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Miillerian Malformations and
Their Treatments

Efthymios Deligeoroglou and Vasileios Karountzos

Abbreviation

MM  Miillerian malformations

1.1 Introduction

Miillerian malformations (MM) are the anomalies resulting from failure of fusion of
the paramesonephric ducts in the middle line, during their connection with the uro-
genital sinus. They occur due to alterations in the formation of the upper vaginal
lumen and the uterine lumen, and also because of non-absorption of the septum in
the fusion of ducts. Their clinical expression varies from very light disorders to seri-
ous obstetrical conditions such as vaginal and uterine agenesis, which is called the
Mayer-Rokitansky-Kiister-Hauser (MRKH) syndrome [1]. The prevalence of con-
genital uterine anomalies according to Saravelos et al. [2] was found to be 6.7% in
general population, 7.3% in sterile women, and 16.7% in women who had recurrent
miscarriages. The septate uterus seems to be the most common anomaly in infertile
women and the arcuate uterus the most common among those who have habitual
abortion. In another study, Nahum [3] found the above mentioned statistics to be
0.5%, 0.17%, and 3.5%, respectively. What is of great importance is that miillerian
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anomalies present with great diversity giving many diagnostic and treatment options
and doubts, while most of the studies include isolated cases or small case series
focusing on the obstruction of menstrual flow, obstetric complications, and/or his-
tory of sterility [4].

1.2 Prevalence

The prevalence of congenital uterine anomalies in unselected populations is 5.5%,
while in infertile patients is 8.0%. This prevalence, especially in infertile women, is
not increased and it is approximately the same as that in fertile patients with normal
reproductive outcomes [5]. When infertile and fertile women were included in the
same study, septate uterus was found in 35%, bicornuate in 26%, arcuate in 18%,
unicornuate in 10%, didelphys in 8%, while aplasia in 3% [5]. It is well understood
that these frequencies vary regarding the populations that are studied, as well as the
criteria that are used to identify these abnormalities. In another well-designed study,
including patients with normal reproductive outcomes, septate uterus was found in
90%, bicornuate in 5%, while didelphys in 5% [6].

1.3  Etiopathology

Sexual differentiation is a continuous process that starts with the fertilization of the
ovule by the sperm. In women, the normal absence of miillerian inhibitory factor
results in degeneration of the mesonephric ducts to paramesonephric ducts. These
structures, which are bilateral, suffer from stretching in around the ninth week of
pregnancy and remain open and separated in the upper segment, thus originating in
the fallopian tubes. In the lower segment, they form after their junction in the upper
2/3 of the vagina [1]. As the fusion has been completed, the septum between the
paramesonephric ducts starts to be absorbed and finally the uterovaginal canal.
Uterus has a normal shape around the 12th week of pregnancy and is totally com-
pleted in the 22nd week [7]. The development of the vagina depends on the fusion
between the urogenital sinus with the miillerian structures. Therefore, the upper 4/5
of the vagina is of miillerian origin and the lower 1/5 has its origin in the urogenital
sinus. The epithelium of the upper 1/3 of the vagina originates in the uterovaginal
primordium and the lower 2/3 in the urogenital sinus, and the hymen is a sign of the
endodermal membrane [8]. What is independent of this process is the ovaries, which
are developed from cells of a different origin, and as a result they are not associated
with miillerian anomalies [1, 9]. Due to the same mesodermal origin of the genital
and urinary tracts, any paramesonephric anomaly could be associated with renal
anomaly, which should always be investigated in these patients. Congenital malfor-
mation of female genital tracts is a result of a failure during embryogenesis, and the
most common genes taking part in this procedure are HOXA13 (hand-foot-genital
syndrome) [10] and HOXA10, expressed in the embryonic paramesonephric ducts
[11]. Genital anomalies induced by environmental agents such as diethylstilbestrol
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and thalidomide are also described in the literature. It is of great importance that the
type of malformation depends on the moment that the failure occurs, and the earlier
in pregnancy it takes place, the more serious the malformation is. Therefore, com-
plete aplasia associated with urinary malfunctions may be seen if the pathology
occurs between the 6th and 9th weeks of pregnancy, and on the other hand total or
partial septation, rarely associated with urinary malformations, may be observed if
the problem occurs between the 13th and 17th weeks of pregnancy.

1.4  Classification Systems

Starting from the nineteenth century, several classifications have been proposed
based on embryology and development of miillerian ducts, but these classification
systems have several difficulties not only in terminologies, but also in failure in the
characterization of the anomalies. The goal was the same, in all cases, to make the
diagnosis more accurate, as well as to help distinguish cases, but the problem
remained with no consensus in relation to their use. Among those, the classification
VCUAM (Vagina Cervix Uterus Adnex-associated Malformation) [12] can be cited
as well as that proposed by Acien and Acien [6]. Currently, the most used is the one
proposed by Buttram and Gibbons [13], accepted and modified in 1988 by the
American Fertility Society (AFS), today the American Society of Reproductive
Medicine (ASRM) [14], which separates the anomalies into seven classes (Fig. 1.1).
The European Society of Human Reproduction and Embryology (ESHRE) and the
European Society for Gynaecological Endoscopy (ESGE) [14] developed another

| Hypoplasia/agenesis Il Unicornuate Il Didelphus
—_— W <V N7
VA VAR & \7
‘-j._\ \Y b r ;,J:.I
I \ i\ |
s TR (a) (b) Non '
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=l == ; L | X
(c) Fundal (d) Tubal (e) Combined ' | I 3
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Fig. 1.1 The AFS/ASRM class ification system. Adapted by the American Fertility Society. The
American Fertility Society classification of adnexal adhesions, distal tubal occlusion secondary or
tubal ligation, tubal pregnancies, miillerian anomalies, and intrauterine adhesions. Fertil Steril
1988;49(6):944-55
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Fig. 1.2 The ESGE/ESHRE classification system. Adapted by Grimbizis GF, Di Spiezio Sardo A,
Saravelos SH, Gordts S, Exacoustos C, Van Schoubroeck D, et al. The Thessaloniki ESHRE/ESGE
consensus on diagnosis of female genital anomalies. Hum Reprod 2016;31(1):2-7

classification based on anatomy, embryological origin, degree of uterine deformity,
and cervical and vaginal anomalies (Fig. 1.2). It is possible that no classification of
miillerian anomalies can encompass all these types of malformations, which could
present themselves in many different ways. Based on AFS-ASRM [12] and ESHRE/
ESGE [14], the classification of anomalies is as follows (Fig. 1.3):

Class 1 (AFS)/U5bC4V4 (ESHRE/ESGE): Refers to agenesis or hypoplasia
of uterus and vagina, which in its extreme form is known as the MRKH syn-
drome. As it can be easily understood, the problem occurs at the start of the
development of miillerian ducts. It is characterized by agenesis or severe uterine
hypoplasia, absence of the upper 2/3 of the vagina in patients with normal
female karyotype (46,XX), and development of secondary sexual characters
compatible with age [15]. The lower third of the vagina rarely passes 2 cm in
depth. Its prevalence is of 1/4500-5000 women [1, 16] and, despite being a rare
disease, is considered the second most common cause of primary amenorrhea,
right after hypogonadism [17]. MRKH syndrome is classified into two groups:
typical (isolated uterovaginal agenesis) and atypical (associated with extra geni-
tal malformations of the kidneys, skeleton, auditory system, and heart) [15]. The
first clinical experience of these patients is primary amenorrhea and incapacity
for vaginal coitus, while renal malformations are the commonest concomitant
lesions, varying from 15 to 34%.
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Fig. 1.3 The combination of ESHRE/ESGE and AFS/ASRM system. Adapted by Ludwin A,
Ludwin I. Comparison of the ESHRE-ESGE and ASRM classifications of miillerian duct anoma-
lies in everyday practice. Hum Reprod 2015; 30:569-80

Class 1/U5aC4V4 (ESHRE/ESGE): Congenital cervical atresia occurs in
1/80,000-1,000,000 women [18]. Most of the times, it is associated with total or
partial aplasia of the vagina and renal anomalies. Not rarely, a hematometra is
observed due to the menstrual blood that has no way to flow out, while the fallopian
tubes can be distended leading in some cases to an acute hemorrhagic abdomen. It
should be diagnosed and treated immediately due to its significant morbidity and
mortality.

Class 2 (AFS)/U4 (ESHRE/ESGE): The unicornuate uterus is the result of inability
of one of the miillerian ducts to migrate to its correct place; therefore, a failure in the
unilateral development occurs. This uterine horn can be unique, when there is com-
plete agenesis of one of the miillerian ducts (U4b), or accompanied by another rudi-
mentary uterine horn, which could be of three types: without cavity (U4b), cavitated,
or cavitated noncommunicating horn (U4a). What is of great importance is that the
endometrium in the latter corn undergoes hormonal stimulation and its cavity progres-
sively increases in volume due to the retention of menstrual blood, which has no way
of flowing out. This causes pain many times of cyclic origin, leading to an increased
volume in abdomen. These women unfortunately may have obstetrical complications
such as miscarriages, restriction of intrauterine growth, and premature birth labor.
Unicornuate uterus represents 0.3—4% of the uterine anomalies and occurs in 1/5400
women, while 74-90% are associated with rudimentary horn [19, 20].
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Class 3 (AFS)/U3bC2V1 or U3bC2V2 (ESHRE/ESGE): Uterus didelphys occurs
as a result of complete failure of fusion of both miillerian ducts. However, develop-
ment of uterus continues individually, giving rise to two uterine cavities, two cervi-
ces, and two vaginas separated, and between them there will be a longitudinal
septum, while menstrual flow is normal. In rare cases, the septum can obstruct one
of the vaginas and cause menstrual flow retention of that hemi-uterus causing cyclic
pelvic pain, with a result of hematocolpos, hematometra, hematosalpinx, and hema-
toperitoneum. If ipsilateral renal agenesis is observed, the syndrome is called
Herlyn-Werner-Wunderlich (HWW) syndrome and represents 3-4% of the
MM. The obstetric prognosis is good, and there are also reported cases of pregnan-
cies with twins with a fetus in each uterus [21].

Class 4 (AFS)/U3C0O (ESHRE/ESGE): Bicornuate uterus occurs when there is a
failure in the fusion of the two miillerian structures that results in two uterine horns
and only one cervix. Complete or partial bicornuate uterus depends on the degree of
deficiency of the fusion, so in complete case the cavities are separated up to the
internal orifice of the cervix and are not linked and in partial case there is some link-
age. It represents around 10% of the MM, is asymptomatic in the majority of cases,
and can cause miscarriage or premature birth [22].

Class 5 (AFS)/U2 (ESHRE/ESGE): Septate uterus is the result of the deficit in
reabsorption of the median septum after the fusion of miillerian structures.
Depending on the moment when the failure occurs, the septum can be complete or
partial and the external contour of the uterus is always normal. The structure of the
septum can be muscular or fibrous, and this diagnostic is extremely important for
therapeutic approach. It represents 55% of the malformations and is associated with
recurrent miscarriage and premature birth. It is one of the malformations with the
worst results in relation to reproduction [22, 23].

Class 6 (AFS): Arcuate uterus is also considered a variant of the normal with no
clinical translation [12]. Eventually, it can be the cause of reproductive alteration
when no other problem is detected. It occurs due to the failure in the final stage of
reabsorption of the intermiillerian septum and does not need intervention.

Class 7 (AFS)/Ul (ESHRE/ESGE): This is induced by diethylstilbestrol, repre-
sented by a T-shaped uterus detected in daughters of women who used this drug
during pregnancy. The uterine cavity is irregular and hypoplastic; there are poor
chances for pregnancy and high risk of miscarriage or ectopic pregnancy [24].
Diethylstilbestrol was discontinued in 1971, and, for this reason, this is an increas-
ingly rare anomaly, which tends to disappear.

V3 (ESHRE/ESGE): Transverse vaginal septum results from the failure of canali-
zation of the vaginal plaque at the point where the urogenital sinus meets the miil-
lerian duct, and it is not associated with other malformations. Women with a
perforated septum take more time to have a diagnosis because they menstruate nor-
mally and there are few symptoms. The thickness and localization are extremely
important to define the treatment: the lowest, the thinnest, and the perforated ones
have better results, while the highest and the thickest ones have great chances of
complications such as rectovaginal fistula and hysterectomy. Its occurrence is esti-
mated to be between 1/2100 and 1/72,000 women [25].



