physical activity to improve
metabolic and anthropometric features (body weight, WHR, and fat mass/lean mass
ratio), and a psychological support if it is necessary [27]. Furthermore, the reduction
of both insulin and androgens plasma levels favors the restoration of menstrual and
ovulatory cycles, improving reproductive outcomes in PCOS women.

Diet and regular exercise should therefore be always recommended as the first
line of treatment for patients with PCOS with BMI > 25 kg/m?, in particular in case
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of obesity [28], but these issues seem to be effective even in normal-weight PCOS
patients, independently from the body weight and even if there is no concrete weight
loss, since it simply improves the metabolic risk factors associated with PCOS [29].

The lifestyle modification therefore starts from a hypocaloric diet (500—-1000
fewer calories per day) in association with physical exercise (20-60 min of physical
activity a day, from 3 to 5 times a week) for 6 months. Any doctor who takes care of
this patient has to lead to a change of the lifestyle with an adequate counseling,
making the patient understand that the ultimate purpose is the good health as well
as the restoration of the reproductive function. If the patient’s compliance is poor, it
has to be considered the opportunity to have a psychological support.Despite the
appropriate lifestyle changes, in case of strong hyperinsulinemia or extreme diffi-
culty in weight loss, it is possible to introduce Metformin for 6 months or more,
which has been shown to favor the decline in BMI, with an important reduction of
subcutaneous fat and the recovery of menstrual cyclicity, better than a correct life-
style associated with placebo [30].

It is essential to investigate the insulin response to the oral glucose tolerance test
(OGTT), at least at times 0 and 90’, to understand the relationship between blood
glucose and insulin response and to evaluate how they change after meals. Weight
loss is the driving force, even if modest, but sufficient to reduce the metabolic risk.
In women with PCOS, lifestyle changes improve body composition and reduce
hyperandrogenism and insulin resistance [28].

To underline the importance of lifestyle change regardless of any therapy, a well-
established study has evaluated the effect of treatment with Metformin (850 mg/
day) or only of lifestyle change (weight loss of 7% and physical activity for 150 min
per week) in a group of subjects with impaired glucose tolerance [29]: for each
subject the presence of metabolic syndrome was evaluated before and after the
observational period. The results of this study show that the lifestyle change allows
more positive effects on reduction of glucose plasma levels and of the risk of meta-
bolic syndrome, both in terms of prevention of the development of the disease and
improvement of basic metabolic conditions. Treatment with Metformin has been
shown to be effective in preventing or delaying the onset of diabetes, but with less
efficacy than having a different lifestyle.

Therefore, any pharmacological treatment that aims to improve the metabolic
setting must be associated to an intervention of lifestyle correction. Women with
overweight and PCOS show, other than a greater incidence of menstrual cycle alter-
ations (oligo—/amenorrhea, anovulation, polymenorrhea), various metabolic altera-
tions (hyperinsulinemia, diabetes, abdominal obesity), and they are also more
exposed to the risk of developing cardiovascular diseases in young age, or in any
case within 50 years: in fact insulin resistance and hyperinsulinemia have a negative
impact at vascular level where they interact with the vasoactive factors, such as
endothelin and nitric oxide, generating processes of alteration of vasodilation, pre-
disposing to hypertension. In practice, nutrition and metabolic features are closely
linked with the neuroendocrine world, compromising the reproductive function of
any young woman with PCOS predisposing to pathologies that occur during adult
or pre-menopausal period such as diabetes and cardiovascular diseases up to
estrogen-dependent cancers.



54 A. Prati et al.

5.5.2 Bariatric Surgery

Current guidelines suggest that bariatric surgery should be considered only in cases
of grade III obesity, i.e., with BMI >40 kg/m?, or > 35 kg/m? in association with
comorbidity who have failed to lose weight after 6 months of correct diet and regu-
lar physical activity [31]. This type of surgery is effective for weight loss, improves
fertility outcomes in obese patients with PCOS, restores menstrual cycle and ovula-
tion, and reduces hyperandrogenism and insulin resistance [31]. Obviously patients
must be informed that there are risks related to this type of surgery, both linked to
the surgery itself and to the onset of numerous possible complications during a
pregnancy that arose after such surgery, which should be considered at high risk for
preterm delivery, small-for-gestational age infants, stillbirth, or neonatal death,
while the risk of gestational diabetes and of large-for-gestational age infants is
reduced [32]. Therefore, bariatric surgery has to be considered as the last possible
therapeutic option, exposing the body to a sudden weight loss associated with the
onset of possible intestinal malabsorption. It is evident that bariatric surgery is only
an “extrema ratio” for the management of PCOS patients, and the omen is that it
will never become necessary.

5.5.3 Metformin

Metformin, a synthetic biguanide, is an oral hypoglycemic agent, considered the
first-line treatment in type 2 diabetes mellitus. It works by reducing hepatic glucose
production and intestinal glucose uptake, while increasing glucose uptake at periph-
eral level by skeletal muscle and liver. Being therefore an insulin-sensitizing agent,
it is used in PCOS to reduce serum insulin concentrations and thus improve the
metabolic setting in these patients, favoring the recovery of ovulatory cycles. In our
clinical practice the starting dose is 250 mg twice a day 15 min before lunch and
dinner, which can be increased up to 500-1000 mg after 15 days, with a gradual
increase in dosage to avoid common gastrointestinal side effects. Although lifestyle
modification is by far the first line of treatment in obese patients with PCOS and
infertility, Metformin can be a valuable support in achieving weight loss. A recent
meta-analysis [30] including 12 studies for a total of 608 patients has shown that the
combination of Metformin and lifestyle modification in PCOS patients is more
effective in weight loss than diet and physical activity alone [30]. A recent Cochrane
review [33] that included 42 trials evaluating the beneficial effects of Metformin in
women with PCOS has shown an increase in ovulatory cycles and pregnancy rates
in the Metformin arm compared to placebo.

Although in this type of patients Metformin induces a higher rate of ovulatory
cycles than placebo [34], it should not be considered the first-line treatment of
chronic anovulation, since there are specific ovulation inducers, such as Clomiphene
Citrate (CC) and Letrozole that both induce better results in terms of ovulation rate,
number of pregnancies, and live births [35].However, the association between
Metformin and CC, which should be considered for those patients not responding to
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treatment with CC alone, reported by a Cochrane review [33], provides only limited
evidences on the efficacy of the association of these two products. To confirm this
data, two meta-analyses [36, 37] have also been done on PCOS patients undergoing
ART, and the administration of Metformin has been reported not to increase the
pregnancy rate but to reduce the risk of the ovarian hyperstimulation syn-
drome (OHSS).

In conclusion, Metformin represents an important tool in the management of
obese PCOS patients, being an insulin-sensitizing agent that acts by improving the
metabolic profile and favoring weight loss; however, there are only relative effects
on the increase in the pregnancy rate and live births. However, it remains a low-cost
therapy, with good tolerability, though some gastrointestinal side effects that are
dose-dependent and a good safety profile. It does not require a constant monitoring
and does not induce multiple pregnancies. We might consider its prescription in
association with supplements therapy, such as inositols and alpha-lipoic acid, which
can further improve its effectiveness.

5.5.4 Clomiphene Citrate

Clomiphene citrate is a “selective estrogen receptor modulator” (SERM) that com-
petes with endogenous estrogens on their receptor-binding sites. It is characterized
by an anti-estrogenic effect that modifies the cervical mucus composition and endo-
metrial receptivity, events that could favor implantation or conception after cor-
rectly inducing ovulation. It is anyway considered the treatment of choice in
anovulatory PCOS patients. The starting dose is 50 mg a day for 5 days (from the
third—fourth to the seventh—eighth day of the menstrual cycle depending on the
protocols) and can be increased up to a maximum of 150 mg a day. However, resis-
tance to Clomiphene is a very frequent event, which occurs in 15-40% of women
with PCOS [38]. The percentage of ovulation in women with PCOS after CC
administration is approximately 75-80%, while pregnancy is observed in 22% of
cases [39]. This discrepancy of about 40% between the percentage of ovulation and
pregnancy is probably due to the hypoestrogenic effect of CC on the endometrium
and cervical changes of mucus.

Treatment with CC is generally suggested for a period not exceeding 6 months.
Observations referred to a cumulative rate of success for the whole treatment cycle
up to 65% [39].

In a large meta-analysis [40], including 57 trials and 8082 women, the most com-
mon ovulation induction protocols have been compared: all pharmacological treat-
ments such as CC, Metformin, CC in association with Metformin, Letrozole,
Tamoxifen, ovarian drilling, and follicle stimulating hormone (FSH) have been
shown to be more effective than placebo in terms of ovulation or pregnancy rates.
Compared to Letrozole, Clomiphene alone has shown lower rates of ovulation,
pregnancy, and live births, probably due to its endometrial anti-proliferative effect.

A recent systematic review [41], focused on the effects of CC and other ovulation-
inducing agents in women with anovulatory cycles, confirmed these results. Obviously,
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CC has shown lower efficacy in terms of reproductive outcomes compared to exoge-
nous gonadotropins [42], considered a second-line intervention in anovulatory PCOS
women if the starting treatments were ineffective, since their use is expensive, requires
constant monitoring, and may be associated with side effects such as multiple preg-
nancies and/or ovarian hyperstimulation syndrome (OHSS).To date, CC remains the
most widely used treatment worldwide for ovulation induction in PCOS patients [39,
43]: it is taken orally, and it is cheap, effective, and safe, substantially free of side
effects, even if literature reports same cases of multiple pregnancies.

5.5.5 Letrozole

Letrozole is an aromatase inhibitor and is commonly used to induce ovulation, gen-
erally as an alternative treatment to Clomiphene, especially in CC-resistant women.
Its use as ovulation inducer is off-label or even prohibited in some countries of the
world: in some studies, it has been associated with teratogenic effects on the fetus
[44] and is burdened by important side effects linked to hypoestrogenism, typical of
premenopausal symptoms. The mechanism of action consists in the inhibition of the
aromatase enzyme, which converts androgens into estrogens at the ovarian level,
peripheral tissues, and brain levels. As there is no estrogen receptor antagonism, it
acts through a negative feedback mechanism at the central level, which generally
determines the growth of a single dominant follicle. The starting dose is 2.5 mg a
day for 5 days, from the third to the seventh day of the menstrual cycle. The dose
can be increased up to a maximum of 7.5 mg for 5 days.

Despite the important side effects of Letrozole, numerous clinical trials have
demonstrated the higher efficacy compared to Clomiphene, in terms of ovulation,
pregnancy rate, and live birth rates [45]. In a large multicenter study of 750 women
with PCOS and infertility [46], who received Letrozole or CC, the greater efficacy
of Letrozole in terms of ovulation rate (61.7 vs 48.35%; p < 0.001) and higher
cumulative live birth rate (27.5 vs 19.1%; p = 0.007) has been demonstrated com-
pared to women treated with CC, except for a subgroup of women with BMI <30 kg/
m?, in which both treatments showed the same efficacy in terms of live birth rate.
The greater efficacy of Letrozole could be probably explained since it has no direct
antiestrogen effects on cervical mucus and on the endometrium and by its short
half-life [46].

In conclusion, Letrozole can be considered as a potential therapeutic option for
ovulation induction, even more effective than Clomiphene especially in obese
PCOS patients, but certainly characterized by greater side effects.

5.5.6 Ovarian Drilling
Laparoscopic ovarian drilling can be considered a second-line treatment for PCOS

patients with CC-resistant infertility [39]. Usually it is suggested to make 3 to 8
small perforations on the surface of each ovary with a depth and a diameter of about
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1-2 mm using either heat (monopolar or bipolar electrocautery) or laser with com-
parable outcomes [47]. With this procedure, there is a partial destruction of the
ovarian cortex and a sharp drop in the levels of androgens produced by this area,
with a fall in LH and an increase in FSH plasma levels, thus inducing a correct fol-
licular recruitment up to ovulation [48].

In a recent meta-analysis conducted on 484 participants, comparing the effects of
unilateral vs bilateral ovarian drilling, there were no differences between the two tech-
niques in terms of ovulation, pregnancy rate, number of live births, or abortion rate,
with no differences in serum AMH concentrations after 6 months of surgical treatment,
which therefore support the fact of not to have a negative impact on the ovarian reserve.

In the last Cochrane review [49], there were no differences in terms of live birth
rate comparing the surgical technique, the use of exogenous gonadotropins, or aro-
matase inhibitors. This surgical technique is therefore indicated in patients resistant
to CC or Letrozole and especially if a diagnostic laparoscopy is needed for other
indications, such as the evaluation of tubal patency. However, similar to any surgical
procedure, it can be associated with numerous post-operative complications, includ-
ing the formation of intra-abdominal adhesions and the reduction of the ovarian
reserve if the procedure is not performed correctly.

5.5.7 Gonadotropins and IVF

Gonadotropins (Follicle Stimulating Hormone (FSH) or Human Menopausal
Gonadotropin (HMG)) represent a good putative treatment for patients with PCOS
and anovulation, in which Clomiphene or Letrozole has not been effective. Such
treatments are classically performed in ART (Assisted Reproductive Techniques).

Exogenous gonadotropins work by increasing circulating FSH levels and stimu-
lating directly follicular growth. The recommended starting dose in PCOS patients
to avoid hyperstimulation is 37.5-75 IU/day [39]; in particular the identification of
the optimal dose is generally obtained after a few stimulation cycles following sev-
eral attempts. Subsequently, when the follicles reach an average diameter of 18 mm,
a single dose of hCG-r 250 pg or hCG-u 5000 IU is used to trigger ovulation. If the
recruited follicles are too numerous (3 or more follicles greater than 14 mm in diam-
eter), the hCG is not administered to avoid the risk of ovarian hyperstimulation or
multiple pregnancies. The treatment should be repeated up to a maximum of
6 cycles. Using low-dose step-up protocols, the ovulation of a single follicle rate is
nearly 70%, while pregnancy rate is 20% per cycle [39].

A recent Cochrane review [50] compared the effectiveness of various gonadotro-
pin preparations in women with PCOS resistant to Clomiphene and showed no dif-
ferences in terms of live birth rates or incidence of OHSS (urinary FSH, recombinant
FSH, or HMG), demonstrating that outcomes are linked more on the administered
dose of gonadotropins than on the preparation used. Combination therapy with
Metformin has been shown to be effective in improving the effects of gonadotro-
pins, increasing the live birth rates compared to administration of gonadotropins
alone (OR 2.46, 95% CI 1.36 to 4.46) [51].
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Exogenous gonadotropins are clearly more effective in promoting pregnancy
than Clomiphene; however they are particularly expensive drugs with possible
side effects (OHSS, multiple pregnancies); therefore they should be administered
under strict ultrasound monitoring.Ovarian stimulation associated with IVF tech-
niques is considered the third-line treatment in PCOS patients with chronic
anovulation, especially recommended if other infertility factors are associated
such as tubal pathologies, male subfertility, advanced woman age, and severe
endometriosis [39].Single embryo-transfer procedure is essential to reduce the
risk of multiple pregnancies, which is one of the most frequent complications
when using gonadotropins.

Despite the high number of cycles suspended in PCOS patients, pregnancy and
live births rate is comparable to those of non-PCOS women [52]. The use of GnRH
antagonists also reduces the risk of ovarian hyperstimulation syndrome (OHSS),
whose incidence is significantly higher in PCOS patients (15% vs 3%) [53].

5.5.8 Inositols

Recently the approach to PCOS has considered the possibility to treat the insulin
resistance with specific integrative compounds that can counteract the metabolic
impairment(s) that trigger anovulation and/or menstrual irregularities. In this per-
spective, inositols, in particular myo-inositol (MI) and D-chiro-inositol (DCI), the
two most important isoforms, have become widely used in these last years.

Inositol is a molecule structurally similar to glucose. It is involved in numerous
biological processes including transmission of insulin post-receptor signaling as
well as in other protein hormones such as TSH and FSH [17]. It can be either taken
with diet or synthesized by the human body. Both myo-inositol and D-chiro-inositol
have the same chemical structure and differ only in the position of the hydroxyl
group: in vivo, DCI is synthesized starting from MI by an epimerase, whose func-
tionality or expression is probably reduced in hyperinsulinemic PCOS patients
especially in case of familial diabetes [17]. In fact supplementation with MI or DCI
or a combination of these products significantly improves the metabolic profile in
PCOS patients, but in presence of diabetic relatives DCI seems to be more effective
[17, 54].

Myo-inositol can be synthesized starting from glucose-6-phosphate, which is
isomerized and then dephosphorylated [55], but the greater portion comes from the
diet. At the intracellular level myo-inositol is transformed into phosphatidyl-myo-
inositol, a precursor of inositol 3-phosphate, which acts as a intracellular second
messenger in the cascade triggered by various peptide hormones [56, 57, 58]: in
fact, the inositols are second messengers not only of the intracellular insulin signal-
ing pathway, to reduce plasma levels via a greater cellular glucose uptake especially
in the liver and skeletal muscles, but also of other protein hormones such as TSH
and FSH [17, 59]. This aspect is relevant, since inositol administration can also
improve the hormonal profile in terms of reproductive capacity, thanks to a better
transduction of the FSH signal at the ovarian level.
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Inositols take part in different ways in the post-receptor insulin-induced sig-
nal. There are two main routes in transmission of the metabolic signal of insulin:
one is phosphatidyl-inositol 3-phosphate pathway, which through various steps
activates a protein kinase PKB/Akt, allowing the translocation of GLUT-4 vesi-
cles to the plasma membrane, to increase glucose transport into the cells through
a facilitated diffusion mechanism, essentially in skeletal and cardiac muscle and
in adipose tissue [60]; the other pathway is mediated by the G protein, which
triggers a series of steps that lead to the release of a DCI molecule, which favors
the glycogen storage in the cytosol and glucose oxidative use in the mitochon-
dria. Therefore, the action of the two main inositol isoforms is very relevant in
the control of numerous peptide hormone signals, as well as a diet that guaran-
tees an adequate intake and a good MYO-to-DCI conversion mechanism through
the epimerase activity [60]. Considering that inositol promotes mechanisms of
glucose transport into the cells, glucose oxidative use, and glycogen storage, it is
necessary to consider the possibility of its integrative use in diabetes and in
PCOS (Fig. 5.2).
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Fig. 5.2 Schematic representation of insulin signaling proposed by Larner et al. (modified from
[17]). The insulin binding to its receptor (IR) activates a signal via two different and parallel path-
ways. In the first pathway, the substrates of the insulin receptor (IRS) activate various proteins
(PI3K, PDK, PKB/Akt) in order to activate PKB/Akt and induce glucose transporter 4 (GLUT-4)
translocation to the plasma membrane to upload glucose. The second pathway IR via G protein
(Gp) causes the hydrolysis of glycosylphosphatidylinositol (GPI), which releases an inositol phos-
phoglycan containing D-chiro-inositol, which acts as second messenger of insulin (INS-2). INS-2
enhance glucose storage (GS) as glycogen in the cytosol and also glucose oxidative use in the
mitochondria. Relevant the fact that mitochondria synthetize alpha lipoic acid (ALA) that activates
PKB/Akt independently from insulin signal. (modified from [17]). GSK3 Glycogen synthase
kinase 3, PDH pyruvate dehydrogenase, PDHP pyruvate dehydrogenase phosphatase, PDK
phosphoinositide-dependent kinase, PI3K phosphoinositide 3 kinase, PKB/Akt protein kinase B/
Akt, PP2Ca phosphoprotein phosphatase 2C alpha
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The amount of MYO present inside the cells is in balance with the other isoforms
and when required is transformed as previously described into DCI by an epimerase
which acts in a tissue-specific manner and therefore guarantees the useful conver-
sion in the various districts [18]. In diabetes or insulin resistance, a lower amount of
DCI was found in urine and in insulin-sensitive tissues than in the general popula-
tion, thus demonstrating that an abnormal epimerase function/expression may exist,
contributing to the worsening of insulin resistance and compensatory hyperinsu-
linemia [19]. In 1999 Nestler administered 1200 mg/day of DCI to obese PCOS
patients for 8 weeks and demonstrated an improvement of insulin sensitivity and
reduced circulating levels of androgens; subsequently it was shown that DCI
increased the occurrence of ovulatory cycles and was also effective in normal-
weight PCOS [61]. Other authors have subsequently shown a predominant role of
MYO at ovarian level, positively correlating with oocyte quality and estradiol con-
centration in the follicular fluid [62]; in fact, in PMA cycles MYO improves oocytes
and embryos qualities [63], so certainly the ovarian metabolic and endocrine pattern
does not require high concentrations of DCI [64]. However, most of the organs like
liver, skeletal muscle, and kidneys need DCI, since it plays a role for the correction
of insulin resistance, fundamental for the good functioning of the reproduc-
tive system.

In 2012 Unfer [63] summarized the outcomes of 21 studies and observed that the
administration of MYO in PCOS patients improved metabolic and hormonal param-
eters, reduced BMI, and promoted menstrual cycle and fertility [63]. However, in
2012 it was shown that MYO, when administered to obese PCOS patients with
regular fasting insulin values (<12 microU/ml), did not induce improvements on the
metabolic profile in terms of insulin response to oral glucose load, demonstrating
that obesity alone is not sufficient to justify hyperinsulinemia, which is probably
due to a deficit of synthesis/release of DCI-IPG [65], suggesting MYO was not
metabolically effective in all patients. So the activity/expression of the epimerase
enzyme was suspected to be altered in diabetic or PCOS patients with diabetic rela-
tives [66], suggesting that DCI may be more effective in these subjects. Indeed it has
been shown that daily DCI administration at the dosage of 500 mg improves insulin
sensitivity in all patients with insulin resistance more efficiently in PCOS patients
with familial diabetes [67, 68].

Therefore both MYO and DCI seem to be potentially effective, but the presence
of diabetic relatives must be discriminant in the choice of their use, as in these sub-
jects the conversion of MYO to DCI may not be optimal [67, 68]. Since DCI has
strong metabolic effects, while MYO perform an important action in ovary, in some
cases it could be useful to supplement a combination of both. A recent Consensus
Conference proposed the use of a combination of them, close to their physiological
plasma concentrations, guaranteeing systemic and ovarian benefits [69] and the pre-
vention of the metabolic syndrome as well the risk of gestational diabetes.A recent
meta-analysis, including 10 RCTs and 601 women [70], showed that supplementa-
tion with inositol improves the ovulatory rate and frequency of menstrual cycle
compared to placebo. However, a recent review denies these data in terms of repro-
ductive outcomes [71]: inositol, administered to PCOS patients undergoing ICSI
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cycles, does not improve oocyte quality and pregnancy rates, while DCI seems to
have controversial role.

In conclusion, there are numerous evidences that demonstrate the efficacy of
these integrative products and that both are able to modulate the reproductive and
metabolic function in PCOS patients: according to a recent review [17] anamnestic
data might be relevant to the choice of inositol integration, so we have to investigate
diabetes predisposition and/or familial diabetes. It is advisable to evaluate this ther-
apeutic option especially considering that it has no side effects and can be associ-
ated with lifestyle modification, and in combination with Metformin or ovulation
induction treatments.

5.5.9 Alpha-Lipoic Acid

Recently another product was reported to be of great interest in the management of
insulin resistance in PCOS patients, that is, alpha-lipoic acid (ALA). In animal
models ALA modulates and increases the use of glucose via the activation of AMPK
(adenosine monophosphate-activated protein kinase) in skeletal muscle and favor-
ing the activation of GLUT-4 [72, 73]. Recently it has also been proposed as an
adjuvant therapy in several endocrinopaties including diabetes [74, 75].

We recently reported that the administration of 400 mg of ALA per day was
able to improve insulin sensitivity in obese PCOS patients, regardless of the pres-
ence of diabetic relatives [76]. In fact ALA induced a significant reduction in
insulin levels after oral glucose load both in patients with or without diabetic rela-
tives. Recent studies have shown that the lipoic acid synthase (LASY), responsi-
ble for the lipoic acid synthesis at the mitochondrial level in mammals as well as
in humans, is poorly expressed in case of type I and II diabetes [77, 78]. The
endogenous ALA modulates the use of glucose, activating the enzyme AMPK in
skeletal muscle [17], which in turn activates GLUT-4, the main glucose trans-
porter into the cells [73], reducing the amount of insulin necessary to maintain
correct blood glucose levels (Fig. 5.2). Indeed we have shown that the exogenous
administration of ALA, probably through the above described mechanism, cor-
rects insulin resistance in PCOS patients. Our data showed that insulin sensitivity
improves after treatment with ALA in all PCOS patients, especially in patients
with diabetic relatives, probably because in these patients there is a defect of
endogenous synthesis of ALA due to the defect of the enzyme responsible for its
production, as previously discussed [77, 78].

Interestingly only in patients with diabetic relatives, a significant reduction of
plasma triglyceride and transaminase levels was observed. These last are generally
at the higher limits of normality, thus supporting the hypothesis that ALA has its
own specific efficacy in the liver, in particular reducing the risk of steatosis classi-
cally described as NAFLD (nonalcoholic fatty liver disease). It should be observed
that under treatment with ALA no changes in hormonal parameters were observed,
that is, no change in terms of gonadotropin or androgen plasma levels, consequently
no improvement in hormonal and reproductive profiles.
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However, it remains a product of great importance for the correction of meta-
bolic impairments of PCOS patients, improving insulin sensitivity and protecting
liver function, thus preventing the onset of NAFLD and diabetes. It is therefore a
useful strategy to combine ALA with MYO or DCI, as recently reported in our
recent studies, which demonstrated the high metabolic and endocrine/reproductive
efficiency of both the associations [79, 80]. Indeed, considering that innumerable
studies have nowadays demonstrated inositol efficacy in the correction of metabolic
status, hormonal values, and therefore fertility, it is advisable to evaluate the integra-
tive option of the association with alpha-lipoic acid, evaluating anamnestic history,
in particular the presence of diabetic relatives.

5.6 Conclusions

The available options to induce ovulation in PCOS patients are a lot and various:
side effects, costs, and compliance of the patients need to be attentively evaluated,
to have a personalized tailored choice, considering the clinical history and previous
attempts, but also carefully evaluating the clinical and familial story, BMI, and
PCOS phenotype. Considering the specific physiopathological characteristics of
PCOS, it is essential that physicians take them in great consideration to make the
best choice of treatment for the PCOS patient.
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6.1 Introduction

Polycystic ovary syndrome (PCOS) is a very frequent endocrine disorder in women
since it occurs in as many as 8—10% of women of reproductive age [1, 2]. Due to the
multiple heterogeneity of the syndrome [3], there has been no agreement on the
criteria on which to base the diagnosis of PCOS.

At the beginning, diagnostic criteria proposed by the NIH for PCOS were the
presence of hyperandrogenism and chronic anovulation with clear exclusion of
related ovulatory or other androgen excess disorders (i.e., hyperprolactinemia, thy-
roid diseases, androgen-secreting tumors, and adrenal dysfunction/hyperplasia) [4].
These criteria did not include the presence of polycystic ovaries at ultrasound exam-
ination because it was observed that polycystic ovaries could also be present in
healthy eumenorrheic women [5]. A few years later the diagnostic criteria were
expanded, and PCOS was considered as present when at least two of three features
were diagnosed: oligo- or anovulation, clinical/biochemical hyperandrogenism, and
polycystic ovaries as assessed by ultrasound examination [6]. This evolution was
relevant because it permitted the inclusion of women with PCOS who were excluded
by previous criteria: those with polycystic ovaries affected by hyperandrogenism
and ovulatory cycles, or chronic anovulation and normal androgen levels. After
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assessing this, we have then to clarify that PCOS is completely different from
PCO. PCO means polycystic ovary and refers only to the morphological aspect of
the ovary at ultrasound examination, that’s it. Indeed, PCOS can be found in many
other disendocrinopathies such as hyperprolactinemia, thyroid dysfunction, and
stress-induced amenorrhea.

As a major feature, in this last decade, a new parameter has been introduced and
taken into account to better approach not only the diagnosis but mainly the thera-
peutic choice, that is, insulin resistance (IR).

6.2 Endocrine Profile of PCOS

PCOS is characterized by higher plasma concentrations of ovarian and adrenal
androgens, increased luteinizing hormone (LH) levels, high estrogen levels (espe-
cially estrone) due to extra-glandular conversion from androgens, lower levels of
sex hormone-binding globulin (SHBG), and higher levels of prolactin and insulin,
the latter often in presence of overweight or obesity.

Although the pathogenesis of PCOS is still controversial [7-9], PCOS typically
shows elevated LH and normal or relatively low FSH secretion so that almost
50-60% of PCOS patients show a high LH/FSH ratio (>2.5) [7, 8], an exaggerated
LH response to gonadotropin-releasing hormone (GnRH) stimulation test [7, 8],
and a higher frequency of LH pulsatile release from pituitary [4, 7, 8, 10] that
induces a higher stimulation on theca cells and an excess of androgen secretion as
well as impaired follicular development [4].

Excess of androgens is classical of the syndrome, although it is not constant [7] and
it is in great part of ovarian production with an adrenal contribution, since a certain
percentage of PCOS patients might show a mild steroidogenetic defect in adrenal
glands (such as for 21-hydroxylase) or just a higher adrenal hyper-activation due to
stress [11]. Androstenedione and testosterone are the best markers of ovarian andro-
gen secretion, while dehydroepiandrosterone sulfate (DHEAS) is the best marker of
adrenal secretion. Most testosterone is derived from peripheral conversion of andro-
stenedione and from direct ovarian production. In addition, adrenal glands contribute
in part to testosterone although in hyperandrogenic PCOS the main source of andro-
gens usually comes from the ovaries. Since cytochrome p450c17 is the androgen-
forming enzyme in both the adrenal glands and the ovaries, whatever changes or
increases its activity triggers the pathogenic mechanism underlying hyperandrogen-
ism in PCOS [4]. In addition, in the presence of Sa-reductase, testosterone is con-
verted within the cell to the more biologically potent androgen, namely,
dihydrotestosterone. Excess or normal Sa-reductase activity in the skin determines the
presence or absence of hirsutism [12]. Additionally, plasma levels of estrone, a weak
estrogen with biological activity 100-times less than estradiol, are increased as a result
of peripheral conversion of androstenedione by aromatase activity — more active in
PCOS than in healthy controls — while estradiol levels are normal or low because of
the frequent anovulatory cycles. All this results in a chronic hyperestrogenic state with
the reversal of the estrone: estradiol ratio that might predispose to endometrial
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proliferation and to a possible increased risk for endometrial cancer [13, 14]. Another
relevant aspect is the fact that normally less than 3% of testosterone circulates as
unbound in the serum. In fact, most circulating androgens are bound to SHBG, thus
being biologically inactive. Any condition that decreases the levels of SHBG (such as
excess of circulating androgens) inducing a reduced hepatic synthesis induces a rela-
tive excess of free circulating androgens. In PCOS, hirsutism usually occurs with
decreased SHBG levels and obesity [4].

6.3 Insulin Resistance (IR)
and Compensatory Hyperinsulinism

The presence of increased insulin plasma level is a very frequent feature in PCOS
patients, especially in those that show overweight or obesity. Indeed, overweight/
obesity, depending on the geographical location, might be present in 50-70% of
patients with PCOS. And this is not all. Another relevant feature is the presence of
familial diabetes. It has been demonstrated that the presence of familial diabetes in
first grade relatives (parents and/or grandparents) is a risk factor not only for the
occurrence of IR but mainly for the high percentage of risk of occurrence of gesta-
tional diabetes and diabetes in late adulthood [15].

Such familial factors have always been evaluated through a quite detailed anam-
nestic investigation. In fact a risk factor of IR occurrence is not the presence of a
familial diabetes only, but also the fact that the PCOS patients might be born as
small for gestational age (SGA) and/or as after a [UGR (Intrauterine Growth
Retardation) or may be born after a pregnancy during which a gestational diabetes
occurred [16, 17].

Such kind of background(s) might predispose, at a higher grade, to the occur-
rence of insulin resistance due to specific genetic factors related to the familial pre-
disposition to diabetes and also due to specific epigenetic factors that might be able
to trigger the onset of a compensatory hyperinsulinemia [17].

It is clear that the presence of a familial diabetes predisposes to a less efficient
post-receptor signalling driven by inositols not only for the insulin signal but also
for FSH (on granulosa cells) and for TSH (on thyroid cells) [15, 18]. Also alpha-
lipoic acid (ALA), a potent insulin sensitizer produced by mitochondrion, is
impaired in case of diabetes or simply of predisposition to diabetes [19, 20].

In addition, androgen excess may both directly and indirectly induce alterations
in glucose metabolism, ultimately being an additional cause of abnormal insulin
sensitivity. Androgens may directly inhibit peripheral and hepatic insulin action. In
fact, testosterone could induce insulin resistance in women with PCOS acting on the
post-binding signal, in particular by reducing the number and efficiency of glucose
transport proteins, such as the type 4 glucose transporter (GLUT-4), especially in
muscle and fat tissues [21]. In addition, it has also been reported that women with
central obesity, typical of obese PCOS, have higher free androgen levels and exhibit
significantly higher levels of insulin insensitivity compared to weight-matched con-
trols and show increased free fatty acids [4].
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6.4 How to Manage and What to Do in PCOS?

The real target in PCOS patients is to teach them be aware of the great risk they have
with such a disease. The real risk is not the anovulation or hyperandrogenism or
hyperinsulinemia but the maintenance of such combination for a long time (quite
often years!) so that that their biology is epigenetically induced to try to find “alter-
natives” to such a functional discomfort. The compensatory hyperinsulinemia is one
of such biological solutions and is for sure a quite risky one since it is well known
that it is a predisposition factor for metabolic syndrome in young as well as in adult
or aged women.

The main solution is to take care of feeding, the choice of food, exercise, and, in
case pregnancy is not an actual desire, a good choice of estro-progestin pill to over-
come the hyperandrogenism that most of PCOS patients have. So, the putative ques-
tion to a PCOS patient is: are you trying to be pregnant? If the answer is NO, all the
solutions can be proposed, mainly a contraceptive pill; if the answer is YES, then
contraception is absolutely skipped, and all integrative/anti-hyperinsulinemic treat-
ment might be proposed together with a drastic lifestyle change especially over-
weight/obesity is present!

What is relevant to say is the fact that whatever is the biological situation that
triggers PCOS and mainly the IR, the real risk is to maintain such abnormal condi-
tion up to the perimenopausal period when a lot of biological changes will occur,
first of all a physiological increase of the insulin resistance. It is quite clear that a
PCOS patient has to improve her metabolic health years before the occurrence of
the perimenopausal transition. If not doing so, an increased risk of metabolic syn-
drome and of all cardiovascular risks up to death will take place.

6.5 Estrogen-Progestin Preparations and PCOS

Generally speaking, we can say that all combined estrogen-progestogen prepara-
tions are able to solve more or less the clinical complaints of any PCOS patient. This
is due to the fact that such preparations block the ovary and suppress androgen
production and improve SHBG synthesis thus reducing the circulating free andro-
gens that are biologically effective on the target tissues such as skin, sebaceous
glands, and hair follicles [22, 23].

Since it is well known that the estrogenic compound of the contraceptive pill
(i.e., ethinyl estradiol) has only an ovario-static activity (no direct antiandrogenic
effect), the antiandrogenic action has to be modulated by the progestogen com-
pound. At present there are four progestogens with specific antiandrogenic activity:
cyproterone acetate, dienogest, drospirenone, and chlormadinone acetate [22].
Cyproterone acetate is the progestogen with the highest antiandrogenic activity
though being able to induce a relative higher rate of side effects such as cephalea,
but all the others are able to induce similar positive effects [23]. The contraceptive
pill administration is able not only to improve the clinical signs of the androgeniza-
tion but also to normalize the ovarian size and morphology, typically impaired in
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PCOS patients [24]. As additional effect, estrogen-progestogen preparations protect
for both follicular and corpus luteum cysts occurrence [23].

The efficacy of contraceptive preparations on the signs of hyperandrogenism
(i.e., acne, hirsutism, seborrhea, and alopecia) is determined as function of time
since the biological evolution of the skin and of all its annexes is more or less
110-120 days. This means that the youngest cells of the epithelium of the skin
become old and superficial in more or less 4 months. Whatever is the contraceptive
pill administered, the minimum treatment interval has to be 4-5 months, eventually
up to 12 months, at least. Better results are obtained when such pills are adminis-
tered for longer interval and/or coupled with anti-androgen compounds such as flu-
tamide [25] or finasteride.

Most of the clinicians agree on the fact that treatment of dysendocrinopathy of
PCOS supports greatly the psycho-emotional recovery of almost all the PCOS
patients. Moreover, the use of the contraceptive pill, also for a long time, protects
the patient from being victim of the recrudescence of the hyperandrogenism and of
its induced diseases, mainly chronic anovulation and infertility. In fact, the use of
estrogen-progestogen preparation has been reported to improve the chance of con-
ception [26], and there is no difference in this kind of beneficial protective effect on
ovarian function between progestin-only pill and combined oral contraceptives.
After 12 months of discontinuation of the treatment to conceive, the conception rate
was 95-99% in those using the pill versus 70-81% conception rate for those patients
using depot medroxyprogesterone acetate (DMPA) injections or Norplant (levo-
norgestrel implants) [26].

If the rationale is correct and all the data we have in regards PCOS are true [27],
environmental and genetic factors are able to induce the starting of the PCOS dis-
ease and will mark as “affected” that patient up to the menopause. This means that
predisposition to all the clinical problems will be quiescent up to the moment the
patient undergoes a treatment and will appear aging (more or less evident) soon
after the discontinuation.

6.6 No Contraception but Let’s Overcome Dysmetabolism!

One of the main complaints of PCOS patients is the lack of ovulation and thus a
consistent reduction of fertility. Obviously, the therapeutic use of the contraceptive
pill is usually discarded but not so often. Indeed it might be proposed to use the pill
for a certain amount of months during which correct lifestyle, i.e., diet and physical
activity, is applied together with specific insulin sensitizers, such as metformin [2]
and/or inositols and alpha-lipoic acid [19, 28-32]. The reduction of body weight is
an essential feature for a good chance not only to recover a normal ovulatory func-
tion but also, if pregnancy starts, to have a controlled body mass that does not trig-
ger a greater pregnant-induced insulin resistance that can trigger gestational
diabetes.

Lots of studies have demonstrated that a correct lifestyle together with a correct
treatment based on metformin and/or inositols and ALA greatly improves the
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chance of pregnancy, also while undergoing fertility programs [33, 34]. The clinical
relevance of all these treatments is that they are all able to positively modulate the
impaired and frequent compensatory hyperinsulinemia of PCOS patients, in par-
ticular in those that show a normal BMI [31], but the application of a correct life-
style is the substrate for the best achievement of the desired result [35].

6.7 Long-Term Consideration for PCOS!

Since during the perimenopausal and postmenopausal transition there is a relevant
modification of the endocrine profile in all women, those who have POCS during
fertile life are more predisposed to have severe symptoms such as those related to
behavior, mood, sleep, anxiety, as well as those related to metabolism, in particu-
lar insulin resistance and compensatory hyperinsulinemia. Menopausal transition
induces, as a natural event, an insulin resistance that together with the hypoestro-
genism and the lack of progesterone causes a greater tendency to gain body
weight. There are convincing data that this metabolic link has to be considered as
relevant when discussing about menopause with our ex-PCOS perimenopausal
patients [36].

Substantially the menopausal transition might worsen a previously not perfect
metabolic condition. Since both estrogens and progesterone are able to modulate
the glucose metabolism, as soon as the perimenopausal modifications of the ovarian
function take place and within few months/years menopause begins [37, 38], abnor-
malities of the metabolic pathways may be more relevant than expected if during
fertile life abnormal metabolic function(s) were present, such as insulin resistance
with overweight or obesity.

Though it cannot be generalized, the use of hormone replacement therapy is
crucial and important for 1000 aims at the moment of the menopausal transition,
being clear that the patient has no contraindications to it. It is relevant to maintain
an adequate steroidal milieu so that biological pathways and in particular the meta-
bolic ones are not crushed by the overlapping phenomena of menopause plus
aging [39].

In conclusion lifestyle, good and healthy feeding, and the right amount of
physical exercise are relevant in PCOS patients during fertile life, with or without
the use of oral contraceptives, but when fertile life finishes and menopausal transi-
tion takes place all of the above need to be coupled with an adequate hormone
replacement therapy to counteract the higher risk for PCOS-menopausal women
to face higher rate diseases mainly cardiovascular diseases and dismetabolic/dia-
betes risks.
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Impact of Polycystic Ovary Syndrome,
Metabolic Syndrome, Obesity,

and Follicular Growth Arrest in Women
Health

Claudio Villarroel, Soledad Henriquez, Paulina Kohen,
and Luigi Devoto

7.1 Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in
women in reproductive age. Depending on the diagnostic criteria used, the preva-
lence varies between 8% and 13% [1-4]. This syndrome was initially defined as a
reproductive disease characterized by the presence of hyperandrogenism (HA),
ovulatory dysfunction, and polycystic ovaries. However, growing data have shown
the strong association with metabolic dysfunction. Although PCOS has been recog-
nized clinically for more than 80 years, there has been an evolving set of diagnostic
criteria and definition of PCOS phenotypes. In 1990, the National Institutes of
Health (NIH) criteria defined PCOS diagnosis based on the presence of clinical or
biochemical HA and chronic oligo-anovulation (OA) [1]. Subsequently, Rotterdam
Consensus Criteria (2003) established a new diagnostic definition, including HA,
OA, and polycystic ovarian morphology (PCOM) diagnosed by transvaginal ultra-
sound. This consensus introduced two new phenotypes: hyperandrogenic ovulatory
(HA + PCOM) or non-hyperandrogenic anovulatory phenotypes (OA + PCOM),
not previously considered [2]. The Androgens Excess and PCOS Society (2006)
proposed an amendment to Rotterdam Consensus criteria: clinical or biochemical
androgen excess was compulsory, including oligo-anovulation and polycystic ovar-
ian morphology as secondary criteria [3]. Finally, new modifications were intro-
duced by International PCOS Network (2018) about PCOM definition [4]. These
different criteria have amplified the PCOS phenotype spectrum in a 30-year period
of time.
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Ovulatory dysfunction, defined by the presence of oligo-anovulation and PCOM,
is observed in up to 75% of the PCOS women [5]. These features are the clinical
expression of disrupted folliculogenesis, characterized by follicular arrest [6, 7],
follicle stockpiling [8, 9], and alteration in the follicle dominance mechanism [10,
11], which occurs within the ovary environment.

Follicular growth arrest is one of the main features of folliculogenesis disrup-
tion. It leads to the classical PCOM characterized follicle stockpiling of less than
10 mm in diameter in the ovarian cortex. This phenomenon underlies an impaired
selection of one dominant follicle, despite the presence of an excess number of
selectable follicles [8, 10, 12]. The current understandings of the mechanisms
underlying follicular growth arrest in PCOS are limited. Recent data suggest that
defective follicle selection occurs due to extra-ovarian mechanisms such as FSH/
LH pituitary secretion and defective action over theca and granulosa cells [13—
15], and intraovarian mechanism such as increase androgen thecal cell secretion,
and higher anti-miillerian hormone (AMH) expression by granulosa cells [11, 14,
16, 17], and defective angiogenesis which may impair follicular development
[6, 18-20].

In the present chapter, we will review the possible extra-ovarian and intraovarian
mechanisms involved in follicle growth arrest PCOS and its relation with metabolic
syndrome.

7.2  PCOS and Metabolic Syndrome Linkage

Metabolic syndrome (MS) is present in 24-43% of women with PCOS [21].
Multiple studies show that women with classic PCOS phenotypes (HA + OA + PCOM
or HA + OA) have higher insulin levels, insulin resistance, obesity, and dyslipid-
emia prevalence [21-23]. The prevalence of MS in these phenotypes are higher than
in non-classic PCOS phenotypes (HA + PCOM or OA + PCOM) (odds ratio [OR]
2.1 in classic PCOS vs. 1.62 in non-classic phenotypes) [24, 25]. Additionally, an
increased risk of MS is observed in obese (OR 1.75) and lean PCOS women (OR
1.45), when compared with body mass index (BMI)-matched control groups [24,
25]. On the other hand, the presence of HA, higher BMI, and ovulatory dysfunction
are independent predictors of MS in PCOS patients [4, 5, 23].

Finally, reduction in BMI and adiposity are correlated with a recovery of cyclic
menses with a parallel improvement of the MS [4, 26-28], suggesting that there is
a relation between metabolic dysfunction and folliculogenesis disruption in PCOS.

7.2.1 Insulin Resistance and Hyperinsulinism in PCOS

Insulin resistance (IR) is a common feature in PCOS and metabolic syndrome.
Insulin resistance is found in approximately 44-85% PCOS women, and it is higher
in obese PCOS subjects (80-95%) [29-32]. Recent studies have shown that PCOS
has heterogeneous pathophysiology characterized by an intimate interrelation of
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hyperandrogenism, IR, and compensatory hyperinsulinemia and its effects on dif-
ferent target tissues [27, 33, 34].

The pathogenesis of IR in PCOS is complex and incompletely dilucidated.
Insulin resistance is traditionally defined as a decreased ability of insulin to mediate
these metabolic actions (glucose uptake, glucose production, and lipolysis) while
preserving its mitogenic and steroidogenic actions. The primary mechanism of IR
(Fig. 7.1) is insulin receptor post-bind signaling defect in the peripheral organs [31,
35]. An increase in the phosphorylation rate on serine rather than tyrosine residue in
the insulin receptor and IRS-1 has been frequently described [35]. The latter leads
to a diminished translocation of glucose transporter 4 (GLUT-4) to the cytoplasmic
membrane, which finally leads to compensatory hypersecretion of insulin to over-
come this defect [34, 35].

Several studies have shown that adipose tissue of PCOS women has decreased
insulin sensitivity. A lower level of GLUT-4 protein has been found in subcutaneous
adipocytes of PCOS women compared to weight-match controls [36]. Similar find-
ings are observed in obesity and type 2 diabetes mellitus (T2D) that can be improved
by weight loss [35, 37, 38]. However, weight loss does not always improve insulin
sensitivity in PCOS patients. The persistence of this metabolic defect in adipocytes
is observed in the absence of obesity, T2D, or after weight loss; in lean PCOS phe-
notypes, suggests an intrinsic IR defect [35, 39, 40]. Moreover, recent studies have
shown that insulin action on glucose metabolism in granulosa-lutein cell cultures is
sharply diminished, similarly to what is observed in the muscle cell and adipocytes.
These data suggest an impairment of insulin’s metabolic pathway in reproductive
and non-reproductive tissues in PCOS [41].
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Fig.7.1 Mechanism of insulin resistance in polycystic ovary syndrome. An excess of phosphory-
lation of serine rather than tyrosine residue in the insulin receptor and IRS-1 is found, leading to a
diminished translocation of glucose transporter 4 (GLUT-4) to the cytoplasmic membrane. The
latter leads to reduced glucose uptake by the cell, insulin resistance, and compensatory hypersecre-
tion of insulin to overcome this defect. (adapted from [34])
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As described above, the steroidogenic and mitotic functions of insulin signaling
are preserved. Multiple studies have demonstrated that insulin and insulin-like
growth factor-1 (IGF-1) receptors are expressed in theca and granulosa cells. Higher
levels of circulating insulin bind to its receptor and IGF-1 receptor in theca cell,
amplifying LH action. Compensatory hyperinsulinemia leads to an increase in
CYP17 activity, rendering a higher androgen secretion [27, 31]. On the other hand,
different studies have shown than insulin also induces theca cell hyperplasia [34, 35,
42]. Additionally, hyperinsulinemia has a negative effect over the liver, reducing the
hepatic synthesis of SHBG, leading to increased free testosterone levels [34]. Thus,
IR and compensatory hyperinsulinemia are responsible for or can aggravate hyper-
androgenemia in PCOS.

7.2.2 Role of Adipose Tissue in Insulin Resistance in PCOS

In the last years, it has been found that adipose tissue plays a vital role in the devel-
opment, improvement, or deterioration of IR and consequent follicle arrest in PCOS.

Adipose tissue is an endocrine organ that not only regulates glucose, lipid
metabolism, and energy expenditure but also has an essential role in inflamma-
tion, immunity, and reproductive function. Obesity is defined as an abnormal
accumulation of lipids in the adipose tissue. Obesity or abnormal fat body distri-
bution is observed in PCOS women. Obesity and abdominal fat accumulation
associate with a higher risk of ovulatory dysfunction, IR, and MS development
in PCOS women [43, 44].

Obesity is observed in 44—88% of PCOS women [45]. Increased accumulation of
abdominal adipose tissue has been found in PCOS patients. Body composition mea-
surements by DXA scan have demonstrated that obese and lean PCOS women have
higher total body fat and visceral adipose tissue storage when compared to BMI-
matched controls [46, 47]. Recently, Ezeh et al. found an increased whole body
fat-to-lean mass in obese and lean PCOS women. This excess of total fat mass was
positively associated with higher free testosterone, fasting insulin levels, and
HOMA-IR index [48].

It has been established that increased visceral adiposity is associated with
increased catecholamine-induced lipolysis. The higher free fatty acid plasmatic lev-
els delivered to the liver induce a reduction of insulin clearance and increasing IR,
causing follicle growth impaired by the mechanism associated with IR described
above [49, 50].

However, adipose can exert a direct effect over the ovarian function. Adipose
tissue dysfunction (ATD) is frequently observed in obese PCOS women [45, 51].
ATD is characterized by abnormal adipokine secretion and low-grade chronic
inflammation [45, 52].

Deregulation of adipokines secretion had been described in ATD associated with
PCOS. Leptin and adiponectin are the most frequently studied since they play an
essential role in ovarian function. Increased leptin levels are observed in obesity and
PCOS [52]. In vitro studies have shown that higher leptin levels can inhibit follicle
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growth [27, 45, 51]. On the other hand, adiponectin levels are reduced in obesity
and obese PCOS women [53, 54]. Lower adiponectin levels are associated with an
increase in insulin resistance. Different studies have shown that lower adiponectin
levels are related to increased LH secretion in the pituitary and lower estradiol
secretion from granulosa cells [30, 54].

Low-grade chronic inflammation is characterized mainly by higher TNF-alfa and
IL-6 levels [45]. TNF-alfa induces IR by inhibiting adiponectin secretion, increas-
ing free fatty acid levels, and reducing GLUT-4 expression in peripheral tissues
[55]. TNF-alfa exerts direct effects over the ovary. In vitro studies have shown that
TNF-alfa stimulates proliferation and steroidogenesis in theca cells [43, 51]. It also
facilitates insulin and IGF-1 action over theca cells. Recent studies have shown that
TNF-alfa levels are strongly related to IR and HA in PCOS but not to BMI [44].

Higher levels of IL-6 and TNF-alfa levels are associated with the infiltration of
monocyte-derived macrophages of the ovarian tissue. The local ovarian inflamma-
tory reaction stimulates CYP17 activity, increasing ovarian androgen secretion [27,
45, 54].

7.2.3 Role of Androgen in Insulin Resistance

Hyperandrogenism is observed in at least 84.7% of PCOS patients, depending on
the diagnostic criteria used [4, 5, 34]. Hyperandrogenic PCOS phenotypes
(HA + OA + PCOM; HA + OA; HA + PCOM) have higher prevalence con IR, T2D,
and dyslipidemia compared to non-hyperandrogenic PCOS phenotype
(OA + PCOM) [23, 56]. Various studies have proposed that extremely low or high
levels of androgens are associated with an increased risk of cardiovascular disease
[57]. Daan et al. have shown that higher levels of androgens are associated with
higher triglycerides and insulin, the prevalence of T2D and hypertension in different
hyperandrogenic states in women, including PCOS [58].

Recent studies have shown a pleiotropic action of androgens over different
organs that may lead to metabolic dysfunction in PCOS. Androgens play an essen-
tial role in body fat distribution, inducing android fat distribution. Obese and lean
PCOS women have higher total body fat and visceral adipose tissue storage than
BMI-matched controls [46, 47]. Moreover, under chronic flutamide treatment,
PCOS women exhibit a decrease in abdominal fat depots [54]. In vitro studies have
shown that androgens increase the size of adipocytes in subcutaneous adipose tissue
[54, 59]. Hypertrophic adipocyte is more susceptible to local inflammation, macro-
phage infiltration that may impair insulin sensitivity, leading to ATD [49]. HA
reduces the lipolytic rate of the adipose tissue, leading to an excessive depot of lip-
ids in the cell. Excessive lipid accumulation causes lipotoxicity. This phenomenon
is characterized by an impaired function of the endoplasmic reticulum and mito-
chondria, which finally increases insulin resistance on the cell [49]. Androgens also
modulate adipokine secretion by the adipose tissue. Several studies have shown
testosterone reduces adiponectin secretion, which is a crucial factor of insulin resis-
tance development as stated earlier [49, 55].
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HA also has adverse effects on skeletal muscle. Higher androgens levels are
associated with reduced insulin-stimulated glucose uptake. Other studies have
found that HA is associated with a diminished capillary density in the skeletal mus-
cle, thereby hampering insulin access and insulin action in muscle cells [45, 54].

The high ovarian androgen production observed in PCOS is mainly due to
increased androgen synthesis by ovarian theca cells. In vitro studies have shown that
PCOS theca cells are more sensitive to insulin and LH-stimulated androgen secre-
tion than those from healthy women [41]. The increased sensitivity is due to a higher
expression of steroidogenic proteins and enzymes, such as StAR, 3-BHSD, cyto-
chrome P450c17, that leads to HA [34, 39]. Additionally, an intrinsic cytochrome
P450c17 hyperactivity even in the absence of LH or insulin stimuli [31].

7.3  Metabolic Syndrome, Hyperandrogenism,
and Follicular Growth Arrest in PCOS

As described in previous sections of this chapter, PCOS has a complex pathophysi-
ology that strongly links IR and HA.

The accumulated data suggest the presence of a common mechanism that leads
to the development of the metabolic syndrome and follicular growth arrest in
PCOS. Multiple studies have demonstrated that insulin and androgens receptors are
also present in the hypothalamus and pituitary. Animal model studies have shown
that insulin can increase LH pulse frequency and secretion. Euglycemic-
hyperinsulinemic clamp studies have shown that hyperinsulinemia increases GnRH
pulse frequency, LH pulse amplitude, and secretion in PCOS women [35]. A higher
LH pulse frequency and amplitude of LH are also observed in lean PCOS, suggest-
ing an inherent impaired pituitary function [35].

Ovarian HA causes a higher androgen influx to the adipocytes. HA increases aro-
matase activity leading to higher estradiol secretion from the adipose tissue [55].
Higher androgens and estradiol levels exert a negative feedback over FSH secretion,
reducing FSH secretion [34]. These events lead to an increase in the LH:FSH ratio
[10, 15,27, 34]. Lower FSH levels are associated with lower aromatase activity in the
granulosa. It has also been observed that under HA reduces granulosa cell prolifera-
tion and causing the resistance to FSH action [10]. According to the latter, granulosa
cell dysfunction appears to contribute to theca cell overproduction of androgens.

These data suggest that IR and HA can lead to a higher LH/FSH ratio and a lower
FSH sensitivity of granulosa cells, causing antral follicle growth impairment and
follicular growth arrest in PCOS [15]. This way, a vicious circle in PCOS has been
described, where hyperandrogenism favors abdominal fat accumulation and insulin
resistance (Fig. 7.2). That reciprocally facilitates the hypersecretion of androgens in
PCOS patients [27, 44, 60].

According to the mechanism described above, obesity has a binary effect over
follicle arrest: (1) it could induce or worsen IR inducing increasing LH:FSH ratio
and androgen secretion, and (2) a direct effect over the ovary leading to intraovarian
hyperandrogenism and local inflammation.
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Fig. 7.2 Role of adipose tissue in insulin resistance and hyperandrogenemia. A vicious circle
betweenabdominal fataccumulationandhyperandrogenismisobservedin PCOS. Hyperandrogenism
favors abdominal fat accumulation and insulin resistance. Adipose tissue excess facilitates the
hypersecretion of androgens in PCOS patients by adipose tissue dysfunction. Deregulation of adi-
pokine secretion, low-grade chronic inflammation, and lipotoxicity are observed. This phenome-
non leads to hyperandrogenemia and follicle growth arrest, affecting the LH/FSH ratio and a direct
effect on the ovary. (Adapted from [27])

These findings are strengthened by the fact that weight loss of abdominal fat
reduction in PCOS women recovers regular menses, ovulation, and clinical
pregnancy. These data suggest that weight loss could restore folliculogenesis in
some PCOS phenotypes. Thus it has become one of the main recommendations
for the management of PCOS to improve fertility and reduce long-term
complications.

7.4 Intraovarian Mechanism of Follicular Growth
Arrest in PCOS

Folliculogenesis is divided into two phases: a gonadotropin-independent period and
a gonadotropin-dependent period. The gonadotropin-independent period compre-
hends the growth from primordial to the small antral follicle and is regulated mainly
by local growth factors. On the other hand, the gonadotropin-dependent period
comprehends the growth from small antral follicles to the Graafian follicle. FSH
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and LH mainly regulate the selection, dominance process. The impaired LH and
FSH secretion observed in PCOS, and its mechanism described above can explain
the absence of selection and follicle dominance that are part of the follicular growth
arrest. Nevertheless, it does not explain the stockpiling and persistence of the small
antral follicle in the ovarian cortex.

In the last years, a significant amount of data has been generated in the knowl-
edge of intraovarian control of gonadotropin-independent follicle growth and some
of the mechanisms underlying the accumulation and persistence of small antral
follicles.

7.5 Anti-Miillerian Hormone (AMH) and Follicular
Growth Arrest

AMH is a glycoprotein hormone belonging to the TGF-f superfamily. It is secreted
by granulosa cells of preantral and small antral follicles [14, 16]. This hormone
controls two critical stages: it inhibits the growth from the primordial-to-primary
follicle stage. It inhibits the selection of small antral follicles that enter the
gonadotropin-dependent period [61].

AMH plays an inhibitory role in follicular development, preventing the prema-
ture recruitment and maturation of follicles [62]. AMH secretion is maximal at the
preantral and small antral stages in human follicles, and decreases in the large fol-
licle PCOS ovaries have a higher number of pre-antral and antral follicles, indicat-
ing that follicular growth arrest occurs when AMH production is high [63]. Multiple
studies have documented higher AMH levels in PCOS women than healthy women
[64—67]. Moreover, other studies have suggested that AMH levels reflect the sever-
ity of PCOS [68]. MH levels are higher in anovulatory PCOS women compared
with ovulatory PCOS women [69]. Hypersecretion of AMH by granulosa cells
could impair follicular growth. AMH could increase FSH threshold small antral fol-
licles, reducing granulosa cell sensitivity to FSH in the luteal-follicular phase transi-
tion causing follicle growth arrest [70]. AMH also blocks androgen conversion into
estrogens by inhibiting aromatase activity, causing hyperandrogenism [71, 72].
Other authors found that follicular AMH levels are negatively correlated with FSH
concentrations, indicating that AMH levels predict follicle responsiveness to FSH in
ovulation induction cycles [17, 73].

Several studies suggested that androgens increase the secretion of AMH, which
regulates the growth of primordial follicles. Androgen-induced AMH expression
provides negative feedback inhibiting follicle growth because of HA [10, 61].
Finally, AMH influences transcription of genes in granulosa cells through Smad
proteins and regulates gene expression to maintain primordial follicles in their
arrested state [16].

The cause of AMH increased production is unknown. However, other factors
related to PCOS pathophysiology such as LH, and androgen levels may be impli-
cated. LH increases AMH expression in granulosa cells of anovulatory PCOS
women, but not in ovulatory PCOS women or normal women, suggesting a role for
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LH in AMH overexpression inducing follicular arrest [74, 75] However, AMH
appears primarily related to androgen status, suggesting a direct and predominant
role of androgens in the pathophysiology of reproductive dysfunction including fol-
licular growth arrest [10].

Several studies have shown that women with classic PCOS also have higher
AMH, androgens levels [4, 5]. These phenotypes are frequently associated with
ovulatory dysfunction, expressed as PCOM or OA [1-4]. HA and higher AMH
levels inhibit follicle growth that is clinically observed by the presence of PCOM,
ovulatory dysfunction, and a higher FSH threshold [10, 71]. Several studies have
shown that weight loss, reduction of abdominal fat, or improvement of IR leads
to a decrease in androgens levels, FSH follicle threshold, restoring follicle
growth, and ovulation. Interestingly, this metabolic and reproductive improve-
ment is not associated with a decrease of AMH levels [26, 34]. The latter sug-
gests the presence of additional mechanisms responsible for follicular
growth arrest.

7.6  Dysregulation of Ovarian Angiogenesis and Estrogen
Metabolites in the Follicular Growth Arrest

Regulation of the ovary angiogenesis is critical for follicular growth and ovulation
and the subsequent development and regression of the corpus luteum [19, 76].
Follicular atresia is associated with inadequate development of the thecal vascula-
ture [77]. On the other hand, abnormalities of ovarian angiogenesis in PCOS
increase the risk of ovarian hyperstimulation syndrome during ovulation induction
[78, 79].

The importance of vascular endothelial growth factor (VEGF) in ovarian
function is well known [80, 81]. Previous studies have shown that the HIF-1a/
VEGF signaling pathway plays a crucial role in both angiogenesis and tumor
growth [82, 83]. HIF-1a is known to regulate cellular adaptation to hypoxic con-
ditions. Stabilized HIF-1a translocates to the nucleus and binds to the hypoxia-
response elements of several target genes (such as VEGF) that are involved in the
modulation of angiogenesis [82—-84]. Additionally, FSH induces angiogenesis by
stimulating HIF-1a expression and VEGF secretion [85, 86]. Previously, Levin
et al. found a strong correlation between VEGF levels in follicular fluid (FF),
follicle growth, and the number of mature oocytes retrieved in IVF cycles [87].
The latter suggests that an impaired follicle vascularization has adverse effects
on oocyte maturation. VEGF expression is low during preantral follicle growth
and increases in granulosa cells and theca cells through dominant follicle devel-
opment [77].

Jarvela et al. studied follicular vascularization in the follicle of PCOS and non-
PCOS women undergoing controlled ovarian hyperstimulation for IVF treatment,
using three-dimensional power Doppler ultrasound. These authors found a reduced
follicular vascularization in ovaries of PCOS women compared to normal women
after GnRH treatment but not after gonadotropin stimulation [88].
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The latter suggests that an impaired follicle vascularization has adverse effects
on oocyte maturation. It seems plausible that abnormal angiogenesis can be involved
in the follicular growth arrest and infertility in PCOS.

On the other hand, the secretion of estradiol throughout the ovarian cycle depends
upon follicle recruitment and selection of a single dominant follicle followed by the LH/
FSH surge, which ends the program of FSH-dependent steroidogenesis [89]. Estrogens
can be metabolized in the ovary by alternative pathways to form estrogen metabolites
with endogenous action (EMs). It has been established that other signaling pathways
rather than the classical estradiol receptor pathway mediate EMs action [90, 91].

We have extensively studied the role of VEGF and EMs in ovarian angiogenesis,
particularly in human corpus luteum function. We found that EMs such as
2-methoxyestradiol (2-ME2) and 2-methoxyestrone (2-ME1) have an anti-
angiogeniceffect. On the other hand, 16-ketoestradiol (16-kE2) and 4-hydroxyestrone
(4-OHEL1) have a pro-angiogenic effect, during the development and regression of
corpus luteum [84, 92, 93]. Interestingly, these metabolites also participate in fol-
licular development.

Data recently published by our group have demonstrated, for the first time, the
importance of pro-angiogenic estrogen metabolites in healthy follicular develop-
ment and follicular growth arrest in PCOS. In unstimulated ovarian cycles, we have
found lower pro-angiogenic EMs and VEGF levels in the follicular fluid (FF) of
small antral follicles of PCOS women compared to fertile women with regular men-
strual cycles [ [20], in press] (Table 7.1). On the other hand, in the [IVF-stimulated
cycles, the exogenous gonadotropin administration increases pro-angiogenic EMs
and VEGF FF levels in PCOS and control women. Similar pro-angiogenic EMs and
VEGEF levels in FF were found in PCOS compared to control women in IVF treat-
ment for male infertility at the time of oocyte pick up [ [20], in press]. These data
suggest that the administration of exogenous gonadotrophins during ovulation
induction increases intrafollicular angiogenic factors and angiogenesis in PCOS,
restoring follicular growth. The latest results are in agreement with previous publi-
cations that showed the presence of a pro-angiogenic intrafollicular environment in
PCOS women undergoing IVF treatment [94]. These data strongly suggest the

Table 7.1 Intrafollicular levels of AMH, VEGF and estrogens metabolites (EMs) in follicle of
women with spontaneous cycles and PCOS women with follicular arrest

Ovulary (n = 10) PCOS (n=10) Ovulatory (n = 10)
(antral follicle) (antral follicle) (dominant follicle)
AMH (ng/mL) 213.2 +28.0 546 + 16.7° 2.9 +0.09°
VEGF (pg/mL) 503.2 £ 101.40 33.1+£5.9% 6529.6 + 514.3°
Y EMs pro-angio/ Y EMs 1.59 0.35¢ 1.15
anti-angio ratio

Note: Y° EMs = sum of estrogens metabolites

EMs pro-angio (2-OHE2, 16KE2, 4-OHE1). EMs anti-angio (2-ME2, 2-ME1)

*Comparing the difference between antral follicles of ovulatory and PCOS women (P < 0.05).
Values are mean + SEM

®Comparing the difference between antral and dominant follicles of ovulatory women (P < 0.05).
Values are mean + SEM
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Fig. 7.3 Anti-miillerian hormone and follicle growth. AMH is secreted by granulosa cells of pre-
antral and small antral follicles. It controls two critical stages in follicle growth. Higher AMH
expression in PCOS follicle may impair follicular growth. The possible mechanisms involved are
the inhibition of aromatase activity and estradiol secretion, an increase of the FSH threshold of
small antral follicles leading to an FSH resistance, and diminished vascularization due to a decrease
of proangiogenic EMs and VEGF intrafollicular levels

importance of angiogenesis in follicular growth, suggesting that an altered balance
of pro- and anti-angiogenic factors could induce follicular arrest observed in PCOS.
As we mentioned earlier, AMH plays a crucial role in PCOS pathogenesis
(Fig. 7.3). Previous publications have shown that AMH inhibits TGF beta signaling
pathways, leading to decreased cell differentiation and angiogenesis [95]. In a
recent study, we found high AMH levels and low VEGF and pro-angiogenic EMs
levels in FF of arrested follicles of PCOS women in unstimulated cycles ( [20], in
press). In summary, high AMH levels present in PCOS reduce sensitivity to FSH
and are detrimental to follicular angiogenesis, resulting in follicular growth arrest.

7.7 Conclusions

PCOS is one of the most frequent endocrine diseases in women. It was initially
described as a reproductive disease. However, growing data have shown a strong
association with metabolic dysfunction.

Ovulatory dysfunction and metabolic syndrome are more frequently found in
severe PCOS phenotypes. Insulin resistance and hyperandrogenemia are critical
factors in PCOS pathophysiology and are strongly interrelated. A vicious circle
where hyperandrogenism favors abdominal fat accumulation and insulin resistance
has been described in PCOS. Furthermore, IR reciprocally facilitates the hyperse-
cretion of androgens in PCOS patients.
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In the last years, several mechanisms responsible for follicular growth arrest
have been described. Extraovarian mechanism of follicle arrest demonstrates a cru-
cial role of inheriting or acquired insulin resistance, because abdominal fat accumu-
lation can induce or worsen hyperandrogenism in PCOS. Hyperandrogenism and
HI can cause an impairment of FSH and LH secretion, leading to follicle arrest. The
improvement of the MS by weight loss or medical treatment can restore follicle
growth ovulation in some PCOS phenotypes, but not in all of them.

Different intraovarian mechanisms of follicular growth arrest have been
recently suggested:

e Hyperinsulinemia is associated with theca cell hyperplasia and higher secretion
of androgens.

e Intraovarian hyperandrogenism is associated with diminished atresia of
theca cells.

e Higher AMH expression in PCOS follicle granulosa cells impairs follicular
development and estradiol secretion by inhibiting aromatase activity.

e Higher AMH levels increase the FSH threshold of small antral follicles, leading
to an FSH resistance.

e Higher AMH levels in FF are associated with lower proangiogenic EMs and
VEGEF intrafollicular level.

These data suggest that PCOS has an altered intrafollicular environment charac-
terized by impaired theca-granulosa communication and higher AMH levels that
decrease follicle FSH sensitivity and reduce angiogenesis, leading to follicular
growth arrest. This inherent ovarian condition can be deteriorated by an extra-
ovarian factor such as insulin resistance secondary to abnormal fat distribution or
obesity.

The latter exemplifies the complex endocrine and paracrine mechanism related
to metabolic follicle syndrome and its relation to follicle growth arrest in PCOS.

The precise mechanism that causes hyperandrogenism and hyperinsulinism and
follicle growth arrest in a specific PCOS phenotype is not fully understood. Until
now, PCOS treatment is based on reducing IR by weight loss, insulin sensitizers,
and ovarian gonadotropin stimulation to improve hyperandrogenemia, metabolic
syndrome, and restore follicle growth.

Future studies necessary to design a tailored treatment to tackle the predominant
mechanism in a specific PCOS phenotype are needed.
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8.1 Quality of Life

According to the World Health Organization (WHO), quality of life (QoL) is the
“individual perception of human beings of their position in life in the context of the
culture and value systems in which they live and in relation to their goals.” In this
setting, health-related quality of life (HRQoL) is a multidimensional concept that
examines the impact of a specific disease or its treatment on physical, mental, emo-
tional, and social aspects and provides information on the benefits of medical thera-
pies from the patient’s perspective.

Polycystic ovarian syndrome (PCOS) is a major cause of psychological morbid-
ity. Several systematic reviews have shown that PCOS has an overall negative
impact on HRQoL [1-3]. It is not clear which aspects of PCOS have the strongest
influence on HRQoL in affected women. Different traditions, religions, cultural-
gender identity, and ethnicity are likely to influence the impact of PCOS on HRQoL
in various societies. In a study by Benetti-Pinto et al. [4], Brazilian PCOS patients
had worse self-perception regarding their general health with a negative correlation
between weight and the physical domain. PCOS occurring in South Asian women
adversely affected psychological well-being, especially due to the presence of hir-
sutism rather than obesity [5]; however, their HRQoL resulted not poorer than
Caucasian women with PCOS [6]. In Iranian women, hirsutism has the strongest
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impact on HRQoL, followed by infertility and menstrual irregularity [7]. Thus, the
subjectively perceived impact of PCOS symptoms on women’s lives, as well as
cultural considerations or women’s expectations, provides a basis for a better under-
standing of this large variability in QoL.

The polycystic ovary syndrome health-related quality of life questionnaire
(PCOSQ) is the only specific validated instrument to measure QoL in these women
population. It includes 26 items categorized into five domains, i.e., hirsutism, emo-
tions, body weight, infertility, and menstruation [8]. Subsequently, the PCOSQ was
modified by adding four questions to evaluate issues associated with acne [9]. Even
generic questionnaires, validated for chronic diseases, have been used to assess
HRQoL in PCOS women.

8.1.1 Hirsutism and Acne

Symptoms affecting appearance and body image, as hair and skin problems, reduce
self-confidence and self-esteem causing marked psychological distress. The symp-
tom of acne was reported in very few studies, probably because it is not included as
a domain in the PCOSQ. Hirsutism, together with menstruation, is the most affected
domain of HRQoL in PCOS women [3], but QoL may vary through different popu-
lations according to differences in cultural heritage, value systems, and family
structure. In a German PCOS population, an elevated Ferriman-Gallwey score for
hirsutism was associated with a low SF-36 scale including bodily pain, general
health and physical domains, as well as decreased sexual satisfaction, but no corre-
lation was detected between hirsutism and psychological or emotional distress [10].
On the other hand, a UK study involving PCOS women with self-reported facial
hair showed an elevated incidence of depression and anxiety; the subsequent ran-
domization to a laser treatment revealed a positive impact upon HRQoL with reduc-
tion in self-reported severity of hirsutism, time spent on hair removal, and depression
and anxiety scores [11]. Thus, as demonstrated in a sample of adolescent girls with
PCOS [12], self-perceived severity of illness such as hirsutism might correlate more
directly with HRQoL than clinical assessment, further supporting the importance of
measuring HRQoL from the patient’s perspective. The pathogenesis of skin issues
(hirsutism and acne) includes both hyperandrogenemia and insulin-resistance;
therefore, it was demonstrated that both combined hormonal contraceptives and
lifestyle changes have a positive effect on QoL [13].

8.1.2 Body Weight

PCOS is associated with higher rates of obesity and metabolic syndrome, leading to
an increased prevalence of cardiovascular risk factors, such as insulin resistance, dys-
lipidemia, and diabetes. Weight gain appears to exert the greatest negative influence
upon HRQoL in women with PCOS, and many of them report frustration with inabil-
ity to lose weight, low self-esteem, and consequently a poor body image [8]. Cultural
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influences are likely involved in body image distress, as the android fat pattern com-
monly associated with PCOS is considered unattractive in many context. Moreover,
social expectations of thinness in Western countries may also play a role. However,
the role of body mass index (BMI) in self-reported QoL of women with PCOS appears
to be complex. Some studies have shown that reductions in HRQoL are associated
with an elevated BMI [10, 14], not only in the adult population but also in PCOS
adolescents [15]. Other studies do not suggest a relationship between BMI status and
HRQoL in PCOS women. For example, Hashimoto et al. [16] found similar HRQoL
weight scores comparing two ethnicities (Austrian and Brazilian women) with signifi-
cant differences in BMI (Austrian women were leaner than Brazilians); the weight
domain resulted the worst area of HRQoL in both populations. These findings indicate
that all women with PCOS have weight concerns regardless of their BMI; therefore,
relying on this clinical measurement alone as an indicator of poor QoL would over-
look the difficulties experienced by PCOS women who have a “normal” weight. One
potential explanation of the reduction in HRQoL may be that PCOS women with
normal BMI struggle to maintain their weight at this level. There is also the need to
look beyond BMI and measure waist circumference which is more directly propor-
tional to total body fat and to metabolically active visceral fat, a more accurate mea-
sure of metabolic risk. In any case, a reduction in weight appears to improve HRQoL
significantly. A combined treatment with lifestyle interventions and hormonal contra-
ceptives was associated with improvement in all domains of HRQoL in overweight/
obese PCOS women [13], confirming some findings previously obtained in obese
adolescents with or without the addiction of metformin [17]. Even if changes in insu-
lin sensitivity did not correlate with changes in HRQoL [13], Hahn et al. [18] showed
that treatment with metformin induces an improvement in SF-36 HRQoL scores sig-
nificantly correlated with a reduction in weight. In women with multiple comorbidi-
ties, such as depression, even cognitive-behavioral therapy added to an intensive
lifestyle intervention showed a positive impact on PCOSQ scores [19]. Therefore,
efforts to identify appropriate long-term weight loss programs and treatments would
be beneficial to these women, and physicians must provide early interventions because
young, obese adolescents with PCOS have a high prevalence of early endocrine, met-
abolic, and cardiovascular characteristics.

8.1.3 Menstruation

Menstrual irregularity (oligomenorrhea and amenorrhea) is one the most distressing
symptoms in PCOS women determining a reduced feeling of femininity and a sig-
nificant concern about fertility [9]. In a US sample, menstrual cycle disorders were
the second most important factor after obesity in reducing QoL in women with
PCOS [14], whereas by comparing Asian and Caucasian PCOS women, menstrual
problems were found to be of least concern for Asians [6]. Indeed, different studies
display a variability in the distribution and frequency of PCOSQ sub-scale domains,
which is probably determined not only by ethnicity and culture but also by the
enrollment of women with different phenotypes of PCOS [20].
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8.1.4 Infertility

PCOS is the most common endocrine disorder causing female anovulatory infertil-
ity regardless of ethnicity. Infertility has been reported as the worse domain of
HRQoL in some studies [21], but selection bias must be considered as women could
have been referred to clinic due to infertility problems. Several factors modulate the
emotional consequences of infertility, including duration of infertility, previous
treatment failure, age, and socio-cultural background. Reproductive history pre-
dicted scores in the infertility domain of the PCOSQ: women with PCOS who had
given birth to at least one viable infant exhibited better functioning in this domain
in comparison to women without children. Moreover, women who experienced
spontaneous abortions reported the lowest scores in the infertility domain, exceed-
ing those of women who had been unsuccessful in establishing pregnancy [14].
Infertility is not only a concern of women trying to conceive since it has been shown
that even adolescent girls with PCOS are worried about their future ability to
become pregnant with an impact on their QoL [22].

8.1.5 Psychological Distress (Depression and Anxiety)

Women with PCOS have higher levels of emotional distress with excessive weight,
hirsutism, and infertility having a strong influence on the psychological experience of
women because they evoke negative emotions of low self-esteem, frustration, and anxi-
ety [23]. A recent meta-analysis showed that PCOS women have over three times the
risk of depressive symptoms and over five times the risk of anxiety symptoms if com-
pared to controls [24]. The association remained significant also restricting the analysis
to moderate and severe depressive and anxiety scores [24]. Other psychiatric disorders
have been found to correlate with PCOS, with increased odds of personality disorder,
schizoaffective disorder, withholding anger, obsessive compulsive disorder, panic dis-
order, and attention deficit disorder [25]. Disordered eating behaviors, as bulimia and
binge eating disorder, are also more prevalent in adult women with PCOS.

The exact mechanism underlying the increased prevalence of depressive and
anxiety symptoms in women with PCOS is unclear, but many potential factors may
play a role. In the general population, some meta-analyses have shown association
between depression and factors such as obesity, insulin resistance, and diabetes
[26]. In PCOS, although weight concerns are common and are associated with low
QoL scores, a meta-analysis showed only a modest impact of weight on depression
and anxiety scores [27]; in addition, women maintained higher odds of psychologi-
cal disturbances after matching for BMI, suggesting an independent relationship.
Insulin resistance, common in both obese and lean PCOS women, showed a bidirec-
tional relationship with depression, but not with anxiety [28]. Infertility does not
seem to correlate with an increased risk of depression or anxiety. The relationship
between androgens and mood in women is controversial. Biochemical hyperandro-
genemia, in particular higher free testosterone, was observed in PCOS women with
anxiety compared to PCOS women without anxiety [29], whereas no association
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was seen between testosterone and depression [24]. Clinical hyperandrogenism was
associated with elevated depression and anxiety scores, when the Ferriman-Gallwey
scale is self-administered. By contrast, when the clinician filled-in the same scale of
hirsutism, there was no correlation with depression, indicating the importance of the
subjective experience of hirsutism. Stress and increased activity of hypothalamic-
pituitary-adrenal axis have been implicated as a possible mechanism contributing to
depression both in the general population and in PCOS patients ( [30]), but very few
studies are available.