1 Mdllerian Malformations and Their Treatments 7

1.5 Clinical Manifestations

Primary amenorrhea which is defined as the absence of menses at age 15, in the
presence of normal growth and secondary sexual characteristics, is one of the com-
monest clinical expression of congenital uterine anomalies, especially in uterine
and vaginal aplasia, while another common symptom is cyclic pelvic pain, in which
a possible outflow tract obstruction should be evaluated or prolonged or otherwise
there will be abnormal bleeding at the time of menarche, recurrent pregnancy loss,
or preterm delivery, and thus may be identified in patients, including adolescents,
who present with these disorders. Moreover, a longitudinal vaginal septum may be
found in clinical examination, while others may be detected when imaging studies
are performed to evaluate patients with infertility, symptoms related to nonrepro-
ductive organ systems, or trauma. As mentioned above, patients with congenital
uterine anomalies are at increased risk of having renal, skeletal, or abdominal wall
abnormalities, or a history of inguinal hernia, and vice versa. The most common
renal anomalies are duplex collecting system, horseshoe kidney, pelvic kidney, and
unilateral renal agenesis and are most commonly associated with an obstructed
hemiuterus, obstructed hemivagina, and transverse vaginal septa.

Even though MM, in most cases, do not prevent conception and implantation,
obstetric complications such as spontaneous abortion, recurrent miscarriage, fetal
growth restriction, preterm delivery, antepartum and postpartum bleeding, placental
attachment abnormalities, cervical insufficiency, fetal malpresentation, pregnancy-
associated hypertension, increased possibility of cesarean delivery, and rarely rup-
ture of a rudimentary horn may be observed [12, 17-25]. Some clinical expressions
such as malpresentation and increased possibility of cesarean delivery can be
explained easily by the small uterine cavity of the anomalous uterus, which may
inhibit fetal movement to cephalic presentation [26], while growth restriction may
be related to abnormal uterine vasculature. Postpartum hemorrhage may result from
an abnormal attachment of placenta, while pregnancy-associated hypertension has
been attributed to coexistent congenital renal abnormalities [22] and pregnancy loss
may be related to implantation at an unfavorable site, especially in the presence of
a septum [12]. Many patients are asymptomatic, and findings are first presented in a
routine physical examination which leads to further evaluation and diagnosis.

1.6  Diagnostic Methods

Clinical examination is playing a crucial role in MM. In cases of primary amenor-
rhea, clinical examination should be focused on the presence of secondary sexual
characteristics as well as on the presence or absence of the uterus. Blood tests
focused on follicle-stimulating hormone (FSH) levels may be very helpful. If FSH
is normal and clinical examination—ultrasound—indicates that the uterus is absent,
the probable diagnosis is miillerian agenesis or androgen insensitivity syndrome. In
the case of miillerian agenesis, the circulating testosterone is in the normal range for
women, and in the case of androgen insensitivity, the circulating testosterone is in
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the male range and testes may be present in the inguinal area or found intra-
abdominal on ultrasound. Karyotype is always helpful in these cases because in
agenesis karyotype is normal female 46,XX, in contrast to androgen insensitivity
syndrome which is 46,XY. In addition, the vagina and cervix should be examined
for anatomic abnormalities. Anatomic abnormalities that can cause primary amen-
orrhea include an intact hymen, transverse vaginal septum, or vaginal agenesis, also
known as miillerian agenesis or Mayer-Rokitansky-Kiister-Hauser (MRKH) syn-
drome [4]. A careful genital examination should be performed for clitoral size,
pubic hair development, intactness of the hymen, and vaginal length. If the vagina
cannot be penetrated with a small cotton swab (Q-tip) or finger, rectal examination
may allow evaluation of the internal organs.

Over the past years, imaging diagnostic tools have been constantly improving.
The initial diagnostic method is the two-dimensional ultrasound (US2D), but also
used are three-dimensional ultrasound (US3D), MRI, hysterosalpingo-contrast
sonography, X-ray hysterosalpingography, video hysteroscopy, and video
laparoscopy.

US2D is the initial method because it is simple, noninvasive, low cost, and usu-
ally available and provides good information; however, it is highly dependent on the
experience of the examiner [26—28]. US3D has good reproducibility and high level
of agreement among different observers, provides additional and more reliable
images, and allows for the evaluation of the cervix and the vagina; however, it is less
available and requires more specialized training than the US2D [26-29].

MRI is considered the gold standard method and offers objective and reliable
tridimensional information about all aspects of anatomy, except for the tubes; it can
be used in all cases, including obstructive malformations. It is more expensive and
less available than the US and needs a qualified professional to interpret the results
[26, 30-32]. MRl is also very helpful in girls who develop endometriosis from ret-
rograde menstruation from obstructed uterine horns.

Hysterosalpingo-contrast sonography is a minimally invasive and low-cost
method and provides good information about the cervix and uterine cavity but is
highly dependent on the examiner, and the distention of the uterine cavity can mod-
ify its internal contours generating false-negative images [26, 33]. X-ray hysterosal-
pingography provides information only about the uterine cavity and tubes and is
used more in cases of infertility. It is an invasive, painful exam and does not evaluate
the external contour, does not differentiate the septate uterus from the bicornuate
one, does not diagnose the noncommunicating uterine horn, and cannot be used in
vaginal and cervical obstructions [26, 34].

Hysteroscopy is minimally invasive and provides reliable information about the
vagina, cervical canal, and uterine cavity, although it does not evaluate the external
contours or the thickness of the uterine wall and does not differentiate the septate
uterus from the bicornuate one [26]. Laparoscopy evaluates the external contour of
the uterus and the peritoneal structures, but it is an invasive exam, does not evaluate
the thickness of the uterine wall, and completely depends on the experience and
subjective evaluation of the examiner [26]. When obstructed uterine horns with the
presence of active endometrium without an associated cervix and upper vagina are
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identified, then laparoscopic removal of the unilateral or bilateral obstructed uterine
structures should be performed [35]. In most cases, surgical excision of the uterine
horn results in improvement of the endometriosis [5].

Multiple studies have confirmed the prevalence of renal anomalies in patients
with miillerian agenesis to be 27-29%; therefore, ultrasound evaluation of the kid-
neys is warranted for all patients [36, 37]. Skeletal anomalies (e.g., scoliosis, verte-
bral arch disturbances, hypoplasia of the wrist) have been reported in approximately
8-32% of patients; therefore, spine radiography (X-ray) may reveal a skeletal
anomaly even in asymptomatic patients [36-38].

1.7  Treatment
1.7.1 Which Classification Is Better for Patient Management?

According to the authors of the ESHRE/ESGE system, their classification contains
a clear definition of all types of anomaly, and the anomalies are categorized in well-
described classes and subclasses as mentioned above, and the ESHRE/ESGE crite-
ria allow objective classification of uterine morphology [26]. However, other studies
have shown that the ESHRE/ESGE classification system for main classes has sig-
nificant methodologic issues [39, 40]. Importantly, three groups of researchers have
highlighted that the ESHRE/ESGE system can lead to unnecessary surgical proce-
dures for conditions that appear to be benign uterine variants [40-42]. Moreover,
the ESHRE/ESGE system and their criteria included updated definitions and were
not created for patient management as authors stated [14, 26]. A recent systematic
review indicates that current evidence favors continued use of the ASRM classifica-
tion [43]. In conclusion, it is still very difficult to answer the question of which
system is better, because all systems have potential advantages and disadvantages.
All systems are arbitrary, with overlapping features.

1.7.2 Congenital Uterine Malformations by Experts (CUME):
Definitions 2018

The use of different criteria and definitions, especially in Europe and the United
States, as well as different local classifications is a significant barrier for communi-
cation between practitioners, experts, and researchers. What would be a good idea
is the creation of a single global classification system using the most voted options
of independent international top experts as reference to find a common language for
classification of anomalies. Recently, the Congenital Uterine Malformations by
Experts (CUME) group was created for that reason and is the first definition, which
is available in order to reflect the diagnosis made most often by experts for distin-
guishing normal/arcuate and septate uterus [44].

Furthermore, surgical approaches to treating MM are always evolving. Advances
in imaging have allowed for noninvasive and more accurate diagnosis of anomalies,
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which has resulted in better surgical planning with fewer diagnostic surgeries
needed. Technologic advances in surgical equipment, as well as laparoscopy, have
helped in better correction of these anomalies. In addition, past surgical approaches
with the focus on correction of MM for patient’s symptom relief, without any con-
sideration for future fertility, are not nowadays in the surgical plan and most experts
allow individuals to take part in their future reproductive option, which is well dis-
cussed most of the times with their parents.

Moreover, minimally invasive techniques have today replaced all past surgical
approaches. The most significant impact has been with the hysteroscopic incision of
uterine septum, which replaced the Jones [45] or Tompkins [46] metroplasty per-
formed at laparotomy [47]. The hysteroscopic septum incision can be done as a
same-day surgery, with significantly shorter recovery and less pain, and importantly
allows the young girl to have a vaginal delivery without a significant risk of uterine
rupture [8]. In some cases, hysteroscopic septum incision is performed under lapa-
roscopic control, in order to prevent excessive incision and fundal perforation.
Currently, ultrasound guidance, later performed abdominally [48], has replaced
more invasive laparoscopy [40]. Resection of the septum hysteroscopically can
improve pregnancy outcome [49]. Other examples for past procedures that now
have been replaced by others in order to preserve the reproductive function include
hysterectomy for treatment of a patient with a high transverse vaginal septum or
cervical agenesis, hemi-hysterectomy with vaginectomy for obstructed hemiuterus
in blind hemivagina, and amputative or ablative surgery of blind obstructed hemi-
cavity in Robert septate uterus [50].

In case of uterus didelphys, 20% of patients also have unilateral anomalies, such
as an obstructed hemivagina and ipsilateral renal agenesis. In addition, there may be
a microcommunication between the patent vagina and the obstructed vagina, result-
ing in an infected obstructed hemivagina, while bilateral complete obstruction is
also possible and presents with primary amenorrhea. Treatment involves resection
of the wall of the obstructed vagina followed by creation of a single vaginal vault.

Metroplasty should be considered for patients with pelvic pain, recurrent miscar-
riages, or a history of preterm delivery. Today’s data do not support the fact that
abdominal repair of the didelphic uterus improves pregnancy outcomes. In the uni-
cornuate uterus, care should be taken to assess for the presence of a noncommuni-
cating or rudimentary horn. Even though most rudimentary horns are asymptomatic,
some contain functional, but not necessarily normal [51], endometrium that is shed
cyclically. But if a rudimentary horn is obstructed (without communication to the
other uterus or cervix), as mentioned above, the patient may develop cyclic or
chronic abdominopelvic pain and may require surgical excision of the obstructed
horn [51].

Bicornuate uterus is not a cause of difficulty conceiving, but rather a recurrent
miscarriage in the second trimester of pregnancy and premature birth. When no other
cause is identified, Strassman’s metroplasty can be recommended, with good results
and a 90% rate of full pregnancy [52]. Transverse vaginal septum should be treated
with surgical resection and anastomosis of the proximal and distal vaginas. The choice
of the technique depends on its localization and thickness, which is diagnosed in a
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physical exam, US, and MRI, and it can be vaginal or laparoscopic. The lowest, the
thinnest, and the perforated ones have the best results, and the main complications are
stenosis, re-obstruction, dyspareunia, and psychological difficulties. Vaginal dilata-
tion is generally recommended after surgery to improve the result [53].

In case of MRKH syndrome, primary vaginal elongation by dilation is the appro-
priate first-line approach in most patients because it is safer, patient controlled, and
more cost effective than surgery. Vaginal dilation is successful for more than 90-96%
of patients; therefore, surgery should be reserved for the rare patient who is unsuc-
cessful with primary dilator therapy or who prefers surgery after a thorough informed
consent discussion with her gynecologic care provider and her respective parent(s).
Regardless of the surgical technique chosen, referrals to centers with expertise should
be offered and the surgeon must be experienced with the procedure. The primary aim
of surgery is the creation of a vaginal canal to allow penetrative intercourse. The tim-
ing of the surgery depends on the patient and the type of procedure planned. Surgical
procedures often are performed in late adolescence or young adulthood when the
patient is mature enough to agree to the procedure and to be able to adhere to postop-
erative dilation. Common complications in vaginoplasty include bladder or rectal per-
foration, graft necrosis, hair-bearing vaginal skin, and fistulae [54].