Depression and anxiety, as well as other psychiatric disturbances, should be rou-
tinely screened in PCOS patients. Indeed, some of PCOS specific treatments have
shown favorable emotional effects, but there are no studies evaluating anti-
depressant or anti-anxiety medications specifically in the PCOS population.
Lifestyle interventions (i.e., dietary, exercise) have been shown to decrease weight,
testosterone, and hirsutism, potentially improving depressive and anxiety symp-
toms. The addition of hormonal contraception regulating the menstrual cycle and
reducing hyperandrogenism showed a better efficacy [13]. On the other hand, hor-
monal contraceptives given to lean PCOS women showed no improvement in psy-
chological domains [17]. Other potential treatments are laser hair removal, which
improved psychological aspects related to hirsutism without changes in androgen
levels [11], and pioglitazone, an insulin sensitizer which determined a greater
decrease in depression scores if compared to metformin, probably because of its
anti-inflammatory properties (in the general obese population, dysregulation of
inflammatory pathways is associated to depression). Finally, cognitive behavioral
therapy is one of the first-line treatments for patients with depression, with data
confirming an improvement in weight loss and stress responsiveness and a small
improvement in depression and anxiety scores [19].

Body image distress (BID) is an important mediator and predictor of depression
and anxiety, and, in PCOS women, skin problems and obesity are the main determi-
nants of body dissatisfaction. BID is defined as a distortion of perception, behavior,
or cognition related to body weight or shape. The Multidimensional Body Self
Relations-Appearance Subscales (MBSRQ-AS) (a 34-item questionnaire) and the
Stunkard Figure Rating Scale (an image of multiple female silhouettes increasing in
size) are validated instruments to measure body image distress. The most recent and
larger controlled study by Alur-Gupta [31] confirmed a worse body image score on
all subscales of MBSRQ-AS in PCOS patients, and this result is maintained even
after adjustment for BMI and other confounders. Moreover, PCOS women expressed
greater differences between ideal and perceived images of their own body, also
indicative of BID. These results point to the need for screening and counseling
women with PCOS regarding the higher predisposition for BID and the associated
depressive and anxiety symptoms which may jeopardize motivation and compliance
to treatments. Management of BID includes cognitive behavioral therapy, stress
management training, and psychoeducation, associated with specific therapies for
PCOS. Thus, a strict collaboration with nutritionists, endocrinologists, and behav-
ioral health specialists is essential to provide a comprehensive care, and early inter-
vention decreases psychological disturbances by improving QoL.
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8.2 Sexual Health

In PCOS women, body image issues (i.e., obesity, hirsutism, and acne), irregular
menstrual bleeding, and infertility may influence the feminine identity with conse-
quent frustration, unhappiness, and psychological distress. In addition, the per-
ceived unattractiveness may induce alteration of sexual behavior and loss of
self-esteem with effects on both intimate and social relationships. Sexual function
depends on the integration of physical, emotional, cognitive, and socio-cultural
aspects. Female sexual dysfunction (FSD) may affect any phase of the sexual
response cycle preventing the individual or the couple from experiencing satisfac-
tory sexual behavior. The Female Sexual Function Index (FSFI) is the most used
self-reporting instrument to assess six domains of sexual function (desire, arousal,
lubrication, orgasm, satisfaction, pain) and has been largely used even in PCOS.

Current opinions about sexual function in women with PCOS are controversial;
contrasting results observed in different studies might be explained by the multifac-
torial nature of women’s sexual function, different phenotypes, and characteristics
of study populations, as well as the spectrum of PCOS severity.

8.2.1 Impact of PCOS Traits on Sexual Function

Changes in appearance might impair feminine identity and compromise sexual sat-
isfaction. In the general population, it has been shown that obesity affected several
aspects of sexual function (except desire and pain) in women with FSD, whereas no
correlation was demonstrated between BMI and FSFI in women without FSD. This
finding indicates that obesity might be an important factor once sexual dysfunction
is already manifested [32]. In PCOS women, some studies reported a weak correla-
tion between BMI and FSD. For example, increasing BMI resulted in diminished
FSFI scores on desire and sexual satisfaction domains [33]. In another study, high
BMI had only a minor effect on sexual function, determining a lower satisfaction
with sexual life [34]. Whereas obese healthy women had low FSFI score, PCOS
women yielded borderline FSFI scores regardless of their obesity status [35]. On the
other hand, Elsenbruch et al. [23] concluded that in PCOS women BMI had no
impact on sexual satisfaction and no effect on the frequency of sexual intercourse or
sexual thought and fantasies. The same results were found in Brazilian [4] and in
North American PCOS women with a lack of correlation between BMI and sexual
function, apart a mild association with orgasmic dysfunction [36].

As already mentioned, hirsutism is another important trait of PCOS able to
alter body image and affect one’s perception of sexual attractiveness. In an Iranian
sample of infertile PCOS women, Eftekhar et al. [33] found significantly lower
scores in all FSFI domains using the Ferriman-Gallwey score, while in other stud-
ies [10, 23] PCOS women believed more than controls that their excessive body
hair negatively affected their sexuality and caused difficulty in making social
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contacts due to appearance. Instead, Stovall et al. [36] did not find an association
between hirsutism and sexual dysfunction in PCOS. Hashemi et al. [37] reported
a lower but not significant score of sexual function in hirsute women with PCOS,
while alopecia, another distressful characteristic of PCOS, correlated to sexual
dysfunction. In a study including lean PCOS and control women, those with clini-
cal hyperandrogenism showed higher scores in the Visual/Proximity domain of
the Cues of Sexual Desire Scale in respect with those with biochemical hyperan-
drogenism [38].

Concerning infertility, in an Iranian sample of married PCOS women a 10%
wider prevalence of FSD in the infertile group compared to fertile counterpart was
reported [37]. On the other hand, another study concluded that having children or
not was not associated with sexual function in women with PCOS [34]. That being
so, the wide variability in the perception of PCOS symptoms according to socio-
cultural factors may explain such controversial results.

Finally, sexual debut and behavior have been also investigated in adolescent with
PCOS. These girls were less likely to be sexually active than their healthy peers, but
the mean ages of initiation of sexual activity were not significantly different [22].

8.2.2 General Impact of PCOS on Sexual Function

We have stated that several studies have reported a possible association between
PCOS and sexual dysfunction. However, a recent meta-analysis by Zhao et al.
[39] concluded that PCOS did not significantly impair sexual functioning and the
prevalence rate of FSD was similar in PCOS women and in healthy controls
(34.6% and 33.5%, respectively). These results confirm the findings of a pilot
study including PCOS women and controls with normal weight in order to avoid
the bias of obesity on psychological distress and sexual function [40]. The inci-
dence of FSD was similar in PCOS and control women even in the context of
partnership (i.e., partner’s sexual health and feelings, relationship) [40]. Other
studies reported that women with PCOS felt less sexually attractive, were less
satisfied with their sex life, and thought their partners were less satisfied too, even
if they did not differ in the frequency of sexual intercourses and sexual thoughts
and fantasies when compared to controls [10, 23]. Treatment with metformin
increased the frequency of sexual intercourses, improved the satisfaction with
sexual life, reduced pain during sexual intercourses, and diminished the self-
reported impact of hirsutism on sexuality [18].

According to Zhang et al. [39], even if the total FSFI score did not differ
between the PCOS group and the control group, women with PCOS had signifi-
cantly lower values in the arousal and lubrication domains. A possible explanation
is the relationship between arousal disorder and physical appearance (i.e., obesity,
hirsutism) and between vaginal lubrication and psychological inhibition during
sexual intercourse.
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8.2.3 Androgens and Sexual Function in PCOS

Hyperandrogenemia is the hallmark of PCOS, and it is associated with a reduction
of sexual hormone binding globulin (SHBG) levels that increase free circulating
androgens. Androgens seem deeply involved in the modulation of sexual function
by positively acting on sexual desire (thoughts and fantasies); however, the exact
role of androgens in sexual response remains controversial and not completely
understood because normal sexual function has been documented even in women
with low androgen levels across the menstrual cycle [41]. Several studies have
found that hyperandrogenemia had a negative effect on sexual function, probably
because of the clinical signs of hyperandrogenism (hirsutism, acne, alopecia) which
impair body image. On the contrary, some investigators suggested that hyperandro-
genemia might act as a protecting factor for sexual function: Stovall et al. [36]
reported that PCOS women with the lowest total serum testosterone levels tended to
have the lowest sexual function scores, while higher testosterone levels were associ-
ated with greater desire/frequency. Discrepancies in linking androgen circulating
levels and sexual function are well known and may be due to a variety of mecha-
nisms, including intracrinology, bioavailability, and enzymatic and receptor activity
[42]. Indeed, high testosterone levels in PCOS women did not produce any benefi-
cial effects on their sexual function [35]; similarly, higher circulating androgen lev-
els in PCOS women did not influence sexual function nor modify clitoral body
volume if compared to women without PCOS showing normal androgen levels [40].
Consistent with this, Rellini et al. [38] demonstrated that clinical signs of hyperan-
drogenism, rather than biochemical signs of hyperandrogenemia, were associated
with specific cues of sexual desire levels, implying that the link between androgens
and sexual desire relies on individual androgen sensitivity.

8.3 Conclusions

The multifaceted aspects of PCOS coupled to the multidimensional nature of QoL
and sexual function offer a complex view to the readers, fully opened to further
research. It is likely that genetic and epigenetic mechanisms play a crucial role in
setting different phenotypes of PCOS women giving origin to a multitude of behav-
ioral patterns.
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Infertility Management in Lean Versus 9
Obese PCOS

Duru Shah and Madhuri Patil

9.1 Introduction

Polycystic ovary syndrome (PCOS) is a common polygenic endocrinopathy in
women of reproductive age. PCOS is associated with menstrual irregularities,
hyperandrogenism, polycystic ovarian morphology and fertility issues. It is the
cause of anovulatory infertility in almost 70% of women in the reproductive age
group [1]. PCOS also has a high prevalence of metabolic disorders, obesity,
increased anxiety and depression which can have a negative impact on women’s
health. Insulin resistance and hyperinsulinemia are common and are responsible for
hormonal and metabolic dysfunction. The presentation can be heterogeneous as the
diagnosis of PCOS is based on the Rotterdam criteria, which include two of the
three findings — polycystic ovarian morphology (PCOM), chronic anovulation (CA)
and hyperandrogenism (HA). Other features, which have been associated with
PCOS, include insulin resistance (IR) and metabolic syndrome (MS). Different
PCOS phenotypes differ significantly in their metabolic risk due to insulin resis-
tance and dyslipidaemia which worsens with the severity of androgen excess. PCOS
can significantly affect a woman’s ability to conceive and her quality of life. There
are two types of PCOS patients, one obese and other non-obese or lean. The two
groups differ in their clinical, metabolic and hormonal parameters and also respond
differently to treatment. Although a majority of cases with PCOS are obese/over-
weight, a small but significant proportion of patients present with normal or low
body mass index (BMI; <25 kg/M?).
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9.2 Pathophysiology of PCOS

The pathophysiology is complex and is thought to be a result of interactions between
genetics, epigenetics, ovarian dysfunction and endocrine, neuroendocrine and meta-
bolic alterations. Due to the possibility of there being various combinations of poly-
cystic ovarian morphology, anovulatory cycles and hyperandrogenism, PCOS
women have been assigned various phenotypes such as Phenotype A, B, C and D as
seen in Fig. 9.1.

9.2.1 Insulin Resistance and Hyperandrogenaemia

Insulin resistance (IR) is thought to be responsible for PCOS both in obese and lean
women, the latter being a much less common presentation of the syndrome. It is still
controversial whether hyperandrogenaemia (HA) or hyperinsulinemia is the pri-
mary defect. Hyperinsulinemia, the consequence of insulin resistance, stimulates
androgen secretion both from ovarian (mainly) and adrenal gland. It also suppresses
sex hormone-binding globulin (SHBG) synthesis from the liver, thereby resulting in
a further increase in free, biologically active androgens. Thus, IR contributes to
hyperandrogenism through insulin-induced increased ovarian androgen production,
both directly and synergistically with luteinizing hormone [2], and by reduction of
hepatic sex hormone-binding globulin production [3] thus contributing to both
reproductive and metabolic disturbances. Figure 9.1 A depicts why insulin resis-
tance could be the primary defect. Foetal and/or prepubertal androgen excess

PHENOTYPE A PHENOTYPE C
Hyperandrogenism Hyperandrogenism
Chronic Anovulation Polycystic Ovaries

Polycystic Ovaries
(Classic)

Ovulatory Cycles

(Ovulatory)

PHENOTYPE B PHENOTYPE D

Chronic Anovulation

Hyperandrogenism,
Polycystic Ovaries

Chronic Anovulation
No Clinical or Biochemical Signs Of

Normal Ovaries
Androgen Excess

(Classic, normal ovaries) (Normo-androgenic)

Fig. 9.1 Phenotypes of PCOS based on Rotterdam criteria
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‘programmes’ the hypothalamic—pituitary control of LH and enhances visceral fat
distribution and predisposes to insulin resistance (IR) and anovulation. Genetic and
environmental factors like diet may interact with this underlying linear process and
modify the final phenotype to produce the heterogeneous nature of the syndrome.
Figure 9.1 B depicts how hyperandrogenaemia could be the primary defect
(Fig. 9.2).

In PCOS, extra and intra-ovarian factors may have an impact on granulosa cell
(GC) oocyte interaction, oocyte maturation and embryonic developmental compe-
tence. The extra-ovarian factors identified include gonadotrophins, hyperandrogen-
aemia and hyperinsulinemia, whilst the intra-ovarian factors include members of
the epidermal, fibroblast, insulin-like and neurotrophin families of growth factors,
as well as cytokines [4]. These abnormalities are possibly linked to abnormal endo-
crine/paracrine factors, metabolic dysfunction and alterations in the intrafollicular
microenvironment during folliculogenesis and follicle maturation [4]. The para-
crine/endocrine  factors include several diverse proteins of the TGF

a
Insulin Receptor Dysfunction Hypothalamus / In_sulln \
¢ Resistance
LHRH
Hyperinsulinaemia Pituitary ¢
{Glucose Lipolysis
¢ \ TLH l FSH uptake t
o
stroma | \_ ST oystipidaemia)
DM
Bl iats _theca Gra:zillgsyao(:ells
(::Iz:fe::eh to aromatize
Reduced SHBG R SESEr I androgens
l androgens
T Free androgens Elevated DHEAS Elevated Androgens
b

Hyperandrogenemia as the
Primary Defect

Post-pubertally, the early exposure to

In Utero ex re to andr n;
Utero exposure to androgens androgen excess

Results in central adiposity that
exaggerates IR

Results in key events in placenta and
fetus which predispose to PCOS

Fig. 9.2 (a) Hyperinsulinemia as primary defect. (b) Hyperandrogenaemia as primary defect
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superfamily — TGFp, anti-Mullerian hormone (AMH), inhibin, activins, bone mor-
phogenetic protein 15 (BMP15) and growth differentiation factor 9 (GDF9) [5].
Deficiency of FSH, hypersecretion of LH, hyperandrogenaemia, hyperinsulinemia,
and altered growth factors and cytokines can influence follicular growth and oocyte
meiotic maturation processes [6].

9.2.2 Obesity and Fertility

Obesity in PCOS women is one of the most important factors influencing various
phenotypes. Hence the problems of obesity add on to the prominent pathologies
noted in every phenotype of PCOS. Both lean and obese PCOS can affect the infer-
tility treatment outcome, poorer outcomes being higher in obese women [7]. Obesity
influences outcomes of fertility treatment by affecting oocyte quality [8] and endo-
metrial receptivity [9]. There exists a controversy on the various ways obesity exerts
its effect on oocytes, both fresh and vitrified, and the endometrium. There remain
many questions unanswered regarding the effects of a combination of obesity and
PCOS on fertility.

The impact of obesity on PCOS is significant, with a high prevalence of visceral
obesity, insulin resistance and even metabolic syndrome. Obesity results in increase
in the androgens and decrease in sex hormone binding globulin (SHBG) levels, thus
increasing free androgen level [10]. Obesity in PCOS women can result in hyperan-
drogenism leading to hyperinsulinemia and vice versa.

Leptin, which is produced and secreted by adipose tissue, has a role in regulating
energy homeostasis and obesity at the level of the central nervous system. Leptin in
PCOS women is raised and centrally stimulates the hypothalamic—pituitary axis
resulting in increased gonadotropin release, which impairs FSH and/or IGF-I stimu-
lated granulosa cell steroidogenesis [11].

9.2.3 Obesity and Ovulatory Dysfunction

Obesity is associated with menstrual disturbances and anovulation, leading to
poor fertility outcomes. Obesity in PCOS women is associated with ovulatory
dysfunction, reduced ovarian responsiveness to ovulation inducing agents,
altered oocyte as well as endometrial functions, and lower birth rates. Obese
women are at an increased risk of developing maternal and foetal complications
during pregnancy.

The mechanism of ovulatory dysfunction is highlighted in Fig. 9.3.

Increased levels of C-reactive protein (CRP) and TNF-a have been seen in the
ovarian follicular fluid. There is lipid accumulation in both cumulus cells and
oocytes. Activation of endoplasmic reticulum (ER) stress pathway, mitochondrial
dysfunction, and increased apoptosis in cells of the developing ovarian follicles has
been noted [12].
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Fig. 9.3 Mechanism of ovulatory dysfunction in obese PCOS

9.2.4 Lean Phenotype and Fertility

A small but significant proportion (20-30%) of women with PCOS have a normal
or low BMI and may or may not have symptoms such as irregular menstrual cycles,
hirsutism and acne [13]. The clinical manifestations in lean and overweight women
with PCOS are comparable [14] with similar prevalence of IR, menstrual dysfunc-
tion, PCOM at ultrasound, hirsutism, acanthosis nigricans and endometrial hyper-
plasia. Hormonal profiles are similar in both obese and lean PCOS, though the
severity is much more in the obese PCOS [14]. Lean PCOS have higher LH to FSH
ratio and DHEAS levels than classical PCOS [14]. Lean PCOS has higher ovulatory
cycles and pregnancy rates with lower requirement of gonadotropin dose and also a
lower miscarriage rate.

9.2.5 Effect on Oocytes and Embryos

The hyperandrogenaemia and IR in PCOS patients results in abnormal oocyte
developmental competence [15], which in turn result in decreased fertilization
rates and impaired embryogenesis [16]. Preovulatory follicles in PCOS are
hyperandrogenic in women undergoing COS and contain metaphase II oocytes
with distinctly abnormal gene expression profiles [4]. Overweight PCOS



110 D. Shah and M. Patil

women are particularly more vulnerable to diminished oocyte fertilization and
impaired embryo quality with lower implantation rates [17]. However, lean
PCOS also have impaired oocyte developmental competence [58], with
impaired fertilization [6, 18]. In a prospective study conducted in hyperandro-
genic PCOS women, it was found that embryos developed slower after ICSI
compared to non-PCOS women [19]. Delay in early embryo kinetics in time
lapse imaging system, it was noted that there is a significant delay at t, and t3;
however this did not translate into decreased implantation or pregnancy rates
[19, 20]. Elevated serum androgen levels in PCOS patients positively correlate
with an increased cohort size of 2-5 mm follicles [14]. When small follicles in
PCOS are aspirated and immature oocytes recovered and cultured in vitro to
mature, fertilization and embryo development are significantly lower compared
to immature oocytes from normal women [21].

9.2.6 Effecton Endometrium

A decrease in uterine perfusion [22] has also been observed due to an embryotoxic
cytokine milieu [23], which may impair implantation and occurrence of pregnancy.
Obesity is associated with elevated circulating serum free fatty acid (FFA) and CRP
levels and altered gene expression in the endometrium, which is important for the
activation of the immune system and inflammation. The above factors result in com-
promised decidualization and excessive inflammation, which may impair implanta-
tion and predispose to endometrial cancer [24].

9.3 Management of Infertility

In obese PCOS, targeting obesity improves fertility outcome in PCOS women
[25, 26]. (Table 9.1).

Table 9.1 Effect of weight loss on fertility

Effect of weight loss
e reduction in insulin and LH concentration

increased insulin sensitivity
increased concentration of SHBG resulting in reciprocal decrease in free testosterone
reduced hirsutism and acne

improvement in reproductive function — Restores menstrual function and ovulation
resulting in spontaneous conceptions

increase in the number of embryos available for transfer with higher clinical pregnancy
rate (CPR) and livebirth rate (LBR)

reduction in miscarriage rates

reduces the risk of IGT, type 2 diabetes mellitus and GDM
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9.3.1 Lifestyle Modification in Obese PCOS

Weight loss can be achieved through diet, exercise and behavioural modification,
which improve both metabolic and reproductive abnormalities. However, the optimal
diet composition and type of exercise remains unknown. Health benefits of postpon-
ing pregnancy to achieve weight loss must be balanced against the risk of declining
fertility with advancing age [27]. Therefore, in obese PCOS women who have poor
ovarian reserve or are of advanced reproductive age (ARA), it is not advisable to wait
for weight loss prior to IVF as it may compromise the IVF outcome [25, 26].

Lifestyle management for weight loss, for fertility enhancement and also for
general health benefits should be recommended in PCOS (Level B evidence) and
should include both dietary and exercise interventions as first-line therapy (Level C
evidence) [14]. Healthy food choices, irrespective of diet composition, should be
used for weight loss or maintenance in conjunction with behavioural change tech-
niques (Level C/D evidence) [14]. Exercise participation of >150 min/week
(=90 min mod-high intensity aerobic activity 60-90% maximum heart rate) should
be recommended to all women (especially overweight) with PCOS (Level D evi-
dence) [14].

There is emerging evidence from RCTs that apart from diet, physical activity
(PA) may improve pregnancy rates in women with reproductive health problems
[26]. Whilst the type, intensity, frequency and duration of optimal PA intervention
and the role of PA independent of weight loss remain unclear [26], these prelimi-
nary findings suggest that PA may be an affordable and feasible alternative or com-
plementary therapy to fertility treatments [26].

9.3.2 Lifestyle Modification in Lean PCOS

Lean PCOS women should aim to maintain their weight. Lifestyle modifications by
dietary interventions and regular physical activity, especially resistance exercises to
build muscles, have demonstrated improved insulin resistance and ameliorated
hyperandrogenism [28]. Lean PCOS must be encouraged to consume vegetables,
fruits and proteins and restrict carbohydrates and fats. It is also very important to
curb stress with mindfulness, sleep, yoga and meditation [29].

9.3.3 Bariatric Surgery

Bariatric surgery should be considered if BMI is >35 kg/m2 and lifestyle modifica-
tion therapy has failed to achieve sufficient weight loss. Obese patients undergoing
bariatric surgery have been able to conceive spontaneously [25]. According to the
2018 international guidelines on PCOS, bariatric surgery should be considered an
experimental therapy in women with PCOS, for the purpose of having a healthy
baby. Currently, risk to benefit ratio is too uncertain to advocate this as fertility
therapy [14].
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If bariatric surgery is to be prescribed, the following needs to be considered [14]:

e Comparative cost.

e The need for a structured weight management program involving diet, physical
activity and interventions to improve psychological, musculoskeletal and cardio-
vascular health to continue post-operatively.

e Perinatal risks such as small for gestational age, premature delivery and possibly
increased infant mortality.

9.3.4 Anti-Obesity Drugs

In a recent review, anti-obesity drugs were evaluated [30]. It was found that Orlistat
played a role in reducing IR and androgen levels. It also helped in reducing blood
pressure and correcting the lipid profile. It appears to be equally effective when used
with metformin in reducing weight, IR and testosterone levels [30]. Anti-obesity
drugs are not recommended, when attempting pregnancy and during pregnancy.
More studies are needed to evaluate the effect of other agents like liraglutide and
naltrexone/bupropion.

94 Oral Contraceptive Pills (OCP) [31]

OCPs supress FSH, LH and oestrogen levels and therefore could be used in those
patients who have high day 2 LH and in those patients who have asynchronous
development of follicles in an GnRH antagonist cycle. Outcome of ART after
OCP pre-treatment depends on pill-free interval prior to a treatment cycle and
duration of pill administration. A 5-day washout period after OCP discontinuation
is optimal before the initiation of COS. Duration of pill administration may also
have an impact on the reproductive hormones and endometrium. More than
16 days of pill administration results in a greater suppression of pituitary—ovarian
axis, which is then associated with a longer duration and higher consumption of
gonadotropins.

Higher serum leptin levels in PCOS patients may be reduced with short-term OC
treatment. Suppression of ovarian function and reduction of luteinizing hormone
(LH) and/or insulin level may be the likely mechanisms in decreasing leptin con-
centration. Hence OC pills may be used to abolish the untoward effect of leptin on
granulosa cells [27].

9.5 Ovulation Induction

Abnormalities in circulating hormones due to elevated testosterone and LH levels
can result in failure to ovulate and compromised maturation of oocyte or endome-
trium or both.
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9.5.1 Oral Ovulation Inducing Agents

Letrozole should be considered as the first-line pharmacological treatment for ovu-
lation induction in women with PCOS and anovulatory infertility, to improve ovula-
tion, pregnancy and live birth rates. Aromatase inhibitors inhibit oestrogen synthesis,
resulting in enhanced GnRH pulses with consequent FSH and inhibin secretion. It
also stimulates ovarian follicular development by augmenting follicular FSH recep-
tor expression in the ovary, the result of increased local androgen concentration. It
also results in induction of high intrafollicular IGF-I concentrations, which syner-
gize with FSH action and increase follicular growth.

Advantages of letrozole over clomiphene citrate are as follows:
* No adverse antioestrogenic effect on the endometrium or cervical mucus.

e Absence of oestrogen receptor depletion.

e Associated with significantly lower serum and intrafollicular concentration of E2
at midcycle per mature follicle.

e Rapid elimination from the body (half-life of 45 hours).

* Better uterine blood flow.

e Limited number of mature follicles.

e Associated with decreased incidence of OHSS and multiple pregnancy.

Letrozole is used in the dose of 2.5 to 5 mg per day from day 3 to 7 of the men-
strual cycle. Where letrozole is not available or its use is not permitted in certain
countries, or the cost is prohibitive, then health professionals can use other ovula-
tion induction agents like Clomiphene Citrate (CC) and Tamoxifen.

Clomiphene citrate (CC) could be used alone or in combination with metformin
in women with PCOS with anovulatory infertility. Combined therapy of CC with
metformin is beneficial in PCOS women who are CC-resistant. Improvement is
noted both in the ovulation and pregnancy rates. CC resulted in improvement in
CPR and ovulation as compared to Metformin alone in obese women with PCOS. CC
should be discontinued if 6 ovulatory cycles fail to yield a pregnancy or when there
is no ovulation with 150 mg of CC per day or the endometrial growth is less than
7 mm at ovulation.

Reasons for CC failure are as follows:

(a) Failure to ovulate due to raised BMI, free androgen index, LH and insulin.

(b) Ovulation, but no conception.

e Antioestrogenic effects on cervical mucus and endometrium.

e High LH.

(c) Antioestrogenic effect on endometrium resulting in endometrial thinning due to:
e Oestrogen receptor downregulation and depletion.

e Suppression of pinopode formation.

The risk of multiple pregnancy is increased with CC use and therefore monitor-
ing needs to be considered. Letrozole as compared to CC appears to improve
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ovulation rate, CPR and LBR, with a shorter time-to-pregnancy in sub-fertile
women with anovulatory PCOS. The quality of this evidence is low [32]. No differ-
ence was noted in effectiveness between letrozole and laparoscopic ovarian drilling,
and occurrence of OHSS was very rare [32].

Tamoxifen in a dose of 20-40 mg from day 2 to 6 is a promising alternative to CC
for ovarian stimulation in the subgroup of patients who fail to develop an adequate
endometrial thickness in a previous Ol cycle.

Infertile women who fail to conceive following CC or aromatase inhibitors (Als)
require an alternative, second-line approach which includes gonadotropins (GT)
and/or laparoscopic ovarian drilling. It is also an indication to expand diagnostic
evaluation to exclude other infertility factors if not done earlier.

9.5.2 Gonadotropins

Gonadotropins could be used alone or in combination with CC/Letrozole/Tamoxifen.

CC/Letrozole/Tamoxifen stimulate recruitment of a number of small follicles,
and gonadotropins sustain the growth of recruited follicles (Fig. 9.4).

Homburg et al. examined the feasibility of low-dose FSH as first-line treatment.
Pregnancies and live births were achieved faster with low-dose FSH than with
CC. As gonadotropins are expensive and injectable drugs, their use should be bal-
anced by convenience and cost in favour of CC. FSH may be an appropriate first-
line treatment for some women with PCOS and anovulatory infertility [33].

Increased BMI and IR render the management of the PCOS patient difficult.
Increased BMI increases GT requirements; the dose and response is unpredictable
and can result in explosive ovarian response. Therefore, choosing the right gonado-
tropin and dose is important, and it is safer to use low-dose step-up protocol or
chronic low-dose protocol (Fig. 9.5).

Progesterone
Oral

| i
CClletrozole/ Vaginal

Tamoxifen

]

2 3 4 5 6 7 8 9 10 11 12

Pttt

FSH/HMG 37.5 to 75 IU 35-37 hr
 a—
USG
USG
HCG 1]}
5000
10,000

Fig. 9.4 Combined oral ovulogen and gonadotropin protocol
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Fig. 9.5 (a) Low-dose and (b) chronic low-dose protocol

When the ovarian response has been documented in a previous cycle, the thresh-
old dose can be initiated from the start in the next cycle. There is no difference in
the CPR and LBR whether Rec follicle stimulating hormone (FSH)/urinary FSH/
human menopausal gonadotropin (hMG) or HP-hMG has been used [34]. Thus,
urinary or recombinant FSH can be used in women with PCOS undergoing COS for
IVF + ICSI, with insufficient evidence to recommend any specific FSH prepara-
tion [14].

When using gonadotropins for ovulation induction in PCOS, it is important to:

1. Increase safety and effectiveness.

2. Optimize response and outcome to increase the LBR with decreased birth
defects, imprinting and epigenetic disorders.

3. Minimize the risks of Ovarian Hyperstimulation Syndrome (OHSS) and multi-
ple pregnancies.

This can be achieved by adopting different strategies for an optimal outcome and
maximizing success rates by individualized stimulation. Most individualized con-
trolled ovarian stimulation (iCOS) protocols are based on age, AMH and AFC and
are amended further for BMI of women. In PCOS, due to the large number of fol-
licles, there are higher chances of complications. Hence we need to individualize
COS and substitute the earlier outcome parameters like follicle number, oocyte
number, embryo number, implantation rate and pregnancy rate per cycle with
healthy LBR, decreased patient discomfort, cost, risks and complications (Fig. 9.6).

The selection of a dominant follicle occurs in the early follicular phase, and
therefore ovulation induction drugs should be initiated within 3 days of the start of
menstrual cycle, when the follicular size is less than 10 mm, there is absence of
ovarian cysts and endometrial thickness is less than 6 mm. In an ART cycle the
oestradiol should be less than 50 pg/ml and progesterone less than 1.0 ng/ml to initi-
ate GT therapy. GT dose can then be adjusted depending on the follicular growth
and oestradiol levels.

9.5.3 GnRH Analogues

A gonadotrophin releasing hormone (GnRH) antagonist protocol is preferred in
women with PCOS undergoing an IVF + ICSI cycle, over a GnRH agonist long pro-
tocol. This is to reduce the duration of stimulation, total gonadotrophin dose admin-
istered and incidence of OHSS [14]. The GnRH agonist protocols increase the
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number of retrieved oocytes, pregnancy rate and decrease the number of cycle can-
celations, but increase the risk of OHSS [35]. Hence use on GnRH antagonist proto-
col is recommended in PCOS women, mainly due to a reduction of complications.

9.6 Laparoscopic Ovarian Drilling (LOD)

Laparoscopic ovarian surgery could be the second-line therapy for women with
PCOS, women who are CC resistant, have anovulatory infertility and no other infer-
tility factor. Laparoscopic ovarian surgery could potentially be offered as first-line
treatment if laparoscopy is indicated for another reason in women with PCOS. When
laparoscopic ovarian surgery is recommended, it is important to consider compara-
tive cost, expertise required and intra-operative and post-operative risks, which are
higher in women who are overweight and obese [36]. There is no evidence of a
significant difference in rates of clinical pregnancy, live birth or miscarriage in
women with clomiphene-resistant PCOS undergoing LOD compared to other medi-
cal treatments [36], except that it is a one-time event with its effect lasting for at
least a year. On the contrary there is an increased risk of associated lower ovarian
reserve, probable loss of ovarian function and peri-adnexal adhesion formation due
to the surgery. This information needs to be shared with all women with PCOS
considering laparoscopic ovarian surgery.

9.7  Assisted Reproductive Technologies (ART)

ART is not the first line of treatment in PCOS associated infertility. It is generally
the last option unless there is another reason to use ART to treat infertility in PCOS
women. In the absence of an absolute indication for IVF =+ ICSI, women with PCOS
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and anovulatory infertility could be offered IVF as third-line therapy where first- or
second-line ovulation induction therapies have failed.

Ovulatory dysfunction can be overcome by ovulation induction and ART. The
outcome following these treatment modalities may still not be optimum due to the
impact of obesity on oocytes, embryos and endometrium. BMI appears to have a
marked effect on in vitro fertilization (IVF) outcomes. Oocyte maturation, quality
and fertilization are reduced in obese PCOS patients with a better fertilization rate
in lean PCOS as compared with overweight counterparts (BMI >25 kg/M?) [37].

Implantation, clinical pregnancy, miscarriage and live birth rates progressively
worsen with increasing BMI [27]. The deleterious effect of obesity on assisted
reproduction outcome reduces the probability of achieving and maintaining preg-
nancy (Table 9.2) [38]. Weight loss in these patients has been found to improve the
outcome of ART in obese women [27].

In women with anovulatory PCOS, the use of IVF is effective, and multiple preg-
nancies can be minimized when elective single embryo transfer is used. Women with
PCOS undergoing IVF = ICSI therapy therefore need to be counselled prior to start-
ing treatment, on cost, convenience, increased risk of ovarian hyperstimulation syn-
drome (OHSS) and about options to reduce the risk of OHSS. PCOS women tend to
be more hypersensitive to gonadotropins and therefore have a higher risk of OHSS
and multiple pregnancies. Ovarian stimulation should be initiated with low doses of
gonadotropins (100 to 150 IU), and use of GnRH antagonist protocol is recom-
mended with regard to improved safety and efficacy. In the lean PCOS pregnancy
rates are higher with ovarian stimulation using mid-luteal long GnRH agonist sup-
pressive regimens. This may be because lean PCOS women are associated with high
LH levels that are reduced with the mid-luteal long GnRH agonist protocol, improv-
ing the implantation potential [39]. Both recombinant hCG and urinary hCG can be
used for triggering final oocyte maturation. A reduced dose of urinary hCG (5000 IU
instead of 10,000 IU) is recommended in a GnRH agonist protocol to improve safety
[14]. A GnRH agonist trigger is recommended for final oocyte maturation in women
at risk of OHSS, when GnRH antagonist is used for downregulation [14]. We also
need to avoid elevation of progesterone in the late follicular phase, by preventing
early rise in LH levels. Progesterone elevation (PE) suggests a high ovarian response
and usually occurs with an administration of a greater dose of FSH [40]. To avoid
progesterone rise, it is helpful to use the modified natural cycle, mild stimulation
protocols or individualized COS protocol with low dose of FSH and use of hMG for
COS as LH activity offsets the rise of P4 induced by FSH [40]. It can also be achieved
by early initiation of GnRH antagonist which will prevent early rise in LH levels. In
cycles where elevated pre-ovulatory progesterone does occur, the probabilities of
implantation rate, CPR and LBR can be increased if all embryos are cryopreserved
and subsequently thawed and transferred in a natural or HRT cycle [40]. Luteal phase
support is best given by using progesterone and avoiding hCG. The clinical preg-
nancy and implantation rates in PCOS women are 30-35% and 10-15%, respec-
tively [41]. Despite a higher oocyte yield in all age groups, women with PCOS over
40 years of age have similar CPR and LBR when compared to women with tubal
factor infertility at the same age. The reproductive window thus may not be extended
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Table 9.2 Effect of obesity on ART outcome

Deleterious effects of obesity on
ovarian stimulation and IVF laboratory

parameters Obesity and pregnancy outcome following ART
¢ higher gonadotrophin * altered endometrial receptivity due to elevated
requirement circulating serum FFA and CRP levels, altered

gene expression in endometrium

longer period of ovarian lower implantation rates

stimulation
* higher cancellation rates * lower pregnancy rates
* higher incidence of follicular * higher preclinical miscarriage rates (biochemical
asynchrony pregnancies)
e decreased periovulatory * higher clinical miscarriage rates
intrafollicular hCG
concentrations

lower peak of serum oestradiol increased risk of foetal defects

premature granulosa cell (GC)

increased complications in second and third

luteinizsation trimesters of pregnancy (for mother and foetus)
e defective oocyte meiotic * lower live birth rates
resumption
* reduced oocyte retrieval » morbid obesity is strongly associated with GDM,

hypertension, preeclampsia, preterm delivery,
stillbirth, increased caesarean or instrumental
delivery, shoulder dystocia, foetal distress, early
neonatal death; and small- as well as large-for-
gestational age infants

less mature follicles

altered cumulus/corona
mass—oocyte interaction

poorer oocyte quality
mitochondrial abnormalities

dysregulated meiotic/mitotic
spindle dynamics

lower fertilization rates

poorer embryo quality

smaller size of blastocyst due to
increased triglycerides and
decreased glucose consumption
with altered amino acid
metabolism

lower incidence of embryo
transfer

lower mean number of
transferred embryos
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in PCOS, and hence PCOS patients with infertility should be treated in a timely man-
ner despite indicators of high ovarian reserve [41].

Adjuvant Therapy The aim of treatment in PCOS is to achieve optimal outcome
for which certain adjuvants may be used.

9.8 Insulin Sensitizers
9.8.1 Metformin

90% of obese women with PCOS have IR, which exacerbates ovulatory dysfunction
[42, 43]. Mechanism of action and side effects of metformin in PCOS are high-
lighted in Table 9.3.

Metformin can be used in a dose of 1000 mg to 2550 mg daily and stopped when
the pregnancy test is positive or menstruation occurs, unless the metformin therapy
is otherwise indicated. Combined therapy of metformin and CC versus CC alone
results in improved ovulation rate and CPR [44]. Recent updated Cochrane review
suggests that metformin may be beneficial over placebo for live birth, but women do
experience gastrointestinal side effects. This beneficial effect was uncertain when
used alone or in combination with CC as compared to CC alone [45].

A Cochrane review in 2017 concluded that metformin may increase the LBR
among women undergoing ovulation induction with gonadotropins in a timed inter-
course and intrauterine insemination (IUI) cycle [44].

As per the latest international guidelines on PCOS, adjunct metformin therapy
could be used before and/or during ovulation induction with gonadotropins in
women undergoing IVF /ICSI therapy with a GnRH agonist protocol, to improve
the clinical pregnancy rate and reduce the risk of OHSS [14]. Several lean PCOS

Table 9.3 Mechanism of action and side effects of metformin

Action Side effects

gastrointestinal disturbance in

1/3 of patients

* 1 insulin sensitivity and insulin related signalling generalized feeling of
mechanisms unwellness

* | blood lipid levels

* 1 glucose tolerance

decreased absorption of
vitamin B-12
lactic acid buildup

* 1 weight loss or stabilization

* improved fat distribution

* | blood pressure

| androgen levels

* improves ovarian environment with restoration of regular
menses due to its effect on ovarian steroidogenesis and
intraovarian IR

Postponement of diabetes
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women are able to achieve regular menstrual cycles and ovulation with metformin
therapy [46]. Significant reductions in fasting glucose, testosterone and insulin
resistance were seen with the use of metformin in lean PCOS [47].