Several techniques have been used for vaginoplasty, and there is not a worldwide
consensus for the best, in order to afford the best functional outcome and sexual
satisfaction [55]. Historically, the most common surgical procedure used to create a
neovagina has been the modified Abbe—McIndoe operation. This procedure involves
the dissection of a space between the rectum and bladder, placement of a stent cov-
ered with a split-thickness skin graft into the space, and diligent use of vaginal dila-
tion postoperatively. Other procedures for the creation of neovagina are the
Vecchietti procedure and other laparoscopic modifications of operations previously
performed by laparotomy [56]. The laparoscopic Vecchietti procedure is a modifica-
tion of the open technique in which a neovagina is created using an external traction
device that is affixed temporarily to the abdominal wall [57]. Another procedure, the
Davydov procedure, was developed as a three-stage operation that requires dissec-
tion of the rectovesicular space with abdominal mobilization of a segment of the
peritoneum and subsequent attachment of the peritoneum to the introitus [58-61].
Other vaginoplasty graft options include bowel, buccal mucosa, amnion and various
other allografts. Last but not least, Williams vaginoplasty is a very reliable and
worldwide used method of vaginoplasty. The Creatsas modification of Williams
vaginoplasty is a fast and simple technique, in which a perineal skin flap is used to
create a perineal pouch. During this procedure, the tissues of the perineum are
mobilized and the inner skin margins of the created flap are stitched together using
absorbable sutures. Regarding this technique, we have a large series of neovagina
creation, with more than 247 adolescents, with no past surgical complications and
perfect sexual life as reported by women later in their life.

Another issue in MRKH syndrome is uterine transplantation. This is an innovative
approach to treat fertility due to MM [62]. Procurement of the donor uterus has tradi-
tionally been performed at laparotomy from a living or deceased donor. Traditionally,
uterus harvest for a live transplant involves a long and complicated procedure to remove
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the uterus and its vascular supply without causing undue trauma to the donor. Recently,
the first case report of robotic assisted laparoscopic harvesting was described for pro-
curement of a uterus from a live donor [63]. The donor undergoes a procedure similar to
a radical hysterectomy, with removal of the ovaries to obtain adequate ovarian vascular
pedicles, both arterial and venous, to allow perfusion of the uterus in the recipient. As the
robotic assisted laparoscopic approach has become common place for performing a
radical hysterectomy, it is natural that this approach may be used for the uterus donor
and allows for a quicker recovery.

1.8  Controversies
1.8.1 Uterovaginal Anastomosis for Cervical Agenesis

As surgical approaches evolve to take into consideration reproductive choices and
patient input, controversies in management have developed. Management of cervical
agenesis has traditionally involved performing a hysterectomy primarily to treat the pain
caused by hematometra and sequelae of retrograde menstruation, including endometrio-
sis, hematosalpinx, and hematoperitoneum. Some case series evaluating outcomes of
uterovaginal fistula showed poor outcomes. The frequency of reoperation and hysterec-
tomy of girls undergoing uterovaginal reconstruction for cervical agenesis ranged from
10 to >50%, while sepsis is always an issue in these cases and sometimes is fatal [64—
67]. Pregnancies reported after uterovaginal anastomosis are few [65, 66], due to the
high incidence of tubal damage and adhesive disease from retrograde menstruation. On
the other hand, surgical approaches are evolving; therefore, in one study of 18 cases, all
of the women had successful reconstruction and only one woman experienced resteno-
sis, which was treated successfully with the use of canalization [68]. Pregnancy occurred
without assistance in ten women, and four women had a successful delivery via cesarean
section at 36-38 weeks. Another case series of laparoscopic assisted uterovaginal anas-
tomosis involved 14 patients, with 9 undergoing concomitant vaginoplasty [69]. Only
one patient underwent hysterectomy, owing to restenosis and infection. Unassisted preg-
nancy was achieved in three of five patients who were sexually active. The better out-
comes in these studies have brought into question which management is appropriate.
Although hysterectomy is a “safer”” option because it avoids potential complications of
restenosis, infection, and death, it does not allow for the individual to preserve her uterus
for cultural or emotional reasons or to carry a pregnancy.

1.8.2 Surgery of Septate Uterus by Different Definitions

Septate uterus as a definition is under controversies through all these years, while an
issue always arises according to whether or not surgical treatment improves clinical
outcomes. As discussed above, the ASRM and ESHRE/ESGE classification systems
differ in the diagnosis of septate uterus [44]. The median internal indentation in those
diagnosed as septate according to the ESHRE/ESGE criteria was 10.7 mm
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(lower-upper quartile 8.1-20 mm), whereas for those diagnosed as septate according
to the ASRM criteria, the median indentation was 21.1 mm (lower-upper quartile
18.8-33.1 mm); therefore, in ESHRE/ESGE system, septate uterus is overdiagnosed
[26]. Currently, randomized trials are underway to evaluate outcomes following uter-
ine septum treatment versus expectant management [42, 70]. However, more studies
are needed to determine if surgical correction of a uterine septum defined by ESHRE/
ESGE, ASRM, or other criteria improves clinical outcomes.

1.8.3 Cervical Septum Preservation and Resection

Treatment of complete septate uterus by hysteroscopy may involve preservation of
the cervical septum or resection. One randomized study compared surgical treat-
ment of uterine septum with and without cervical septum resection in 28 patients
[71]. In the group who had preservation of the cervical septum, operating times
were longer, incidence of bleeding >150 mL higher, and cesarean section rate higher
than in the group who underwent cervical septum incision. There were no differ-
ences in reproductive outcomes between the two groups. However, another case
series reported need for cerclage in 5 out of 22 patients owing to cervical shortening
when cervical septum was removed [72]. Commonly, interstitial cases of the septate
and double cervix (wide septa or septate/double cervix) are present, and the strict
distinction between these two conditions may be a challenge and even impossible.

1.8.4 Blind Hemivagina

Double uterus with obstructed hemivagina is a well-recognized miillerian anomaly
[73]. This anomaly is also known as obstructed hemivagina with renal anomaly and as
Herlyn-Werner-Wunderlich syndrome [74, 75]. This obstructed hemivagina is seen
primarily in association with uterus didelphys or complete septate uterus, and some-
times with bicornuate uterus with double uterine cavity and cervical canal. Many
treatment options have been proposed. Treatment most commonly has been a vaginal
approach to resect the vaginal septum, relieve the obstruction, and allow a single com-
mon vaginal canal. However, hysteroscopic resection has also been used to resect
vaginal septum in a virginal patient when preservation of the hymen is desired [72-75].

1.9 Challenges and Ongoing and Further Studies

It is well understood that all these years, many steps forward have been made
regarding diagnosis, classification, and management of MM. However, many ques-
tions remain unanswered and need further evaluation and studies. Good-quality
studies on prevalence and clinical implications, with measurable criteria, are
required for distinguishing what are normal and abnormal conditions. Studies
focused on obvious morphologies, such as normal/arcuate, septate, bicornuate, and
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didelphys uterus, and other debatable conditions, such as T-shaped uterus, with the
use of measurable criteria for diagnosis should be performed. Surgical interventions
in women with infertility and recurrent pregnancy loss who have potentially benign
morphologic variants of uterus can show good reproductive outcome after correc-
tion. But it is not sufficient evidence to conclude that surgery is truly helpful for
these women. Currently, there are two ongoing randomized controlled trials focused
on septate uterus. As mentioned above, the protocols raise questions about the valid-
ity of the definitions of septate uterus used. On the other hand, performing random-
ized controlled trials in women with unique anomalies is not easy and sometimes
impossible. One of the best ideas may be creation of an international registry of
anomalies and comparison of reproductive outcomes depending on the approaches.
Such a registry should include datasets from accurate diagnostic methods, such as
3D ultrasound and MRI that can be reliably reanalyzed [76-78].

1.10 Discussion

The various MM present themselves in diverse forms and in different phases of a
woman'’s life. The two principal classifications used currently, that of AFS-ASRM
and of ESHRE/ESGE, encompass the majority of cases, although there are others
and there is still not a consensus. There are isolated cases of MM that do not fit into
any of the classifications. Women with more impacting symptoms such as primary
amenorrhea, incapacity for vaginal coitus, or pelvic pain, due to obstruction of the
menstrual flow, are diagnosed earlier because they seek assistance earlier. However,
those women experiencing problems related to reproduction, such as recurrent preg-
nancy loss, premature birth, and infertility, many times only have diagnosis of geni-
tal malformation during the investigation of these symptoms. Clinical examination
has a major role in diagnosis, although US2D is the first imaging exam used, fol-
lowed by MRI, which for some authors is the gold standard imaging exam. The
clinical presentation and treatment for MM are directly related to the anatomy of the
defect. Malformations that obstruct the menstrual flow should be treated rapidly
doing a suitable surgical procedure for each case. Patients with vaginal agenesis
may undergo vaginoplasty or vaginal dilatation through diverse techniques. Due to
the frequent association between MM and urinary anomalies, the finding of any of
the types should lead to the investigation of the other. Since it is a rare pathology,
the majority of studies found in the literature are composed of case reports, small
series of cases, and comparative studies and many authors just report the experience
of their service. Studies involving genetics and embryology, as well as randomized
studies, are necessary, so that one can understand and treat, in an increasingly better
fashion, women who are born having to deal with the fact that they are different.
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Adolescent Amenorrhea: New Aspects
of an Old Problem
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Primary amenorrhea (PA), which occurs in 1-5% of girls, describes complete
absence of menses, and it is a devastating diagnosis that can affect an adolescent
view of her feminity, sexuality, fertility, and self-image [1].

A prompt confirmation of the diagnosis is mandatory. When necessary, estrogen
replacement treatment should be advised for pubertal development and psychologi-
cal improvement [2].

Assessment of adolescent patients requires a sensitive, age-appropriated
approach, considering the emotional maturity of the adolescent distress.
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Moreover, cultural perceptions and practices around menarche and adolescent
menstruation vary among countries, groups, and ethnics. Menstruation can be
described as a Dr. Jekyll and Hyde phenomenon! It carries both a good and a bad
reputation: a “good reputation” since menarche is important as a sign of maturity
and fertility, and a “bad reputation” due to the persistence of physical and psycho-
logical problems.

PA in adolescence is likely to require a multidisciplinary input including that of
a pediatric endocrinologist, a gynecologist, a surgeon, a clinical psychologist, and a
fertility team.

It is generally accepted that the menstrual cycle is a biological marker of general
health in adolescents. Although pubertal menstrual disorders, such as oligomenor-
rhea, dysfunctional uterine bleeding, and amenorrhea, commonly occur within the
2 years after menarche, prolonged amenorrhea beyond 14 years is not normal and
needs management.

Facing an adolescent with PA should raise four questions:

e Why should amenorrhea be considered as a “vital” sign?
¢ Who should be evaluated for amenorrhea?

¢ How should adolescent amenorrhea be evaluated?

e What are the causes of adolescent amenorrhea?

2.1 Why Should Amenorrhea Be Considered
as a“Vital” Sign?

PA provides a window of opportunity for early diagnosis/treatment of conditions
affecting hypothalamic-pituitary-ovarian (HPO) axis [3]. It may be associated with
significant medical morbidity and may offer the opportunity of early identification
of potential health concerns for adulthood [4].

PA is a risk factor for early and late consequences, according to the degree of
estrogenization.

In estrogen-repleted adolescents, peri-pubertal hyperestrogenism constitutes a
risk for hyperplasia of the endometrium, responsible for dysfunctional uterine
bleeding and, later, a risk for endometrial cancer and breast cancer. Conversely, in
estrogen-deficient adolescents, reduction of bone mineral density increases the life-
long risk of fractures [5] and cardiovascular risk is increased in this condition. In
addition, psychological problems, and even psychiatric disorders, should not be
overlooked.

2.2 Who Should Be Evaluated for Amenorrhea?

There is no consensus regarding the type of PA that requires investigations. In our
experience, management of PA should start in four conditions:
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— An adolescent who has not had menarche by age 14 years

— An adolescent who has not had menarche and more than 3 years have elapsed
since thelarche

— An adolescent who has not had a menarche by age 13 years and no secondary
sexual development

— An adolescent who has not had menarche by age 14 years and there is a suspicion
of an eating disorder or excessive exercise, or there are signs of hyperandrogen-
ism, or there is evidence of a failure to thrive.

2.3 How Should Adolescent Amenorrhea Be Evaluated?

In the presence of an adolescent girl with PA, diagnosis can be oriented with the aid
of history, physical examination, imaging studies, hormonal evaluation, and karyo-

typing [1]:

(a) Evaluation of PA begins with a thorough medical history, general health, and
lifestyles, to identify chronic illness and exposure to radiations or chemother-
apy during infancy. Any history of galactorrhea, headache, and cyclic abdomi-
nal pain may be indicative [6].

(b) Physical examination includes height and weight and BMI. Breast Tanner stag-
ing is a good marker of the degree of estrogenization [7]. Any features of Turner
syndrome must be looked for. A scrupulous examination of the external genita-
lia should be conducted, along with a normal cervix [2].

(c) Imaging studies routinely include pelvic ultrasonography to confirm the pres-
ence of ovaries and the uterus.

(d) Initial hormonal evaluation is limited to the serum FSH (and LH), testosterone,
and prolactin levels [8]. Pregnancy must be rolled out, since adolescents may
ovulate before the first period. A karyotype should be conducted in all adoles-
cents with high FSH serum levels.

At the end of this evaluation, the causes of PA should be discussed (Fig. 2.1):

e According to the initial examination: PA with or without breast development,
with or without evidence of androgen excess, with or without galactorrhea, with
or without weight loss, with or without growth failure

e According to the FSH levels: hypergonadotropic hypogonadism (elevated FSH),
hypogonadotropic hypogonadism (low FSH), or eugonadism (normal FSH)

e According to karyotype: XX, XO, or XY [9]
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History and physical examination

B + = Oestrogen-exposed adolescent

|
( |

No Yes
| |
FSH levels Pelvic US
\ l |
<5 mULml >20 mULml Uterus absent Uterus present
Hypogonadotropic - Karyotype Karyotype Outflow obstruction
hypogonadism
XX X0 XY XY XX No Yes
Hypergonadotropic Turner PIT PITT MRKH Secondary Imperforated
hypogonadism syndrome l l amenorrhea? hymen
Gonadal
dysgenesis CAIS
5aRD

Fig. 2.1 Algorithm for the evaluation of primary amenorrhea. Abbreviation: P! T plasma testos-
terone level, MRKH Mayer-Rokitansky-Kiister-Hauser syndrome, CAIS complete androgen insen-
sitivity syndrome, SaR Sa-reductase

24 What Are the Causes of Adolescent Amenorrhea?

According to the practice committee of the American Society for Reproductive
Medicine, PA may be associated with anatomic defects of the outflow tract, primary
hypogonadism (XX, X0, XY), hypothalamic causes (dysfunctional, Kallmann,
chronic illness), pituitary causes (prolactinoma, illness), other endocrine gland dis-
orders (adrenal, thyroid, ovary), and multifactorial causes (PCOS). This classifica-
tion in our opinion does not reflect the routine practice. We prefer to consider that
PA could be related to endocrine defects within the hypothalamic-pituitary-ovarian
axis, genetic abnormalities, previous radio- or chemotherapy, metabolic disease,
autoimmune disorders, infections, contamination by endocrine-disrupting chemi-
cals (EDCs), Mullerian defects, or unknown factors.

In our experience, during the last decades, causes of PA have been anatomic defects
of the outflow tract (10%), ovarian causes (30%), pituitary causes (5%), hypothalamic
causes (10%), functional causes (30%), and idiopathic causes (30-35%).

The main causes of PA are considered to be related to:

. Endocrine defects within the hypothalamic-pituitary-ovarian axis
. Genetic defects of the ovary

. Metabolic diseases

. Autoimmune diseases

. Infections

O N N R S R
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Iatrogenic causes (radiotherapy, chemotherapy)
Mullerian defects

Environmental factors

Idiopathic factors

AESEEY

2.4.1 Endocrine Defects Within
the Hypothalamic-Pituitary-Ovarian Axis (Table 2.1)

When puberty does not occur at the extreme end of the normal spectrum (i.e., con-
stitutional delay of growth and puberty), hypogonadism must be evaluated. There
are two types of hypogonadism: hypogonadotropic hypogonadism and hypergo-
nadotropic hypogonadism. Hypogonadotropic hypogonadism can be transient due
to an underlying medical condition, or persistent due to a GnRH defect. Midline
congenital defects, such as cleft lip and palate, and neural tube defects are sugges-
tive of permanent hypogonadotropic hypogonadism. Hypergonadotropic hypogo-
nadism is due to gonadal failure.

2.4.1.1 Hypogonadotropic Hypogonadism

Hypogonadotropic hypogonadism may be congenital and due to isolated FSH-LH
deficiency or multiple gonadotropic deficiency. It may be secondary to acquired
hypothalamic-pituitary disease. Hypothalamic-pituitary diseases include Kallmann
syndrome, Prader-Willi syndrome, congenital hypopituitarism, and septo-optic dys-
plasia, among others.

Table 2.1 Endocrine defects within the hypothalamic-pituitary-ovarian axis

Hypogonadotropic hypogonadism

Congenital | GnRH deficiencies and anosmia (Kallmann syndrome)

Syndromic (Prader-Willi syndrome, CHARGE syndrome, Laurence-Moon
syndrome, ...)

Acquired | Pituitary adenoma

Infiltrative disorders (histiocytosis, sarcoidosis, hemochromatosis, ...)

Brain trauma

Radiation

Drugs

Hypergonadotropic hypogonadism

XO | Turner syndrome

XX | Congenital premature ovarian insufficiency (genetic defect)

Acquired Infections
Radiotherapy, chemotherapy
Autoimmune diseases

XY | Gonadal dysgenesis

Testosterone biosynthesis defects

Androgen resistance (CAIS, SaRD)

Abbreviation: CAIS complete androgen insensitivity syndrome, SaRD Sa-reductase deficiency
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Congenital Hypogonadotropic Hypogonadism
Hypogonadotropic hypogonadism may be due to genetic abnormalities. Recognizing
these gene variations may improve our diagnosis capabilities:

— GnRH receptors, KISS1/KISS1R and TAC3/TACR3, should be the first genes to
be screened in a clinical setting for equivocal cases such as DP versus IHH, since
they are the main causes of GnRH pulse generator defects.

— In Kallmann syndrome, genetic screening for particular genes should be priori-
tized based on the association of specific clinical features: synkinesis (KALI),
dental agenesis (FGF8/FGFR1), bone anomalies (FGF8/FGFR1), and hearing
loss (CHD7, SOX1). New genes have recently been identified, and the list of
genes involved in hypogonadotropic hypogonadism is still growing.

More than 25 different genes have been implicated in congenital hypogonado-
tropic hypogonadism and/or Kallmann syndrome, which account for about 50%
of cases.

Acquired Hypogonadotropic Hypogonadism
Absence of maturation of the hypothalamic-pituitary-ovarian axis may be second-
ary to acquired hypothalamic-pituitary disease, such as:

Brain tumor: craniopharyngioma, astrocytoma
Infiltration diseases of the CNS: histiocytosis
— Chemo- or radiotherapy

Hyperprolactinemia

2.4.1.2 Hypergonadotropic Hypogonadism
Hypergonadotropic hypogonadism may be congenital or acquired.
According to the karyotype, one can distinguish:

e XX hypergonadotropic hypogonadism: premature ovarian insufficiency.
Premature ovarian insufficiency (POI) affects about 1/10,000 adolescent girls
and is characterized by severe estrogen deficiency due to ovarian dysgenesis,
which can be congenital or acquired. This aspect will be treated in the next
section.

e X0 hypergonadotropic hypogonadism: Turner syndrome. Turner syndrome (TS)
is the most prevalent example of hypergonadotropic hypogonadism. Although
20% of TS patients will begin puberty spontaneously, only a small minority will
progress to menarche. Absent puberty and PA are very frequent clinical expres-
sions of TS. In most TS cases, primary ovarian failure can be expected.

e XY hypergonadotropic hypogonadism: disorders of sex development (DSD).
46,XY DSD refers to 46,XY adolescents with undermasculinization, leading in
some cases to a female phenotype. The first estimate on the prevalence of 46, XY
females is 6.4 per 100,000 live-born females in Denmark [10]. The hormonal
levels of T, AMH, FSH, and LH, as well as the presence of Mullerian derivatives
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Amenorrhea in XY adolescents

l

isolated/associated with

/ .

plasma testosterone
+ nephrotic syndrome (Wilms’ tumour)

HIGH (treatment resistance)
+ Androgen activity defects L’ Drash syndrome
LOW + CAIS
1 + Gonadal dysgenesis + 5aRD + focal sc'egmental glomerular
sclerosis
1. complete gonadal dysgenesis L’ Frasier syndrome

2. partial gonadal dysgenesis

3. mixed gonadal dysgenesis + skeletal abnormalities

2 + Defects in androgen synthesis Campomelic dysplasia

1. Leydig cell hypo/aplasia + mental retardation
2. congenital lipoid hyperplasia

3.17 B - OHSD deficiency

4. 17a - OHase deficiency

Fig.2.2 Main causes of XY adolescent amenorrhea. Abbreviation: /74-OHSD 17p-hydroxysteroid
dehydrogenase, /7a-OHase 17a-hydroxylase, CAIS complete androgen insensitivity syndrome,
5aRD Sa-reductase deficiency

noted by pelvic ultrasound, will differentiate gonadal dysgenesis (associated
with insufficient gonadal secretion of T and AMH) from androgen production
defects or androgen resistance (Fig. 2.2).

Gonadal Dysgenesis

Gonadal dysgenesis is a genetic defect in testis determination characterized by a
variable alteration in Leydig and Sertoli cell function. This disorder may be second-
ary to mutations in any of the several genes taking part in the differentiation process
of the primitive gonad to a testis.

SRY gene abnormalities express with a clinical picture of 46,XY sex reversal
with female phenotype. The diagnosis of Swyer syndrome is made in the pubertal
period in the presence of PA [11].

About 80% of the cases of gonadal dysgenesis are not caused by a SRY gene
abnormality. They may be secondary to abnormalities in the other genes that take
part in testis determination, however, and they are autosomal or X-linked.

Some cases of gonadal dysgenesis have been linked to SF1 gene mutation. This
gene is involved in the development of male gonads and adrenal glands.

In some patients, gonadal dysgenesis is associated with renal dysfunction. In
these cases, the diagnosis of Drash syndrome—defined as Wilms’ tumor associated
with renal insufficiency or Frasier syndrome, which is proteinuria secondary to
focal glomerular sclerosis—may be made. Both syndromes are due to WT1 gene
abnormalities that are nevertheless quite specific for each syndrome. In particular,
heterozygous mutations in the open reading frame have been associated with Drash
syndrome, while intron mutations leading to splicing abnormalities have been found
in Frasier patients.
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Several mutations of SOX-9 have been identified in patients with severe skeletal
malformations like campomelic dysplasia, associated with sex reversal and gonadal
dysgenesis.

Homozygous or composite heterozygous mutations of the desert hedgehog
(DHH) gene, which is involved in testis differentiation and perineal development,
have been identified. The phenotype is usually female, and a neuropathy may be
associated.

Defects in Testosterone Production

Defects in T production are rare and are characterized by severe degrees of external
genital undervirilization. Conversely, no Mullerian derivatives are present because
AMH is normally secreted by the Sertoli cells. These defects are due to an enzy-
matic defect in T biosynthesis, or they may be secondary to an LH receptor gene
abnormality.

Defect in 3-beta-hydroxysteroid dehydrogenase is associated with a variable but
insufficient virilization of the 46,XY male, ranging from a female phenotype to
minor forms of DSD.

The phenotype in cases of a 17-alpha-hydroxylase defect may also be extremely
variable. In some individuals, the diagnosis is made only in the pubertal period
because of PA. An excess of 11-deoxycorticosterone (DOC) causes hypertension
during puberty. The genetic abnormality concerns the CYP17 gene with recessive
transmission.

Defect of 17-beta-hydroxysteroid reductase is a rare testicular block that causes
a deficit in testicular T production. The phenotype is more frequently female.

Leydig cell agenesis or hypoplasia is a rare form of 46,XY DSD, first identified
in a patient with female phenotype associated with the 46,XY karyotype. The
patient presented primary amenorrhea and no breast development at puberty, associ-
ated with low T at baseline and after hCG stimulation testing. This condition is
determined by a homozygous or double-heterozygous inactivating mutation of the
LH receptor gene.

Androgen Resistance Disorders

The androgen resistance disorders are characterized by normal/high T and AMH
production, in contrast to the undermasculinization in 46,XY DSD. These disorders
are represented by androgen receptor defect or Sa-reductase deficiency.

Complete Androgen Insensitivity Syndrome (CAIS)

The diagnosis of CAIS is often made in the pubertal period, when primary amenor-
rhea associated with normal breast development and sparse axillary and pubic hair
suggests this diagnosis [12]. The endocrine investigations show high plasma T,
along with a high LH level. An AR gene mutation will confirm this diagnosis.

5aR Deficiency
In the case of 5aR deficiency, T is not converted to dihydrotestosterone (DHT),
which is responsible for external genital virilization. The phenotype is usually
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female, but it may assume all degrees of undervirilization [13, 14]. It is usually
made at puberty because of PA, absence of breast development, striking virilization
including hirsutism, clitoral hypertrophy, significant muscle development, and a
masculinization in behavior. The molecular investigation confirms the diagnosis by
identifying a 5aR2 gene mutation.