9.8.2 Inositols

Inositol, a member of the B-complex family of vitamins, is found to be deficient in
women with PCOS. Myo-inositol is an insulin sensitizer which has beneficial
effects on ovarian function and response to ART in women with PCOS. Though it
induces nuclear and cytoplasmic oocyte maturation and promotes embryo develop-
ment, till date there is no data on its effects on pregnancy and live birth rate. Further
research on larger patient populations is needed to determine whether inositol sup-
plementation, possibly in combination with other drugs, could improve CPR and
LBRs in PCOS women undergoing ART [48]. Due to small sample size, use of
D-chiro-inositol (2 studies), rosiglitazone (1 study) or pioglitazone has limited evi-
dence [14].

The international guidelines on PCOS also recommend that Inositol (in any
form) should currently be considered as an experimental therapy in PCOS, with
emerging evidence on efficacy highlighting the need for further research [14]. Myo-
inositol in the dose of 3 grams per day has shown to have a positive effect even on
lean PCOS women. It has shown to reduce luteinizing hormone (LH), androgen
levels and ‘high-sensitivity C-reactive protein’ with improved insulin resistance
[49]. Agarwal A et al. evaluated the benefit of combined use of Metformin plus
Myo-inositol versus Metformin alone in infertile PCOS women undergoing ovula-
tion induction [50]. This study concluded that there were significantly higher live
birth rates in women receiving the combination therapy as compared to metformin
alone [50].

There is still not much evidence for use of newer insulin-sensitizing agents like
glucagon-like peptide 1 (GLP-1) analogues (exenatide and liraglutide) in women
attempting pregnancy [14].

9.8.3 Other Adjuvants

Table 9.4 gives the list of other adjuvants that are used.

Most of these adjuvants used are off-label prescriptions for the treatment of
infertility associated with PCOS. Therefore, one needs to balance the benefits with
the evidence, when using adjuvants in PCOS.

9.9  Psychological Intervention

Behavioural problems, damaged self-confidence, increased levels of anxiety and
depression benefit with psychological counselling, both individually and as group
therapy to improve infertility treatment outcome.
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Table 9.4 Adjuvant therapy in PCOS

Reduce risk of OHSS
Androgen Excess Others - May improve )
. i Cabergoline
Prednisone ovulation -
Methyl prednisolone N acetyl cysteine Calcium
vip i . Prophylactic albumin
Dexamethasone Melatonin
. . o Hydroxyl starch
Hyper Insulinemia/ Vitamin D )
. . . L Immunoglobulin
Insulin Resistance Chromium polynicotinate .
. Metformin
Metformin L Methyl folate -
Inositol Phytoestrogens Aspirin
9 GnR Hantagonist

9.9.1 Difference in Results between Obese and Lean PCOS

Most studies which evaluated the association between BMI and outcome of ART
are small and retrospective. Lean patients have less retrieved oocytes than obese.
Though the dose of gonadotropins required is less, the implantation, CPR and LBR
does not differ among both groups [51]. Patients with PCOS with higher BMI
require higher doses of gonadotropin and have fewer oocytes retrieved with signifi-
cantly lower CPR and LBR compared with those with lower BMI [52]. The inci-
dence of ovarian hyperstimulation syndrome (OHSS) was higher in lean PCOS as
compared to obese PCOS [39]. There was one study which reported lower fertiliza-
tion rates in obese PCOS with BMI > 25 kg/m? than those with a BMI of <25 kg/m?
[51]. In the experience of the author (unpublished data), number of retrieved and
mature oocytes and fertilization and cleavage rates were significantly lower in the
obese group (p value <0.05). The pregnancy rate (p value = 0.0005) and LBR
(p value = 0.002) was statistically lower in the obese patients. There was no
difference in the incidence of OHSS and missed abortion.

9.10 Preventing Complications

OHSS is a serious, detrimental and unintended consequence of COS due to exces-
sive ovarian stimulation and excessive ovarian response to COS when HCG is used
for triggering ovulation. We need to increase the safety of infertility treatment in
PCOS by minimizing the risk of OHSS, and therefore prevention is of utmost
importance.

(a) Prevention of OHSS - the strategies to prevent OHSS have been enumerated in
Table 9.5.

In the past apart from cancellation, none of the approaches were totally efficient,
although they decreased the incidence of OHSS in patients at high risk. But today
with the option of GnRH agonist trigger in a GnRH antagonist cycle along with an
elective decision to freeze-all the embryos with transfer in a subsequent cycle, it can
minimize the occurrence of OHSS.
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Table 9.5 Strategies to minimize risk of OHSS

Before initiation of « Identification of risk factors to individualize COS.
treatment * Correct adoption of stimulation protocols.

* Monitoring COS using USG and E2 assays constitutes the ‘gold
standard’.

* Use of GnRh antagonist protocol.

During treatment * Limit the dose or concentration of hCG.

* Use rec LH/GnRH agonist to trigger ovulation.
* IVM.
* Prophylactic albumin at oocyte retrieval in high-risk patients.

* Transfer of single embryo to prevent multiple pregnancy.

After oocyte retrieval » Using only progesterone for luteal phase support.

* Dopamine agonist — Cabergoline 0.5 mg daily for 7-10 days.

* Cryopreservation of all embryos for transfer in subsequent cycle.

* Use of antagonist after cryofreezing all embryos.

Freeze-all Strategy: Elective frozen embryo transfer (eFET) is preferred in PCOS
women who are at an increased risk of OHSS and develop progesterone elevation
more than 1.5 ng/ml on the day of trigger. Personalized ET based on receptivity
profile (ERA) in women with recurrent implantation failure is recommended.
Elective frozen embryo transfer is also recommended, when pre-implantation
genetic testing for aneuploidy is used as an embryo selection technique. Improved
pregnancy rates have been reported after eFET by employing strategies to improve
embryo implantation such as increasing the endometrial receptivity (ER) [53].
Decreased ER in PCOS women is related to endometrial advancement as a result of
COS [54], and altered genes that are crucial for the endometrium-embryo interac-
tion [55]. Elective FET is associated with a decreased incidence of ectopic preg-
nancy, as it does not involve COS, which is associated with an increase in uterine
contractility and embryo-endometrium asynchrony [56]. Altered trophoblast expan-
sion and invasion due to COS is also responsible to some extent for obstetric and
perinatal complications [57], such as pre-term birth [58], and small for gestational
age babies [59]. Few studies have even reported a lower risk of low birth weight
[58]. Elective FET cycles are associated with increased time to pregnancy, higher
incidence of large for gestational age and higher risk of placenta accreta [58].

A study looked at the effect of BMI on pregnancy outcomes with the freeze-all
strategy [59]. In this study 3079 women with PCOS underwent 1168 elective frozen
embryo transfer cycles and were categorized into three groups based on their BMI
[59]. Implantation rate, clinical pregnancy rate, early miscarriage and live birth rate
(LBR) were evaluated in all three groups. Obesity remained a risk factor for reduced
rates of implantation and LBR, with an increased risk of early abortion with the
freeze-all strategy [59]. Hence advising weight loss even prior to a freeze-all cycle
should be considered.

(b) Prevention of multiple pregnancies.

Preventing multiple pregnancies is of utmost importance. Multiple pregnancies
are associated with higher maternal and neonatal morbidity and mortality and shift
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COS can Result in Imprinting Disorders and
Epigenetic Modification

Fertilization failure
and preimplantation
embryonic
development arrest

Implantation and
Placentation defects

Spontaneous . .
AberiEnE? Risk of Pre eclampsia
Risk of pre-term births
Risk of LBW

Risk of syndromes
Risk of Cancer?

Fig. 9.7 Effects of imprinting disorders and epigenetic modification

results of infertility treatment from success to complications. In an ovulation induc-
tion cycle, either with timed intercourse or intrauterine insemination, multiple preg-
nancy can be prevented by using oral ovulogens and low-dose gonadotropin
protocols. In case three or more dominant follicles develop, the cycle should be
cancelled or converted into an ART cycle. In an ART cycle, multiple pregnancies
can be prevented by limiting the number of embryos transferred to one embryo in
women less than 36 years and two embryos in women 37 years or more and in those
women who have had at least two previous failed IVF cycles.

(c) Prevention of imprinting disorders and epigenetic modification.

Imprinting disorders and epigenetic modification may contribute to aneuploidy
and recurrent implantation failure of euploid embryos [60]. Fig. 9.7 highlights the
other effects of imprinting disorders and epigenetic modification.

This can be prevented by adopting mild stimulation protocols, improving in vitro
culture systems, lifestyle changes and with supplementation of adequate folate.

9.11 Conclusion

Metabolic, hormonal and clinical derangements exist in both lean and obese
PCOS. Insulin resistance and hyperinsulinemia are inherent in PCOS women regard-
less of BMI and should be managed accordingly. This makes it mandatory to extend
early screening and intervention to women with both lean and obese phenotype.
Determinants of success of infertility treatment are obesity, degree of
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hyperinsulinemia and concentration of circulatory LH levels. The primary goal of
treatment is to manage insulin resistance and hyperandrogenaemia, the two underly-
ing disorders that are responsible for the negative sequelae in infertility associated
with PCOS. Key to successful treatment depends on the ability to reduce body weight
by lifestyle modifications such as diet modification, exercise and psychosocial sup-
port. Dietary intervention and increased physical activity in obese women with PCOS
improve IR, HA, menstrual function and fertility.

In both obese and lean PCOS women, lifestyle modifications, restoration of ovu-
lation with the use of oral ovulogens/gonadotropins and IVF in refractory cases will
increase the chances of successful pregnancy. COH regimens offer an opportunity
to correct in vivo abnormal systemic endocrine environment with normalization of
serum LH levels by GnRH analogues during late follicular development. Modifying
conventional stimulation protocols according to patients’ characteristics and on ini-
tial screening makes it patient-friendly and optimizes the chance of LBR.

Obesity plays a significant role in determining the severity of clinical manifesta-
tions and metabolic disorders of PCOS. Weight loss improves ovarian response to
fertility drugs and ART outcome and also reduces the obstetric complications. It has
also been observed that weight loss increases spontaneous pregnancy rates in anovula-
tory PCOS. Lifestyle modification in the lean PCOS also results in a better outcome
after treatment. OI protocols should be safe and efficacious which result in a preg-
nancy with low risk of OHSS and multiple pregnancies, with better neonatal outcomes.

Individualizing OI protocols based on patient characteristics such as BMI, LH
and AMH levels, AFC, gonadotropin type and dose, in association with GnRH ana-
logue, increases the likelihood of pregnancy.

Women with PCOS have more favourable ART outcome if they have a lower
BMI though the CPR and LBR may not significantly differ. It is still not very clear,
whether weight loss improves the outcome in an ART cycle. When lifestyle man-
agement is advised, it is very important to weigh the benefits of weight loss against
postponing pregnancy, especially in those with advanced age and decreased ovarian
reserve. However, obese patients must still be made aware of their increased obstet-
ric risks of preeclampsia, gestational diabetes and caesarean section and should be
encouraged to lose weight before attempting conception. Individualized COS,
freeze-all strategy and elective single embryo transfer could help in increasing the
success of ART and decreasing stress, anxiety and complications in PCOS women
undergoing fertility treatment.

References

1. Brassard, M., AinMelk, Y., and Baillargeon, J.P. Basic infertility including polycystic ovary
syndrome. (xi). Med Clin North Am. 2008; 92: 1163-1192.

2. Barbieri RL, Makris A, Randall RW, Daniels G, Kistner RW, Ryan KJ. Insulin stimulates
androgen accumulation in incubations of ovarian stroma obtained from women with hyperan-
drogenism. J Clin Endocrinol Metab. 1986;62:904—10.

3. Plymate SR, Matej LA, Jones RE, Friedl KE. Inhibition of sex hormone-binding globulin pro-
duction in the human hepatoma (Hep G2) cell line by insulin and prolactin. J Clin Endocrinol
Metab. 1988;67:460-4.



Infertility Management in Lean Versus Obese PCOS 125

10.

11.

12.

13.

14.

15.

18.

19.

20.

21.

22.

23.

24.

. Wood JR, Dumesic DA, Abbott DH, et al. Molecular abnormalities in oocytes from women

with polycystic ovary syndrome revealed by microarray analysis. J Clin Endocrinol Metab.
2007;92:705-13.

. Knight PG, Glister C. Local roles of TGF- p superfamily members in the control of ovarian

follicle development. Anim Reprod Sci. 2003;78:165-83.

. Qiao J, Feng HL. Extra-and intra-ovarian factors in polycystic ovary syndrome: impact

on oocyte maturation and embryo developmental competence. Hum Reprod Update.
2010;17(1):17-33.

. Fedorcsak P, Dale PO, Storeng R, Ertzeid G, Bjercke S, Oldereid N, et al. Impact of over-

weight and underweight on assisted eproduction treatment. Hum Reprod. 2004;19:2523-8.

. Zhang JJ, Feret M, Chang L, Yang M, Merhi Z. Obesity adversely impacts the number and

maturity of oocytes in conventional IVF not in minimal stimulation IVF. Gynecol Endocrinol.
2015;31:409-13.

. Bellver J, Pellicer A, Garcia-Velasco JA, Ballesteros A, Remohi J, Meseguer M. Obesity

reduces uterine receptivity: clinical experience from 9,587 first cycles of ovum donation with
normal weight donors. Fertil Steril. 2013;100:1050-8.

Yuan C, Liu X, Mao Y, Diao F, Cui Y, Liu J. Polycystic ovary syndrome patients with high
BMI tend to have functional disorders of androgen excess: a prospective study. J] Biomed Res.
2016;30:197-202.

Koyuncu FM, Kuscu NK, Var A, Onur E. Leptin levels in patients with polycystic ovary syn-
drome in response to two different oral contraceptive treatments. Acta Obstet Gynecol Scand.
2003:82(8):767-8.

Wu LL, Norman RJ, Robker RL. The impact of obesity on oocytes: evidence for lipotoxicity
mechanisms. Reprod Fertil Dev. 2011;24(1):29-34.

Williams RM, Ong KK, Dunger DB. Polycystic ovarian syndrome during puberty and adoles-
cence. Mol Cell Endocrinol. 2013;373:61-7.

Teede HJ, Misso ML, Costello MF, Dokras A, Laven J, Moran L, Piltonen T, Norman
RJ. Recommendations from the international evidence-based guideline for the assessment and
management of polycystic ovary syndrome. Hum Reprod. 2018;33(9):1602-18.

Heijnen EMEW, Eijkemans MJC, Hughes EG, et al. A meta-analysis of outcomes of con-
ventional IVF in women with polycstic ovary syndrome. Human Reprod Update. 2006;
12:13-21.

. Schramm RD, Bavister BD. A macaque model for studying mechanisms controlling

oocyte development and maturation in human and nonhuman primates. Hum Reprod.
1999;14:2544-55.

. Cano F, Garcia-Velasco JA, Millet A. Oocyte quality in polycystic ovaries revisited: identifica-

tion of a particular subgroup of women. J Assist Reprod Genet. 1997;14:254-60.

Hwang JL, Seow KM, Lin YH, et al. IVF versus ICSI in sibling oocytes from patients
with polycystic ovarian syndrome: a randomized controlled trial. Hum Reprod. 2005;
20:1261-5.

Wissing ML, Bjerge MR, Olesen Al, Hoest T, Mikkelsen AL. Impact of PCOS on early embryo
cleavage kinetics. Reprod Biomed Online. 2014;28(4):508-14.

Bellver J, Mifsud A, Grau N, Privitera L, Meseguer M. Similar morphokinetic patterns in
embryos derived from obese and normoweight infertile women: a time-lapse study. Hum
Reprod. 2013;28:794-800.

Barnes FL, Kausche A, Tiglias J, et al. Production of embryos from in vitro-matured primary
human oocytes. Fertil Steril. 1996;65:1151-6.

Chekir C, Nakatsuka M, Kamada Y, Noguchi S, Sasaki A, Hiramatsu Y. Impaired uterine per-
fusion associated with metabolic disorders in women with polycystic ovary syndrome. Acta
Obstet Gynecol Scand. 2005;84:189-95.

Ledee-Bataille N, Lapree-Delage G, Taupin JL, Dubanchet S, Taieb J, Moreau JF, et al. Follicular
fluid concentration of leukaemia inhibitory factor is decreased among women with polycystic
ovarian syndrome during assisted reproduction cycles. Hum Reprod. 2001;16:2073-8.
Broughton DE, Moley KH. Obesity and female infertility: potential mediators of obesity's
impact. Fertil Steril. 2017 Apr 1;107(4):840-7.



126 D. Shah and M. Patil

25. Tziomalos K, Dinas K. Obesity and outcome of assisted reproduction in patients with polycys-
tic ovary syndrome. Front Endocrinol. 2018 Apr 4;9:149.

26. Mena GP, Mielke GI, Brown WJ. The effect of physical activity on reproductive health
outcomes in young women: a systematic review and meta-analysis. Hum Reprod Update.
2019;25(5):542-64.

27. Practice Committee of the American Society for Reproductive Medicine. Obesity and repro-
duction: a committee opinion. Fertil Steril. 2015;104(5):1116-26.

28. Goyal M, Dawood AS. Debates regarding lean patients with poly- cystic ovary syndrome: a
narrative review. ] Hum Reprod Sci. 2017;10:154-61.

29. Pascoe MC, Thompson DR, Ski CF. Yoga, mindfulness-based stress reduction and stress-
related physiological measures: a meta-analysis. Psychoneuroendocrinology. 2017 Dec
1;86:152-68.

30. Chatzis P, Tziomalos K, Pratilas GC, Makris V, Sotiriadis A, Dinas K. The role of
Antiobesity agents in the Management of Polycystic Ovary Syndrome. Folia Med. 2018 Dec
1;60(4):512-20.

31. Shah D. Madhuri Patil on behalf of the national PCOS working group, consensus statement
on the use of oral contraceptive pills in polycystic ovarian syndrome women in India. ] Hum
Reprod Sci. 2018;11(2):96.

32. Amer SA, Smith J, Mahran A, Fox P, Fakis A. Double-blind randomized controlled trial of
letrozole versus clomiphene citrate in subfertile women with polycystic ovarian syndrome.
Hum Reprod. 2017;32(8):1631-8.

33. Homburg R, Hendriks ML, Konig TE, Anderson RA, Balen AH, Brincat M, Child T, Davies
M, D'Hooghe T, Martinez A, Rajkhowa M. Clomifene citrate or low-dose FSH for the first-line
treatment of infertile women with anovulation associated with polycystic ovary syndrome: a
prospective randomized multinational study. Hum Reprod. 2012;27(2):468-73.

34. Weiss NS, Nahuis M, Bayram N, Mol BW, Van der Veen F, van Wely M. Gonadotrophins for
ovulation induction in women with polycystic ovarian syndrome. Cochrane Database Syst
Rev. 20159

35. Lambalk CB, Banga FR, Huirne JA, Toftager M, Pinborg A, Homburg R, et al. GnRH antago-
nist versus long agonist protocols in IVF: a systematic review and meta-analysis accounting
for patient type. Hum Reprod Update. 2017;23:560-79.

36. Farquhar C, Brown J, Marjoribanks J. Laparoscopic drilling by diathermy or laser for ovula-
tion induction in anovulatory polycystic ovary syndrome. Cochrane Database Syst Rev. 2012;6

37. Kar S. Anthropometric, clinical, and metabolic comparisons of the four Rotterdam PCOS
phenotypes: a prospective study of PCOS women. J] Hum Reprod Sci. 2013;6:194-200.

38. Bellver J, Busso C, Pellicer A, Remohi J, Simén C. Obesity and assisted reproductive technol-
ogy outcomes. Reprod Biomed Online. 2006;12(5):562-8.

39. Orvieto R, Nahum R, Meltcer S, Homburg R, Rabinson J, Anteby EY, et al. Ovarian stimula-
tion in polycystic ovary syndrome pa- tients: the role of body mass index. Reprod Biomed
Online. 2009;18:333-6.

40. Fleming R, Jenkins J. The source and implications of progesterone rise during the follicular
phase of assisted reproduction cycles. Reprod Biomed Online. 2010;21(4):446-9.

41. Kalra SK, Ratcliffe SJ, Dokras A. Is the fertile window extended in women with polycystic
ovary syndrome? Utilizing the Society for Assisted Reproductive Technology registry to assess
the impact of reproductive aging on live-birth rate. Fertil Steril. 2013 Jul 1;100(1):208—13.

42. Practice Committee of the American Society for Reproductive Medicine. Role of metformin
for ovulation induction in infertile patients with polycystic ovary syndrome (PCOS): a guide-
line. Fertil Steril. 2017;108(3):426-41.

43. Palomba S, Falbo A, La Sala GB. Metformin and gonadotropins for ovulation induction in
patients with polycystic ovary syndrome: a systematic review with meta-analysis of random-
ized controlled trials. Reprod Biol Endocrinol. 2014;12(1):3.

44. Rocha AL, Oliveira FR, Azevedo RC, Silva VA, Peres TM, Candido AL, Gomes KB, Reis
FM. Recent advances in the understanding and management of polycystic ovary syndrome.
F1000Research. 2019;8.



Infertility Management in Lean Versus Obese PCOS 127

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

Sharpe A, Morley LC, Tang T, Norman RJ, Balen AH. Metformin for ovulation induction
(excluding gonadotrophins) in women with polycystic ovary syndrome. Cochrane Database
Syst Rev. 2019;12

Anastasiou OE, Canbay A, Fuhrer D, Reger-Tan S. Metabolic and androgen profile in under-
weight women with polycystic ovary syndrome. Arch Gynecol Obstet. 2017;296:363-71.
Popova P, Ivanova L, Karonova T, Grineva E. Ovulation induction by metformin in lean and
obese women with polycystic ovary syndrome. Endocr Abstr 2011;26(P90).

Garg D, Tal R. Inositol treatment and ART outcomes in women with PCOS. Int J Endocrinol.
2016;2016

Genazzani AD, Santagni S, Ricchieri F, Campedelli A, Rattighieri E, Chierchia E, et al. Myo-
inositol modulates insulin and luteinizing hormone secretion in normal weight patients with
polycystic ovary syndrome. J Obstet Gynaecol Res. 2014;40:1353-60.

Agrawal A, Mahey R, Kachhawa G, Khadgawat R, Vanamail P, Kriplani A. Comparison of
metformin plus myoinositol vs metformin alone in PCOS women undergoing ovulation induc-
tion cycles: randomized controlled trial. Gynecol Endocrinol. 2019;35(6):511-4.

McCormick B, Thomas M, Maxwell R, Williams D, Aubuchon M. Effects of polycystic ovar-
ian syndrome on in vitro fertilization-embryo transfer outcomes are influenced by body mass
index. Fertil Steril. 2008;90:2304-9.

Bailey AP, Hawkins LK, Missmer SA, Correia KF, Yanushpolsky EH. Effect of body mass
index on in vitro fertilization outcomes in women with poly- cystic ovary syndrome. Am J
Obstet Gynecol. 2014;211:e1-6.

Roque M, Valle M, Kostolias A, Sampaio M, Geber S. Freeze-all cycle in reproductive medi-
cine: current perspectives. JBRA Assist Reprod. 2017;21(1):49.

Kolibianakis E, Bourgain C, Albano C, Osmanagaoglu K, Smitz J, Van Steirteghem A, Devroey
P. Effect of ovarian stimulation with recombinant follicle-stimulating hormone, gonadotropin
releasing hormone antagonists, and human chorionic gonadotropin on endometrial maturation
on the day of oocyte pick-up. Fertil Steril. 2002;78(5):1025-9.

Labarta E, Martinez-Conejero fnameJA, Alama P, Horcajadas JA, Pellicer A, Simén C, Bosch
E Endometrial receptivity is affected in women with high circulating progesterone levels at the
end of follicular phase: a functional genomics analysis Hum Reprod 2011;26:1813-5.

Londra L, Moreau C, Strobino D, Garcia J, Zacur H, Zhao Y. Ectopic pregnancy after in vitro
fertilization: differences between fresh and frozen-thawed cycles. Fertil Steril. 2015;104:110-8.
Mainigi MA, Olalere D, Burd I, Sapienza C, Bartolomei M, Coutifaris C. Peri-implantation
hormonal milieu: elucidating mechanisms of abnormal placentation and fetal growth. Biol
Reprod. 2014;90:26.

Ishihara O, Araki R, Kuwahara A, Itakura A, Saito H, Adamson GD. Impact of frozen-thawed
single-blastocyst transfer on maternal and neonatal outcome: an analysis of 277,042 single-
embryo transfer cycles from 2008 to 2010 in Japan. Fertil Steril. 2014;101:128-33.

Qiu M, Tao Y, Kuang Y, Wang Y. Effect of body mass index on pregnancy outcomes with
the freeze-all strategy in women with polycystic ovarian syndrome. Fertil Steril. 2019 Dec
1;112(6):1172-9.

Osman E, Franasiak J, Scott R. Oocyte and embryo manipulation and epigenetics. InSeminars
in reproductive medicine 2018 may (Vol. 36, no. 03/04, pp. e1-€9). Thieme Medical Publishers.



()

Check for
updates

Polycystic Ovary Syndrome: Fertility 1 0
Treatment Options

Gesthimani Mintziori, Dimitrios G. Goulis,
and Basil C. Tarlatzis

10.1 Introduction

Polycystic ovary syndrome (PCOS) is one of the most prevalent causes of infertility,
as it comprises the most common endocrine disorder in premenopausal women. The
main pathophysiological mechanism, anovulation, results in an increased
time-to-conception.

During the second international symposium, held in Thessaloniki in 2007, and
adopted by the European Society of Human Reproduction and Embryology
(ESHRE) and the American Society for Reproductive Medicine (ASRM), all the
therapeutic options regarding fertility for women with PCOS were discussed [1].
Recently, the International Evidence-Based Guideline for the Assessment and
Management of PCOS addressed all fertility treatment options and critically
appraised the available evidence [2].

10.2 Fertility Treatment Options
10.2.1 Lifestyle Change for Weight Loss

Lifestyle interventions include diet, physical exercise and behavioral management
techniques. Lifestyle changes to induce weight loss are considered the first-line
treatment for infertility in women with PCOS, with parallel overall health, meta-
bolic, and psychological benefits. It has been suggested that lifestyle modifications
should be advised and implemented in obese women with PCOS before the ovula-
tion induction, mainly to avoid obesity-related pregnancy complications;
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nevertheless, it is unclear if this approach increases the cuamulative pregnancy or live
birth rates. A recent Cochrane review on lifestyle changes in women with PCOS,
which synthesized 15 studies with 498 participants, showed that lifestyle interven-
tions could have a positive impact on the free androgen index (FAI) [mean differ-
ence (MD) -1.11, 95% confidence interval (CI) -1.96 to —0.26, 6 randomized
controlled trials (RCTs), n = 204, I? 71%]. Unfortunately, no studies were found
reporting data on miscarriage, pregnancy or live birth rates [3]. In any case, obesity
constitutes an independent risk factor for anovulation, failed or delayed response to
treatment [e.g., clomiphene citrate (CC), gonadotropins], first trimester miscar-
riages, and third trimester complications. Thus, weight loss is recommended as a
first-line treatment for obese women with PCOS desiring fertility. No type of diet
seems to be more beneficial compared with the others [4]. A moderate reduction in
body weight (5-10%) in overweight women can restore menstruation and fertility.

10.2.2 Pharmacological and Surgical Ovulation Induction

Letrozole and CC are the treatment of choice for ovulation induction in women with
PCOS. CC has traditionally been used as an ovulation induction agent for over
40 years. Nevertheless, according to recent data, letrozole is more effective com-
pared with CC in anovulatory women with PCOS, with the likelihood of a live birth
increasing by 40-60% with letrozole compared to CC [5].

10.2.2.1 Letrozole

Letrozole is the most common aromatase inhibitor (Al) used for ovulation induc-
tion. Als inhibit the aromatase action, the enzyme that converts androgens to estro-
gens and increase the secretion of follicle-stimulating hormone (FSH) needed to
stimulate the development and maturation of the ovarian follicle. A 2019 individual
patient data (IPD) meta-analysis assessing letrozole vs. CC showed that letrozole
leads to higher ovulation [relative risk (RR) 1.13, 95% CI 1.07-1.2], clinical preg-
nancy (RR 1.45, 95% CI 1.23-1.70, I?), and live birth rates (RR 1.43, 95% CI
1.17-1.75) compared with CC [6]. Similarly, letrozole decreased the time-to-
pregnancy [(hazard ratio [HR] 1.72, 95% CI 1.38-2.15)] [6]. These observations are
more evident in women with high baseline serum concentrations of total testoster-
one. According to the 2018 International Evidence-Based Guideline for the
Assessment and Management of PCOS, letrozole comprises a first-line pharmaco-
logical treatment for ovulation induction in women with PCOS [2]. Despite this
evidence as well as its affordable cost, the use of letrozole remains off-label, and
women have to provide informed consent.

10.2.2.2 Clomiphene Citrate

CC is a selective estrogen-receptor modulator (SERM) traditionally used as an ovu-
lation induction agent for over 40 years. Compared with placebo or no treatment,
CC leads to higher clinical pregnancy rates. Its primary indication is infertility due
to oligoovulation or anovulation. CC is administered at a starting dose of 50 mg/day
and is taken orally for 5 days. It is a cheap and safe drug, as it does not require
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frequent ultrasound monitoring. It is taken orally and has relatively few adverse
effects. Multiple pregnancy rates with CC administration range from 0.3% (triplets)
to 5-7% (twin pregnancies), and the risk for developing ovarian hyperstimulation
syndrome (OHSS) is <1% [7].

10.2.2.3 Metformin

Metformin is a simple, low-cost, and safe treatment option for obese women with
PCOS. Metformin is an insulin-sensitizing drug, taken orally twice daily. Although
it is commonly associated with gastrointestinal disorders, there are no other serious
adverse effects. A recent Cochrane meta-analysis, which included 41 studies and
4552 women, showed that metformin increases ovulation [odds ratio (OR) 2.64,
95% CI 1. -3.75; I 61%; 13 studies, 684 women), clinical pregnancy (OR 1.98,
95% CI 1.47-2.65; 1> 30%; 11 studies, 1213 women), and live birth rates (OR 1.59,
95% CI 1.00-2.51; 4 studies, 435 women) compared to placebo [8].

In obese women with PCOS, CC could be used in combination with metformin
to improve the reproductive outcomes (ovulation, pregnancy, and live birth rates)
[2]. The addition of metformin to CC may also decrease the time-to-pregnancy,
especially in specific PCOS subgroups (e.g., obese and CC-resistant women). When
metformin and CC are compared; in terms of their efficacy on the reproductive out-
comes, the baseline body mass index (BMI) seems to play a role: normal-weight
women benefit more from metformin. In contrast, obese women with PCOS have
better reproductive outcomes (clinical pregnancy and live birth rates) after ovulation
induction with CC [8].

10.2.2.4 Gonadotropins

Gonadotropins are used as a second-line treatment for ovulation induction in women
with PCOS. This strategy is mainly due to their cost, availability, as well as the need
for expertise and intensive ultrasound monitoring. In addition, the risk of multiple
pregnancies is increased. The clinical efficacy of the different gonadotrophin prepa-
rations seems comparable. As women with PCOS receiving exogenous gonadotro-
pins are at an increased risk for developing OHSS, a low-dose, step-up ovarian
stimulation protocol has been suggested.

10.2.2.5 Assisted Reproduction Technology

About one-fifth of women undergoing assisted reproduction technology (ART)
have been diagnosed with PCOS. However, in vitro fertilization (IVF) should only
be used in the event of failure of other treatments in women with PCOS, due to the
lack of consistency in stimulating the ovaries in a controlled manner, or if there are
specific indications for IVF, e.g., tubal or male factor infertility. Although there is no
agreement on the optimal stimulation protocol, most studies indicate that the use of
GnRH-antagonists per se can significantly reduce the risk of developing OHSS
compared to other protocols [9]. Moreover, in an antagonist protocol, it is possible
to induce final oocyte maturation with GnRH-agonist triggering instead of hCG,
which, associated with freezing of all embryos and subsequent frozen embryo trans-
fer (FET), maintains high pregnancy rates and almost eliminates the risk for OHSS
[10]. Additionally, IVF is a reasonable treatment strategy, since multiple pregnancy
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rate can be minimized by single embryo transfer (SET), which is not the case with
ovulation induction and especially gonadotrophin administration. It is important to
note that with IVF, women with PCOS have similar pregnancy rates compared with
women without PCOS.

10.2.2.6 Ovarian Drilling

There is insufficient evidence that laparoscopic ovarian diathermy (“drilling”) in
CC-resistant women is associated with increased rates of clinical pregnancies and
live births compared with other treatments [5]. However, a reduction in the inci-
dence of multiple pregnancies has been observed in women undergoing laparo-
scopic ovarian drilling [11]. The main concerns for its use are related to the long-term
effects on the ovarian function and the development of intra-abdominal adhesions.

10.2.3 Other Treatment Options to Enhance Fertility

Alternative assisted reproduction options in women with PCOS include in vitro
maturation (IVM) of eggs collected from unstimulated ovaries [12]; as the method
requires considerable expertise, it is not available widely. Given the current evi-
dence, the use of anti-obesity medications aiming at improving fertility is not justi-
fied [5].

According to an overview of systematic reviews of non-pharmacological inter-
ventions in women with PCOS, N-acetyl-cysteine and inositol could induce ovula-
tion, though the evidence is not strong [13]. Regarding alternative medicine, Chinese
herbals and acupuncture on top of pharmacological therapies for ovulation induc-
tion in women with PCOS may improve clinical pregnancy rates compared with
pharmacological therapies alone [13].

10.3 Selecting the Optimal Fertility Treatment Option

A meta-analysis of 57 RCTs, which studied 8082 women who were treated with
CC, metformin (or their combination), tamoxifen, FSH, or laparoscopic ovarian
drilling, demonstrated that all pharmacological treatments result in a higher preg-
nancy rate compared with placebo or no treatment [14]. Letrozole and the combina-
tion of CC with metformin resulted in higher pregnancy rates compared to CC,
tamoxifen, or metformin alone [14]. An IPD meta-analysis demonstrated that letro-
zole improved time-to-pregnancy (HR 1.72, 95% CI 1.38-2.15), clinical pregnancy
rates (RR 1.45,95% CI 1.23-1.70), and live birth rates (RR 1.43,95% CI 1.17-1.75)
compared with CC [6].

10.4 Conclusions

Women with PCOS and infertility should be reassured that many treatment options
are available. A moderate reduction in body weight (5-10%) in overweight women
can restore fertility, without taking any other measure. First-line treatments include
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lifestyle modifications and CC/letrozole, while second-line treatments include med-
ications that increase insulin sensitivity, exogenous gonadotropins, and laparoscopic
ovarian drilling. The choice of treatment should be the result of a joint decision after
an informed discussion between the infertile couple and the medical team, based on
a woman'’s special characteristics and the couple’s wishes and choices.

References

10.

11.

. Thessaloniki ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group. Consensus on

infertility treatment related to polycystic ovary syndrome. Hum Reprod. 2008;23(3):462-77.

. Teede HJ, Misso ML, Costello MF, et al. Recommendations from the international evidence-

based guideline for the assessment and management of polycystic ovary syndrome. Hum
Reprod. 2018;33(9):1602-18.

. Lim SS, Hutchison SK, Van Ryswyk E, Norman RJ, Teede HJ, Moran LJ. Lifestyle changes in

women with polycystic ovary syndrome. Cochrane Database Syst Rev. 2019;3:CD007506.

. Moran LJ, Tassone EC, Boyle J, et al. Evidence summaries and recommendations from the

international evidence-based guideline for the assessment and management of polycystic
ovary syndrome: lifestyle management. Obes Rev. 2020;

. Costello ME, Misso ML, Balen A, et al. Evidence summaries and recommendations from the

international evidence-based guideline for the assessment and management of polycystic ovary
syndrome: assessment and treatment of infertility. Hum Reprod Open. 2019;2019(1):hoy021.

. Wang R, Li W, Bordewijk EM, et al. First-line ovulation induction for polycystic ovary syn-

drome: an individual participant data meta-analysis. Hum Reprod Update. 2019;25(6):717-32.

. Kafy S, Tulandi T. New advances in ovulation induction. Curr Opin Obstet Gynecol.

2007;19(3):248-52.

. Sharpe A, Morley LC, Tang T, Norman RJ, Balen AH. Metformin for ovulation induction

(excluding gonadotrophins) in women with polycystic ovary syndrome. Cochrane Database
Syst Rev. 2019;12:CD013505.

. Luo S, Li S, Li X, Bai Y, Jin S. Effect of gonadotropin-releasing hormone antagonists on

intrauterine insemination cycles in women with polycystic ovary syndrome: a meta-analysis.
Gynecol Endocrinol. 2014;30(4):255-9.

Youssef MA, Van der Veen F, Al-Inany HG, et al. Gonadotropin-releasing hormone agonist
versus HCG for oocyte triggering in antagonist-assisted reproductive technology. Cochrane
Database Syst Rev. 2014;10:CD008046.

Farquhar C, Brown J, Marjoribanks J. Laparoscopic drilling by diathermy or laser for ovu-
lation induction in anovulatory polycystic ovary syndrome. Cochrane Database Syst Rev.
2012;6:CD001122.

. Walls ML, Hunter T, Ryan JP, Keelan JA, Nathan E, Hart RJ. In vitro maturation as an alterna-

tive to standard in vitro fertilization for patients diagnosed with polycystic ovaries: a compara-
tive analysis of fresh, frozen and cumulative cycle outcomes. Hum Reprod. 2015;30(1):88-96.

. Pundir J, Charles D, Sabatini L, et al. Overview of systematic reviews of non-pharmacological

interventions in women with polycystic ovary syndrome. Hum Reprod Update.
2019;25(2):243-56.

. Wang R, Kim BV, van Wely M, et al. Treatment strategies for women with WHO group II

anovulation: systematic review and network meta-analysis. BMJ. 2017;356:j138.



®

Check for
updates

Management of PCOS Women Preparing 1 1
Pregnancy

Xiangyan Ruan and Alfred O. Mueck

11.1 Introduction

As well known, infertility is a prevalent presenting feature of PCOS with ~75% of
these women suffering infertility due to anovulation, making PCOS the most com-
mon cause of anovulatory infertility. Women with PCOS often have many concerns
about childbearing including whether they could become pregnant and what they
should do before they try to become pregnant. Polycystic ovary syndrome (PCOS)
is a common female reproductive endocrine disease. The prevalence in premeno-
pausal women ranges from 6 to 20%, possibly making this syndrome as the most
common endocrine and metabolic disorder in women of reproductive age [1-3].
According to the reports in specialized departments of China like in our “Department
of Gynecological Endocrinology,” it stands as the most important disease — in our
daily clinic from more than 500 outpatients, at least 50% are diagnosed with PCOS,
and more than 50,000 per year of our PCOS patients get treatment as described in
this chapter. The disease can begin in early adolescence, the etiology is not yet clear,
the pathogenesis is complex, and it is related to environmental (especially nutrition)
factors. Particularly, genetical factors may also play an important role in the devel-
opment of the disease and differences in type and outcome [4]. Changes of endo-
crine and metabolic markers are often associated with PCOS although are not
decisive for the diagnosis. In 2003, the “European Society for Human Reproduction
and Embryology (ESHRE)” and the “American Society of Reproductive Medicine
(ASRM)” revised the diagnostic criteria for PCOS at the Rotterdam meeting [5]: (1)
rare ovulation or anovulation; (2) abnormal clinical manifestations and/or
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biochemical indicators of hyperandrogenism; and (3) polycystic ovarian morphol-
ogy (PCOM): follicle number of 2-9 mm in diameter in one or both ovaries >12
and/or ovarian volume >10 cm®. In 2018 the cut-off for follicle number was raised
to 20 or more in either ovary [2]. If at least two of the three abovementioned criteria
are met, “PCOS” can be diagnosed, whereby diseases such as thyroid dysfunction,
Cushing’s syndrome, androgen-secreting tumors, hyper-prolactinemia, pituitary
gland diseases, and premature ovarian failure must be excluded.