In conclusion, the XY adolescent referred for DP encompasses a wide variety of
endocrine and genetic disorders. This complex situation requires a multidisciplinary
team for diagnostic investigations, gender choice, treatment, and psychological
management.

2.4.2 Genetic Defects of Ovary

Genetic O causes of PA include X chromosome alterations and autosomal gene
abnormalities.

2.4.2.1 XChromosome

X chromosome alterations include X chromosome monosomy X0, mosaicism XX
and X0, X deletions, and translocations. In a recent work, Ghosh et al. reported that
chromosomal anomalies contribute to be one of the major etiologies of amenorrhea,
in India [15]. Besides, BMP-15 mutations and pre-mutation of the FMR1 gene
(fragile X syndrome) are present in about 20% of adolescents with PA.

Turner syndrome (TS) is associated with X chromosome numerical or structural
alterations. Prevalence of TS is about 50/100,000 females in Caucasian population.
Ovarian dysgenesis and early follicular apoptosis are key features of TS, resulting
in primary ovarian insufficiency with estrogen deficiency in the peri-pubertal period
[16]. AMH plasma level can be useful as a marker of ovarian function.

2.4.2.2 Autosomal Gene Mutations

The prevalence of known genetic alterations that may be linked to PA is estimated
to be around 20%. To date, 18 known primary ovarian insufficiency genes have been
identified: BMP15, DMC1, EIF2S2, FIGLA, FOXL2, FSHR, GDF9, GPR3, HFM1,
LHXS8, MSHS, NOBOX, NR5A1, PGRMCI1, STAG3, XPNPEP2, BHLB,
and FSHB.

In a recent work, Eskenazi et al. reported, by the next-generation sequencing of
these genes, that 25% of adolescents with PA presented at least one variant, and
18% presented a variant of unknown signification. In this study, NOBOX was the
most common gene variant (19% of the patients) [17].

2.4.3 Metabolic Disorders

e Classic galactosemia affects 5-25,000 female newborns and is due to mutation
of the GALT gene, decreasing/abolishing galactose-1-phosphate uridylyltrans-
ferase (GALT) activity, leading to toxic accumulation of galactose in the ovary
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as well as in the whole body. Direct toxicity of galactose is due to an accelerated
atresia of the ovarian follicular pool. Several mechanisms have been postulated,
including direct toxicity of galactose to oocytes and follicles, leading to acceler-
ated atresia of the ovarian pool [18]. In animal studies, impaired primordial germ
cell development has been reported.

e Thalassemia and sickle cell disease are the most prevalent inherited recessive
hemoglobin disorders. Transfusion-related iron overload may lead to gonadal
dysfunction and absence of pubertal development along with PA [19].

e Other metabolic disorders may also be associated with PA, such as congenial
adrenal hyperplasia, due to 17-hydroxylase enzyme deficiency and aromatase
deficiency. In some cases, type 1 diabetes through low BMI and abnormal pulsa-
tile GnRH secretion may be related to PA.

* Obesity: Severe obese adolescents usually have elevated levels of plasma andro-
gens. Normalization of plasma androgens by weight loss, which leads to resump-
tion of ovulation, suggests that overweight-related hyperandrogenism is a cause
of amenorrhea in obese adolescent girls. It is not rare that PA may reveal poly-
cystic ovarian syndrome, especially when severe insulin resistance is present in
the peri-pubertal period [20, 21].

e Lactational amenorrhea: Accessibility and availability of contraceptive for ado-
lescents in low-income and middle-income countries are problematic [22].
Besides interruption of contraceptive supplies and lack of financial affordability,
religious and social pressures prevent millions of adolescents from obtaining
contraception in Africa, Latin America, and Asia. Although it does not directly
concern adolescents with amenorrhea per se, the period of postpartum amenor-
rhea can be prolonged by breast-feeding [23].

2.4.4 Autoimmune Diseases

Autoimmune disease is the second most common disorder, associated with diabetes
mellitus, hypothyroidism, Hashimoto thyroiditis, and Graves’ disease. Autoimmune
poly-endocrinopathy syndrome may also be associated with PA [24].

Evidence for autoimmune mechanisms involved in primary ovarian insufficiency
is based on lymphocytic oophoritis, associated with autoantibodies to ovarian anti-
gens [25]. Association with other autoimmune disorders of adrenal gland, thyroid, and
pancreas is well known. A well-defined form of autoimmune diseases associated with
PA is the autoimmune polyglandular form (APS) caused by a mutation of the AIRE
gene. Besides, autoimmune disorders can be associated with non-endocrine diseases,
such as candidiasis, vitiligo, systemic lupus, and rheumatoid arthritis.

2.4.5 Infections

Young women living with HIV are 70% more likely to experience amenorrhea.
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The overall prevalence of amenorrhea among women with HIV infection is
around 5%. In a recent meta-analysis, King et al. showed a significant association
between HIV and amenorrhea with OR of 1.68 [26]. It is unclear whether amenor-
rhea might be a complication of HIV infection itself or due to other risk factors,
such as low BMI, wasting (collapse of GhRH secretion), opiate and antipsychotic
use (anovulation), immunosuppression, and chemotherapy. According to Cejtin
et al., amenorrhea is reversible in 37% of cases [27].

2.4.6 latrogenic Causes (Radiotherapy, Chemotherapy)

Modern pediatric cancer treatment regimens are becoming highly effective, so the
monitoring of endocrine and gynecological consequences in the adolescent cancer
survivors is imperative [28, 29]. The prevalence of ovarian failure was considered
around 10%, while Jablonska et al. reported that 31.6% of cancer survivors experi-
ence amenorrhea [30]. Actually, there is a wide range of ovarian insufficiency in
survivors of pediatric cancers, ranging from 2.1 to 92.2% [31].

Within the ovarian follicles, both oocytes and granulosa cells are vulnerable to
damage caused by chemotherapy. In addition, damage to blood vessels and focal
fibrosis of the ovarian cortex are involved in chemotherapy-induced ovarian dam-
age [32].

Besides chemotherapy with alkylating agents, abdominal pelvic radiation must
be considered as a risk factor. It is well demonstrated that the AMH plasma level is
a good marker of ovarian reserve [33]. Adolescents treated with total body irradia-
tion (TBI) before stem cell transplant presented undetectable AMH [34]. Oocytes
are very sensitive to radiotherapy. The detrimental effects depend on irradiation
field, dosage, and fractionation schedules. Children cancer survivors, who received
radiotherapy to the abdomen, pelvis, and total body, have lower AMH level [35].

Besides, following pediatric brain injury, endocrine dysfunction may include
PA [36].

2.4.7 Mullerian Defects

Mullerian anomalies affect up to 4-5% of females [37]. Several classifications have
been proposed without consensus. The most used and accepted one is proposed by
the ASRM, which separates the anomalies in 12 classes [38].

Congenital malformation of the female genital organs includes absence of uterus
and vagina and some obstructive abnormalities of the reproductive tract [39].
Mullerian aplasia or hypoplasia also known as Mayer-Rokitansky-Kiister-Hauser
syndrome may be isolated or associated with other congenital malformations [40].

Transverse vaginal septum is caused by persistence of the vaginal plate after it
meets the Mullerian tract. Examination reveals a shortened blind vaginal pouch.

Imperforated hymen usually presents as a bluish bulging mass due to hematocol-
pos at the entrance of the vagina.
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2.4.8 Environmental Factors (Lifestyle, Endocrine Disruptors)

Many EDCs are known to target the ovary, focusing their effects on both folliculo-
genesis and steroidogenesis during the fetal life [41]. Several experimental data
demonstrated the harmful effects of EDCs in the development of follicular growth
through an acceleration of atresia [42]. Besides, some EDCs, such as pesticides,
phthalates, bisphenol A, and dioxin, are known to compromise ovarian steroidogen-
esis. Severe acute and chronic prenatal exposure to EDC may thus impair ovarian
function later in life and disturb pubertal development [43].

2.4.9 Idiopathic

In the past, concealment of diagnosis and treatment information from patients was
the standard practice. It is now an established practice to disclose the diagnosis and
its etiology. This is usually gradually done in adolescence, depending on the level of
understanding and knowledge. Disclosure of diagnosis allows better compliance
with medical treatment and allows for other members of the family to be screened.

2.5 Treatment

The overall goal of estrogen replacement therapy in girls with hypogonadism is to
start the development and maturation of secondary sexual characteristics and uter-
ine growth and ensure normal growth velocity and optimal bone mass acquisition as
well as to reduce the psychological consequences [44].

The treatment of PA depends on the underlying causes, as well as the health
status, psychological concerns, and goals of the patients.

Some authors propose a short-term test with a low dose of estrogen for
6-12 months (2-6 mg/day). Although there is no consensus about this procedure,
we have followed this advice.

Pubertal estrogen replacement therapy has mainly been based on each personal
experience since there was no consensus regarding the estrogen drug, treatment
route, dose, and dosing time or tempo [45].

There are various treatment protocols: estrogen therapy is routinely initiated
around the age of 12—13 years, at a low dose (approximately 1/10 of the adult dose),
and gradually increased over 2—4 years. Transdermal estrogens (patch or gel) seem
more physiological.

Regardless of the estrogen form, route, and dose, it is also crucial to introduce
appropriate estrogen therapy to prepare patients for an assisted reproductive
procedure.

In adult life, the most frequent therapeutic approach of infertility is embryo
transfer from donated oocytes. Moreover, the reconstitution of complete oogenesis
from induced pluripotent stem cells would prove helpful [46].
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2.6 Conclusions

Primary amenorrhea can be due to endocrine, genetic, metabolic, anatomical, and
environmental disorders that may have severe implications for reproductive distur-
bances later in life.

In some complex cases, a multidisciplinary team best manages adolescents:
pediatric endocrinologists, gynecologists, genetics, surgeons, radiologists, psychol-
ogists ....

Delay in the evaluation (and treatment) of adolescent amenorrhea in some cases
may contribute to reduced bone density and other long-term adverse health
consequences.

XY female adolescents are non-exceptional conditions and should be managed
in reference centers [47].

Next-generation sequencing should be proposed to every adolescents with amen-
orrhea and idiopathic primary ovarian insufficiency.

Environmental endocrine disruptor (EDC) contamination during fetal life, child-
hood, and adolescence is a potential risk factor for adolescent amenorrhea.
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Amenorrhea in Eating Disorders 3

Angelica Lindén Hirschberg

3.1 Introduction

Eating disorders are one of the leading causes of disease burden through disability
or death for young women during their reproductive years. They include anorexia
nervosa (AN), bulimia nervosa (BN), binge eating disorder, avoidant-restrictive
food intake disorder, pica, and rumination disorder. However, the two main diagno-
ses are AN, characterized by severe underweight, intense fear of becoming fat, and
disturbed body perception, and BN with typical symptoms of recurrent episodes of
binge eating in combination with inappropriate compensatory behavior like self-
induced vomiting. Both AN and BN are associated with endocrinological abnor-
malities, which can lead to amenorrhea. However, there are various underlying
causes of amenorrhea in women with eating disorders. This chapter addresses
mechanisms and contributing factors to amenorrhea in AN and BN, long-term med-
ical consequences, and management of amenorrhea in women with eating disorders.

3.2 Anorexia Nervosa

AN is a serious psychiatric illness that mainly affects adolescent girls and young
women with distorted body image and who engage in excessive dieting leading to
severe weight loss and a pathological fear of becoming fat [1]. Diagnostic criteria of
AN according to DSM-V [2] are shown in Table 3.1. AN has two subtypes: AN
restricting type, characterized by restriction of food intake without binging or

A. L. Hirschberg (<)
Department of Women’s and Children’s Health, Karolinska Institutet, Solna, Sweden

Department of Gynecology and Reproductive Medicine, Karolinska University Hospital,
Stockholm, Sweden
e-mail: angelica.linden-hirschberg @sll.se

© International Society of Gynecological Endocrinology 2023 35
A. R. Genazzani et al. (eds.), Amenorrhea, ISGE Series,
https://doi.org/10.1007/978-3-031-22378-5_3


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-22378-5_3&domain=pdf
mailto:angelica.linden-hirschberg@sll.se
https://doi.org/10.1007/978-3-031-22378-5_3

36 A. L. Hirschberg

Table 3.1 Diagnostic criteria of anorexia nervosa according to DSM-V [1]

(A) Restriction of energy intake relative to requirements, leading to a significantly low body
weight in the context of age, sex, developmental trajectory, and physical health.
Significantly low weight is defined as a weight that is less than minimally normal or, for
children and adolescents, less than minimally expected

(B) Intense fear of gaining weight or of becoming fat, or persistent behavior that interferes
with weight gain, even though at a significantly low weight

(C) Disturbance in the way in which one’s body weight or shape is experienced, undue
influence of body weight or shape on self-evaluation, or persistent lack of recognition of
the seriousness of the current low body weight

Restrictive type: During the last 3 months, the individual has not engaged in recurrent

episodes of binge eating or purging behavior (i.e., self-induced vomiting, or misuse of

laxatives, diuretics, or enemas). This subtype describes presentations in which weight loss is
accomplished primarily through dieting, fasting, and/or excessive exercise

Binge eating/purging type: During the last 3 months, the individual has engaged in recurrent
episodes of binge eating or purging behavior (i.e., self-induced vomiting, or misuse of
laxatives, diuretics, or enemas)

Current severity:

Mild: BMI more than 17

Moderate: BMI between 16 and 16.99
Severe: BMI between 15 and 15.99
Extreme: BMI less than 15

purging, and AN binge eating/purging type, in which individuals engage in binge
eating followed by compensatory behaviors like self-induced vomiting or misuse of
laxatives [2]. The previous DSM-IV criterion amenorrhea has been deleted since the
criterion cannot be applied to males, premenarcheal females, females taking oral
contraceptives, and postmenopausal women [3]. Still, amenorrhea is a characteristic
feature of AN.

The lifetime prevalence of AN in women has been estimated between 1 and 4%
depending on the criteria used, and for men it is about ten times less prevalent [4].
The overall incidence rate of AN has been stable over the past decades, but there has
been an increase in the high-risk group of 15-19-year-old girls [1]. Long-term fol-
low-up studies (>20 years) have shown that about a third of the patients have a
persistent eating disorder [5], and the mortality rate is severely increased with a
standardized mortality rate of 5.9 [6]. In addition to consequences of starvation,
suicide is a common cause of death in AN [6].

The etiology of AN remains incompletely understood. Typical personality fea-
tures of individuals with AN include perfectionism, compulsivity, anxiety, harm
avoidance, and low self-esteem [1]. The most common comorbid psychiatric condi-
tions include major depression and anxiety disorder [7]. Other risk factors are
genetic predisposition, social isolation, and psychosocial stress [1]. Furthermore,
disturbances in neurotransmitter systems including serotonin and dopamine have
been implicated in the disorder [8]. The ultimate understanding of AN etiology will
likely include the main effects of genetic, biological, and environmental factors, as
well as their interactions and correlations.



3 Amenorrhea in Eating Disorders 37

3.2.1 Physical Signs of AN

The most obvious sign of AN is severe underweight (Fig. 3.1). Medical complica-
tions of AN affect all organ systems and are primarily consequences of starvation,
malnutrition, and purging [1]. They include the cardiovascular system with symp-
toms of hypotension, bradycardia, arrhythmias, and hypovolemia, as well as elec-
trolyte disturbances leading to sodium depletion, hypophosphatemia, and
hypomagnesemia. Gastrointestinal symptoms with nausea and constipation are
common and bothersome. Dental problems can be due to reduced saliva production
and self-induced vomiting. Cognitive and emotional functioning is markedly dis-
turbed. AN is also associated with extensive endocrine abnormalities leading to
symptoms of hypometabolism including low body temp, dry skin, cold hands and
feet, arrested growth, and loss of bone mass, as well as reproductive failure with
delay in puberty development and amenorrhea.

Anorexia nervosa

syncope

CNS: concentration and memory disorder, /\\ Body Weight: pronounced underweight

Musculoskeletal system: muscle
weakness, osteoporosis

Cardiovascular system: hypotension,
bradycardia, arrhythmia

Gastrointestinal system: nausea, Skin: dry skin, cold hands and feet,
constipation lanugo har, hair loss on the scalp
N 7))
Endocrine system: delay in puberty Blood: anemia, leukopenia,
development, amenorrhea, low thrombocytopenia, sodium depletion,
body temperature hypophosphatemia, hypomagnesemia
24 W

Fig. 3.1 Physical symptoms in women with AN
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3.3  Functional Hypothalamic Amenorrhea

AN can be associated with both primary amenorrhea (spontaneous menstruation has
never occurred) or secondary amenorrhea (absence of menstruation for at least three
consecutive months) and occasionally oligomenorrhea meaning menstruation at
increased intervals (>6 weeks, 5-9 periods during the past year).

3.3.1 Endocrine Disturbances

Amenorrhea in AN is attributed to a functional inhibition of the hypothalamic-
pituitary-gonadal (HPG) axis, i.e., functional hypothalamic amenorrhea (FHA)
caused by low energy availability and undernutrition often in combination with
excessive physical exercise [9, 10]. This leads to a disruption of the pulsatile release
of gonadotropin-releasing hormone (GnRH), which in turn causes a reduced secre-
tion of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) from the
pituitary resulting in attenuated ovarian production of estradiol, progesterone, and
testosterone and subsequent anovulation and amenorrhea (Fig. 3.2).

Several mechanisms are involved in such inhibition of the HPG axis, including
an activation of the hypothalamic-pituitary-adrenal axis and a consequent increase
in hypothalamic corticotropin-releasing hormone (CRH) and cortisol from the adre-
nal glands [11] (Fig. 3.2). Cortisol increases in situations of acute physical and
psychological distress to mobilize glucose for energy production. However, chronic
elevation of cortisol levels at rest indicates catabolic metabolism and adaptation to
energy deficiency. CRH and cortisol together with the endorphins, released in
response to physical activity, inhibit GnRH secretion in the hypothalamus [10, 11].

Insulin-like growth factor I (IGF-I), which is secreted from the liver, is an ana-
bolic hormone of importance for muscle and skeletal growth and a peripheral
marker of nutritional status. Secondary to chronic energy deficiency and circulating
levels of insulin and IGF-I are reduced, and levels of growth hormone and IGF-
binding protein-1 are increased [10, 11] (Fig. 3.2). Because IGF-I also stimulates
the release of both GnRH and LH, a decline in IGF-I activity may, at least in part,
explain the reduction in LH secretion.

Leptin, produced in adipocytes, is also a marker of nutritional status and involved
in the pulsatile secretion of GnRH. This hormone is markedly reduced in AN [10-
12] (Fig. 3.2). Furthermore, thyroid hormones, and particularly triiodothyronine
(T3), are reduced in response to a hypometabolic state, whereas thyroid-stimulating
hormone (TSH) is usually in the normal range [10, 11] (Fig. 3.2). This condition
should not be treated by levothyroxine since thyroid hormone status will be normal-
ized together with the other endocrine disturbances by improved energy balance.

Taken together, amenorrhea related to AN can be explained by a functional hypo-
thalamic inhibition of the reproductive system by stress hormones and endorphins,
together with reduced stimulation of GnRH due to low levels of IGF-I and leptin.
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Fig. 3.2 A summary of endocrine disturbances associated with functional hypothalamic amenor-
rhea in AN. + indicates increased levels, — indicates reduced levels. ACTH adrenocorticotropic
hormone, CRH corticotrophin-releasing hormone, FSH follicle-stimulating hormone, GH growth
hormone, GHRH growth hormone-releasing hormone, GnRH gonadotropin-releasing hormone,

IGF-I insulin-like growth factor-I, LH luteinizing hormone
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3.4 Medical Consequences of Hypothalamic Amenorrhea

In young individuals, the endocrine disturbances related to FHA and AN often
result in delayed puberty development including inhibited growth and primary
amenorrhea [13, 14]. Definitions of delayed puberty in girls are no pubertal signs by
age 13 or no menstruation by age 16, and this should always be evaluated. In these
cases, there is a risk of failure to reach peak bone mass, as well as to obtain lower
final height than expected [13, 14].

One obvious consequence of FHA is infertility. However, hypothalamic amenor-
rhea is a functional disorder and does not involve any organic pathology. Such dis-
orders can be normalized spontaneously by improved nutrition and weight
restoration. For those who recover, infertility is rarely a major clinical problem. In
other cases, the focus should be on the treatment of AN. Women with eating disor-
ders have an increased risk of adverse pregnancy and neonatal outcomes [15, 16]. It
is therefore not appropriate to promote fertility treatment in these women before
recovery.

FHA is associated with a rapid loss of bone mass, particularly of trabecular bone
such as the lumbar spine and pelvis (Fig. 3.2) [17, 18]. If the condition remains
untreated, it is estimated that the loss of bone mass is approximately 2—3% per year
and there is risk of irreversible changes of bone mass [19]. The definition of low
bone mineral density (BMD) in a premenopausal woman is a Z-score (i.e., standard
deviation score of the mean of an age- and sex-matched reference population) lower
than 2, whereas osteoporosis in this age group is defined as a Z-score less than 2
combined with secondary clinical risk factors such as eating disorders, hypogonad-
ism, or previous fracture [20]. The prevalence of osteoporosis in girls/women with
ANis50% [21]. Furthermore, the risk of stress fracture is several times increased [22].

The mechanisms of bone loss involve both suppression of bone formation and
increased bone resorption caused by the combination of nutritional deficiency and a
catabolic hormone balance including estrogen deficiency (Fig. 3.2) [23, 24].
Estrogen is important for bone turnover and acts through specific receptors in bone
tissue to prevent bone resorption. Consequently, estrogen deficiency is associated
with bone loss due to increased bone resorption [23]. Chronic elevation of cortisol
can also contribute to increased bone resorption [25], whereas low levels of IGF-I
result in impaired bone formation [24].

3.5 Management of Hypothalamic Amenorrhea

Amenorrhea should always be evaluated although this is an expected finding in
girls/women with AN. Gynecological examination is not always necessary and
especially not if the individual is adolescent or virgin. However, endocrinological
evaluation should be performed to confirm the underlying cause of amenorrhea.
FHA is characterized by clearly suppressed levels of LH and low levels of FSH,
estradiol, testosterone, and T3, whereas levels of sex hormone-binding globulin
(SHBG) are elevated (Table 3.2) [10, 26, 27]. When evaluating FHA, laboratory
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Table 3.2 Typical endocrine findings in functional hypothalamic amenorrhea (FHA) and
polycystic ovary syndrome (PCOS)

Hormone or binding protein FHA PCOS
FSH >
v
LH
y T
Estradiol >
v
Testosterone

SHBG A l

Prolactin «—>
v
TSH —> T
—>
Free T4/T3 l l

FSH follicle-stimulating hormone, LH luteinizing hormone, SHBG sex hormone-binding globulin,
TSH thyroid-stimulating hormone, 74 thyroxine, 73 triiodothyronine

tests should also include measurement of complete blood count, electrolytes and
liver panel, and other relevant nutritional factors [27].

Since long-standing FHA and low energy availability are associated with a loss
of bone mass and increased risk of musculoskeletal injuries, bone mass should be
assessed in adult patients preferably by dual-energy X-ray absorptiometry (DXA),
which is the golden standard method for assessment of bone mass and body compo-
sition including body fat [27].

FHA is an acquired condition that can be normalized once the energy balance has
been restored. Correcting energy balance including increased caloric intake and/or
decreased exercise activity should therefore always be the first-line strategy of inter-
vention in women with FHA, and counseling by a dietitian or nutritionist is recom-
mended besides specific treatment of AN [27]. Optimized energy intake and
increased body weight/fat mass have documented effect on restoration of menstrual
function in women with FHA [28]. In case of low bone mass, supplementation of
calcium and vitamin D may also be beneficial.

One year without resumption of menses should lead to consideration of pharma-
cological treatment particularly in patients with severe bone loss (osteoporosis) or
fracture history. Bisphosphonates are not recommended since this treatment is not
approved for use in premenopausal women. Transdermal estrogen in combination
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Table 3.3 Take-home message of amenorrhea in women with anorexia nervosa (AN)

* Hormonal disturbances are primarily secondary to starvation leading to functional
hypothalamic amenorrhea (FHA)

* Long-standing FHA and inhibited pubertal development in AN adversely affect bone mass

* Recommendation against oral contraceptives for the purpose of regaining menses or
improving bone mass

* Recommendation against bisphosphonates for improvement of bone mass

» Increased caloric intake and/or decreased exercise activity should always be the first-line
strategy to restore menstrual function in women with FHA

» Short-term use of transdermal estradiol with cyclic progesterone/progestogen could be
considered in patients with chronic disease

with cyclic progesterone/progestogen could be considered. This treatment has been
demonstrated to improve bone mass in adolescent girls with AN [29]. However, oral
estrogen like in oral contraceptives should be avoided since oral estrogen has a sup-
pressive effect on hepatic IGF-I [30], which is a bone trophic factor [24]. It should
be noted that low BMD is not the only indication for estrogen substitution in women
with FHA but also a treatment of other symptoms of estrogen deficiency such as
endothelial dysfunction, adverse lipid profile, urogenital symptoms, dyspareunia,
and sexual dysfunction [27]. Take-home message for amenorrhea in women with
AN is presented in Table 3.3.