Currently there is controversial discussion about the value of the assessment of
anti-Miillerian hormone (AMH) in context with the diagnosis of PCOS. However,
according to our own and other recent research, we conclude that AMH may be a
useful parameter to assess the severity and prognosis of PCOS and may help to dif-
ferentiate the main phenotypes of the disease, being higher in PCOS patients com-
pared to controls especially in non-obese women [6—8]. However, the mechanisms
resulting in increased AMH in PCOS are poorly understood and have been attrib-
uted to obesity, insulin resistance (IR), hyperandrogenism, complex interactions
with gonadotrophins, etc. [9].

PCOS is characterized by biochemical and clinical hyperandrogenic features and
menstrual and ovulation disorders. Related metabolic disorders include IR, abnor-
mal glucose, and abnormal lipid metabolism, which can increase the risk of cardio-
vascular disease [10]. Primary disease characteristics of PCOS, mainly
hyperandrogenism and impaired glucose tolerance, also predict suboptimal obstet-
ric and neonatal outcomes. Increased rates of gestational diabetes mellitus, preg-
nancy induced hypertension, preeclampsia, caesarean section delivery, and preterm
birth have been reported among pregnant women with PCOS.

It is very important to strengthen the need of the individualized long-term man-
agement of PCOS patients. Thus, this article will elaborate preferably on the long-
term complications of PCOS and new developments in long-term management.

11.2 Pathophysiology of PCOS

The pathophysiology of PCOS is complex and not fully understood [11-14]. Women
with PCOS experience an increase in frequency of hypothalamic gonadotropin-
releasing hormone (GnRH) pulses which, in turn, results in an increase in the lutein-
izing hormone (LH)/follicle stimulating hormone (FSH) ratio. The dominance of
LH over FSH increases ovarian androgen production and decreases follicular matu-
ration. This leads to an increase in the level of biologically active testosterone and
contributes to the clinical consequences of hyperandrogenemia in PCOS [15].
Abnormalities in both androgen metabolism and the control of androgen produc-
tion, when accompanied by anovulation, increase the likelihood of metabolic dys-
function [16]. The majority of women with PCOS have insulin resistance and/or are
obese [16]. Their elevated insulin levels increase GnRH pulse frequency and either
contribute to or cause the abnormalities seen in the hypothalamic—pituitary—ovarian
axis that lead to PCOS [15]. Normal patterns of gonadotropin secretion are essential
for reproduction, and any imbalance may contribute to decreased fertility and



11 Management of PCOS Women Preparing Pregnancy 137

pregnancy problems [17]. The pathological imbalance of LH and FSH, present in
women with PCOS, explains the rationale for pretreatment with combined hor-
monal contraceptives to increase fertility and improve pregnancy outcomes; how-
ever, more studies are needed regarding this important topic.

11.3 Long-Term Consequences of PCOS

Studies show a link between hyperandrogenic PCOS and disturbances in metabolic
parameters which could lead to an increased risk of cardiovascular disease (CVD)
[12, 16]. Obesity, impaired glucose tolerance, and type 2 diabetes are all more prev-
alent in women with PCOS when compared with the general population [18].
Although conventional cardiovascular risk calculators such as the Framingham
Index have not been validated within this patient population and there is no real
proof of an increased risk of CVD as main endpoint in studies, there is clear evi-
dence of higher incidence of hypertension, impaired lipid and glucose metabolism,
and increased risk of developing gestational diabetes and type 2 diabetes, which
indeed all can increase the risk of CVD [12, 16]. In addition, polycystic ovary syn-
drome is associated with poorer pregnancy outcomes, for example, an increase in
risk of pre-term delivery and preeclampsia. Decreased quality of life, including an
increased risk of depression and anxiety, is also an important risk in untreated PCOS
patients [11].

11.4 TreatmentTargets
11.4.1 Lifestyle

Lifestyle modification involving a healthy diet and exercise and achievement of
optimal BMI is important for all women affected by PCOS. Evidence from obser-
vational studies shows that moderate weight loss (5-10%) in women with PCOS
can improve insulin resistance as well as androgenic and reproductive outcomes.

11.4.2 Hyperandrogenism

Pharmacological treatment of PCOS is aimed to reduce the level of circulating
androgens and to control their effect at tissue level in order to ameliorate symptoms
such as hirsutism and acne and reduce the risk of long-term metabolic consequences.
Combinations of ethinyl-estradiol (EE) and progestogens, especially those contain-
ing antiandrogenic progestogens such as cyproterone acetate (CPA), chlormadinone
acetate (CMA), and drospirenone (DRSP), have traditionally been the first choice
for management of PCOS [19]. Almost all combined oral contraceptives (COCs)
and other estrogen/progestogen combinations like vaginal rings and contraceptive
patches contain EE as the estrogenic component. Reason for this is the good cyclical
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stability because of the long half-life of EE which can stabilize the endometrial situ-
ation during the use of those combined contraceptives. Only two newer COCs avail-
able in many Western countries contain estradiol instead of EE, in combination with
newer special progestogens, dienogest (DNG) or nomegestrol acetate (NOMAC),
respectively, which due to their strong endometrial efficacy can avoid breakthrough
bleedings in contrast to other combinations with estradiol (E2) which have been
tested for their potential use in contraception.

The antiandrogenic effect of the estrogen/progestogen combinations is achieved
via a number of different mechanisms, which mainly are (1) increase in hepatic
SHBG production with all estrogens in a dose-dependent manner; however, the
effect is much stronger using EE compared with E2; (2) suppression of LH secre-
tion and thereby ovarian androgen production, achieved with all progestogens
(including androgenic progestogens such as levonorgestrel [LNG]) if used in ovula-
tory inhibition dosages; (3) competition at the 5-alpha-reductase and androgen
receptors by progestogens, effect strongest when using CPA; (4) competition at the
androgen-receptor with antiandrogenic progestogens like CPA, CMA, DNG, and
DRSP can block the action of testosterone; (5) in addition the ovarian androgen
production can be blocked directly, especially when using EE/CPA combinations.

11.4.3 Identifying Treatment Priorities in PCOS

The management of PCOS should be tailored to each woman’s specific goals, repro-
ductive interests, and particular symptomatic presentation. The presenting primary
complaint may vary depending on age or ethnic variation. Treatment may primarily
focus on the symptom generating the greatest level of distress, such as hirsutism or
infertility, and often require a multidisciplinary approach. When discussing long-
term management of PCOS, women should be advised regarding the risks and ben-
efits of treatment and the elements of lifestyle management to reduce the metabolic
and cardiovascular consequences of the syndrome. Recognition of the symptoms of
venous thromboembolism (VTE) and knowledge how to respond are also important.

11.4.4 Obesity

Obesity is a common problem in patients with PCOS. In the United States, 80% of
women with PCOS suffer from obesity. According to a recent meta-analysis [20],
women with PCOS had an increased prevalence of overweight [RR (95% CI): 1.95
(1.52, 2.50)], obesity [2.77 (1.88, 4.10)], and central obesity [1.73 (1.31, 2.30)]
compared with women without PCOS; Caucasian women with PCOS had a greater
increase in obesity prevalence than Asian women with PCOS compared with women
without PCOS [10.79 (5.36, 21.70) versus 2.31 (1.33, 4.00), P < 0.001]. Numerous
studies have shown that centripetal obesity and visceral hypertrophy are associated
with PCOS. High insulin levels due to hyperandrogenism and IR in PCOS can lead
to centripetal fat distribution, mainly manifested as an increase in the ratio of waist
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circumference to hip circumference [21, 22]. Moreover, non-targeted and targeted
studies suggest that the genomic, transcriptomic, and proteomic profiles of visceral
adipose tissue from women with PCOS are quite different from those of healthy
women and resemble those of men, indicating that androgen excess contributes to
their adipose tissue dysfunction.

In addition to reducing ovulation, obesity is also associated with endometrial
changes associated with IR, which reduces the rate of implantation and increases
the rate of abortion and is closely related to complications in the third trimester of
pregnancy, leading to low fertility. At the same time, obesity is likely to aggravate
the hyperandrogenism of PCOS and menstrual disorders to form a vicious circle. It
can also lead to psychological complications of women with PCOS, such as anxiety
and depression. The accumulation of abdominal fat can induce IR and hyperinsu-
linemia, and insulin can stimulate the production of ovarian androgens, further
aggravating hyperandrogenism. Overweight and obesity are prone to increase the
risk of type 2 diabetes (T2DM) [23]. Some studies have shown that for every 1%
increase in body mass index (BMI), the risk of T2DM can increase by 2%. The
amount of visceral fat and abdominal fat is positively correlated with the risk of IR,
inflammation, T2DM, dyslipidemia, metabolic syndrome (MetS), and cardiovascu-
lar disease, but metabolic disorders can also be seen in some nonobese PCOS
women [24].

Weight management is crucial for treatment of PCOS patients. Weight loss is
beneficial for improving the menstrual cycle and restoring ovulation. In a random-
ized trial of PCOS female infertility, it was found that both COC or separate life-
style changes aiming for weight loss significantly improved ovulation rates
compared with immediate clomiphene citrate treatment, i.e., live birth rates
increased more [25].

We found that letrozole combined with low-dose highly purified human meno-
pausal gonadotrophin (HMG) may be an effective and safe choice for reducing
hyperstimulation and can increase the pregnancy rate by ovulation induction of
clomiphene-resistant women with PCOS [26]. However, a recent randomized trial
found that weight loss even is superior to oral contraceptive pretreatment in improv-
ing induced ovulation in overweight and obese PCOS women, providing additional
evidence for the importance of weight loss to improve the reproductive function of
PCOS [27]. As “COC” in China mostly EE plus CPA is used, although according to
the new labeling the indication now only is “for treatment of biochemical and clini-
cal signs of hyperandrogenism.” Indeed in our department thousands of PCOS
patients every year are treated with EE/CPA, and only since recently we use more
EE/DRSP in obese patients, mostly together with lifestyle changes. Within a large
cohort study using EE/CPA together with standardized lifestyle change, we observed
significant improvement in physical aspects like weight loss associated with
increased quality of life and a decrease of depressive symptoms and anxiety [28].
Weight loss is also beneficial for improving metabolism [29]. Lifestyle improve-
ment can be achieved with diet, exercise adjustment, etc. Existing dietary and repro-
ductive physiological data suggest that specific dietary improvements may help to
counteract the chronic low-grade inflammatory process in the disease. The
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reproductive outcome of these patients is improved [30]. It was recommended that
for overweight PCOS patients the diet should be controlled keeping it at
1200 ~ 1500 kcal/day, and moderate-intensity exercise for more than 5 days per
week during at least 30 minutes should be performed. A specific recommendation is
to increase whole grain intake and avoid refined carbohydrates, including oats,
brown rice, and quinoa. Encouragingly, it was found that women who received
in vitro fertilization and had a nutrition with higher content of grains had higher live
birth rates. Within a large prospective cohort study including more than 5000
women, it was demonstrated that for obese women any form of exercise is beneficial
to improve the fertility [31]. Recent studies have shown that weight loss in the first
2 months is a good predictor of prognosis after 1 year of lifestyle intervention.
Therefore, early identifying if individuals will have unsuccessful or successful
weight loss may be a promising solution providing tailored treatments for long-term
weight loss. For women with obesity who are not able or not really willing to change
their lifestyle, as medical treatment the widely used insulin sensitizer metformin
may be considered for patients with pre-diabetes or diabetes mellitus. In most coun-
tries (like also in China), metformin is labelled only for patients with diabetes mel-
litus, and if used as “off-label,” the patients must be informed. The newest
recommendations from the “International evidence-based guideline for the assess-
ment and management of PCOS” suggest that metformin in addition to lifestyle
changes could be recommended in adult women with PCOS to treat overweight,
hormonal, and metabolic disorders [2]. Metformin may offer especially benefit in
high metabolic risk groups including those with risk factors for diabetes or impaired
glucose tolerance, whereby with respect to symptoms and treatment effect there
could be genetical differences. For the use of metformin, it needs to be considered
that adverse effects, including gastrointestinal side effects, are generally dose-
dependent, and it is recommended to start with low dose, i.e., with 500 mg incre-
ments 1-2 weekly.

We found that the use of EE/CPA can restore the regularity of menstrual cycles
and does not deteriorate the glucose and lipid metabolism [32]. To investigate also
the new treatment options, we compared metformin, EE/CPA with orlistat, which
has the indication to help getting weight loss in obese patients [32, 33]. Within a
prospective randomized placebo-controlled four-arm study comparing (a) orlistat
combined with EE/CPA vs. (b) metformin plus EE/CPA vs. (c) orlistat plus metfor-
min plus EE/CPA vs. (d) EE/CPA, we found that the combination EE/CPA plus
orlistat has been the best choice in reducing weight, reducing androgen levels,
improving glucose metabolism, and reducing systemic fat content, with less adverse
reactions [33]. According to the newest guideline for the diagnosis and treatment of
polycystic ovary syndrome in China, orlistat is recommended in obese women to
improve weight loss [3]. However, the first advice always must be to inform the
patients about the need of dietary restrictions and ‘“healthy diet,” respectively.
Moreover, the benefit of orlistat observed in our studies may be dependent on genet-
ical factors, so more research is still needed.

Some studies suggested glucagon-like peptide-1 analogue liraglutide in combi-
nation with metformin and lifestyle interventions resulted in significant reduction in
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body weight in overweight and obese women with PCOS, which indicates that also
liraglutide may be an effective alternative for getting weight loss in such patients.
Compared with metformin, short-term exenatide treatment had better efficacy in
reducing body weight, improving IR, and reducing inflammation.

However, large and long-term clinical trials are needed to assess efficacy and
safety. Patients with difficulty to get weight loss can also consider bariatric surgery,
which can effectively alleviate PCOS and its clinical symptoms, including hirsutism
and irregular menstruation in severely obese women [34]. A meta-analysis pub-
lished in 2017 indicated that surgically induced weight loss in women with severe
obesity and PCOS resulted in significant decreases in serum levels of total and free
testosterone and improvement of hirsutism and menstrual dysfunction in as many as
53% and 96% of the patients, respectively [34].

11.5 Insulin Resistance and Diabetes Mellitus

IR is closely associated with increased risk of pre-diabetes and T2DM in PCOS,
with IR in approximately 60-80% of PCOS patients and 95% in obese patients. In
a large study of 11,035 patients with PCOS [35], the prevalence of T2DM was 2.5
times that of the age-matched control group. Using a meta-analysis it was calculated
that the odds ratio (OR) of Impaired Glucose Tolerance (IGT), T2DM, and MetS in
PCOS is 2.48 (95% CI 1.63, 3.77), 4.43 (95% CI 4.06, 4.82), and 2.88 (95% CI
2.40, 3.45), respectively. Subgroup analyses of studies with BMI-matched popula-
tions reveal the same risks. The OR for IGT in lean PCOS women has been esti-
mated to be 3.22 (95% CI 1.26, 8.24), whereby the IR of patients with PCOS
worsens with increasing age. IR certainly is a key player in the metabolic manifesta-
tions in PCOS patients and seems to be partially independent of obesity.
Investigations in adolescents found that the frequency of IGT were equal between
obese and non-obese PCOS patients. However, there is general agreement that
obese women with PCOS have a higher risk to be insulin resistant, and some groups
of lean affected PCOS women may have normal insulin sensitivity. A meta-analysis
indicates that women with PCOS have a higher risk of IR and glucose intolerance
than women of similar age and weight who do not have PCOS [36].

The pathogenesis of IR in patients with PCOS is multifactorial. Investigations on
possible mechanisms suggest that there is a post-binding defect in receptor signal-
ing likely due to increased receptor and insulin receptor substrate-1 serine phos-
phorylation that selectively affects metabolic but not mitogenic pathways in classic
insulin target tissues and in the ovary [17]. Consecutive activation of serine kinases
in the MAPK-ERK pathway may contribute to resistance in terms of insulin’s meta-
bolic actions in skeletal muscles. Insulin functions as a co-gonadotropin through its
cognate receptor which can modulate ovarian steroidogenesis. Genetic disruption of
insulin signaling in the brain has indicated that this pathway is important for ovula-
tion and body weight regulation [17]. These insights have been directly translated
into the novel therapy of PCOS with insulin-sensitizing drugs. Furthermore, andro-
gens contribute to the development of IR in PCOS. IR not only predisposes patients
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to metabolic dysfunction and increased risk of type 2 diabetes mellitus but also is
important within the pathophysiology of PCOS. High testosterone and SHBG con-
centrations (indicating a high fraction of the biological active free testosterone) are
independently associated with IR, so there is a direct interactive relationship
between hyperandrogenemia and IR, i.e., IR may induce an increased androgen
action, and vice versa androgens may induce IR, respectively [17]. Androgen expo-
sure at critical periods or intrauterine growth restriction may also have a causal
relationship to the development of PCOS [17].

As already described above, lifestyle changes, including diet, exercise, and
behavioral changes, are the first-line treatment for all overweight and obese patients
with PCOS. In context with changes in glucose metabolism, it has been shown that
changes in the diet can improve IR in patients with PCOS. In addition also exercise
can improve IR and metabolic profiles and reduce visceral fat in women with PCOS
[37]. Such lifestyle changes reduce the risk of IGT progression to T2DM in healthy
women and in PCOS patients [37].

For PCOS patients diagnosed with T2DM, there are no specific recommenda-
tions for the various available anti-diabetic treatment options. However, metformin
and lifestyle changes are suggested as the treatment of choice, and any antidiabetic
drug (i.e., sulfonylureas, pioglitazone, dipeptidyl peptidase 4 inhibitors, glucagon-
like peptide-1 receptor agonists, sodium-glucose cotransporter 2 inhibitors, or basal
insulin) can be added to patients who are still unable to achieve their glycemic goals
with metformin. Among the available alternative options, pioglitazone appears to
improve insulin sensitivity to a similar extent like metformin, and both have syner-
gistic effects on IR in patients with PCOS [38]. However, safety issues, including
weight gain and the risk of edema, limit the use of pioglitazone in this population.
Limited data also indicate that glucagon-like peptide 1 analogs combined with met-
formin are more effective in reducing IR and reducing body weight than metformin
monotherapy. It is worth noting that only insulin, metformin, and glibenclamide can
be safely used in pregnancy. Therefore, patients receiving other antidiabetic drugs
should take appropriate contraceptive measures.

11.5.1 Decreased Fertility, Adverse Pregnancy Outcomes

Important long-term consequences of untreated PCOS are decreased fertility and
adverse pregnancy outcomes [39, 40]. Infertility in PCOS is due to infrequent or
absent ovulation, and no clear evidence exists that factors other than oligo-ovulation
or anovulation contribute to reduced fertility. About 75% of women with PCOS
have infertility, and PCOS accounts for the vast majority of cases of oligo-ovulation
or anovulation requiring fertility treatment [2]. At the same time, women with
PCOS are at increased risk of adverse pregnancy and neonatal complications; this
information may be vital in clinical practice for the management of pregnancy in
women with PCOS. According to various data, the risk of miscarriage in PCOS
women is three times higher than the risk of miscarriage in healthy women [40].
Unfortunately, the risk of most frequent pregnancy pathologies is also higher for
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PCOS patients, as gestational diabetes mellitus (GDM), pregnancy-induced hyper-
tension and preeclampsia, and for gestational age (GA) children. IGT and GDM in
pregnant PCOS patients occur more frequently than in healthy women. A quadruple
increase in the risk of pregnancy-induced hypertension linked to arterial wall stiff-
ness has also been observed in PCOS patients [40]. The risk of pre-eclampsia, the
most severe of all complications, is also up to four times higher in those suffering
from PCOS [40]. A meta-analysis in women with PCOS including 27 studies, ana-
lyzing 4982 women with PCOS and 119,692 controls [41], showed a significantly
higher risk of developing GDM (OR 3.43; 95% CI: 2.49—4.74), pregnancy-induced
hypertension (PIH) (OR 3.43; 95% CI:2.49-4.74), preeclampsia (OR 2.17; 95% CI:
1.91-2.46), preterm birth (OR 1.93; 95%CI: 1.45-2.57), and caesarean section (OR
1.74; 95% CI: 1.38-2.11) compared to controls. Women with PCOS had an
increased risk of preterm delivery compared with the background population. The
increased risk was confined to hyperandrogenic women with PCOS who had a two-
fold increased risk of pre-term delivery and preeclampsia [42]. Our team found that
follicular and embryo development and changes in endometrial receptivity in
patients with PCOS were associated with adverse pregnancy outcomes [43]. As we
always have stressed in our research and publications, based on the literature and
our own experience treating during recent years thousands of PCOS patients, indi-
vidualized comprehensive treatment combining lifestyle changes with pharmaco-
logical interventions has a positive effect on pregnancy outcomes in patients with
PCOS [28, 33]. These women should be given notice of the additional risks their
pregnancies may have, stronger surveillance and attention should be provided, as
well as screening for these complications during pregnancy and parturition.
According to a meta-analysis evaluating obstetric complications in women with
PCOS [41], during pregnancy particularly close checks on a regular basis of glucose
metabolism and hormonal status should be performed besides control of lifestyle
modification and medical therapy. To reduce pregnancy-related complications, very
recently our team found that the use of COC may not be valuable only in patients
who want or need contraception but also as pretreatment in PCOS patients who
want pregnancy: We evaluated the prevalence of adverse pregnancy outcomes in
6000 healthy Chinese women, selected from 24,566 pregnant women by random-
ized sampling, and investigated whether these outcomes could be decreased in
patients with PCOS by pretreatment with EE/CPA. The result was that patients with
PCOS are more likely to develop GDM, PIH, and premature delivery, and 3-monthly
pretreatment with the COC was associated with a lower risk of GDM, PIH, and
premature delivery [43]. Since this treatment concept has been already proven to be
most successful in many of our patients, it is now included in our own routine man-
agement for treatment of PCOS patients who want pregnancy, together with indi-
vidualized lifestyle interventions.

PCOS is a very frequent endocrine disorder. Figure 11.1 summarizes the long-
term complications and management of this disease, with symptoms, complica-
tions, and risks dependent on the age of the patients. Because of the different
symptoms and risks and the broad spectrum of possible symptomatic treatment
options, often a multidisciplinary approach is needed. Obesity is one of the most
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Fig. 11.1 Long-term complications and management of polycystic ovary syndrome; COC com-
bined oral contraceptives, EE ethinyl-estradiol, CPA cyproterone acetate, DRSP drospirenone,
CMA chlormadinone acetate, DNG dienogest, HRT hormone replacement therapy

common findings in PCOS, and is itself an independent risk factor for many of the
symptoms and negative long-term consequences that have been attributed to
PCOS. Patients with PCOS are at increased risk of endometrial cancer, whereas an
association with other types of gynecological cancers like ovarian and breast cancer
are controversial or have not been found, respectively. Untreated PCOS patients
clearly have an increased long-term risk to develop diabetes mellitus and metabolic
syndrome. In patients who are overweight or obese, lifestyle interventions, princi-
pally in terms of diet and exercise, are thought to be the most effective management.
If proven to be unsuccessful, metformin is an effective pharmacological treatment
and can prevent conversion of IGT to T2DM. At least in Chinese women orlistat
combined with COC can help to reduce weight and can lower androgens, blood fat,
and glucose, but more research is needed, especially if genetical factors may play a
role. PCOS patients may have a decreased fertility and/or adverse pregnancy out-
comes. According own research pretreatment with COC containing an antiandro-
genic progestogen can be recommended to increase the fertility and decrease
adverse pregnancy outcomes. The most important consideration of management is
to tailor treatment choices to the specific needs of the patient.

11.6 Conclusion

Polycystic ovary syndrome (PCOS) is a frequent female reproductive endocrine
disease. It has been associated with a number of severe reproductive complica-
tions. However, there are still open questions especially regarding the
Management of PCOS women preparing pregnancy. We summarized the litera-
ture focused on the symptoms and negative long-term consequences of untreated
PCOS and the existing options for the treatment. We reviewed the Pubmed and
China National Knowledge Infrastructure databases and the relevant literature
for the last 20 years, including new results of own (published) research and own
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experience from treating daily more than 200 PCOS patients. Obesity is one of
the most common findings. It can cause abnormal ovulations which can lead to
infertility. Important long-term consequences can be adverse pregnancy out-
comes. Insulin resistance, important within the pathophysiology of PCOS, pre-
disposes patients to metabolic dysfunction and increased risk of type 2 diabetes
mellitus. Lifestyle modifications including dietary changes, exercise and weight
loss are first-line interventions for many patients. Well known drug treatments
such as metformin, oral contraceptives, etc. should be selected according to the
individual situation and patients' needs. Regarding newer methods in the long-
term management of PCOS, we found that orlistat may help to achieve weight
loss and to improve lipid and glucose metabolism. In addition to pharmacologi-
cal interventions, long-term standardized individualized management of PCOS
patients is needed to achieve fertility and to reduce the risk of metabolic related
diseases.
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12.1 Introduction

The definition of health given by the World Health Organization is that “Health is a
state of complete physical, mental, and social well-being and not merely the absence
of disease or infirmity.” Being a man or a woman has a significant impact on health,
as a result of both biological and gender-related differences.

Cardiovascular disease (CVD) represents the leading cause of death among
women in the United States, and it is also the main cause of death in European
women in all but two countries (European Cardiovascular Disease Statistics 2017,
https://www.cdc.gov/heartdisease/women.htm).

Data have shown that the traditional atherosclerotic CVD risk factors, including
diabetes mellitus type 2 (DMT2), smoking, obesity, hypertension, and physical
inactivity, present in both women and men, may show a differential impact in
women compared to men, as well as the emerging of nontraditional risk factors
unique to, or more common in women, may help to recognize the mechanisms lead-
ing to gender-specific issues in development and diffusion of CVD between men
and women.

For instance, DMT2 and hyperglycemia show a significantly greater risk of coro-
nary death in women compared to men, even after adjusting for age and other CVD
risk factors. The etiology of this discrepancy on the basis of gender is unclear; how-
ever, one option could be the high prevalence of the metabolic syndrome (MetS) in
female diabetic populations. MetS is a well-known risk factor for CVD, and studies
have shown that the risk is greater among women than among men, especially after
menopause, underlining the strict relationship between steroid hormones, aging,
and CVD risk factors.
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In addition, newly identified CVD risk factors, such as gestational diabetes,
hypertensive disorders of pregnancy, and polycystic ovarian syndrome (PCOS),
may open new and fascinating horizons in understanding emerging, nontraditional
CVD risk factors in women.

Furthermore, PCOS, MetS, and obesity determine other health’s implications
besides CVD risk, including fertility issues, oncology risk, depression, and an over-
all reduction of quality of life in females.

In this chapter, we aim to evaluate the impact of PCOS, metabolic syndrome, and
obesity on women’s health.

12.2 Polycystic Ovarian Syndrome (PCOS)
and Women's Health

PCOS is one of the most common endocrine disorders in women of reproductive
age, affecting up to 10% of adult women.

In women of reproductive age, there are three slightly different definitions of the
syndrome. The US National Institutes of Health (NIH) proposed the presence of
chronic anovulation and clinical or biochemical hyperandrogenism as diagnostic
criteria for PCOS, after having excluded other metabolic or endocrine causes. In
2003, The Rotterdam criteria suggested the presence of polycystic ovarian morphol-
ogy on ultrasound (12 or more follicles measuring 2-9 mm in diameter in each
ovary and/or increased ovarian volume) as additional criteria, with two of three
criteria required for the diagnosis. Furthermore, the Androgen Excess and Polycystic
Ovary Syndrome Society (AEPCOS) stressed the presence of hyperandrogenism
(biochemical or clinical) as main criterion, associated with either chronic oligomen-
orrhea or polycystic ovarian morphology [1, 2].

PCOS is the main cause of female infertility due to anovulation. This syndrome
affects women’s health from gestational life until senescence, leading to potential
risks that negatively influence quality of life and possibly increase morbidity and
mortality rates.

The pathophysiological mechanisms underlying the syndrome are still partially
unknown, but probably due to the complex interaction between the functionality of
the hypothalamic-pituitary-ovarian axis and metabolic disorders, such as obesity,
insulin resistance, and compensatory hyperinsulinemia.

12.2.1 PCOS and Fertility

Infertility, hirsutism, and menstrual disorders are the main clinical problems
reported by PCOS women. Regarding infertility, although it is difficult to define the
exact pathogenesis of anovulation, many possible mechanisms have been postulated
[3]. Ovarian function in infertile PCOS women is mainly characterized by disor-
dered folliculogenesis and anomalous steroidogenesis. Abnormalities in one cause
disorder of the other, perpetuating a vicious cycle of anovulation. Ovaries of PCOS
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women are characterized by multiple small follicles, which are arrested but capable
of steroidogenesis. Abnormalities in gonadotrophin and insulin secretion and disor-
dered paracrine function have been identified, including hypersecretion of LH
(luteinizing hormone), hyperandrogenemia, and hyperinsulinemia [4]. All these
factors seem to be interlinked and together might result in impaired ovarian func-
tion. Besides ovarian and central hormonal dysfunctions, with an overactivation of
the hypothalamic-pituitary-gonadal axis, other possible anomalies contribute to
reproductive failure, namely, obesity. The impact of obesity on reproductive func-
tion in PCOS women depends on multiple endocrine mechanisms [5]. Abdominal
obesity reflects visceral adiposity, and it is linked to increased circulating insulin
levels. Hyperinsulinemia determines reduced sex hormone-binding globulin
(SHBG) synthesis with consequent increase of free functional androgen levels. In
addition, peripheral adipose tissue is the source of chronic elevation of circulating
estrogen caused by the production of estrogens from androgens trough the enzyme
aromatase. Hyperleptinemia, which is significantly present in excessive weight, has
a detrimental effect on ovarian follicular development and steroidogenesis and thus
may contribute to reproduction difficulties in obese women.

Based on these concepts, in the last years, the idea of a PCOS “secondary” to
obesity has been postulated [5], as will be further discussed in the following
paragraphs.

12.2.2 PCOS and CVD Risk

The presence of insulin resistance and hyperinsulinemia is a common feature in
PCOS adult women, with a prevalence of impaired glucose tolerance (IGT) and
DMT?2, respectively, of 20-37% and 7.5-15%, but the glucose metabolism disor-
ders are probably more frequent when considering only a subset of obese PCOS
women [6].

Women with PCOS are more likely to be obese and have an android fat distribu-
tion, with higher visceral fat amount, compared with weight-matched controls.
Obesity can be found in approximately 50-70% of PCOS adult women. In addition,
greater visceral and abdominal adiposity is associated with greater insulin resis-
tance, which is a major predictor of DMT2 and MetS [7].

The cardiometabolic impairment in PCOS starts precociously. Several studies
have suggested that adolescent PCOS girls were at substantially higher risk for
MetS compared to controls. Besides obesity and insulin resistance, the presence of
hyperandrogenemia is an important risk for MetS in young PCOS patients. The
odds of having MetS increased approximately fourfold for every quartile increase in
free testosterone, independently from BMI and IR [8]. Other data from Hughan
et al. showed the presence of increased pulse wave velocity and vascular cell adhe-
sion molecule-1 (VCAM-1) in obese girls with PCOS, which could be the earliest
subclinical biomarkers of atherosclerosis [9]. Similarly, young women with PCOS
also exhibit a greater risk of hypertension. Several studies indicated an association
between hypertension and this endocrinopathy, revealing a twofold prevalence of
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hypertension in the group with PCOS. The pathogenesis of high blood pressure in
PCOS can be determined by the presence of insulin resistance and hyperinsu-
linemia. They are known to alter vascular smooth muscular cells determining hyper-
trophy of vascular smooth muscle and reduced compliance, and interfering with the
endothelium-related vasodilatation, through the activation of the renin-angiotensin-
aldosterone system.

Some studies report that women with PCOS have higher hsCRP (high sensitivity
C-reactive protein) levels compared to control, suggesting the hypothesis that car-
diometabolic impairment in PCOS patients may be linked to the presence of chronic
inflammation [10]. However, it has also been suggested that serum hsCRP concen-
trations are related to obesity rather than to the presence of PCOS per se, stressing
the idea that, at least in a subgroup of PCOS women, obesity is the main determi-
nant of the increased CVD risk.

12.2.3 PCOS and Depression

International research has shown that PCOS has an adverse effect on the patient’s
quality of life. PCOS women also experience higher rates of depression and anxiety
than women in the general population, and this appears to be independent of
BMI. Although clinical features of high androgen levels deeply impact health-
related quality of life, the association between hirsutism, acne, body image and
perception, and depression remain unclear. Similarly, there is limited data on the
association between variables such as biochemical hyperandrogenism or infertility
and depression [11].

12.2.4 PCOS and Cancer Risk

PCOS is a well-known risk factor for endometrial cancer. The pathogenesis of the
increased risk of endometrial cancer in PCOS include multiple determinants, such
as obesity, DM T2, hypertension, nulliparity, and familiarity. A meta-analysis includ-
ing more than 4000 women has evaluated the risk of endometrial cancer in PCOS
women compared to the general population [12]. This study underlined that the
odds of developing endometrial cancer is almost three times higher in women with
PCOS compared to controls. These data translate into a 9% lifetime risk of develop-
ing endometrial cancer in PCOS compared to 3% in the general population.
Accordingly, a case-control study of endometrial cancer and PCOS has further
shown that young women with PCOS (age < 50 years) present a fourfold increased
risk of endometrial cancer compared to peers without PCOS. Notably, this increased
endometrial cancer risk is halved when adjusted for BMI, emphasizing obesity as a
main confounding risk factor for developing endometrial cancer.

There are contradictory evidences regarding the risk of ovarian cancer in PCOS
women. A long-term follow-up of UK women with PCOS showed the absence of
correlation between PCOS and mortality due to ovarian cancer [13]. However, a
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case control study reported an increased risk of epithelial ovarian tumor in women
with self-reported PCOS compared to controls, even if the pathogenetic mechanism
is still unclear.

No associations have been found between PCOS and breast cancer, though obe-
sity and DMT2, which are high prevalent in PCOS, are also major risk factors for
breast cancer. Therefore, clinicians should focus their attention on this subset of
women to offer correct counselling and possibly apply preventive strategies.

12.3 Metabolic Syndrome (MetS) and Women's Health

MetS is defined in adult population as the presence of three of five of the following
criteria: hyperglycemia (glycemia >100 mg/dl), hypertriglyceridemia (triglycerides
>150), elevated blood pressure (> 130/85 mmHg), central adiposity (waist circum-
ference >94 c¢m for white men, >80 cm for white women) [14]. MetS is one of the
main health problems, and its worldwide incidence is continually increasing, even
if with a large variability among countries.

Even if the prevalence is similar among women and men, the differences
within ethnic groups are widely greater in females. There are fewer white
women with MetS than white men, but MetS is significantly more frequent in
both African American and Mexican American women compared to men. In
addition, from the late 1980s to early 2000s, the age-adjusted prevalence of the
MetS has increased by 23.5% among women and 2.2% among men, suggesting
that the prevalence of MetS in women will quickly outnumber those in men in
the near future [15]. Interestingly, increase in blood pressure, waist circumfer-
ence, and triglyceride levels is the main responsible for the increased MetS
prevalence among women.

12.3.1 MetS and Fertility

The effect of MetS on fertility is mainly linked to an altered pituitary-hypothalamic-
ovarian function and the presence of overweight and obesity.

Evidences come from studies on diabetic women with secondary amenorrhea
due to hypogonadotropic hypogonadism. In diabetic amenorrheic women decreased
levels of gonadotropin seem to be related to disorders in gonadotropin-releasing
hormone (GnRH) pulse generator, with a decrease in the number of LH pulses,
wider pulses, and a decrease in pulse amplitude, compared to eumenorrheic controls
[16]. Hyperglycemia is toxic on the neurons of the hypothalamus, and the toxic
effect is proportional to the duration of diabetes and GnRH secretion abnormalities.
In an immortalized GnRH cell line exposed to hyperglycemia apoptosis results to be
increased [17]. In addition to the direct effect of hyperglycemia, other mediators of
the central nervous system, including increased opioidergic activity and catechol-
amine levels, have been implicated in hypogonadism pathophysiology in diabetic
patients.
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Even in the absence of diabetes, hyperinsulinemia and hyperglycemia play a
detrimental role on reproductive female system. Insulin acts on granulosa cells
trough insulin receptors, promoting steroidogenesis and follicular development and
increasing FSH-stimulated steroid secretion. Moreover, insulin plays a gonado-
tropic effect on folliculogenesis, driving follicle recruitment and follicular growth.

In addition to the central pituitary effect, hyperglycemia may also determine a
negative impact on female fertility due to peripheral effect. Elevated blood glucose
is a known determinant of peripheral insulin resistance, which is strongly linked to
the pathogenesis of PCOS, as discussed.

Hyperglycemia is also thought to directly affect ovarian function via the pres-
ence of advanced glycation products. These molecules link the receptors present in
theca and granulosa cells and are probable determinants of impaired ovulatory func-
tion in diabetic women.

12.3.2 MetS and CVD Risk

MetS is a complex syndrome in which each component is an independent risk factor
for CVD and the combination of these risk factors determines cardiac dysfunction,
myocardial infarction, coronary atherosclerosis, endothelial dysfunction, and heart
failure, thus increasing the rates and severity of cardiovascular morbidity and mor-
tality. The CVD determinants in MetS include abdominal obesity, high triglycer-
ides, reduced HDL cholesterol, impaired glucose tolerance, and/or hypertension.
Besides these factors, other mechanisms have been postulated, including increased
circulating levels of pro-inflammatory adipocytokines and the overactivation of the
sympathetic nervous system and the renin-angiotensin system. Above all, adipo-
kines have been suggested as key integrative elements linking the traditional CVD
risk factors and the molecular mechanisms of increased CVD rates in MetS.

This seems particularly true in peri- and menopausal MetS women. Women in
the menopausal transition with excessive body weight and MetS show increased
resistin, adipsin, GIP, leptin, IL-6, and FGF21 and PAI-1 levels compared to normal
weight ones [18]. Accordingly, several studies found that postmenopausal women
with the MetS displayed significantly higher levels of leptin, resistin, adipsin, insu-
lin, and HOMA-IR values in addition to lower adiponectin levels as compared to
controls without the MetS [19]. In addition, postmenopausal women with the MetS
also displayed higher IL-6 and lower uPA levels, markers of inflammation and
endothelial dysfunction, respectively [20]. These detrimental changes may lead to
the development and progression of clinically silent atherosclerosis (Fig.12.1).

12.3.3 MetS and Depression

The relationship between depression and MetS has been extensively studied. Several
data suggested that a history of major depression is associated with an approxi-
mately twofold increased risk of the MetS in both women and men. A 7-year
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Fig. 12.1 Adipokines and cytokines’ effect in insulin metabolism and adiposity during meno-
pausal transition

follow-up study has indicated that women with depressive symptoms at baseline
presented a 2.5-fold risk to have MetS at the end of the follow-up, significantly
higher compared to men [21].

However, the pathogenesis of the increased risk of MetS in population diagnosed
with depression is still unclear. In a recent large population of middle-aged adults, a
history of depression was associated with an augmented risk of arterial stiffness
assessed peripherally, and this association was partly mediated through
MetS. Specifically, approximately one third of the association of depression with
arterial stiffness index seemed to be mediated through MetS. In addition, when
evaluated the individual components of MetS, abnormal waist circumference was
the main contributor of the association between depression and arterial stiffness
among women, but not in men [22].