3.6 Treatment of AN

The treatment of AN aims at restoring weight; normalizing eating behavior; treating
psychological disturbances such as distortion of body image, low self-esteem, and
interpersonal conflicts; and achieving long-term remission and rehabilitation, and
eventually full recovery [1]. In the acute phase of malnutrition and severe weight
loss, hospitalization is needed for refeeding and medical stabilization. In the outpa-
tient treatment of AN, there is evidence for family-based therapy in young individu-
als [31, 32]. In adults, different types of outpatient psychotherapy such as specialist
supportive clinical management, cognitive behavioral therapy (CBT), and interper-
sonal psychotherapy have demonstrated similar results [33-35]. Approximately,
25% of patients recover completely, and 25% fail to respond to the treatment.
Pharmacotherapy with antidepressants may be a complement but is not recom-
mended as a single treatment [1].

3.7 Bulimia Nervosa

BN is a mental disorder characterized by self-perpetuating and self-defeating cycles
of binge eating and regular use of inappropriate compensatory behavior in order to
prevent weight gain [1]. During a “binge,” the person consumes a large amount of
food in a rapid, automatic, and uncontrolled fashion. This may anesthetize hunger,
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Table 3.4 Diagnostic criteria of bulimia nervosa according to DSM-V [1]

(A) Recurrent episodes of binge eating characterized by both:

1. Eating in a discrete period of time, an amount of food that is definitely larger than
what most individuals would eat in a similar period of time under similar
circumstances

2. A sense of lack of control over eating during the episodes

(B) Recurrent inappropriate compensatory behaviors to prevent weight gain, such as
self-induced vomiting; misuse of laxatives, diuretics, or other medications; fasting; or
excessive exercise

(C) The binge eating and inappropriate compensatory behaviors both occur, on average, at
least once a week for 3 months

(D) Self-evaluation is unduly influenced by body shape and weight

(E) The disturbance does not occur exclusively during episodes of anorexia nervosa
Current severity:

Mild: An average of 1-3 episodes of inappropriate compensatory behaviors per week
Moderate: An average of 4—7 episodes of inappropriate compensatory behaviors per week
Severe: An average of 8—13 episodes of inappropriate compensatory behaviors per week
Extreme: An average of 14 or more episodes of inappropriate compensatory behaviors per week

tension, anger, and other feelings, but it eventually creates physical discomfort and
anxiety about weight gain. Thus, the person “purges” the food eaten, usually by
inducing vomiting or by misuse of laxatives and diuretics. The individual may also
resort to other compensatory behaviors, such as restrictive dieting and excessive
exercise. Diagnostic criteria of BN according to DSM-V are presented in Table 3.4
[2]. Compared to the previous DSM-IV criteria, the frequency of binge eating and
compensatory behaviors that individuals with BN must exhibit has been reduced
from twice weekly to once a week.

The lifetime prevalence rate of BN is around 2% in young females [4].
Unfortunately, because of the denial, embarrassment, shame, and secrecy associ-
ated with bulimia, the illness can often go unacknowledged, delaying assessment
and intervention. The reported prevalence rate of BN can therefore only serve as
a minimum estimate of the true prevalence. The peak age of incidence of BN is
16-20 years of age and thus later than in AN. However, several studies suggest
that age at onset of BN is decreasing [1]. Little is known about the long-term
course and outcome of BN. However, available data indicate remission rates up to
70% or more by 10-year follow-up of BN [36]. BN is associated with lower mor-
tality rates than AN. In a meta-analysis, the overall standardized mortality ratio
for BN was 1.9 [6].

The etiology of bulimia is unknown but genetic, biological, social, and psycho-
logical factors all seem to play a role [1]. Familial factors increase the risk of devel-
oping the disorder, and twin studies reveal a moderate to substantial contribution of
additive genetic factors [37]. Comorbidity is also common, and about 50% of
women with BN have symptoms of attention deficit hyperactivity disorder (ADHD),
atypical depression, and anxiety [1]. Furthermore, BN is associated with borderline
personality disorder, substance abuse, and compulsive disorders [1]. Serotonergic
function has also been implicated in BN [38].
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3.7.1 Physical Signs of BN

BN is not typically associated with the serious physical complications normally asso-
ciated with AN, mainly because most women with BN are of normal weight (Fig. 3.3).
However, commonly they report physical symptoms such as fatigue, lethargy, bloat-
ing, and gastrointestinal problems [1]. Individuals with BN who engage in frequent
vomiting may experience electrolyte abnormalities, metabolic alkalosis, esophageal
irritation, chest pain, erosion of dental enamel, swelling of parotid glands, and scars
and calluses on the backs of their hands [1]. Those who frequently misuse laxatives
can have edema, fluid loss and subsequent dehydration, electrolyte abnormalities,
metabolic acidosis, and potentially permanent loss of normal bowel function [1]. BN
is also associated with endocrine and reproductive disorders including amenorrhea/
oligomenorrhea although most women with BN are not underweight.

Bulimia nervosa

CNS: fatigue, lethargy, depression Body Weight: usually normal weight

Mouth: ercsion of dental enamel,
swelling of the parotid glands

Musculoskeletal system: muscle
weakness, osteopenia

Cardiovascular system: edema,
arrhythmia

Gastrointestinal system: pain,
bloating, constipation, esophagal
irritation, chest pain

Skin: scars and calluses on the
backs of the hands

Blood: electrolyte abnormalities,
metabolic alkalosis, dehydration

Endocrine system: oligomenorrhea/
amenorrhea

Fig. 3.3 Physical symptoms in women with BN
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3.8 Menstrual Disturbances in BN

The occurrence of amenorrhea in bulimic women has been reported within the
range of 7-40%, and 37-64% of patients may have irregular bleedings with long
intervals (oligomenorrhea) [39]. In comparison, the prevalence of secondary amen-
orrhea in the general population is between 2 and 5% [40].

Different mechanisms may interact in the etiology of amenorrhea/oligomenor-
rhea in BN. In AN, amenorrhea is explained by FHA, i.e., hypothalamic inhibition
of the reproductive system due to starvation [9, 10]. Low levels of estradiol and
gonadotropins, indicating hypothalamic inhibition of the HPG axis [41], as well as
low levels of thyroid hormones, have also been reported in bulimic women [42, 43].
These endocrine disturbances are considered to be related to temporary starvation
and large weight changes in women with BN.

In addition, an association between bulimia and polycystic ovary syndrome
(PCOS) has been suggested [39, 44]. PCOS is the most common hormonal aberra-
tion in women of fertile age, with a prevalence of 10%, and is associated with oli-
gomenorrhea/amenorrhea due to oligo- or anovulation, clinical symptoms of
hyperandrogenism (hirsutism and acne), and polycystic ovaries on ultrasound [45].
Diagnostic criteria for PCOS are presented in Table 3.5 [46]. Furthermore, the syn-
drome is often associated with insulin resistance and abdominal obesity. The etiol-
ogy of PCOS is still largely unknown, but there is strong evidence for a genetic
predisposition, although environmental factors also play a part [45].

Table 3.5 The diagnostic criteria for PCOS according to Rotterdam Consensus 2004 [46]

Diagnostic criteria for PCOS

1. Oligo- or anovulation
2. Clinical and/or biochemical signs of hyperandrogenism

3. Polycystic ovaries on ultrasound

Two out of three criteria are necessary for diagnosis
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3.9 Association Between Bulimia and PCOS

There are several similarities between PCOS and BN. Disturbed appetite regulation,
increased craving for carbohydrates, and an increased prevalence of eating disorders
have been reported in women with PCOS [47, 48]. On the other hand, an increased
frequency of PCOS symptoms has been demonstrated in bulimic women in com-
parison with healthy controls. Thus, increased occurrence of polycystic ovaries,
acne, and hirsutism and elevated serum levels of androgens have been reported in
bulimic women [49-51].

What is the etiological connection between bulimia and PCOS? It has been
suggested that polycystic ovaries may be secondary to abnormal eating behavior
[50]. Another explanation for an association between bulimia and PCOS may be
that hyperandrogenism is the primary condition, which predisposes for the
development of bulimic behavior and associated psychiatric comorbidity.
Testosterone is appetite stimulating [44], and high androgen levels in women
have been associated with impaired impulse control, irritability, anxiety, and
depression [52, 53]. These symptoms are common features in women with buli-
mia [52]. Furthermore, bulimic women are more sexually experienced and sexu-
ally experimental than control women [54]. This may also be related to increased
androgen activity since androgens have well-known stimulatory effects on
female sexuality [55].

It could be concluded that BN is associated with several hormonal aberrations,
which may be primary or secondary to abnormal eating. Menstrual disturbances
may be caused by hypothalamic inhibition of the reproductive axis due to periods of
starvation. An alternative explanation is essential hyperandrogenism like PCOS,
which may promote bulimic behavior since androgens have appetite-stimulating
effects and could impair impulse control.

3.9.1 Antiandrogenic Treatment

It was suggested that treatment with antiandrogenic activity may be effective as an
additional therapy for bulimic women. In support of this hypothesis, the androgen
receptor antagonist flutamide has been shown to reduce symptoms in bulimic
patients [56]. However, this medication is associated with adverse liver effects,
which would limit the long-term use of the drug. It was also demonstrated that treat-
ment with an antiandrogenic combined oral contraceptive (30 pg ethinylestra-
diol + 3 mg drospirenone) improved eating behavior and reduced meal-related
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appetite in relation to decreased testosterone levels by the treatment in women with
BN [57]. The results support the notion that androgens play a role in bulimic behav-
ior. Hypothetically, BN may in some cases be a manifestation of a hormonal consti-
tution rather than a primary psychiatric illness.

3.10 Management of Amenorrheain BN

The two most common underlying mechanisms to oligomenorrhea/amenorrhea in
women with BN seem to be FHA and PCOS. Endocrine evaluation should always
be performed for proper management according to the underlying cause. It has
already been mentioned above that the typical endocrine findings in FHA are low
levels of gonadotropins, estradiol, and thyroid hormones but high levels of SHBG,
whereas PCOS is associated with increased LH/FSH ratio, high levels of testoster-
one, and low levels of SHBG (Table 3.2). In most cases, there is an obvious differ-
ence in the hormonal profile between FHA and PCOS (Table 3.2); however, in some
women with BN, it can be a mixed picture of both FHA and PCOS.

Bulimic women may have low bone mass secondary to FHA, particularly those
with previous AN [43, 58]. DXA should therefore be performed in those women. In
PCOS, hyperandrogenism appears to provide good protection from bone loss
despite oligomenorrhea/amenorrhea in women with BN [10].

It is recommended that FHA in women with BN is managed as in AN; see above
and Table 3.3. In bulimic women with PCOS, antiandrogenic oral contraceptives
could be considered. Combined oral contraceptives regulate menstruations, improve
symptoms of hirsutism and acne, and may improve bulimic symptoms by antiandro-
genic effects [57]. Take-home message for amenorrhea in women with BN is pre-
sented in Table 3.6.

Table 3.6 Take-home message of amenorrhea/oligomenorrhea in women with bulimia
nervosa (BN)

e Menstrual disorders are common in BN despite normal body weight

* Both functional hypothalamic amenorrhea (FHA) and polycystic ovary syndrome (PCOS)
are associated with BN

e Menstrual disorders should always be investigated by endocrine evaluation for proper
management according to the underlying cause

e FHA in women with BN should be managed as in anorexia nervosa; see Table 3.2

* In those with PCOS, antiandrogenic oral contraceptives may be a complement to
conventional therapy for treatment of BN
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3.11 Treatment of BN

The primary goal of treatment for bulimia is to reduce or eliminate binge eating and
purging behavior [1]. In adolescents, family-based therapy is one of the first-line
treatment recommendations [59]. In adults, CBT is the recommended state-of-the-
art treatment [59]. Furthermore, nutritional rehabilitation and psychosocial inter-
vention are often employed. Establishment of a pattern of regular, non-binge meals,
improvement of attitudes related to eating, encouragement of healthy but not exces-
sive exercise, and resolution of co-occurring conditions such as mood or anxiety
disorders are among the specific aims of these strategies [59]. In addition to psycho-
therapy, medical treatment can be necessary in many cases. Fluoxetine is the medi-
cation of choice; however, a meta-analysis revealed that fluoxetine had negligible
efficacy in promoting remission [60].