12.4 Obesity: The Key Common Denominator
in Women'’s Health

The rising prevalence of obesity is one of the main concerns in modern society. The
World Health Organization estimates that more than 1 billion people are overweight
and 300 million are obese. Up to 30% of nonpregnant women ages 20-39 are obese,
and 8% of women in reproductive age are extremely obese, putting them at greater
risk not only for severe cardiovascular and metabolic disorders but also for preg-
nancy complications.

Obesity negatively affects women’s health in many ways. Being overweight or
obese increases the risk of DMT2 and coronary artery disease in women.
Furthermore, obesity negatively affects both contraception and fertility. Maternal
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obesity is linked with higher rates of pregnancy complications, including gesta-
tional hypertension and preeclampsia, gestational diabetes, and cesarean delivery.
Fetuses from excessive weight women are at higher risk for malformation, prema-
turity, stillbirth, macrosomia, and labor injury. Finally, children from obese women
are at increased risk for long-term complications, as adulthood obesity and
DMT?2 [23].

12.4.1 Obesity and Fertility

Obesity affects fertility throughout a woman’s life. Soon at young age, obesity
determines alterations on reproductive system. Obese girls frequently experience
the onset of puberty at a younger age than their normal-weight peers. This is prob-
ably one of the main determinants, in the last 40 years, of the decrease in the median
age of menarche in developed countries.

Obesity negatively affects contraception as well. Previous studies have reported
that hormonal contraception methods are less effective in obese women [24]. A
retrospective cohort study suggested that women in the highest quartile of body
weight had a higher risk of failure than women of lower weight and the risk of fail-
ure was greater in women using very low-dose or low-dose oral contraceptives [25].
In contrast, a recent large European cohort study did not demonstrate that BMI
alters significantly contraceptive efficacy of oral contraceptive pills [26]. Interesting
evidence come from studies evaluating non-oral contraceptive methods in obese
women compared to lean controls. A study of more than 1000 women using the
levonorgestrel vaginal ring demonstrated increased rates of failure after 1 year of
use in the group of heavier patients, weighing 80 kg or more, compared to lean
controls. The intrauterine device may be proposed as one of the most reliable con-
traception options since BMI seems not to influence the efficacy [27].

The association between obesity and menstrual disturbances is strong. Cross-
sectional studies report that up to half of overweight and obese women have irregu-
lar menses, mostly oligomenorrhea and amenorrhea [28]. In this scenario, the link
between obesity and PCOS-related disorders is solid. The potential role of obesity
in favoring the development of PCOS has been determined the development of the
concept of “PCOS secondary to obesity” [5]. Obesity may impact on the develop-
ment of PCOS in several ways. The presence of obesity during childhood and ado-
lescence probably plays a key role. It has been extensively suggested that female
children and young girls presenting obesity have a significantly higher risk of PCOS
compared to lean controls. Moreover, adolescent obese girls with irregular menses
present alterations in menses and anovulation which persists for many years, even
after weight loss. This can be explained since excess body weight negatively affects
hypothalamic-pituitary-gonadal axis during puberty, leading to high LH levels and
androgen excess. Adiposity in both girls and boys can determine an early activation
of the axis and precocious central activation of puberty. In addition, obesity per se
may determine an increased androgen production in both young girls and adults,
particularly those with android fat distribution, which is often found in PCOS
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women. Peripubertal obesity is associated with hyperandrogenemia, evaluated by
high total testosterone and/or free androgen index, abnormal LH secretion, and
hyperinsulinemia, and BMI is the best indicator for androgen excess [29].
Interestingly, in obese girls, both ovarian and adrenal androgens appear elevated,
suggesting that in presence of overweight during puberty, a mixed adrenal and ovar-
ian oversecretion of androgens may favor the development of PCOS.

Another contributing factor for PCOS development in obesity is hyperinsu-
linemia. Insulin excess is able to directly stimulate adrenal steroidogenesis and
increase insulin growth factor-1. In addition, it has been suggested that, in suscep-
tible girls, obesity-related hyperinsulinemia during puberty may cause hyperandro-
genemia, by interfering with the normal negative feedback in the hypothalamus and
thus enhancing GnRH pulsatility and increasing LH secretion. On the other hand,
hyperandrogenemia seems to be able to reduce insulin sensitivity in both fat tissue
and muscles. In both subcutaneous tissue and muscles, androgens may interfere
with insulin signaling, inhibiting glycogen synthesis and increasing insulin resis-
tance [30].

12.4.2 Obesity and Pregnancy

Obesity has become the major contributor to the global burden of disease world-
wide, and its prevalence is growing in pregnant women, even with a large variability
among countries and continents. In Australia up to one third of the pregnant women
are overweight or obese; accordingly, in the USA it has been recorded a 69%
increase in obesity among pregnant women from 1993 to 2003. The obesity rate in
pregnant women in Mediterranean countries is far less [31, 32].

Obesity is associated with reduced fecundity mostly but not exclusively related
to anovulation. Prolonged time to pregnancy (>12 months) is present also in obese
women with regular cycles. Obesity is also linked to poor oocyte and embryos qual-
ity in obese women undergoing assisted-reproductive techniques, with a lower live
birth rate in obese compared with normal-weight women [33]. Therefore, in over-
weight and obese women seeking pregnancy, weight-loss interventions, including
diet, exercise, and eventually medication treatment, should be addressed as the ini-
tial management of infertility women.

Obesity during pregnancy may determine severe complications in both mother,
fetus, and newborns, with an overall health-care expenditure, measured by length of
hospital stay and use of services to handle long-term complications.

Obese pregnant women have higher risk of fetal anomalies, including neural
tube defects and spina bifida, cardiovascular malformations, and cleft lip and
palate. Moreover, prepregnancy obesity and excessive gestational weight gain
are the main contributor of the development of pregnancy-induced hyperten-
sion, late preeclampsia, and gestational diabetes. Obese women are also at
higher risk of receiving a cesarean section, and performing obstetrics surgery is
more difficult in obese women, besides a higher postoperative thrombotic and
infective risk [23].
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Bariatric surgery can be the preferred option in obese women seeking pregnancy.
Several studies have pointed that after bariatric surgery the possibility of achieving
pregnancy is higher and faster. In a large proportion of PCOS women, bariatric
surgery determines the normalization of sex hormone levels and the correction of
menstrual cycle disorders. Women who had delivered children after surgery showed
decreased rates of gestational hypertension, preeclampsia, gestational diabetes, and
fetal macrosomia, compared with women who delivered before surgery [34].

In addition, obesity and maternal hyperglycemia during pregnancy may induce
intrauterine overnutrition and fetal hyperinsulinemia, resulting in excessive fetal
growth. Fetal macrosomia is associated with an increased risk of perinatal morbid-
ity and mortality. Large babies have increased risk of intrapartum complications
such as prolonged labor and shoulder dystocia [35]. Moreover, the environmental
and metabolic characteristics of intrauterine life deeply influence the individual in
the long-term as a child and through adulthood, with possible adverse metabolic
consequences, including predisposition to insulin resistance and obesity. Children
born to hyperglycemic/hyperinsulinemic intrauterine environment could serve as a
unique model of a high-risk population to study fetal programming or early origins
of obesity [36] (Fig. 12.2).

12.4.3 Obesity and Cancer Risk

Obesity has been related to a large number of cancers in both women and men. In
females, the greater risk is for colon, breast, and endometrium cancer. The physio-
logical mechanisms to explain the effects of adiposity on cancer risk include an
increased endogenous production of reactive oxygen species and consequent greater
oxidative DNA damage, alterations in carcinogen-metabolizing enzymes, and
impairment in endogenous hormone metabolism [37, 38].
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In breast and endometrium cancer, abdominal fat may determine alterations in
the metabolism of sex steroids, mostly androgens, estrogens, and progesterone. Sex
steroids participate in the balance between cellular differentiation, proliferation, and
apoptosis, and may also determine the selective growth of preneoplastic and neo-
plastic cells.

In addition, obesity, and specifically the accumulation of visceral fat, determines
an increased secretion of insulin from pancreas. Consequently, chronically increased
insulin levels lead to reduced synthesis of IGF-binding protein-1 and 2 (IGFBP1
and 2), with an increased IGF1 activity. Insulin and IGF1 also strongly stimulate
cell proliferation, inhibit apoptosis, and can enhance angiogenesis [39]. Finally,
insulin and IGF1 both inhibit the synthesis of SHBG, the major carrier glycoprotein
for circulating sex hormones, thus increasing the amount of unbound sex-steroid
available for bioactivity, which again can participate in tumorigenesis.
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13.1 Introduction

Obesity and metabolic disorders in women of reproductive age is a growing health
problem; in the USA, pre-pregnancy obesity in women increased from 13.0% in
1993-1994 to 22.0% in 2002-2003, while the rate of obese European women ranges
between 6 and 37% [1, 2].

Recent evidence indicates that approximately 10-30% of obese individuals have
no metabolic abnormalities that describe MS (metabolic syndrome) such as impaired
glucose tolerance, insulin resistance, dyslipidemia, and hypertension, so despite
their excessive body fat, they are “metabolically healthy” [3].

Clinically, overweight risk may differ depending on body adipose tissue distribu-
tion, as central or “unhealthy” obesity leads to increased lipolysis, insulin resis-
tance, and reduction of triglycerides storage, in contrast with lower limb adipose
distribution with normal level of essential fatty acids (NEFA) or “healthy obe-
sity” [4].

The ectopic fat accumulation is associated with lipotoxicity from lipid oxidation:
the consequent oxidative stress causes maternal endothelial/vascular stress,
increased inflammation, reduction of trophoblast invasion, and altered placental
development [5]. Therefore maternal central obesity is associated with an increased
risk of maternal and perinatal complications and also impacts the long-term health
of the offspring leading to increased risk of childhood obesity and metabolic disor-
ders given the critical role of intrauterine development [6, 7].
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13.2 Metabolic Syndrome, Obesity,
and Pregnancy Complications

MS detection in pregnancy is a controversial issue, because the criteria for identify-
ing MS overlap with the physiologic metabolic changes of pregnancy that disappear
after delivery (insulin resistance, increased fat mass, hyperlipidemia, prothrom-
botic, and proinflammatory state) and some MS markers (obesity, high triglycer-
ides, total cholesterol, and LDL cholesterol levels) show an increasing trend during
gestation and there are no defined cut-offs in pregnancy [8].

Therefore there are very few studies about maternal metabolic syndrome in preg-
nancy examined as a whole phenotype and about its association with birth outcomes.

It is well known that obesity, as the main component of MS, is a relevant risk
factor for pregnancy complications from conception to postpartum, and the
risks are amplified with a higher maternal BMI. It has been estimated that one
quarter of pregnancy complications are attributable to maternal overweight/obe-
sity [9].

Overweight and obese women have an increased risk of spontaneous miscarriage
[10] and congenital anomalies [11, 12], and the risks increase with the severity of
obesity.

Obesity is strongly associated with the presence of gestational diabetes (GDM),
preterm birth (both spontaneous and medically indicated), and intrauterine fetal
death [13].

Compared with women with normal pre-pregnancy BMI, obese pregnant women
are at increased risk of preeclampsia (PE) and gestational hypertension; the risk of
preeclampsia rises as the pre-pregnancy BMI increases, and is closely associated
with impaired insulin sensitivity [14, 15].

Several studies have confirmed that maternal obesity increases the risk of fetal
macrosomia [16], independent of a diabetic metabolic state [17]. It has been dem-
onstrated that offspring of obese mothers have a significantly higher percent of body
fat mass and are more metabolically unhealthy (higher cord blood insulin, leptin,
insulin resistance indexes, and IL6).

Furthermore, obesity is associated with increased risk of intrapartum complica-
tion; cesarean sections are more commonly performed in obese mothers due to pre-
eclampsia, fetal distress, cephalopelvic disproportion, and failure to progress in
labor [18, 19].

These women also have a higher incidence of wound infection and wound heal-
ing abnormalities with increased surgery-associated morbidity [20].

Only few studies to date have evaluated metabolic syndrome in pregnancy in
relation to reproductive outcomes, and most of the authors have used accepted defi-
nition of MS for the adult population.

There is evidence that an unfavorable, atherogenic lipid profile during or prior to
pregnancy is associated with increased risk for GDM, PE, large for gestational age
(LGA) babies, and spontaneous preterm birth [21-23], and in a small prospective
study, multiparous women with MS in early pregnancy had a threefold increased
risk for preterm birth [24].
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A recent study assessed the association between MS, measured at 15 weeks’
gestation, and a range of pregnancy complications in low-risk, nulliparous women
recruited to the multicenter, international prospective Screening for Pregnancy
Endpoints (SCOPE) study. The research found that 12.3% of women had metabolic
syndrome in early pregnancy defined according to the International Diabetes
Federation criteria for adults. More than half of the women who had MS in early
pregnancy developed a pregnancy complication, compared to one third of those
who did not have MS [25].

In particular women with MS were at an increased risk for PE by a factor of 1.63
and for GDM by 3.71, after adjusting for a range of demographic and lifestyle vari-
ables; increase in BMI combined with MS increased the risk for GDM and decreased
the probability of an uncomplicated pregnancy [26].

13.3 Inflammation, Insulin Resistance, and Oxidative Stress

Metabolic syndrome is characterized with a triad of closely linked metabolic aspects
that are implicated in pregnancy complications: inflammation, insulin resistance,
and dyslipidemia.

As an organ of exchange and dependent on maternal health, the placenta has a
critical role in this metabolic milieu.

Placental dysfunction is implicated in most of the poor pregnancy outcomes
associated with maternal obesity, such as preeclampsia or fetal growth anomalies,
and is also known to be involved in the programming of later-life diseases.

Inflammation Obesity is a well-known low-grade inflammatory state and can
interfere with placental development and function altering inflammatory pathways;
it is associated with an increased production of pro-inflammatory mediators by
macrophages in the adipose tissue, an increase in circulating levels of inflammatory
markers such as tumor necrosis factor alpha (TNFa), interleukin 6 (IL-6) [27, 28],
and increased macrophage accumulation in both the adipose tissue and the placenta
of obese pregnant women.

An increasing body of both experimental and clinical evidence suggests that pro-
inflammatory cytokines stimulate signaling pathways in placental cells (tropho-
blasts, endothelial cells, and stromal cells), leading to cellular stress and dysfunction
and influence placental nutrient transport functions [29, 30]. In particular IL-6 and
TNFa stimulate amino acid transport [29, 31] and fatty acid uptake into primary
trophoblasts [30].

This proinflammatory milieu in the placenta leads to the impairment of overall
placental development and function and produces increased free fatty acid (FFA)
delivery to the fetal circulation, which is expected to alter fetal growth and develop-
ment [32], and has been linked to long-term changes in offspring metabolism [33].

Interesting studies have demonstrated that inflammation is active also in the vas-
culature of obese women and that it is associated with neutrophil infiltration.
Specifically, the percentage of vessels stained for markers of inflammation was
highly positively correlated with BMI. In summary, the vessel phenotype of obese
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women appears to be very similar to the vessel phenotype of preeclamptic women,
suggesting that vascular inflammation could act as the underlying connection
between obesity and preeclampsia [34].

Insulin resistance Increased insulin resistance is part of the altered physiology of
pregnancy. It is necessary to promote fetal growth and development. The physio-
logic rise in insulin resistance throughout the pregnancy slowly increases during the
second half of pregnancy and rapidly decreases after delivery. The progressive insu-
lin resistance during gestation involves a combination of increased maternal adipos-
ity and the effects of the hormonal placental products. Obesity and metabolic
syndrome before pregnancy are characterized by higher insulin resistance; therefore
these women start pregnancy in a less insulin sensitive state.

It is well known that insulin resistance, together with a reduced beta cell capac-
ity, is the most important feature in GDM pathogenesis and is therefore signifi-
cantly associated with fetal overnutrition and macrosomia as a consequence of
high fetal nutrient availability and placental transport of nutrients [35, 36].
Maternal hyperinsulinemia in the third trimester determines the activation of the
main insulin signaling pathways in the placenta (p-ERK and p-Akt) and increases
some placental lipid carriers, which might enhance fetal lipid transport and stor-
age, resulting in increased fetal adiposity and probably contributing to the fetal
programming of obesity [37].

Maternal insulin resistance has been hypothesized to contribute to altering pla-
cental development in pregnancies complicated by obesity and diabetes; in fact
recent studies support an association between preeclampsia and increased insulin
resistance [38—40], and reduced insulin sensitivity has also been hypothesized to
contribute to the pathophysiology of the disease.

There is evidence from recent studies that increased insulin resistance has nega-
tive effects on placental growth and efficiency. It is well known that insulin may
enhance villous proliferation and increase placental size determining a placental
hypertrophy, which is a typical feature of diabetic pregnancies. However villous
immaturity, defined as placentas with inadequate or absent terminal villi, was one of
the most frequently reported placental abnormalities in pregnancies with increased
insulin resistance [41, 42]. A high proportion of immature villi may decrease the
efficiency of placental transport resulting in placental insufficiency [43] and conse-
quently higher incidence of preeclampsia, fetal growth restriction, and fetal death.

Moreover insulin resistance can affect maternal endothelial function, and some
data show that angiogenic and insulin-dependent pathways may influence each
other [44, 45], and it is well known that dysfunction of the vascular endothelium and
dysregulation of angiogenesis are thought to play a central role in the pathophysiol-
ogy of preeclampsia.

Oxidative stress. Oxidative stress has recently been recognized as a key mecha-
nism in insulin resistance; many studies demonstrated that increased oxidative
stress is associated with insulin resistance pathogenesis by insulin signals inhibition
and adipokine dysregulation [46, 47]. Several studies showed that reactive oxygen
species (ROS) levels are increased in obesity, especially in abdominal obesity which
is the major component of metabolic syndrome [48, 49].
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Pregnancy itself is characterized by increased oxidative stress; in fact ROS regu-
late many cellular functions including autophagy, differentiation, and inflammation.
Excessive ROS production can be harmful, causing oxidative damage to DNA, pro-
teins, and cell membranes. There is evidence that increased placental oxidative
stress is a mark of several obstetric pathologies including preeclampsia and intra-
uterine growth restriction (IUGR) in pregnancies complicated by maternal diabetes
or obesity [50].

In recent years an association between chronic oxidative stress and placental
senescence has been found; these aspects seem to have an important role in patho-
genesis of placental insufficiency and preeclampsia [51, 52]. Moreover excessive
ROS production in endothelium can affect vasodilation by inhibiting the expression
and function of endothelial nitric oxide synthase [53] and may even be involved
with this process in the pathogenesis of preeclampsia [54]. Obesity is associated
with excess circulating fatty acids, which can affect placental mitochondrial func-
tion. In fact placental villous tissues from overweight and obese women have a 6-
and 14-fold increase, respectively, in mitochondrial ROS production [55].

Though data may be limited, oxidative stress and mitochondrial dysfunction can
be proposed as mechanisms that mediate placental dysfunction in maternal obesity
and insulin resistance.

13.4 Prevention of Adverse Obstetric Complications

Both lifestyle (diet and physical exercise) and pharmacological interventions (met-
formin, inositol) have been suggested to prevent the development of metabolic
complications.

The majority of studies on dietary and lifestyle interventions during pregnancy
failed to show significant benefits in maternal and fetal outcomes; potential reasons
for these results include the substantial heterogeneity between the characteristics of
the participants, the interventions, the settings, the inability to estimate patient
adherence, and a tardy intervention start during gestation.

Pre-conceptional and interpregnancy periods should focus on promoting mater-
nal weight loss in overweight and obese women, which may potentially reduce the
risk of gestational diabetes and LGA, even with moderate changes [56, 57]. If
weight loss is not achieved, it is also important to avoid at least weight gain between
pregnancies, as gestational diabetes risk directly increases with a rise in BMI in
retrospective cohorts [58].

Concerning polycystic ovary syndrome (PCOS), a recent metanalysis of 12
RCTs comparing 608 women has demonstrated the efficacy of lifestyle interven-
tions plus metformin vs lifestyle interventions plus placebo. Both approaches were
significantly associated to lower BMI, lower subcutaneous adipose tissue, and
increased number of menstrual cycles after 6 months [59]. Myo-inositol acts on a
side pathway influencing insulin sensitivity, and randomized controlled trials have
reported its efficacy in reducing basal insulin levels, testosterone concentration, and
HOMA index in PCOS [60]. The importance of a pre-conceptional period is
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underlined by the observation that diet and physical activity in obese women during
pregnancy are poorly associated with prevention of adverse outcomes, such as ges-
tational diabetes, as reported by the Limit Study [61, 62]. Multicenter and individu-
alized interventional studies have extended observation to FPG, maternal-neonatal
outcomes, risk of CS, and HOMA-IR, demonstrating that in-pregnancy intervention
results in no significant preventive effects [63, 64]. According to the Cochrane
review on 23 RCTs, the prevention of gestational diabetes mellitus in pregnancy is
only potentially associated with reduction in CS, but not with the rate of PE, LGA,
and perinatal mortality [65]. In-pregnancy interventions for obese women may be
directed toward preventing excessive weight gain rather than reducing BMI, as a
gestational weight gain of over 5 kg has been reported as a risk factor for macroso-
mia (87.8% sensitivity, 54.7% specificity) and hypertensive disorders of pregnancy
(70% sensitivity, 48.4% specificity) [66].

The favorable effects of metformin on pregnancy outcome have been exten-
sively studied both in obese and PCOS women. Even if meta-analyses have
reported a consistent reduction of GDM risk, recurrent pregnancy loss, and pre-
term birth [67], other experiences provide conflicting data [68, 69]. One of the
most interesting effects of metformin on obese and hyperinsulinemic patients is
the prevention of preeclampsia: the reduction of the inflammation state and
improvement of endothelial cell function reduce the expression of vascular cell
adhesion molecules, and the support of the whole-blood vessel angiogenesis is
able to reduce production of sFlt-1 and soluble endoglin, which are strictly
involved in the pathogenesis of preeclampsia [35, 70]. Metformin has been sug-
gested to potentially improve the offspring body composition at 2 years of age
after gestational diabetes when compared with insulin, lowering the mid-upper
arm circumferences, the subscapular, and biceps skinfolds, thus regulating fat dis-
tribution by reducing the visceral fat deposition [71]. Nevertheless, long-term
effects have not yet been studied.

Myo-inositol is a post-receptorial mediator of insulin. It translocates GLUT4
receptor on the cell membrane and participates in the cholinergic way of insulin
secretion [72]. RCTs have reported that its prenatal supplementation is associated
with reducing the GDM rate, but has no effect on gestational hypertension, LGA,
perinatal mortality, or composite severe neonatal outcome [73-76].

Aspirin seems promising for preventing preeclampsia also in obese women: a
body mass index >30 kg/m? is classified as a moderate risk factor by ACOG and
may be considered a clinical indication for prophylactic administration [77].
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14.1 Principles of Breast Endocrinology

Main regulators of breast metabolism are estradiol, progesterone, prolactin, growth
hormone, and insulin-like growth factor 1 (IGF-1) [1]. They control cell function,
proliferation, and differentiation activating intracellular signaling cascade (Erk,
Akt, JNK, and Ark/Stat) of breast tissue [2]. Estrogen receptor (ER) expression in
the breast is stable and differs relatively little in correlation with reproductive status,
menstrual cycle phase, or exogenous hormones [3]. Estrogens have apocrine, para-
crine, and intercrine effects. Receptors for estradiol are present in fibroblast, epithe-
lial cells, adipocytes, and stromal tissue. Intramammary concentration of estradiol
is 20 times higher compared to the level in the blood. Estradiol increases number of
progesterone receptors, epithelial proliferation in the luteal phase, galactophore dif-
ferentiation, connective tissue development, and growth hormone.

Progesterone exerts effects through receptor system, antireceptor system on ER,
enzyme effects, and antimitotic activity. Progesterone receptor, part of the steroid
thyroid retinoic acid receptor superfamily of transcriptional factors, located on
chromosome 11q22-23, uses separate promoters and translation start sites to pro-
duce two protein isoforms, PR-A and PR-B. Mammary gland responses to proges-
terone depend on the ratio of PR-A/PR-B. The single nucleotide polymorphism
may alter PR-A to PR-B ratio. The most prominent effects of estradiol and proges-
terone on breast are shown in Table 14.1. Breast epithelial cells are influenced by
many hormones. Receptors for estradiol, progesterone, prolactin, insulin, glucocor-
ticoids, and pituitary hormones were found in the breast tissue [4].
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Table 14.1 Some principal effects of estradiol and progesterone in breast tissue

Estradiol Effects Progesterone Effects

Induction of duct sprout Induction of ductal development and growth via
amphiregulin [5]

Induction of bulbous structures penetration | Lobular development

into the fat pad and branches

Stromal tissue growth Complete maturation of ductal alveolar system
Adipose tissue growth Increase of estrone sulfur transferase

Increase of nipple-areola complex Decrease of mineralocorticoid activity
Elongation of terminal duct buds Decreases number of mitosis

Prolactin increase Decreases ER and PR

On the breast adipocytes the following receptors were found: estrogen, andro-
gen, insulin, growth hormone, leptin, angiotensin II, glucagon-like peptide-1, gas-
trin, tumor necrosis factor «, interleukin 6, vitamin D, glucocorticoids, thyroid
hormones, thyreostimulating hormone, and glucagon.

The liver is the source of about 80% of IGF-1. Although IGF-1 is responsible for
the majority of growth hormone role in mediating breast development, GH itself has
been found to play a direct augmentation role, as well as increasing ER expression,
in the breast stromal (connective) tissue in contrast to IGF-1. Insulin, cortisol, and
thyroxin have permissive role. Estradiol regulates many of the key enzymes involved
in mitochondrial bioenergetics, including glucose transporters, hexokinase, pyru-
vate dehydrogenase, etc. Insulin signaling defects in polycystic ovary syndrome
increases cytochrome P450c17 serum kinase. Consequently, progesterone, via 17
alpha hydroxylase, is converted to 17 alpha hydroxyprogesterone, and then to
androstenedione (by 17,20 lyase) and testosterone (by 17 f reductase). Insulin
response basaly and after 40 g/m? oral glucose load in ovulatory hyperandrogenic
women leads to hyperinsulinism, higher area under the curve for insulin [6]. Due to
such an endocrine milieu, progesterone is lower, and ratio estradiol/progesterone is
changed, in favor to estrogens inducing changes in breast tissue response.

Adiponectin acts as insulin sensitizer and has anti-inflammatory effects. It can
inhibit proliferation of endothelial cells and has been shown to exert antiprolifera-
tive effects on breast tissue [7]. In obese women adiponectin is low and inflamma-
tion high. Obesity is considered as chronic pro-inflammatory status. Adipose tissue
contributes up to 30% of circulating interleukin 6, as an inflammatory cytokine,
which induces hepatic synthesis of C reactive protein.

In normal breast tissue androgen and androgen receptor signaling exerts anties-
trogenic growth-inhibitory influences, and the relative levels of circulating sex hor-
mones influence the proliferative capacity of breast epithelial cells. Androgens
suppress the action of estradiol by decreasing the expression of ER [8].

Leptin induces epithelial cell proliferation. Calcitriol, via vitamin D receptor,
may be a negative regulator of ductal development but a positive regulator of lobu-
loalveolar development [9]. Vitamin D supplementation decreases cyclooxigenase-2
expression and reduces and increases, respectively, the level of prostaglandin E2
and transforming growth factor beta 2 (TGF f 2), known as inhibitory factors [10].
Overexpression of COX2 induces hyperplasia of breast volume.
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Table 14.2 Some of the most important growth factors influencing breast metabolism

Insulin-like growth factor 1 (IGF-1)
Insulin-like growth factor 2 (IGF-2)
Amphiregulin

Epidermal growth factor (EGF)
Fibroblast growth factor (FGF)
Tissue necrosis factor o (TNFa)
Tissue necrosis factor  (TNF p)
Hepatocyte growth factor

Transforming growth factor o (TGF o)
Transforming growth factor  (TGF f)
Heregulin

Whnt

RANKL

Leukemia inhibiting factor (LIF)

Many growth factors are involved in breast metabolism. Some of them are shown
in Table 14.2. Epidermal growth factor receptor (EGFR) is a molecular target of
EGF, TGF-alpha, amphiregulin, and heregulin. Estradiol and progesterone mediate
ductal development through induction of amphiregulin expression and this down-
streams EGFR activation.

14.2 Insulin

Insulin resistance is defined as the inability of insulin to exert its physiological
effects. It is manifested peripherally (at the tissue levels) or centrally (at the
liver levels) through the reduction in the ability of insulin to lower plasma glu-
cose. This can be demonstrated as impaired insulin-stimulated glucose uptake
or suppression of lipolysis at the muscles or adipose tissue, hepatic glucose
overproduction, and suppression of glycogen synthesis. The mechanisms impli-
cated in the etiology of insulin resistance (IR) include elevated levels of plasma
free fatty acids, cytokine (TNFa and IL 6), leptin, resistin, and peroxisome pro-
liferator-activated receptor gamma (PPAR gamma) [11]. A deficiency of
D-chiro-inositol (DCI) containing IPG might be at the basis of insulin resis-
tance. DCI is synthesized by an epimerase that converts myo-inositol into DCI,
and depending on the specific needs of the two molecules, each tissue has a typi-
cal conversion rate [12].

Hyperinsulinism, and IR later, increases androstenedione, bioavailable estro-
gens, and IGF-1 and decreases sex hormone binding globulin (SHBG), progester-
one, and insulin-like growth hormone binding protein 1 (IGFBP-1).

Stressors increase insulin, cortisol, oxidative stress, and cytokines attacking
adaptive mechanisms and, frequently, leading to maladaptive response, inducing
diseases [13] and shortening telomerase and life expectancy. In such a condition
conversion of cortisone to cortisol is increased by 11 P hydroxysteroid
dehydrogenase.
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Metformin offers many beneficial effects in such a situation like decreasing
inflammation by suppressing natural killer cells, decreasing effects on ceramides,
DNA damage, cell aging, adiposity, and C reactive protein.

The primary site of metformin action is the mitochondria. The inhibition of mito-
chondrial complex I of the electron transport chain induces drop in energy charge,
resulting in adenosine triphosphate (ATP) decrease. Adenosine monophosphate
(AMP) increases bounding of P-site adenylate cyclase enzyme and inhibition of
activity leading to defective cAMP protein kinase A (CAMPK) signaling on gluca-
gon receptor. AMPK is an energy sensor and a master coordinator of an integrated
signaling network that comprises metabolic growth pathways acting in synchrony to
restore cellular energy balance. They switch on catabolic pathways that generate
ATP and switch off anabolic pathways. Stimulation of 5’-AMP activated protein
kinase confers insulin sensitivity, mainly by modulating lipid metabolism.
Metformin increases glucose uptake in skeletal muscles. It blocks insulin receptor/
R/3K/Akt/mTOR signaling in the hyperplastic endometrial tissue inducing GLUT4
expression and inhibits AR expression [14].

Metformin suppresses food intake by increasing levels of glucagon-like peptide
1 and interaction with ghrelin and leptin on the T cell memory by altering fatty acid
metabolism [15]. Insulin resistance with increasing LH in the menopause plays a
role in adrenal tumorigenesis showing us that early detection and treatment of insu-
lin resistance can be protective for many diseases [16].

Hyperinsulinism induces IR in tumor as a ligand to lower IGF-1 expression and
aromatase activity resulting in poor prognosis. Obesity induces inflammatory
microenvironment by adipocyte released cytokines to promote cancer cell progres-
sion. Leptin, an adipokine, can destable HIF1 o and stimulates hypoxia condition in
breast tumor [17].

Insulin resistance induces two major diseases: diabetes mellitus type 2 and can-
cers (endometrium, breast) by the following mechanisms:

1. When insulin resistance is the primary initiator of pathological processes, reac-
tive hyperinsulinism and hyperandrogenism are fundamental characteristics.
Later, the progression of IR results in increased IGF-1, breakthrough of defective
insulin receptors, and exhaustion of beta cells, and diabetes mellitus type
2 occurs.

2. Aromatase inhibition leads to estrogen deficiency and insufficient estrogen
receptor expression and can induce breast carcinoma. As well, aromatase inhibi-
tion accumulates androgen precursors, leading to hyperandrogenism, EGF and
IGF excess, reactively decreased estrogen receptor expression, estrogen receptor
defects, hypoprogesteronemia, and breast carcinoma.

14.3 Benign Breast Disease

Benign breast disease (BBD) represents all benign breast changes in women. About
69% of women experience cyclical breast pain during luteal phase relating to stro-
mal, ductal, and glandular tissue changes. In early reproductive period glandular
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component may respond to cyclical hormonal stimuli and induce fibroadenoma and
cysts formation. In the late reproductive period, glandular tissue becomes hyper-
plastic with sclerosing adenosis or lobular hyperplasia. During the menopause atro-
phic changes of glandular, stromal, and fatty tissue occur in hypoestrogenic milieu.
During menopause hormone therapy lobular tissue changes persist.

Fibroadenoma represents a benign tumor with epithelial cells arranged in a
fibrous stroma and hyperplasia or proliferation of connective tissue. The peak inci-
dence is between 20 and 24 years of age. About 10% of fibroadenoma shrinkage
each year. Fibroadenoma completes and finishes growth after reaching 3—4 cm.
According to type they can be pericanalicular, intracanalicular, and giant. They are
present as painless firm, discrete, round, rubbery tumors with well-shaped borders,
freely mobile.

Breast cysts are fluid-filled structures bigger than 3 mm, lined by secretory epi-
thelial cells. They are developed from dilated terminal ducts. In 7-8% of women
macrocysts are present resulting from changed ratio estradiol/progesterone in the
luteal phase, higher insulin levels, and relatively insufficient luteal phase. They can
be divided into three groups [18]:

1. Type 1 cyst: high potassium content, low natrium and chloride (Na:K<3) with
increased melatonin (5-23 times higher compared to daytime melatonin in
serum) [19], estradiol, dehydroepiandrosterone sulfate, epidermal derived
growth factor, and decreased levels of TGF f 2 in cyst fluid.

2. Type 2: low potassium, high natrium and chloride (Na:K>3).

3. Type 3: intermediate electrolyte types.

Pathophysiology of benign breast disease is characterized by increased blood
perfusion, capillary permeability, histamine, and prostaglandin E1 and mucocutane-
ous substances accumulation. Hyalinization, swelling, and organization due to albu-
min accumulation are key factors developing diffuse synchronous hyperplasia of
epithelial tissue and interlobular connective tissue [20]. Vascular, neural, and epithe-
lial factors are involved.

Changes of the ratio of estradiol and progesterone exist even in the ovulatory
cycles inducing BBD. In the late reproductive period ovulatory cycles declined
resulting in lower progesterone. At the same time hyperinsulinism, due to lifestyle,
genetics, and stressors, further decreases progesterone levels. Prior to the meno-
pause, three phases of climacterium are recognized. The first one is manifested by
lower progesterone with preserved estradiol levels and regulatory cycles
increasing BBD.

Progesterone inhibits estrogen-induced mitosis and prolactin production.
Estradiol increases number of mitosis and secretory activity in the pituitary, particu-
larly the proliferation of prolactin secreted cells. High prolactin further suppresses
ovulation. Some of the beneficial progesterone roles are protection against benign
breast disease, carcinomas, anxiety, etc. It contributes to bone formation and
improves sexual drive during menopause. It is well known that progesterone defi-
ciency is the most important etiological factor for premenstrual syndrome, insom-
nia, early miscarriages, painful or lumpy breasts, infertility, unexplained weight
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gain, etc. Progesterone has natriuretic effect due to the suppression of renal tubular
reabsorption and increment of cell filtration preventing retention of liquid within the
breast gland. It decreases capillary permeability and breast tissue edema.

Our study confirmed that progesterone gel, administered twice daily on the
breasts (16-26.day), with dietary and lifestyle changes, decreased mastalgia, cysts
volume, and number of cysts due to changed ratio of estradiol/progesterone.
Estradiol/progesterone ratio before vs. during therapy was on day 21st 12.2 + 10.7
vs. 10.4 £ 5.5 and on day 24 18.9 + 23.8 vs. 7.7 £ 6.1. Our latest observations [21]
confirmed that hyperinsulinism represents the crucial etiological factor decreasing
progesterone levels. Estradiol increases breast cell proliferation by 230%, but pro-
gesterone decreases it by 400%. Progesterone inhibited estrogen-induced breast cell
proliferation [22].

Nappi C et al. [23] confirmed that micronized progesterone vaginal gel reduced
mastalgia by 64.0% compared to 22% reduction of mastalgia in control group.
Chang’s study confirmed that higher progesterone concentration significantly
decrease number of cycling epithelial cells [24].

14.4 Benign Breast Disease and Breast Carcinoma

Estradiol is neither carcinogenic “per se” nor factor inducing DNA mutation. It can
be a tumor growth promoter after malignant transformation, increasing mitosis,
number and expression of ER and PR, and vascularization. The highest aromatase
activity was found in quadrant with breast carcinoma. Progesterone levels are high-
est during pregnancy when incidence of breast carcinomas is sporadic. Some breast
carcinomas were successfully treated by medroxyprogesterone acetate. During
reproductive period mitosis and apoptosis are maximal in midluteal phase. In cul-
ture tissue in estradiol presence progesterone decreases breast carcinoma cells.
Initially progesterone increases number of cells entering S phase after 12 h, and
after 24 h a sharp decline of cells entering S phase was detected and effects remained
96 h. In vivo progesterone inhibits proliferation induced by estradiol by aromatase
inhibition.

Progesterone induces RANKL. Breast carcinomas with RANKL expression
have lower Ki67. Therapy of breast carcinoma with progesterone has the same
effects as Tamoxifen therapy. Risk for estrogen-positive breast carcinoma is
decreased. Meta-analysis showed correlation between MTHFR gen, C677T in axon
4 on C677T, and breast carcinoma [25]. Hypoestrogenism, high FSH, and insulin
resistance in the menopause can induce breast carcinoma in women with inherited
genetic mutations [26].

14.5 Conclusion

Dynamic hormonal changes have to be detected in the luteal phase (not only day 21)
to confirm diagnosis. Benign breast disease does not represent a “normal finding”
and has to be treated depending on etiological factors by progesterone, insulin
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sensitizers, oral contraceptives, dopaminergic agents, anxiolytics, and eating habit
changes. The importance of detecting insulin resistance, especially in the luteal
phase, would be obligatory. This completely different approach is more humane,
avoiding unnecessary breast surgery and psychological disturbances and offering
better quality of life.
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Polycystic Ovary Syndrome 1 5
and Inflammation

Peter Chedraui and Faustino R. Pérez-Lépez

15.1 Introduction

The polycystic ovary syndrome (PCOS) is the most prevalent endocrine disorder in
adolescents and young women, and it is expressed by four clinical and metabolic
phenotypes. The dominant clinical manifestation of women with PCOS is hyperan-
drogenism that affects the functioning of granulosa cells and follicular development
(e.g., abnormal folliculogenesis without a dominant follicle). Androgen excess con-
tributes to weight gain, insulin resistance, hirsutism, acne, and androgenic alopecia.
The prevalence of the metabolic syndrome (MetS) is higher in women with
Rotterdam criteria PCOS [1] as compared to controls (15.8% vs. 10.1%), although
the differences are not significant after controlling for body mass index (BMI) [2].
Hence, an interaction between PCOS and BMI is suggested. To date, the four rec-
ognized PCOS phenotypes are i) hyperandrogenism + oligoanovulation + polycys-
tic ovarian morphology; ii) hyperandrogenism + oligoanovulation; iii)
hyperandrogenism + polycystic ovarian morphology; and iv) oligoanovulation +
polycystic ovarian morphology, each of these with different long-term health and
metabolic implications [3].
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15.2 Obesity and the PCOS

Central fat accumulation and androgen metabolic alterations are fundamental for
the clinical evolution of the PCOS and its metabolic and inflammatory complica-
tions. Puder et al. [4] reported that PCOS women, as compared to non-PCOS con-
trols matched for BMI, have increased trunk fat mass, insulin resistance (in the
homeostasis model assessment of insulin resistance [HOMA-IR]), and higher
inflammatory alterations (higher C-reactive protein [CRP], tumor necrosis factor o
[TNF-a], procalcitonin, and white blood cell count). This was found even after
adjusting for total body fat.

The presence of both visceral fat hypertrophy and androgen excess correlates
with the degree of insulin resistance, the worse PCOS phenotype, and cardiovascu-
lar risk factors. The abnormal secretion of many adipocyte-derived products (adipo-
kines) will produce a state of chronic low-intensity inflammation that progressively
creates a lifetime vicious circle that will affect every organ and system [5]. Thus,
PCOS women display increased circulating CRP, TNF-a and interleukin 6 (IL-6),
and HOMA-IR values [6]. Despite this, inflammation and insulin resistance seems
to be increased in PCOS women regardless of their BMI. Therefore, early interven-
tion, aimed at improving lifestyle, is essential to prevent cardiovascular and other
organ and system complications.

15.3 Inflammation and PCOS

PCOS is associated with hyperandrogenism that will cause insulin to exacerbate
many endocrine and metabolic alterations [7]. These steroids seem to contribute to
inflammation through the promotion of adipocyte hypertrophy and the stimulation
of mononuclear cells to release TNF-a and IL-6 [8]. In addition, hyperandrogenism
will then promote abdominal fat accumulation and further exacerbate insulin resis-
tance. The progressive accumulation of fat mass and the MetS is accompanied by
chronic low-grade inflammation activated by adipose expansion, which perma-
nently alters the immune system through a pro-inflammatory status in different
organs (e.g., pancreas, liver, gut, bone, muscle, brain) and systems (e.g., cardiovas-
cular, reproductive) [9, 10]. Chronic inflammation is closely related to the MetS,
insulin resistance, type 2 diabetes mellitus (T2DM), dynapenia, and sarcopenia. The
early identification, prevention, and management/treatment of this increased inflam-
matory status in PCOS women is a major task (Fig. 15.1). This should be done
before the MetS is fully developed.

15.3.1 Inflammation during Reproductive Life

Premenopausal women who are close to the menopause display impaired glucose
metabolism, increased androgen secretion, and inflammation, situation that will
persist after the onset of the menopause [11]. In young women, obesity is an impor-
tant determinant of circulating serum inflammatory markers related to
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Fig. 15.1 The PCOS is probably determined by genes and pregnancy factors that imprint a pro-
inflammatory condition or inflammation. This alteration will be expressed starting in puberty and
persisting during reproductive and postmenopausal years. The main clinical alteration will be
expressed by menstrual disorders, amenorrhea and infertility, hyperandrogenism, insulin resis-
tance, and excessive body weight. The syndrome is associated to metabolic and clinical co-mor-
bidity, including an increased risk of developing the metabolic syndrome, insulin resistance, and
diabetes mellitus; as well as cardiovascular and cancer risks, and other clinical conditions

cardiovascular risk [12]. These markers are currently not included as diagnostic
criteria of PCOS. Obese PCOS women have increased CRP and IL-6 levels when
compared to lean counterparts; and there are inverse correlations between insulin
sensitivity and several inflammatory markers (CRP, IL-6, TNF-a, and soluble inter-
cellular cell adhesion molecule-1). After controlling for BMI, a weak correlation
persists between insulin sensitivity and CRP [12]. It is important to take into account
that obese and non-obese PCOS women have more visceral adipose tissue than
women without PCOS, and this fat tissue correlates positively with total free andro-
gens levels [13]. Therefore, androgens are closely associated with obesity in
PCOS women.

Young PCOS women display higher total testosterone, dehydroepiandrosterone
sulfate (DHEA-S), and androstenedione levels, both in the obese and lean ones,
when compared to those without PCOS. Also, sexual hormone binding globulin
(SHBG) levels are significantly lower while CRP, TNF-a, and a-1 acid glycoprotein
are increased in all PCOS patients [14]. This profile is compatible with a pro-
inflammatory status.

The majority of evidence linking PCOS with chronic inflammation has been
described during the fasting state. Martinez-Garcia et al. [15] recruited PCOS



182 P. Chedraui and F. R. Pérez-Lépez

women (obese and non-obese), non-PCOS women (obese and non-obese), and men
(obese and non-obese) in order to analyze postprandial inflammatory status after
providing different nutrient challenges (e.g., isocaloric oral macronutrient loads).
Authors found that serum IL-6 decreased after glucose and protein load, while there
was a slight increase after oral lipid intake. However, leukocyte IL6 expression was
not altered by macronutrients. Circulating TNF-a levels decreased in a similar pat-
tern after macronutrient load while TNF-a expression increased. The highest
increase was observed after oral glucose. Obesity did not have a global effect on
postprandial secretion patterns of IL-6 or TNF-a. Circulating IL-18 concentrations
decreased after all oral challenges, while IL-10 (anti-inflammatory cytokine) was
increased; as a possible compensatory mechanism of postprandial inflammation.
This situation seems to be blunted in those with obesity. In this study, the authors
conclude that glucose, as opposed to protein load, was the main trigger of the post-
prandial expression of inflammatory genes [15].

15.3.2 Inflammation in Postmenopausal PCOS Women

PCOS clinical manifestations are usually reduced after menopause, although endo-
crine and metabolic alterations remain, including the risk of developing atheroscle-
rosis [16]. In postmenopausal PCOS women, impaired glucose metabolism
enhances ovarian androgen secretion and chronic inflammation found in premeno-
pausal women [11]. Basal circulating androgens tend to decrease slightly before the
menopause in normal women, and then remain stable during the menopausal transi-
tion [17]. Contrary to this, postmenopausal women with PCOS maintain higher
androgenic secretory capacity in comparison to normal women. This persistent pro-
duction of androgens is mainly of adrenal origin. On the other hand, SHBG
decreases after the menopause in normal women, levels which are lower than those
observed in PCOS women [11]. Dexamethasone suppression test in postmeno-
pausal PCOS women suggests that DHEAS and total testosterone are partially of
adrenal origin [18].

15.4 Effect of Diet and Exercise on Inflammation

Diet, weight management, and physical activity are pivotal in PCOS women [19].
Patients may benefit from a ketogenic diet that may reduce inflammation and insulin
resistance [20, 21]. This may obviate the need of pharmaceutical options. The
reduction of carbohydrate intake may improve insulin sensitivity, and secondarily
reduce circulating insulin and inflammation that stimulate androgen production
[22]. Ketones also have anti-oxidant properties and may downregulate the activity
of major-inflammation-controlling genes [23].

The ketogenic Mediterranean diet based on phytoextracts used for several weeks
has been associated with changes in body weight and endocrine and metabolic
improvements. Paoli et al. [24] reported that after a 12-week ketogenic diet,
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overweight PCOS women displayed a reduction in body weight (—9.43 kg), BMI
(—3.35 kg/m?), visceral adipose tissue, blood glucose and insulin levels, and
HOMA-IR values. They also observed a significant reduction of triglyceride, total
cholesterol, and low-density-lipoprotein-cholesterol (LDL-C) levels, along with a
rise in high-density-lipoprotein-cholesterol (HDL-C). The LH/FSH ratio, LH, tes-
tosterone (total and free), and DHEAS blood levels were also significantly reduced,
whereas estradiol and SHBG increased. Therefore, appropriate nutrition is a rele-
vant intervention to maintain endocrine and metabolic well-being.

Physical activity and programmed exercise may improve metabolic and endothe-
lial dysfunction and also clinical outcomes in healthy pre- and postmenopausal
women as well as those with PCOS and inflammation. These interventions have
been endorsed by PCOS Societies for the prevention of cardiovascular disease [25].
The meta-analysis of Benham et al. [26] reported that exercise improves waist
perimeter, systolic blood pressure, fasting insulin, and lipid profiles.

The effect of aerobic exercise in young PCOS women with excessive body
weight (overweight and obese) has been reported by Dantas et al. [27]. They
excluded those with T2DM, smokers, or oral contraceptive users. Included partici-
pants were restrained from alcohol consumption and vigorous physical activity for
at least 48 h before the study. A large panel of serum and muscle cytokines were
measured before and after the exercise sessions. They also measured skeletal mus-
cle protein inflammatory signals (c-Jun N-terminal kinase [JNK] o/f and IxB kinase
B [IKKp]) that impair the effect of insulin over muscle. Interestingly, PCOS women
had significantly higher muscle TNF-a (+62%) and plasma IL-1p (+76%) as com-
pared to controls. Exercise decreased plasma and muscle TNF-a (—14% and —46%,
respectively) and increased plasma and muscle IL-4 (+147%, and + 62%, respec-
tively) and plasma IL-10 (+38%, p = 0.0029) in PCOS women. Exercise reduces
skeletal muscle IKKf and JNKa/p levels approaching to that of controls. This study
suggests that PCOS women can decrease their inflammatory status and this effect
(anti-inflammatory) may be considered an interesting intervention to reduce cardio-
metabolic risk in PCOS women.

15.5 Effect of Probiotic and Synbiotic on Inflammation

Studies have reported that probiotic bacteria may improve glucose homeostasis in
PCOS women. Ahmadi et al. [28] carried out a randomized control trial (RCT) to
analyze the effect of probiotic supplementation or placebo on weight, glycemia, and
lipid profiles in PCOS women. Consumption of probiotic supplements resulted in a
significant reduction of weight and BMI as compared to placebo. Moreover, probi-
otic administration was associated with a significant decrease in fasting blood glu-
cose, insulin, triglycerides, and HOMA-IR values, in addition to a significant
increase of insulin sensitivity.

In another RCT, Karimi et al. [29] assessed the effect of supplementing synbiotic
or placebo for 12 weeks over glucose and insulin-related outcomes in PCOS women
(aged 19-37). Synbiotic supplementation significantly decreased serum apelin 36
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and CRP levels, with no effect on plasma glucose, glycated hemoglobin, HOMA-IR
values, and the quantitative insulin sensitivity check index (QUICKI).

A meta-analysis of six RCTs [30] regarding the effects of probiotic supplementa-
tion on glucose control, lipid profiles, weight loss, and CRP levels in PCOS women
found a beneficial decrease in fasting blood insulin, triglyceride, and very low-
density lipoprotein-cholesterol (VLDL-C) levels, with an increase of QUICKI
scores. In another more recent meta-analysis, Hadi et al. [31] reported that probiot-
ics and synbiotics significantly reduced blood glucose, insulin, CRP and total tes-
tosterone levels, and HOMA-IR values in PCOS women. The improvement of
glucose hemostasis, insulin sensitivity, and inflammation was not associated with
changes in body weight in PCOS women.

15.6 Effect of Soy on Inflammation

There are a few studies addressing the effect of soy in PCOS women. Jamilian et al.
[32] performed a RCT in PCOS women (aged 18—40) allocated to 50 mg/day soy iso-
flavones or placebo for 12 weeks. After the study period, women receiving isoflavones
showed a significant reduction of circulating insulin and HOMA-IR values, with an
increase in the insulin sensitivity index. In addition, when compared to placebo, isofla-
vone intervention was associated to a reduction of the free androgen index and serum
triglycerides. There was no significant effect of soy isoflavones on other lipids.

Karamali et al. [33] studied the effect of soy intake on weight loss, glucose con-
trol, lipid profile, and inflammation and oxidative stress biomarker levels in PCOS
women. They carried out a RCT in 60 PCOS women to receive for 8 weeks either a
test (n = 30) or a control diet (n = 30). Test group participants consumed a diet con-
taining 0.8 g protein/kg body weight (35% animal proteins, 35% soy protein, and
30% vegetable proteins), and the control group consumed a similar diet containing
70% animal proteins and 30% vegetable proteins. Adherence to the test diet, as
compared to the control diet, significantly decreased BMI, glucose control, total
testosterone, triglycerides, and malondialdehyde, while increasing nitric oxide and
glutathione levels.

15.7 Vitamin D Supplementation

Few studies have addressed the effect of vitamin D supplementation in PCOS
women. A RCT carried out by Maktabi et al. [34] studied the effect of vitamin D
supplementation (50,000 IU/twice a week for 12 weeks) or a placebo in women
with PCOS aged 18-40 with vitamin D deficiency (serum levels <20 ng/mL).
Compared to placebo, vitamin D intervention was associated with a reduction of
fasting blood glucose, insulin, and CRP levels. HOMA-IR values and plasma malo-
ndialdehyde levels (—0.1 £ 0.5 vs. +0.9 = 2.1 pmol/l, p = 0.01) were also reduced.
The Akbari et al. [35] meta-analysis based on seven RCTs found that vitamin D
supplementation in PCOS women was associated with a reduction of high-sensitivity
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CRP and malondialdehyde levels which was related to a significant increase of total
antioxidant capacity. Vitamin D supplementation had no significant effect on nitric
oxide and total glutathione levels.

Despite the abovementioned, there are conflicting results regarding the effect of
vitamin D supplementation in PCOS women. A more recent RCT [36] reported
results from 180 European PCOS women with 25(OH)D < 75 nmol/L, who were
randomized to receive 20,000 IU of cholecalciferol weekly or placebo for 24 weeks.
The primary outcome was the between group difference area under the curve (AUC)
of glucose at the end of the intervention and adjusting for baseline levels in the 123
participants that completed the study [age 25.9 + 4.7 years; BMI 27.5 + 7.3 kg/m?;
baseline 25(OH)D 48.8 + 16.9 nmol/L, baseline fasting glucose 84 + 8 mg/dL].
Although vitamin D supplementation significantly increased 25(OH)D levels (mean
treatment effect 33.4 nmol/L, increased to 42.2 nmol/L; p < 0.001), the treatment
had no significant effect on AUC glucose (mean treatment effect -9.19; 95%
CI -21.40 to 3.02; p = 0.139). The treatment was associated with a significant
decrease in plasma glucose during the oral tolerance test. It seems that there are
controversial results or confounding factors among studies from different popula-
tions and latitudes that should be delineated.

15.8 Effect of Mineral Supplementation on Inflammation

Various minerals, alone or associated to vitamins, have been proposed to decrease
inflammation in PCOS women. Jamilian et al. [37] compared in a double-blind
RCT the effect of selenium supplementation (200 pg per day) versus placebo for
8 weeks on glucose and lipid metabolism in PCOS women (aged 18—40). At the end
of the intervention, as compared to placebo-treated women, those receiving sele-
nium displayed significantly higher QUICKI scores together with lower serum insu-
lin, HOMA-IR, and homeostatic model assessment-beta-cell function (HOMA-B)
values. In addition, supplementation with selenium resulted in a significant reduc-
tion in serum triglycerides and VLDL-C concentrations.

One RCT assessed the effect of zinc supplementation (50 mg/day for
8 weeks) or placebo over insulin resistance and lipids in PCOS women (aged
18—-40) [38]. Compared to placebo-treated women, those who received the zinc
supplement significantly increased their blood zinc levels and QUICKI scores,
while reducing blood glucose, insulin, triglyceride, VLDL-C, and
HOMA-IR values.

Jamilian et al. [39] compared the effects of co-supplementing magnesium and
vitamin E (250 and 400 mg/day, respectively) or placebo for 12 weeks in PCOS
women. The combined supplementation was related to a significant reduction in
serum insulin and HOMA-IR values and a significant increase in the QUICKI
scores. Furthermore, the consumed co-supplement significantly decreased serum
triglyceride and VLDL-C levels when compared to placebo. A borderline trend
(p = 0.05) for a decrease in total cholesterol levels was observed in the
co-supplemented group as compared to the placebo one.
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15.9 Coenzyme Q10 Supplementation

One RCT studied the effect of coenzyme Q10 supplementation (100 mg/day) or
placebo for 12 weeks in PCOS women over insulin and metabolic outcomes
[40]. Coenzyme Q10 treatment was associated with a significant increase in
QUICKI scores and a reduction of blood glucose, insulin, cholesterol (total and
low density), HOMA-IR, and HOMA-B values. When values were adjusted for
biochemical parameters and baseline BMI, serum LDL-C became non-signifi-
cant while other outcomes were not altered. Coenzyme Q10 supplementation
upregulates gene expression of peroxisome proliferator-activated receptor
gamma and downregulates gene expression of oxidized low-density lipoprotein
receptor 1, IL-1, IL-8, and TNF-a in peripheral blood mononuclear cells of
PCOS women [41].

15.10 Final Remarks

As occurs with many syndromes, the PCOS is a complex process with imprecise
limits and heterogeneous clinical and evolutionary characteristics. Inflammation is
one of the initial and sustained alterations. Anti-inflammatory treatment may be one
approach to detain the syndrome’s progression and prevent irreversible clinical
complications. Different supplements may aid in the management of some of the
metabolic alterations of the PCOS. Despite this, there is an urgent need of treatment
options focused on anti-inflammation that should be free of side effects.
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16.1 Introduction

The age of the natural menopause among women in developed countries is between
50 and 52 years [1, 2], whereas, in the less developed countries, it is 3—4 years less
[3]. Deprivation of sex steroid hormones is an important consequence of normal
aging and gonadal failure that potentially increases vulnerability to disease in
hormone-responsive tissues, including the brain, bone, and the cardiovascular sys-
tem. Energy metabolism also changes during menopausal transition, which is
important and yet does not receive enough attention. Clinical surveys observed a
trend of weight gain, increased food intake, intra-abdominal fat accumulation,
increased low-density lipoprotein cholesterol and triglycerides, insulin resistance,
and reduced energy expedition. Obesity is a growing worldwide problem, which
exacerbates several chronic diseases: After menopause, several chronic pathologies
may occur, and these include metabolic disease, CVD, osteoporosis, and cancer [4].
In menopausal women, the incidence of insulin resistance and diabetes has risen
exponentially: this translates into an increased risk of CVD and death. If estrogen
deprivation leads to altered fat distribution, menopausal hormone therapy (MHT)
appears to decrease the incidence of diabetes and also improves diabetes control as
indicated by assessment of glycosylated hemoglobin concentrations [5]. CVD is the
most common cause of death in women over the age of 50 years: prior studies have
investigated the relationship between menopause and CVD [6]. Major primary pre-
vention measures are smoking cessation, weight loss, blood pressure reduction,
regular aerobic exercise, and diabetes and lipid control. How do hormonal changes
in menopause lead to alterations in lipid and glucose metabolism, fat distribution,
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and food intake? It is also interesting to review the latest progress of the MHT and
how it influences fat redistribution, and metabolism of MHT has the potential for
improving the cardiovascular risk profile through its beneficial effects on vascular
function, lipid levels, and glucose metabolism.

16.2 Fat Distribution, Obesity, and Metabolic Syndrome (MS)

The WHO (World Health Organization) defines obesity as a chronic condition,
characterized by an excessive weight gain due to an extreme fat mass deposition
with great negative effects on health and quality of life (QoL). More or less 25-30%
of women are overweight or obese [7]. There are two different kinds of obesity:
visceral or central obesity (android) and peripheral obesity (gynoid). The central
obesity, typical of men and of postmenopausal women, is characterized by an
increase of waist circumference, as measured with the waist/hip ratio (WHR) being
normal below 0.80. In the gynoid obesity, typical of the fertile women, fat is mainly
fixed on the thighs and buttocks, and these different fat distributions reflect the dif-
ferent body structures between male and female, due to the ancestral different roles
of the two genders: abdominal obesity permits manhunting, running, and escaping,
while the gynoid fat distribution in women provides protection during pregnancy
from the mechanical and metabolic point of view [8]. Moreover, around meno-
pausal transition, many women experience weight gain and increase in central adi-
posity. The central/visceral obesity is associated with important changes of lipids
and glucose profiles, insulin-resistance, and/or diabetes mellitus, with an increase of
metabolic and cardiovascular risk. The central and the peripheral fat mass show also
structural differences in the fat cell: the adipocyte of the gynoid obesity has a small
size, a higher insulin sensibility, and a more estrogenic receptor density, thus pro-
moting a higher fat mass deposition than in the android fat cells. On the contrary, the
latter result more responsive to androgenic stimulation and produce and release a
greater amount of pro-inflammatory adipocitokines in the portal circulation. The
different estrogenic or androgenic responsiveness of the fat cells, depending on the
site of fat deposition, may explain the reason of the different obesity site in the two
genders and during the women life [9]. A positive relationship exists between the
waist girth increase and the worsening of cardiovascular profile, also in normal-
weight people, especially in women [10]. In fact, more than BMI (body mass index),
the main positive predictive factor of the negative obesity impact on health is the
abdominal fat. According to the International Diabetes Federation (IDF) criteria, the
waist circumference is the main diagnostic element of the metabolic syndrome
(MS), which links the visceral adiposity with the worsening of metabolic profile
(Fig. 16.1).

The MS represents a whole heterogeneous disorder, which correlates to high
mortality and morbidity rates and high economics and social costs. The syndrome
affects 20-25% of the general population with an increased prevalence with aging,
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WHO Clinical Criteria for Metabolic Syndrome

Insulin resistance, identified by one of the following:
®  Type 2 diabetes
. Impaired fasting glucose
®  Impaired glucose tolerance

e  or for those with normal fasting glucose levels (<6.1 mmol/L), glucose uptake below the lowest quartile for the background
population under investigation under hyperinsulinemic, euglycemic conditions

Plus any two of the following:

®  Antihypertensive medication and/or high blood pressure (2140 mm Hg systolic or 290 mm Hg diastolic)
. Plasma triglycerides >1.7 mmol/L

®  HDL cholesterol <0.9 mmol/L in men or <1.0 mmol/L in women

o BMI >30 kg/m? and/or waist:hip ratio >0.9 in men, >0.85 in women

. Urinary albumin excretion rate >20 pg/min or albumin:creatinine ratio 3.4 mg/mmol

Fig. 16.1 International Diabetes Federation (IDF) criteria for MS

in particular among the 50-60-year-old people. The characteristics of MS are vis-
ceral obesity, abnormal lipid and glucose pro les, and high blood pressure: the spe-
cific physiopathological feature is represented by the insulin resistance which can
explain each of the metabolic impairments; the insulin resistance promotes the stor-
age of fat tissue at visceral level which becomes less sensitive to insulin action, and
as a consequence, a higher lipolytic activity takes place, and this increases the
NEFA (non-esterified fatty acids) release into liver circulation. NEFA cause an
abnormal glucose and triglycerides synthesis that in turn compromises the hepatic
insulin clearance. Furthermore, the fat mass is not considered as a simple energetic
store but an active endocrine tissue that releases a large number of adipocitokines,
some of which have pro-inflammatory and pro-atherogenic functions (such as TNF-
a, IL-6, leptin, adiponectin, omentin) [11] with an active role on the modulation of
the insulin sensitivity: in fact the reduced secretion of adiponectin has a crucial role
in inducing insulin resistance and in determining the increase of triglycerides and of
small, dense LDL particles.

The insulin resistance can be triggered also by other problems: an intrinsic/struc-
tural cell disorder, due to receptorial or post-receptorial function defects, or an
acquired disorder, such as an excessive weight (overweight or obesity), that increases
the amount of fat and induces a change of the receptor-binding ability of hormones.
It can depend also on familial predisposition, especially when there are diabetic
relatives and often on the combination of many elements above described. Moreover
insulin resistance promotes sodium retention at the kidney level, with a consequent
negative impact on blood pressure homeostasis [12].



194 M. Caretto et al.

16.3 Relationship between Obesity, MS,
and Menopausal Transition

The menopausal transition is characterized by an early (more or less 10 years before
the menopause) and progressive increase of FSH levels, linked to a decrease of
inhibin production by the ovaries; at the same time, the higher frequency of anovu-
latory cycles induces a progesterone fall during the luteal phase, thus resulting in a
relative hyperestrogenism, followed by a stable hypoestrogenism when menopause
finally takes place. In general weight changes depend on an increase of energetic
input and/or a decrease of energy consumption, mostly due to physical activity and
to the resting energy expenditure. It’s well known that women after 45-50 years old,
in the presence of no changes of their lifestyle (feeding and physical activity), show
a progressive body weight increase. Whereas weight gain per se cannot be attributed
to the menopause transition, the change in the hormonal milieu at menopause is
associated with an increase in total body fat, and in particular there is an increase in
abdominal fat [13]. Lovejoy et al. [14] showed that all along the perimenopausal
interval, there is an increase of abdominal fat mass, concomitant with climacteric
hypoestrogenism, with a slow increase of body weight despite the slightly reduced
amount of total calories intake. The gonadal steroid hormones have specific meta-
bolic effects during perimenopausal transition. As mentioned before, menopausal
transition is characterized by low level of estrogens and/or hyperestrogenism asso-
ciated to low luteal progesterone levels. This event is greatly related to the higher
amount of anovulatory menstrual cycles. Indeed, during the luteal phase of the men-
strual cycle, the typical increase of progesterone/estrogens ratio induces the increase
of body temperature of about 0.4 °C [15]: this temperature rise causes an elevation
of basal metabolism of about 200 Jk (50 kcal) a day [16]. On the contrary, the
absence of progesterone increase, during the menopausal transition, determines the
lack of such energy consumption in resting conditions typical of the luteal phase
(about 50 kcal a day, for 12—14 days: approximately 600-700 kcal every month).
This event is at the basis of the increased fat mass deposition during perimenopause
[17] that can be interpreted as a reduction of the physiological burning of fat during
the luteal phase. This decline of the energetic consumption seems to be not exclu-
sively dependent from the progesterone deficiency but also from other factors, such
as the amount of lean mass, the sympathetic nervous system (SNS) activity, the
endocrine status, and the aging-mediated physiological changes. In fact the decline
of basal metabolism observed in postmenopausal women may depend also form
aging [18]. Probably estrogen depletion contributes to accelerate the basal metabo-
lism decrease during menopausal transition [19].

As the perimenopause becomes menopause, the progressive reduction of estro-
gen levels induces a progressively worsening of the insulin resistance that is also
increased by the concomitant cortisol rise (typical of aging and menopause). This
latter event physiologically induces gluconeogenesis, a typical compensatory mech-
anism that starts to occur to people above 55-60 years of age, and later promotes the
increase of insulin resistance. In addition hypoestrogenism partly induces also the
fall of GH levels that facilitates the storage of abdominal fat mass with a decrease
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of lipid metabolism [20, 21]. In addition the lack of estrogens during the meno-
pausal transition promotes the different fat storage: instead of mainly in the gluteal
and femoral subcutaneous region, fat is mainly stored at the abdominal level [22],
and thus estrogen deficiency is expected to result in decreased peripheral fat mass
[23]. The decrease of basal metabolism induces the gain in fat mass which, in turn,
may contribute to improve the incidence of obesity-related diseases, such as wors-
ening of cardiovascular profile and a higher risk to develop type II diabetes. The
increase of visceral adiposity further worsens the insulin sensibility, in particular at
the liver level so that higher amounts of insulin are needed to control glucose intake
at tissue levels. All these changes determine the increase of the rate of incidence of
the MS in overweight/obese women during the menopausal transition.

Recently, it has been suggested that another possible link between menopausal
hypoestrogenism, appetite control, and weight gain is the increase of orexin-A
plasma levels [23]. This hypothalamic neuropeptide is involved in the regulation of
feeding behavior, of sleep-wake rhythm, and of neuroendocrine homeostasis [24,
25]. In postmenopausal women, while estrogens show low levels, plasma orexin-A
levels are significantly higher, and this seems to participate in the increase of the
cardiovascular risk factors, such as high glycemia, abnormal lipid profile, increased
blood pressure, and high BMI [26].

16.3.1 Lipid Metabolism and Menopausal Transition

It is well known that estrogen has a significant effect on modulate lipid metabolism.
A variety of research show that total cholesterol (TC), triglycerides (TG), low-
density lipoprotein cholesterol (LDL-C), and apolipoprotein B (Apo B) increased in
perimenopausal women, while menopause-related alternation in high-density lipo-
protein cholesterol (HDL-C) is inconsistent [27-29]. Some studies reported a sig-
nificant reduction, others found an increase in menopausal transition, and rest
showed no changes in HDL-C [30].

The underlying mechanisms that estrogen and lipid interact at a molecular level
to contribute to the risk of CVD are not clear. It has been reported that estrogen-
related receptor y (ERRy) regulates hepatic TG metabolism through the action
phospholipase A2G12B [31], and polymorphic hepatic lipase is associated with
estrogen modulate lipolysis of TG [32]. Della Torre et al. showed that liver ERx
activity was essential for balanced lipid and TC metabolism and lack of ERa might
lead to hepatic fat accumulation and nonalcoholic fatty liver disease. Several
research studies have suggested that estrogen can reduce circulating LDL-C but not
cholesterol synthesis by downregulation of hepatic and plasma PCSK9, which is a
suppressor of LDL receptors, in both animals and humans [33, 34].

Recent evidence emphasizes the gender differences and age independent on the
lipid changes around the final menstrual period and suggest that ovarian hormone
may influence the hepatic lipid synthesis, reduce the lipid circulation, upregulate the
lipolysis, and lead to protective cardiometabolic effects. Growing body of litera-
tures indicated several related functional proteins might play a crucial role in sex



196 M. Caretto et al.

hormone’s regulation of lipid metabolism. Therefore, the complex association of
menopause, ovarian hormone, especially estrogen, and lipid metabolism needs fur-
ther extensive experimentation.

Prevention of weight gain and lipid metabolic disorder is important components
in the healthcare of postmenopausal women. Although the latest guideline from
International Menopause Society (IMS) indicated that MHT may ameliorate peri-
menopausal intra-abdominal fat accumulation, whether the MHT might maintain
the lipid level during menopause transition has not been mentioned [35]. Numerous
studies have attempted to understand the metabolic consequences of MHT use and
define the effects of different MHT regimens. Major studies have consistently found
MHT decrease LDL-C, TC, and lipoprotein (a) levels; however, findings regarding
TG and HDL-C levels have been inconsistent [32]. Godsland reviewed the effect of
different MHT regimens, estrogen alone, estrogen plus progestogen, raloxifene, or
tibolone on plasma lipid and lipoprotein levels and found estrogen alone raise
HDL-C and lower LDL-C and TC. Oral and transdermal estrogen had opposite
effect on TG. The increases in HDL-C and TG when using estrogen alone were
opposed according to the additional progesterone type. Specifically, effects arranged
from the least to the greatest are dydrogesterone, medrogestone, progesterone,
cyproterone acetate, medroxyprogesterone acetate, transdermal norethindrone ace-
tate, norgestrel, and oral norethindrone acetate [36]. Stevens et al. suggested that
MHT-related metabolic pathways are linked to multiple cellular processes, and the
different MHT regimens might lead to distinct intracellular signal transduction
events which contributed to the disparate risks for some diseases, e.g., CVD and
cancer, in menopausal women with MHT [37]. In conclusion, different MHT regi-
mens have different effects on lipid metabolism, exerting favorable and unfavorable
changes. The choice for a particular regimen should consider individual demands,
indications, complications, and lipid profile.

16.3.2 The Management of Obesity and MS
during Perimenopause

The management of overweight/obese premenopausal women has to start from a
careful anamnesis investigating the age of the onset of obesity, and the weight
changes occurred in the last months, if there are diabetic members of a family suf-
fering from any other endocrinological diseases and/or obesity. The purpose of this
check is to exclude any clinical cause that might need specific therapeutical
approaches, like some uncommon secondary obesities, due to genetic, neurological,
or psychiatric conditions.

It’s important to know if the patient suffered in the past for PCOS and/or premen-
strual syndrome and premenstrual dysphoric disease (PMS and PMDD). It is well
recognized that insulin resistance is a frequent feature of the PCOS and that 50-60%
of the patients are overweight/obese [38]. A recent manuscript demonstrated [39]
that patients with PCOS and insulin resistance have double chance to suffer from
PMS/PMDD and mood disorders up to depression, during their reproductive life
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and more frequently during the menopausal transition. This condition seems to be
due to a reduced production of neurosteroids, in particular of allopregnanolone,
which is considered the most powerful endogenous anxiolytic and antidepressant
substance derived from progesterone metabolism. PCOS and hyperinsulinemic
patients, during menopausal transition, have a higher risk to suffer from more
intense climacteric symptoms, in particular those due to neurosteroids deficiency
(i.e., allopregnanolone), like mood disorders, depression, and anxiety, if they don’t
reduce insulin resistance and their weight [40].

In the presence of overweight/obesity, it is necessary to assess the presence of
insulin resistance, even in nonobese women; in fact, perimenopausal women may
have a normal weight, thanks to their lifestyle, though they have an insulin resis-
tance predisposition, which can be disclosed only by an OGTT (oral glucose toler-
ance test). This test is usually done over 4 h, but it can be performed also with two
blood samples, at time O (i.e., before drinking the glucose) and 60 or 90 min after
glucose load of 75 g of sugar dissolved in a glass of water: a hyperinsulinism is
diagnosed when insulin response is higher than 60 microU/ml [41]. In women with
a history of PCOS, an insulin resistance is frequently confirmed both during pre-
and postmenopause [42].

The therapeutical approaches for women during menopausal transition have to
consider the body weight at the moment of the perimenopausal transition: the
normal-weight women and the overweight/obese women should be treated differ-
ently. In the first case, the approach is targeted to the weight gain’s prevention, while
in latter group, it is important to avoid a further weight increase and/or to treat the
metabolic abnormalities. In both cases, the first recommendation is the modification
of lifestyle, through the combination of a hypocaloric diet and a correct choice of
nutrients with physical activity.

An endurance training (aerobic exercise for 45 min a day, three times a week) has
been shown to promote body weight and fat mass losses and to reduce both waist
girth and blood pressure in overweight/obese women. Moreover, these interventions
decrease plasma triglyceride, total cholesterol, and low-density lipoprotein levels
and increase high-density lipoprotein plasma concentrations [43]. The best improve-
ment in metabolic risk profile has been observed in women with two or more deter-
minants of the MS but still with no coronary heart disease [44]. In addition, the
physical exercise amplifies the triggers on anorectic response limiting food’s intro-
duction [45]. Unfortunately, the association of diet and physical activity results
effective in the short period and shows an increasing lower compliance and higher
difficulty to maintain the weight loss in the long term. Quite often, in these cases, a
psychological support is needed.

In normal-weight women with climacteric symptoms, the hormonal replacement
therapy (HRT) has been successfully demonstrated to protect against perimeno-
pausal changes of body composition [46, 47]. In these patients, no significant varia-
tions in weight, fat mass content, and distribution have been observed probably also,
thanks to the route of administration of HRT. In particular transdermal estrogens
seem to be more protective against fat mass increase and android fat distribution.
Oral estrogens have been associated with a small increase in fat mass and a decrease
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in lean mass [48]. Similar effects on body composition and on fat tissue have been
observed when administering tibolone and raloxifene.

In obese women during menopausal transition, behavioral therapy is essential to
achieve the weight control on long term, but there exists some medication like met-
formin, orlistat, and inositol that might help and facilitate weight control and/or
weight loss. Metformin, a well-known antidiabetes drug, reduces insulin levels
improving insulin sensitivity, through an increase of glucose cell uptake. It is fre-
quently administered to hyperinsulinemic PCOS women during fertile age. Also
myo-inositol, alone or in combination with chiro-inositol or alpha-lipoic acid,
administration can enhance insulin sensibility through an improvement of post-
receptorial pathways’ functions. On the contrary, orlistat represents a specific anti-
obesity treatment since it reduces the absorption of dietary fats, promoting their
fecal elimination.

Overweight, obesity, and metabolic syndrome are tightly linked with the chang-
ing of the hormonal pattern during the menopausal transition. In fact, as previously
mentioned, the progressive decline of estrogens and progesterone plasma levels pro-
motes some metabolic impairment, such as the worsening of insulin resistance or
the increasing of central fat mass storage. At the same time, obesity is an important
factor that affects the changes of hormonal profiles during menopausal transition
since women with higher BMI were more likely to start the perimenopause earlier
though moving slower towards the menopause if compared to those with a lower
BMI [49]. If during fertile age, these women had PCOS and overweight/obesity, it
is more likely that insulin resistance led them not only to a MS predisposition but
also to mood disorders that might be more severe as soon as menopausal transition
occurs. Recent findings sustain such hypothesis since it has been reported that
menopausal women who suffered from PCOS have higher adiponectin and lower
leptin [50] and a higher insulin response to OGTT than menopausal women with no
history of PCOS.

16.3.3 How to Prevent Weight Gain

When dealing with prevention of weight gain, the only logical solutions include
physical activity, caloric-restricted diet, and, eventually, specific antiobesity drugs
or bariatric surgery. As previously mentioned, physical activity is relevant to coun-
teract the body weight increase, independently from age and menopausal condition.
It is important to point out that physical activity cannot block or prevent weight gain
related to aging, but it can protect against the development of obesity. An activity of
45 min at least three times in a week really improves the control of body weight and
maintains elasticity and lean mass despite the decrease of fat mass [13].

It is obvious that calorie restriction induces reduction of body weight and fat
similar to physical exercise. If the body weight is reduced to 5% or more, this
reduces the risk factors for CVD, that is, hypertension and dyslipidemia, and dia-
betes [51]. When being obese during menopause, the diet should provide a low
amount of calories but not below 800 Kcal/day [52]. Whatever the diet is, the
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adherence to the diet is the most important factor for the success, independently
from the nutrient composition. Ideally the diet should try to avoid the loss of pro-
teins, promoting the use of fat as source of energy. If the diet is low in carbohy-
drate, mono- and polyunsaturated fat and protein from fish, nuts, and legumes
should be suggested.

Regarding antiobesity drugs, these compounds are substances that suppress
appetite and give the sense of satiety, increasing the metabolism but mainly interfer-
ing on the absorption of the nutrients of the food. Among these substances, there are
orlistat, sibutramine, and rimonabant. All of them have been demonstrated to
improve body weight, but only one (orlistat) is now available, being sibutramine and
rimonabant withdrawn due to severe side effects. Obviously natural remedies can be
helpful such as herbal preparations and can be used as supplements to aid weight
loss [13]. Last but not least important to mention is metformin. This drug has been
approved for the treatment of diabetes, and a great use has been done to control
weight gain in young women with obesity and PCOS [38], but only when compen-
satory hyperinsulinism is present, metformin administration is highly effective on
metabolism [53]. Though it cannot be considered as a drug to induce weight loss,
metformin is relevant to counteract the risk of diabetes and maintain a lower level
of insulinemia [13].

Bariatric surgery should be considered as the last attempt to reduce body weight
since it is cost-effective, and it should be proposed only for very obese women.
There are various surgical procedures such as the gastric bypass, the vertical banded
gastroplasty, the adjustable gastric banding, and the laparoscopic sleeve gastrec-
tomy. When compared, gastric bypass was reported to be more effective than the
others [13].

16.4 Cardiovascular Disease and Menopause

Screening for CVD at regular intervals after menopause is extremely important.
This includes measurement of blood pressure, lipids, and perhaps inflammatory
markers, BMI, and ascertainment of lifestyle factors such as activity level and
smoking status. In addition, a family history of heart disease and stroke is important.
Risk assessment tools allow to calculate the 10-year risk of a myocardial infarction
based on gender and race for individuals aged 40-79 years [54]. The main risk cal-
culators used are the Framingham model [55] and a new one from the American
Heart Association [56]. The latter is also used as part of the algorithm to decide
about initiating statin therapy. The main components of these risk models are age,
sex, race, total cholesterol, HDL cholesterol, systolic blood pressure, treatment for
high blood pressure, diabetes, and smoking status. Interventions to reduce the risk
of CVD after menopause include smoking cessation, weight control through diet
and exercise, aggressive treatment of elevated blood pressure, and therapies directed
at elevated cholesterol and thrombosis risks. The American Heart Association has
outlined diet and lifestyle recommendations to reduce CVD, resulting in better pop-
ulation health. The prevailing belief is that statins reduce CHD events and all-cause
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mortality under primary and secondary prevention conditions in women and men.
However, careful examination and meta-analyses of randomized controlled trial
(RCT) data do not provide clear evidence that statins reduce CHD events or all-
cause mortality in women under primary prevention conditions. The sex-specific
effects are similar for aspirin. In meta-analyses of primary CHD prevention trials,
aspirin significantly reduced myocardial infarction (MI) by approximately 32%,
with a null effect on stroke in men, whereas, in women, aspirin had a null effect on
MI but significantly reduced ischemic stroke by approximately 17% [57]. The pri-
mary CHD prevention trials and sex-specific meta-analyses of primary prevention
trials show no evidence that aspirin therapy relative to placebo reduces CHD events
or all-cause mortality in women. Evidence has clearly established a link between
the menopause and increased cardiovascular risk. Estrogen deficiency, which is
responsible for the vasomotor and urogenital symptoms and osteoporosis in meno-
pausal women, is also responsible for changes in metabolism and physiology to a
more android pattern. The European Society of Hypertension—European Society of
Cardiology guidelines recommended increasing physical activity, stopping smok-
ing, and maintaining moderate alcohol consumption: the first interventions are life-
style change such as changes in diet can also have a favorable effect on dyslipidemia.
Many women will require pharmacological intervention with the use of antihyper-
tensives to reduce blood pressure and statins to improve LDL cholesterol profiles,
but statins have only a moderate beneficial effect on HDL cholesterol. According to
the most recent guidelines of Menopause International Society, personal and famil-
ial risk of CVD, stroke, and VTE should be considered before starting MHT. For
healthy symptomatic women aged younger than 60 years or who are within 10 years
of menopause onset, the more favorable effects of MHT on CHD and all-cause
mortality should be considered against potential rare increases in risks of breast
cancer, VTE, and stroke. However, FDA doesn’t indicate MHT for primary or sec-
ondary cardioprotection. Women who initiate MHT when aged older than 60 years
and/or who are more than 10 years, and clearly by 20 years, from menopause onset
are at higher absolute risks of CHD, VTE, and stroke than women initiating MHT
in early menopause.

16.5 Conclusions

Prevention of weight gain and lipid metabolic disorder is important components in
the healthcare of postmenopausal women. Numerous studies have attempted to
understand the metabolic consequences of MHT use and define the effects of differ-
ent MHT regimens. With the aging of world population, the health issue of post-
menopausal women has been an unprecedented concern. Obesity is associated with
a decline of lifespan. Especially, the increased risk of weight gain, central accumu-
lation of body fat, and energy metabolism disorders during the menopausal transi-
tion lead to further CVD and rise of overall mortality in women. An early intervention
of MHT perimenopause is recommended, which may control the energy metabolic
homeostasis and increase the average life expectancy (Fig. 16.2). More studies are
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Fig. 16.2 An overview of the metabolic changes at the menopausal transition

necessary to characterize the complex effects of ovarian hormone on the energy
metabolism, in which multiple organs and systems are involved.
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Sophia Tsiligiannis and John C. Stevenson

17.1 Introduction

There are numerous cardiovascular risk factors in women — these can be genetic
including family history or related to ethnic origin. They can also be metabolic
including diabetes mellitus, dyslipidemia, and hypertension. Lifestyle factors
including diet (consumption of fruits, vegetables, and alcohol), smoking, change in
body fat distribution, obesity, and exercise (or lack thereof) also contribute with
known links to socio-economic status. These risks account for most of the risk of
myocardial infarction (MI) worldwide in all age groups for both women and
men [1].

The traditional metabolic syndrome is a cluster of risk factors for CVD and type
2 diabetes mellitus (T2DM) which occur more often than by chance alone [2]. Any
three of the following five risk factors constitute a diagnosis of metabolic syn-
drome — elevated waist circumference (population and country specific), elevated
fasting triglycerides >1.7 mmol/L (or drug treatment for elevated triglycerides),
reduced high-density lipoprotein cholesterol (HDLc) <1.3 mmol/L in women (or
drug treatment for reduced HDLc), elevated blood pressure systolic >130 mm Hg
or diastolic >80 mm Hg (or antihypertensive treatment), and elevated fasting glu-
cose or >5.6 mmol/L (or drug treatment for elevated glucose) [2]. Clustering of
three or more risk factors has been shown to be associated with 48% of CHD events
in women [3].
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Table 17.1 Review of the literature surrounding the effects of the menopause provides evidence

for the following metabolic changes occurring at or after the menopause [4]

Fat Vascular Clotting Hormonal

Lipids Insulin distribution function changes changes

1 total cholesterol | 1 insulin 1 android fat | Impaired 1 factor VII | | sex-

1 triglycerides resistance distribution vascular and hormone

function fibrinogen binding

globulin

| HDLc | insulin

| HDL2¢ secretion

1 LDLc | insulin

particularly in the | elimination

small dense

subfraction

1 lipoprotein (a)

There are however specific metabolic effects of menopause as shown in
Table 17.1.

Many of these changes themselves affect other adverse metabolic risk factors,
and an identification of a menopause-specific metabolic syndrome could help guide
clinical practice [4].

Preliminary data from the Women’s Health Initiative (WHI) trial showed possi-
ble early harm from CHD in women receiving combined estrogen and progestogen
[5]. Subsequently follow-up data from the WHI published in 2013 showed no detri-
mental effect of combined HRT on CHD and a significant reduction in events with
estrogen-alone HRT initiated below 60 years of age [6].

There is therefore evidence that estrogen therapy may be cardioprotective if
started around the time of the menopause (often referred to as the “window of
opportunity”) [7]. More specifically to reduce CHD and overall mortality, initiation
of HRT would be prior to 60 years of age and/or within 10 years of the meno-
pause [8].

The potential improvements in CVD risk in HRT users are in part due to the
beneficial effect on lipids, vascular function, and glucose metabolism [9].

17.2 Lipids and Lipoproteins: What Happens in Menopause

Loss of sex steroids with perimenopause/menopause correlates with changes in lip-
ids and lipoproteins which directly increase the risk of CHD [10, 11].

Low-density lipoprotein cholesterol (LDLc) is a key causal factor of atheroscle-
rosis and therefore CHD [12]. There is a positive correlation between menopause
and LDLc [13], and there is an increase in more dense LDLc particles with meno-
pause [13, 14].

HDLc is however inversely associated with CHD [15]. Triglycerides are a further
independent risk factor for CHD particularly in women [16] of which there are
increases with the loss of ovarian function. There is a positive correlation between
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atherosclerosis and increased lipoprotein (a) [17]. Lipoprotein (a) especially in
association with increased LDL levels is another independent risk factor for CHD
[18], and menopause results in an increase in lipoprotein (a) levels [19].

A study by Stevenson et al. measured lipoprotein concentrations and fasting
serum lipids in 542 healthy non-obese pre- and post-menopausal women aged
18-70 years. Post-menopausal women had significantly higher concentrations of
total cholesterol, triglycerides, LDLc, and high-density lipoprotein subfraction 3
cholesterol (HDL3c), while HDLc and high-density lipoprotein subfraction 2 cho-
lesterol (HDL2c) were significantly lower. Most importantly these potentially
adverse changes were independent of age and body mass index (BMI) [10].
Furthermore a cross-sectional database analysis of 515 pre-menopausal women and
518 post-menopausal women again showed a more atherogenic lipid profile with
lower HDL2c but no difference in HDL3c [11].

A Swedish 19-year follow-up study of 1372 women with no prior cardiovascular
disease showed a 1 mmol increase in cholesterol was associated with a 51%
increased risk of MI and/or revascularization [20] and a 1 mmol increase in triglyc-
erides was associated with 49% increased risk of MI [1].

17.3 Lipids and Lipoproteins: Effect of HRT on Lipids

All conjugated equine estrogen (CEE) and CEE/medroxyprogesterone acetate
(MPA) regimens demonstrate favorable effects on lipid profiles, including reduc-
tions in LDLc and increase in HDLc although triglyceride increases have been
observed with oral HRT therapy [21]. Godsland analyzed studies published from
1974 to 2000 looking at the effect of HRT on serum lipids. Analysis of 248 studies
showed that all estrogen-only regimes raised HDLc and lowered LDLc [22]. This
analysis also showed oral estrogens raised triglycerides but transdermal estradiol
lowered triglyceride levels. Furthermore the study showed that addition of proges-
togens has little effect on estrogen-induced reductions in total cholesterol and
LDLc; androgenic progestogens blunt the estrogen-induced increase in HDLc, but
this effect was not seen with the non-androgenic dydrogesterone [22].

A further study indicated sequential combinations of 1 mg or 2 mg 17f-estradiol
with dydrogesterone are associated with long-term favorable changes in serum lipid
profile, and again there was no evidence that dydrogesterone compromised the
estradiol-induced improvements [23].

The SMART trials were a series of phase-3 trials of a tissue-selective estrogen
complex (TSEC), partnering a selective estrogen receptor modulator with an estro-
gen. CEE 0.45 mg/bazedoxifene (BZA) 20 mg and CEE 0.625 mg/BZA 20 mg were
shown to have generally positive effects on most lipid parameters for up to 2 years
of treatment although there was some blunting of the estrogen-induced rise in
HDLc [24].

A cross-sectional study of 96 women showed post-menopausal women not tak-
ing HRT had significantly higher cholesterol, LDLc, and lipoprotein (a) compared
to postmenopausal women taking HRT and to premenopausal women [25].
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A study conducted over 4 years confirmed common findings of significantly
higher total cholesterol, LDLc, and lipoprotein (a) and significantly lower HDLc in
postmenopausal women and also demonstrated the serum lipoprotein (a) concentra-
tion decreased significantly in women taking CEE and MPA. Results in the trans-
dermal estradiol and MPA group were unchanged [17].

There are several studies evaluating the effect of HRT with transdermal estradiol on
serum lipoprotein (a) concentrations; however consistent results are lacking [17]. There
is a suggestion that oral estrogen is more effective in lowering lipoprotein (a) concentra-
tions [17]. The greatest decreases in lipoprotein (a) are seen with cyclical CEE (0.625 mg/
day) and MPA (5 mg/day or 10 mg/day) [22] and also with cyclical or continuous treat-
ment with oral estradiol (2 mg/day) and norethisterone (1 mg/day) [22].

17.4 Glucose: What Happens in Menopause

Glucose and insulin metabolism are affected by sex hormone deficiency with post-
menopausal women becoming both increasingly insulin resistant and hyperinsulin-
emic. The loss of hormones reduces both insulin secretion and elimination, but
insulin resistance increases resulting in a net increase in circulating insulin concen-
trations. These increased insulin concentrations are frequently found in women and
men with CHD [26, 27]. Hyperinsulinemia may increase the risk of CHD by stimu-
lating atherogenesis [28], and insulin propeptides may have a role in this process
[29]. Menopausal age (measured in months since menopause) has been shown to be
positively associated with plasma insulin concentrations (fasting insulin and post-
glucose challenge areas under the curve), and this relationship was not found with
chronological age and was not confounded by alcohol consumption, physical exer-
cise, BMI, or smoking [30]. This may be due to alterations in the clearance of cir-
culating insulin from the plasma [30].

Insulin resistance and subsequent hyperinsulinemia can also lead to adverse
changes in lipids and lipoproteins including an increase in triglycerides and reduc-
tion in HDLc and HDIL.2¢ [27].

Insulin resistance is also related to hypertension [27] as hyperinsulinemia is cor-
related with hypertension [31] with Ferrannini et al. showing a direct correlation
with the severity of hypertension [31].

Women are more adversely affected by diabetes as demonstrated by a higher
incidence of CHD in diabetic women than in their male counterparts [32], and
menopause is known to increase the risk of T2DM. Both premature or early meno-
pause have been shown to increase the risk of T2DM [33, 34], and furthermore
lower serum estradiol levels in the perimenopause have shown an association with
increased risk of T2DM [35].

17.5 Glucose: Effect of HRT on Glucose

Overall HRT in transdermal preparation, CEE, or oral esterified estrogens — alone or
in combination with progestogens — reduces insulin resistance [36]. The androgenic
progestogens such as MPA [37] and norethisterone acetate [38] have been shown to



17 Cardiovascular Impact of Metabolic Abnormalities 209

have adverse effects on glucose and insulin metabolism; however, dydrogesterone
DOES not appear to oppose the potentially beneficial effects of estradiol on insulin [39].

17.5.1 Hypertension: What Happens in Menopause

There is a direct correlation between increased blood pressure and CHD death in all
age groups [40] and although blood pressure increases with chronological age in
both women and men [41], the loss of ovarian hormones results in an increase in
blood pressure independent of one’s chronological age and BMI [42]. Early meno-
pause is associated with an increased risk of hypertension [43]. A recent systematic
review and meta-analysis involving 273,994 women with 76,853 cases of arterial
hypertension confirmed women who had early menopause at age <45 years were at
higher risk of arterial hypertension than those women with menopause >45 years of
age. This finding was not confounded by smoking status, age, BMI, or the use of
HRT or oral contraception [43].

There are multiple theories about the pathogenesis of this relationship. It may be
due to oxidative stress caused by endothelial dysfunction influenced by increases in
vasoconstrictor endothelin 1 (a potent vasoconstrictor and mitogen for vascular
smooth muscle cells) and reductions in nitric oxide (NO) which is a vasodilator
[44]. The lowering of both estrogen concentrations and the estrogen to androgen
ratio are also thought to lead to increased production of angiotensinogen [36]. These
factors may therefore contribute to renal vasoconstriction [36, 44].

17.5.2 Hypertension: Effect of HRT on Hypertension

Most studies have shown little effect of HRT on blood pressure. However, HRT
containing estradiol with drospirenone has been shown to decrease blood pressure
in women who had elevated blood pressure at baseline [45]. This involved a decrease
in both the mean systolic and diastolic blood pressures.

17.5.3 Obesity: What Happens in Menopause

Central or abdominal adipose tissue is known as android fat, whereas lower body
segment adipose tissue is known as gynoid fat. There is an observed redistribution
of body fat with menopause which results in relatively increased android fat and
relatively decreased gynoid fat [46]. There is a known association between android
fat and higher risk of CHD but no such relationship with gynoid fat [47]. Therefore,
there would be an expected increase in CHD risk from the observed changes in body
fat distribution with loss of ovarian hormones. Distribution of fat is associated with
CHD risk independent of obesity itself. This is likely due to the fact that android fat
distribution represents an increase in visceral fat which is known to be linked to
increases in free fatty acid fluxes into the portal vein which result in adverse meta-
bolic outcomes. For example, a negative correlation exists between HDLc and
HDL2c and android fat mass but a positive correlation with triglycerides [48].
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17.5.4 Obesity: Effect on HRT on Weight

Most studies show that overall there is no significant increase in weight with HRT,
but there is a beneficial effect on body fat distribution, with a significant reduction
in android fat [49].

17.5.5 Inflammatory Markers: What Happens in Menopause

There is a linear relationship between plasma high sensitivity C-reactive protein
(CRP) and the risk of ischemic heart disease in the general population [50]. However,
there does not appear to be an independent association with menopause in which
case there does not seem to be value in measuring this in a clinical setting [51].

17.5.6 Inflammatory Markers: Effect of HRT
on Inflammatory Markers

It has been suggested that HRT is associated with an increased inflammatory
response, as oral HRT is associated with an increase in CRP. Silvestri et al. investi-
gated this relationship; the results showed that compared to baseline HRT increased
CRP but reduced plasma levels of all other markers of inflammation (soluble intra-
cellular adhesion molecule-1, soluble vascular cell adhesion molecule-1, interleu-
kin-6, plasma E-selectin, s-thrombomodulin). Therefore, it was concluded that HRT
is associated with an overall decrease in vascular inflammation [52].

17.5.7 Vascular Function/VTE: What Happens in Menopause

As vessels age there are associated arterial stiffening and endothelial dysfunction
which are major risk factors for CHD. During the first few years after the meno-
pause there is an increase in carotid artery waveform pulsatility index which reflects
increased stiffness/reduced arterial compliance [53].

One study showed a protective effect of endogenous estrogens on endothelial
function by measuring acetylcholine induced forearm blood flow responses [54].
Moreau et al. measured endothelial dependent vasodilation (a marker of endothelial
function) by brachial artery flow-mediated dilation using ultrasound. Function was
highest in the premenopausal group with significantly progressive decrements in
perimenopausal women (17% impairment) and postmenopausal women (35%
impairment). Adjustment for existing risk factors and vasomotor symptoms did not
alter the association [55].

Estrogen is thought to have cardiovascular protective properties. A significant
proportion of the beneficial effects that estrogens demonstrate on vasculature are
thought to be mediated via direct effects on the vascular wall. Estrogen acts directly
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on the vascular endothelium to increase nitric oxide (NO) synthase levels and hence
the production of NO [56]. It also reduces the release of endothelin-1 [57]. Therefore,
the loss of estrogen would be associated with an increase in endothelin-1 and a
decrease in endothelial NO resulting in impaired endothelial function and
vasoconstriction.

The vascular, neuroendocrine, and physiological changes with flushing also
appear to be linked to CHD risk, most likely due to greater adverse changes in vas-
cular and metabolic parameters in symptomatic women [58].

17.6 Vascular Function/VTE: Effect of HRT
on Vascular Function

HRT has been shown to restore NO-dependent endothelial function, increase endo-
thelial NO synthase production, and reduce endothelial endothelin-1 release. HRT
inhibits calcium channels and enhances potassium-dependent channels thereby pro-
moting vasodilatation, reducing ACE activity, and reducing smooth muscle cell pro-
liferation [59].

The risk of venous thromboembolism (VTE) is increased by oral HRT relative to
baseline population risk [6]. Conversely, epidemiological studies have not identified
arisk of VTE above baseline population risk with the use of transdermal HRT prep-
arations [60—62]. This is likely due to the fact that transdermal delivery avoids first
pass liver metabolism of estrone in the liver which is known to increase thrombin
generation [63]. The ESTHER study however demonstrated no significant associa-
tion between VTE and oral micronized progesterone [64]. The observational studies
have also confirmed the importance of the type of progestogen association with
estradiol when defining VTE risk [64]. The use of MPA combined with oral estro-
gen may be associated with increased risk of VTE, and furthermore continuous
combined regimes may pose a greater risk than sequential regimes [7].

A recent case control study confirmed that transdermal HRT preparations are not
associated with VTE risk. The highest risk of VTE was demonstrated with CEE
combined with MPA. In contrast, the only oral combined HRT regimen that did not
show a significant increased risk was estradiol plus dydrogesterone [65].

17.7 Conclusion

CHD increases during and after menopause with RCTs, meta-analyses, and
observational studies all supporting primary prevention with HRT as a worth-
while approach. Therefore, risk factor assessment for menopausal women is a
crucial part of holistic care to ensure minimization of metabolic factors and a
subsequent decrease in CVD [66]. This should be done via a multidisciplinary
approach (general practitioners, gynecologists, cardiologists, metabolic
physicians).
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18.1 Introduction

Polycystic ovaries syndrome (PCOS) was first described in 1935 by Stein and
Leventhal. Fourteen years later, an association between PCOS and endometrial can-
cer (EC) in young women was published by Speert [1]. When analyzing the risks of
cancer in patients with micropolycystic ovaries, the most common is endometrial
cancer. The meta-analysis of Haoula et al. in [2] includes five studies with a total of
4605 patients. Eighty-eight women had PCOS of whom 47 had EC and 4517 did not
have PCOS of whom 773 had endometrial cancer. According to these results,
women with PCOS are about three times more likely at risk to develop endometrial
cancer (OR: 2.89). If analyzing results depending on the age, patients under the age
of 50 would have an even greater risk. This translates into a 9% lifetime risk of EC
in Caucasian women with PCOS compared with 3% in women without it. Although
most women (91%) with PCOS will not develop endometrial cancer, this study has
shown that they are at higher risk. The same year, Fauser et al. [3] confirmed that
there were moderate quality data to support that women with PCOS have a 2.7-fold
(95% CI 1.0-7.3) increased risk for EC (level B). Most EC are well differentiated
and have a good prognosis. Limited data suggest that PCOs women are not at
increased risk of ovarian cancer nor breast cancer (level B).

In [4], Barry et al., analyzing five studies comparing women with PCOS and
non-PCOS, demonstrated that PCOS patients are at greater risk of presenting EC
(OR =2.79) and even greater if under the age of 54 (OR: 4.05). Compiling results
from three comparative studies, no increased risk of ovarian cancer was found in
women suffering from PCOS (OR 1,41). Subsequent analysis showed that women
under the age of 54 had an increased OR of 2.52. However, this difference was
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found in a single study, and the authors concluded that no significant evidence
showed an increased risk of ovarian cancer in PCOS patients.

Concerning the risk of breast cancer, it was evaluated in three comparative stud-
ies, and no significant differences could be shown whether analyzing the entire
group population (OR 0.95) or the less than 54 years patients group (OR 0.78).

Concerning the other gynecological cancers, there is insufficient evidence to
evaluate any association between PCOS and vaginal cancer, vulvar cancer, cervical
cancer, and uterine leiomyosarcoma.

18.2 Endometrial Cancer Overview

Endometrial cancer is the most common gynecological cancer in North American
and European women. It’s the fourth most common cancer in women, 319,500
cases and 76,000 deaths being reported worldwide annually. The incidence rate has
increased by + 50% in Europe since the early 1990s. The EC is predominant in post-
menopausal women as the peak incidence is observed between 50 and 60 years.
Concerning the histological classification two types of EC are described, the type 1
endometrioid representing 80-90% of all EC. Type 1 EC is estrogen-induced, has a
good prognosis, and is associated to PCOS. A pre-invasive status with an atypical
hyperplasia is described. On the contrary, type 2 EC (serous, clear cell, mucinous)
is estrogen-independent and of poor prognosis.

Clinical presentation of EC is usually the presence of AUB which allows the
diagnosis at an early stage. The prognosis is related to the histology and to the stage.
The estimated overall 5-year survival rate is 81.5% and 97.6% in cases of well-
localized endometrioid EC [5]. Risk factors for developing EC include PCOS, obe-
sity, nulliparity, type-2 diabetes, insulin resistance, tamoxifen use, and exposure to
unopposed estrogen therapy.

18.3 Etiological and Molecular Mechanisms

The understanding of molecular mechanisms is needed to develop clinical strategies
to prevent EC in PCOS. The type 1 EC is explained by an imbalance between estro-
gen and progesterone. The cumulative exposure to estrogen is higher in case of early
menarche, late menopause, or nulliparity. The estrogen is increased for the age in
postmenopausal obesity. In PCOS, there is an insufficient progesterone secretion
due to a chronic anovulation leading to a prolonged endometrial exposure to unop-
posed estrogen. The latter promotes endometrial growth and proliferation with a
higher probability of random mutations in oncogenes and tumor suppressor genes.
The World Health Organization (WHO) and the International Society of
Gynecological Pathologists (ISGP) established a pathological classification of atyp-
ical endometrial hyperplasia (EH). The simple EH is similar to a normal prolifera-
tive endometrium with an abnormal glandular growth despite the presence of a
normal gland-to-stroma ratio. The complex EH is characterized by an increased
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complexity in the glandular architecture, with glandular proliferation and a conse-
quent disproportion in the gland-to-stroma ratio, with the former increasing relative
to the latter. The presence of cytological atypia identifies the third and fourth cate-
gories: simple atypical EH and complex atypical EH.

Yang et al. [6] developed an interesting animal model to understand the link
between endometrial hyperplasia (EH), endometrial cancer, and hormonal stimula-
tion. They induced EH in a mouse model with a subcutaneous estradiol-sustained
releasing pellet. The authors were able to demonstrate the assessment of local and
systemic hormone effects after 2, 4, 6, 8, and 10 weeks post-E2 stimulation and the
evolution towards EC.

Four weeks after the implantation of E2 pellets, disordered proliferative endome-
trium was observed, non-atypical hyperplasia after 6 weeks, localized atypical
endometrial hyperplasia after 8 weeks, and diffuse atypical hyperplasia after
10 weeks. The expression of hormone receptors was found to be altered as EH pro-
gressed to atypical hyperplasia. An increase in nuclear PR expression was noted
after E2 expression, but a total loss in PR occurred in some endometrial glands
when simple EH was observed. The expression of nuclear ER was found to be
reduced in disordered proliferation but increased when EH progressed to atypical
EH. This animal model, easily reproducible, could be used for testing therapeutic
agents to investigate and to improve the management of EH which remains a serious
health problem.

Insulin resistance reduces receptor binding and decreases insulin receptor-
mediated transduction. This leads to a hyperinsulinemia which causes an inhibition
in the liver of sex hormone binding globulin (SHBG) secretion. This decrease of
SHBG reduces the production of insulin growth factor binding protein (IGFBP)
which causes exaggerated bioactivity of insulin growth factors (IGF). All these
mechanisms promote the ovarian steroidogenesis and the androgen production in
theca cells.

PCOS women are often obese, and it has been demonstrated that obesity is
strongly related to endometrial carcinoma risk [7]. Of all obesity-related cancers
occurring among women, higher body mass index (BMI) is most strongly related to
EC risk. The obese women have a two- to five-fold elevated risk of EC. This applies
to both menopausal and premenopausal patients. The relative risk of EC is 1.59
times higher for each 5 kg/m?* increase in BMI [8]. Each 5 kg increase in adult
weight gain was associated with a 39% increase in postmenopausal EC risk among
non-users of menopausal hormones.

Different hypotheses have been suggested. First, postmenopausal obesity is asso-
ciated with an increased circulating estrogens rate due to aromatization of andro-
gens in adipose tissue and to higher levels of bioavailable estrogen because of
decreased SHBG levels. Premenopausal obesity may lead to a higher frequency of
anovulatory cycles and relative progesterone deficiency when compared to the high
estrogen levels. Second, the obesity contributes to insulin resistance and vice versa.
Finally, obesity also induces non-hormonal modifications such as inflammation,
immune dysfunction, and cell signaling pathway errors contributing to an increased
risk of endometrial cancer [5].
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18.4 Prevention of Endometrial Cancer

The perfect prevention for endometrial hyperplasia and endometrial cancer is not
known. The recommendations established in 2018 by the international evidence-
based guideline for the assessment and management of PCOS claimed that “The
health professionals and women with PCOS should be aware of a 2- to 6- fold
increase risk of endometrial cancer, which often presents before menopause; how-
ever, absolute risk of endometrial cancer remains relatively low. The health profes-
sionals require a low threshold for investigation of endometrial cancer in women
with PCOS or a history of PCOS, with investigation by transvaginal ultrasound and/
or endometrial biopsy recommended with persistent thickened endometrium and/or
risk factors including prolonged amenorrhea, abnormal vaginal bleeding or excess
weight. However, routine ultrasound screening of endometrial thickness in PCOS is
not recommended.”

18.5 Place of Hormonal Prevention

A pragmatic approach could include combined oral contraceptive (COC) or proges-
tin therapy in patients with cycles longer that 90 days [9].

Progestins inhibit proliferative pathways by modulation of endometrial glands’
secretory differentiation, inhibition of estrogen receptor function, and endometrial
cell mitosis. Progestins are pro-apoptotic and also anti-angiogenic thanks to a stimula-
tion of stromal insulin-like growth factor binding protein-1 (IGFBP-1), which inhibits
insulin-like growth factor-1 (IGF-1) expression and activity. This is significant as
IGF-1 is proliferative and anti-apoptotic, with increased expression in EH [10].

According to the ESHRE recommendations, specific types or dose of progestins,
estrogens, or combination of COC cannot be suggested in adults and adolescents
with PCOS. The 35-microgram ethinylestradiol plus cyproterone acetate prepara-
tion should not be considered as first-line therapy in PCOS, due to adverse effects
such as venous thromboembolic risks (especially in overweight women).

Nevertheless, it is well-known that the women with PCOS taking COC daily for
21 days per month reduce by 50% the risk of EC compared with non-users. The risk
reduction is observed after at least 1 year of use. The increasing duration of COC
use is significantly related to a greater protection, and this risk reduction after dis-
continuation is persisting for up to 20 years [5]. Furthermore, COC is associated
with a reduction risk of ovarian cancer in all women [11]. The risk reduction is
about 20% for every 5 years of COC use. A reduction of 50% occurs after 15 years
of use. The benefit is already observed after 1 year of use and remains significant
after discontinuation. Other contraceptive methods like injectable contraceptive,
implant, or transdermal patch need more studies to be evaluated.

A decrease of the combined postmenopausal hormone therapy use was observed
in the United States [12] after the initial women’s health initiative (WHI) report in
2002 [13]. This decrease was followed by an endometrial cancer increase, which
can be attributed to this hormone therapy decrease. In [14], Chlebowski et al.
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evaluated the effect of continuous combined estrogen plus progestin on EC in the
WHI randomized trial. Women aged 50-79 years old with normal endometrial
biopsy at entry were randomly assigned to once — daily 0.625 mg conjugated equine
estrogen plus 2.5 mg medroxyprogesterone acetate (n = 8506) as a single pill or
matching placebo (n = 8102).

They observed that the use of continuous combined estrogen plus progestin for
5.6 years in postmenopausal women with normal endometrial biopsy at entry of the
therapy resulted in a statistically significant reduction in endometrial cancer inci-
dence [15]. Indeed, the continuous estrogen plus progestin use is associated to a
35% lower endometrial cancer risk compared to non-users. The greatest risk reduc-
tion occurred among obese women.

The progestin dose, schedule, and duration have to be taken into consideration in
the prevention of EC. Indeed, sequential regimens with fewer days of progestin
exposure are less effective in reducing endometrial cancer risk. In 2014, Briton and
Felix [16] studied the effect of various hormonal regimens on the risk of developing
EC. The data revealed that the use of estrogen plus sequential progestin for less than
10 days per month was linked to a higher risk of EC (OR =1.32,95% CI = 1.06 to
1.65), while the progestin sequential use for 10-14 days didn’t have an impact, posi-
tive nor negative (OR = 1.32, 95% CI = 0.84 to 1.3). The addition of micronized
progesterone to estrogen is less associated to breast cancer in some studies. However,
the latter association provides few to no protection against EC (HR = 2.42 95%
CI =1.53t0 3.83).

Taking into account that progestogenic potency varies as normethyltestosterone
derivatives are more potent on the endometrium than pregnane and micronized pro-
gesterone, rules for optimal endometrial protection have been published by Gompel
in [17] as follows:

Adapt the dose of progestogen to dose/duration of estrogen treatment.
Inform the woman of the importance of taking the progestogen pill.
Check regularly woman’s compliance on the progestogen.

Adapt the dose to body mass index.

Prefer continuous treatment rather than sequential.

A

18.5.1 Place of Weight Control

It has been clearly demonstrated that obesity has a linear relationship with all cancer
types [7]. As obesity and an increased BMI are strongly associated with the inci-
dence and mortality of endometrial cancer, the weight control is very important in
the prevention of EC. A moderate physical activity is associated with 20-30%
reduction in EC risk. An increase of 1 h a week in physical activity is related to a 5%
lower risk of EC. The benefits of physical activity are multiple: weight control,
increase in SHBG levels leading to less bioavailable estrogen, decrease of inflam-
mation, reducing adipose storages, improving insulin sensitivity, and also immune
function.
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18.5.2 Place of Metformin

Metabolic syndrome, a triad including obesity, hyperinsulinemia, and diabetes, is
commonly observed in PCOS women and seems to be the key mechanism of EC
pathogenesis. Metformin is an insulin sensitizer agent and could have a chemo-
protective, anti-proliferative effect and could also increase the expression of proges-
terone receptor.

Metformin directly activates adenosine monophosphate (AMP)-activated protein
kinase (AMPK) via oxidative phosphorylation inhibition which reduces adenosine
triphosphate (ATP). Metformin also promotes AMPK activation by liver kinase B1
(LBKI), and murine models have shown that this AMPK activation inhibits cancer
incidence [18].

Metformin is safe, widely available, licensed for type-2 diabetes and may help to
lose weight. It has been shown to be of value in reversing endometrial hyperplasia
in both animal and human studies and could therefore be used to prevent EC in
PCOS. In [19], Shafiee et al. summarized the literature and identified only three
human studies including five patients with regression of atypical endometrial hyper-
plasia. According to the Cochrane Database of Systematic Reviews of [20], there is
no evidence to support or not the use of Metformin alone or in association with
progestins for the treatment of EH.

18.6 Diagnosis of Endometrial Hyperplasia and Cancer

The average age at diagnosis is 62 years with a peak of incidence from 50 to 60 years
of age. AUB is the cardinal symptom in peri- or postmenopausal women. The diag-
nosis can also be made on cervical cytology or can be an incidental finding on imag-
ing (transvaginal ultrasound, TVUS).

TVUS is the first-line imaging modality used to examine clinical cases consid-
ered suspicious for endometrial hyperplasia. There is a high sensitivity in the mea-
surement of endometrial thickness in the longitudinal plane of the scan. The
thresholds used are the following: 4 mm in postmenopausal women and 12 mm in
childbearing age women. Indeed, in postmenopausal women an endometrial thick-
ness of more than 4 mm has an 85% positive predictive value for endometrial anom-
alies, with 96% of specificity and 100% of sensitivity [5].

In [21], Park et al. established predictable clinical factors for endometrial disease
in women with PCOS. As described earlier, endometrial disease includes several
stages of evolution: simple hyperplasia, complex hyperplasia (with or without cyto-
logic atypia), and adenocarcinoma. This study performed in a series of 117 women
with PCOS demonstrated that in predicting endometrial disease, an endometrial
thickness >8.5 mm has a 77.8% sensitivity and 56.7% specificity. Moreover,
age >25.5 years has a 70.4% sensitivity and 55.6% specificity. It is important to note
that in their series the incidence of endometrial disease was as high as 23.1%,
including EH in 21.4% and EC in 1.7% of cases.
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Office hysteroscopy is a very good method to evaluate the endometrium with a
direct view of the cavity and the possibility of performing biopsies. The no-touch
procedure makes examination more comfortable for patients. The principal mor-
phological criteria serving as hysteroscopic predictors of endometrial hyperplasia
(78% of sensitivity) are inhomogeneous polypoid or papillary endometrial thicken-
ing (focal or diffuse), abnormal vascular patterns, and presence of glandular cysts or
glandular outlets demonstrating abnormal architectural features (thickening, irregu-
lar gland density, dilatation). It should be noted that these criteria have not been
defined based on scientific evidence resulting from controlled randomized clinical
trials, but rather stem from retrospective trials published between 1987 and 1996
[22]. Each of the following hysteroscopic criteria can reasonably be linked to an
endometrial hyperplasia context. However, taken individually, each of them is
entirely unspecific. Some specific hysteroscopic features suggestive of an endome-
trial malignancy are also described: whitish or green-gray coloration, areas of
necrosis, hemorrhage and microcalcifications, atypical vascularization, irregular or
ulcerated surface, and soft consistency (Figs. 18.1 and 18.2).

Endometrial biopsy performed during office hysteroscopy or operative hysteros-
copy is required if a woman has persistent post-menopausal bleeding or abnormal
menstrual bleeding regardless the endometrial thickness.

Specifically, in women at high risk of developing EC, such as Lynch syndrome
or Cowden disease, the screening is recommended at 30 years old by evaluating the
endometrial thickness by TVUS and also by performing an endometrial biopsy [5].

Very recently, the risk factors for EC or EH in adolescents and women 25 years
old or younger have been described, demonstrating that PCOS was frequently asso-
ciated to endometrial pathologies such as complex EH with or without atypia and
also EC. This study pointed out the importance of endometrial evaluation in young
patients suffering from abnormal uterine bleeding [23].

Fig. 18.1 Office
hysteroscopy: simple
endometrial hyperplasia
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Fig. 18.2 Office
hysteroscopy:
endometrioid tumor
grade 111

18.7 Risk of Progression of Endometrial Hyperplasia

The risk of progression of simple EH is low as 80% of cases will regress spontane-
ously. Simple EH is associated with 3% rate of progression to complex EH and 8%
to simple atypical EH. The risk of progression of atypical EH to EC is estimated at
52% [24].

18.8 Treatment of Endometrial Hyperplasia and Cancer
18.8.1 Endometrial Hyperplasia

The treatment options for EH depend on patient’s age, the presence of cytological
atypia, and the desire of pregnancy. EH without atypia responds well to several
progestins such as medroxyprogesterone acetate, megestrol acetate, levonorgestrel,
and norethisterone acetate. A systematic review and meta-analysis of RCT compar-
ing the administration of oral progestins versus the levonorgestrel-releasing intra-
uterine system for non- atypical EH demonstrated better therapeutic effects of
LNG-IUS at 3, 6, 12, and 24 months [25].

Surgical procedures are favored in cases of EH with atypia especially if there is
no desire of fertility. Conservative treatment by using endometrial ablation is pos-
sible only in simple and complex non-atypical EH. If atypical EH is diagnosed in
postmenopausal women, hysterectomy with concomitant bilateral salpingo-
oophorectomy is recommended.
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18.8.2 Endometrial Cancer

The current standard management of endometrial cancer is surgery with total hys-
terectomy with or without oophorectomy. Depending on the stage of the disease,
radical hysterectomy will be performed (total hysterectomy with a pelvic and para-
aortic lymphadenectomy). If there is an advanced pathologic stage, an adjuvant
therapy is needed with radiation, vaginal brachytherapy, and/or chemotherapy.

The steady increase in EC cases among young women of reproductive age
means that a nonsurgical management is needed. A fertility-sparing therapy is
possible with oral progestins or levonorgestrel-releasing intrauterine system. The
fertility-sparing therapy was studied [26] with 34 observational studies involving
408 patients with early clinical stage and well-differentiated EC (group 1) and 141
patients with atypical complex EH (group 2). The pooled regression rate was
76.2% in the group 1 and 85.6% in the group 2. The relapse rate was 40.6% in the
group 1 and 26% in the group 2. The live birth rate was 28% in the group 1 and
26.3% in the group 2. During the follow-up, 3 to 4% of ovarian malignancies
(concurrent or metastatic) have been diagnosed. A progression of disease to higher
than stage 1 has been observed in 2% and 2 deaths have been reported. For the
group 2, the regression has been better with the LNG-IUS than with the oral pro-
gestagens. This systematic review and meta-analysis established essential condi-
tions for the successful completion of this treatment. The duration of the treatment
must be at least 3 months and up to 12 months [27, 28]. A repeat biopsy is needed
to confirm the regression before a pregnancy. To obtain pregnancy, it is recom-
mended to undertake assisted reproduction treatment in order to maximize the
chances and to avoid the prolonged unopposed estrogen period and to minimize
the delay for performing hysterectomy. The recommendations are to undergo
staging hysterectomy with bilateral salpingo-oophorectomy once the family is
complete. The follow-up must last at least 5 years and the risk of relapse should
not be underestimated.

18.9 Conclusion

Women with PCOS will about three times more likely develop endometrial cancer,
and patients under the age of 50 are at even greater risk. It is difficult to separate the
effects of PCOS from its component factors such as obesity and insulin resistance.
The prevention consists of COC, progestin or IUD, and hormonal therapy after
menopause. There is also a very important role of weight loss and maybe of
Metformin. Facing a patient suffering from PCOS, even if it is a young patient, the
health professionals should not hesitate to do an endometrial evaluation by trans-
vaginal ultrasound and a biopsy especially if there is a complaint of abnormal uter-
ine bleeding.
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