3.12 Conclusion

In conclusion, AN and BN are both associated with amenorrhea, which should
always be investigated by endocrine evaluation for proper management according to
diagnosis. The underlying cause of amenorrhea in AN is usually a consequence of
starvation and underweight leading to a functional inhibition of the HPG axis (FHA)
resulting in suppressed levels of gonadotropins and estradiol. Puberty development
may be negatively affected, and there is an increased risk of bone loss. BN, on the
other hand, is associated with PCOS and increased androgen levels, which hypo-
thetically may promote bulimic behavior by influencing food craving or impulse
control. As in AN, BN is also associated with FHA probably due to temporary star-
vation although body weight is normal. FHA can be normalized once energy bal-
ance is restored. However, in the absence of recovery by psychotherapy and
nutritional counseling, substitution with transdermal estrogen could be considered.
In those with PCOS, antiandrogenic oral contraceptives may be a complement to
conventional therapy for treatment of BN.
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The New Forms of Functional
Hypothalamic Amenorrhoea

Vincenzina Bruni, Metella Dei, and Simona Ambroggio

4.1 Special Profiles of Functional Hypothalamic
Amenorrhoea (FHA)

FHA is a heterogeneous form of primary or secondary amenorrhea, mainly related
to behavioural factors, that involves reduction in hypothalamic gonadotropin-
releasing hormone (GnRH) drive. The GnRH dysfunction impairs FSH and LH
production and, consequently, ovarian function [1]. Low energy availability due to
disorderly eating and excessive or nutritionally unbalanced physical activity
together with stressful events or high vulnerability to psychosocial pressure are
often interrelated causes of FHA.

A genetic susceptibility of the hypothalamic-pituitary-ovarian axis has also been
demonstrated. Rare variants in genes associated with idiopathic hypogonadotropic
hypogonadism, especially loss-of-function mutations of genes involved in GnRH
ontogeny and function and its receptors, have been discovered [2]. Recently, these
results have been confirmed and expanded through the use of more advanced genetic
investigation techniques [3]. An increased genetic load of heterozygous rare
sequence variants of genes encoding gonadotropic axis development and homeosta-
sis increases the vulnerability to metabolic and psychological stressors that occur
during or after puberty.

Adolescent and young people are more sensitive to negative consequences of
stress exposure [4] and to endocrine repercussions of low energy availability [5].
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Thus, FHA is highly prevalent in the post-menarcheal years. Furthermore, pro-
longed oestrogen deficiency has a stronger impact on a growing organism. We
underscore the repercussions on bone mass (especially the trabecular component) of
low energy availability, hypercortisolaemia, and hypoestrogenemia during the criti-
cal time of skeletal accrual [6]. Several studies present evidences that link this con-
dition to endothelial dysfunction and a premature increase of cardiovascular risk
[7]. Chronic stress induces high systemic and cerebrospinal fluid levels of cortisol,
toxic for neurons and glia in certain vulnerable areas of central nervous system.
Low oestradiol concentrations potentiate the risk to brain health [8].

In the context of functional hypothalamic amenorrhoea, we will discuss three
particular situations that sometimes may overlap:

(a) Borderline energy deficiency
(b) Persistent amenorrhoea after weight recovery
(c) FHA in subjects with polycystic ovary

We will start from a synthetic overview of endocrine mechanisms involved in the
pathogenesis of menstrual dysfunction and adaptations to persistent reduction in
energy availability and to chronic stressful situations, before facing the challenges
of diagnostic evaluation of these specific clinical conditions.

4.2 The Crosstalk Between Body and Central Nervous
System on Endocrine and Metabolic Homeostasis

The attainment and the maintenance of menstrual function, as a requisite of repro-
ductive capacity, are gated by nutritional and metabolic cues [9], because the pres-
ence of sufficient energy reserves is critical to achieve successful reproduction.
Several recent studies shed light on neuronal and endocrine components of the fine
regulation of GnRH pulsatile secretion from hypothalamus, although a full under-
standing of all the actors involved in this mechanism is probably far to be attained.

The cell bodies of GnRH-secreting neurons are scattered in various hypotha-
lamic nuclei; the majority reside in the arcuate (or infundibular) nucleus of the
medial basal hypothalamus. Their axonal projections reach the median eminence,
which abuts the hypothalamic-pituitary portal system. A complex neuronal network
regulates the activity of GnRH neurons, through the interplay of stimulating and
inhibiting factors (Fig. 4.1). Hypothalamic kisspeptin (KP) system is a key player in
the central regulation of puberty and menstrual function. KP acts on specific KP
receptors on GnRH nerve fibres, by intermittently stimulating their secretion and,
consequently, pituitary LH release. In humans, hypothalamic KP neurons have been
identified mainly in arcuate nucleus and preoptic region [10]; their axonal projec-
tion reaches the median eminence, an area exposed to blood circulation. In rodents
and ruminants, this subpopulation of neurons co-expresses kisspeptin, neurokinin
B, and dynorphin (abbreviated as KNDy neurons). Current data support the hypoth-
esis that also in humans KNDy neurons represent the basic pulse-generating
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network in gonadotropin regulation, with a greater expression in women than in
men. In animal models, the inhibiting effect of oestradiol and testosterone on KNDy
neurons has been clearly demonstrated, supporting the notion that these neurons
mediate the negative feedback action of gonadal steroids [11]. In regard to our topic,
the most interesting studies are those focusing on the mechanisms underlying the
metabolic regulation of KP system and other modulators of hypothalamic-pituitary-
gonadal (HPG) axis. The role of KP system is to convey signals of metabolic
homeostasis from the body to determine the appropriate pattern of GnRH release.
This involves multiple mechanisms, still under investigation:

— The neuronal population in median eminence is directly exposed to circulating
nutrients (glucose, few amino acids ...) but also oleoylethanolamide and biliary
acids produced by gut microbiota; this nutrient sensing enables the neurons to
response in real time to metabolic changes, for instance modifying AMP
kinase [12].

— The Kiss-1 gene expression may be regulated by epigenetic mechanisms, modi-
fying the genome in response to behavioural or environmental factors, adapting
transcriptional activity in response to metabolic signals [13]. Several gastrointes-
tinal hormones (ghrelin, cholecystokinin, glucagon-like peptide 1 ...) transmit
signals involved in feeding and metabolic homeostasis to the brain via the vagal
afferent system. KP neurons express receptors for various metabolic hormones:
insulin, ghrelin, ..., but their specific role in HPG activity maintenance is still
speculative.

— Other neuromodulators involved in the control of food intake and energy expen-
diture (proopiomelanocortin, agouti-related protein) are probably involved, reg-
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ulating the activity of KP neurons even if a direct action on KP neurons has not
always been demonstrated.

— The status of energy reserve is another piece of essential information for the
hypothalamus: this data is mainly communicated by leptin, an adipokine synthe-
tized in fat tissue and secreted at levels proportional to the existing adipose
storage. Leptin receptors are expressed at multiple levels of the HPG axis, KP
neurons included, but ventral pre-mammillary neurons are probably the most
involved in the mediation of leptin stimulus on KP [14].

— Irisin, encoded by the FNDCS5 gene, is a recently discovered endocrine factor
secreted mainly by skeletal muscle and adipose tissue, which increases during
acute exercise and leads to energy expenditure by stimulating the transformation
of white adipose tissue in brown adipose tissue. Irisin production and fat brown
tissue activation modulate short-term glucose homeostasis, even if the involved
mechanisms are not yet fully understood. In animal models, irisin expression has
also been reported in hypothalamus where it exerts a stimulatory effect on GnRH
expression and release [15]. One could speculate that central and peripheral iri-
sin represents a link between body energy expenditure and hypothalamic control
of feeding and menstrual function.

— Stress modulates GnRH secretion by activating the corticotrophin-releasing fac-
tor (CRF) system and sympatho-adrenal pathways, as well as the limbic brain.
CRF is a potent inhibitor of the GnRH pulse generator, although the precise sites
and mechanisms of action remain to be elucidated [16]. The negative effect on
reproductive function is attributable in part to the increase in adrenally derived
glucocorticoids, above all cortisol. In subjects with FHA, CSF cortisol concen-
trations were 30% greater when serum cortisol was 16% higher than in controls
[17]. Cortisol has been reported to disrupt GnRH pulsatility and may have a
direct action at the pituitary level.

4.3 Adaptation to Low Energy Availability (LEA)
and to Persistent Psychological and Physical Stress

The adaptation of metabolic balance to nutrient intake is an essential ability for
survival during caloric restriction or high-energy demand. During periods of pro-
longed LEA, it is mandatory to access energy storage tissues and reduce the overall
body expenditure modulating thermogenesis, glucose utilization, and processes of
tissue repair. All mitochondrial oxidative processes and consequently ATP produc-
tion slow down. Thyroid hormones (TH) are the main regulators of energy expendi-
ture. In situation of LEA, there is a reduction of de-iodination of thyroxine (T4) in
3-iodo-L-thyronine (T3), the more active hormone, in peripheral tissue. It has been
experimentally calculated that this enzymatic modification occurs under the thresh-
old of 25 kcal/kg lean body mass (LBM) per day [18] in subjects with elevated
levels of physical activity than during caloric restriction. More recent findings indi-
cate that TH actions on energy metabolism are mainly centrally mediated: T3 acts
on the ventromedial nucleus of the hypothalamus to regulate thermogenesis in
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brown adipose tissue [19] and browning of white adipose tissue [20], by activating
key lipogenic enzymes mediated by the sympathetic nervous system. Moreover, T3
regulates hepatic lipid oxidation through the vagus nerve. A central effect of TH has
also been implicated in the regulation of glucose production and insulin sensitivity
[21]. Low levels of T3 and its free form induce a generalized reduction of mitochon-
drial oxidative activity.

The negative energy balance in the liver reduces the production of insulin-like
growth factor IGF-1, while growth hormone (GH) levels are increased, suggesting
relative Gh resistance [22]. This is in general a marker of malnutrition. Gh also
plays a direct metabolic role reducing insulin sensitivity and increasing lipolysis:
neither of these effects are mediated by IGF-1 [23]. In individuals with LEA, Gh
response to GhRH is increased; also, the levels of ghrelin (an orexigenic peptide
secreted by stomach oxyntic cells, which physiologically stimulates Gh production)
are raised. Gh pituitary release is also stimulated by intensive exercise.

The hepatic production of sex hormone-binding globulin decreases in situations
of poor nutrient intake [24], parallel with the reduction of liver oxidative processes
and of insulin release into the bloodstream. Low insulin levels are the result of both
chronic undernutrition and heavy exercise.

A fall in circulating leptin occurs in a dose-response manner early during LEA
status, well before there are measurable changes in fat mass. The interpretation of
this finding is that leptin levels not only attempt to induce a state of positive energy
balance but also activate an adaptive “starvation” response whose net effect is to
conserve energy during times of privation [25]. Both dietary restriction and exercise
have been related to decreases in circulating leptin, and the value of 30 Kcal/Kg
LBM/day is always the threshold for this endocrine modification [26].

The exposure to stressful conditions induces the release of hypothalamic CRH,
leading to increased pulses of adrenocorticotrophic hormone (ACTH) from the pitu-
itary and glucocorticoid release from the adrenal glands and an activation of
sympatho-adrenal medullary system with increased production of catecholamines.
Although this acute hypothalamic-pituitary-adrenal (HPA) axis response to stress-
ors is beneficial and helps the organism to cope with the situation, constant activa-
tion of this circuitry by chronic or traumatic stressful episodes may lead to a
dysregulation of the axis and cause pathology. 24-h mean cortisol production and
cortisol levels at night remain elevated during periods of prolonged psychological,
physical, or metabolic stress, but the response to CRH administration becomes
blunted. One systematic review demonstrated that caloric restriction per se signifi-
cantly increases serum cortisol level, especially during fasting and in the initial
period of dieting, but this modification tends to decrease after several weeks [27].
During undernutrition, cortisol also acts as a metabolic hormone stimulating hepatic
gluconeogenesis to mobilize glucose and enhancing adipose tissue lipolysis. Highly
trained athletes display decreased HPA response to exercise, but, on the other hand,
exhibit a chronic mild hypercortisolism that may be an adaptive change to chronic
physical activity in order to ensure homeostasis and promote anabolism [28].

In conclusion, endocrine-mediated metabolic adaptation to reduce total energy
expenditure (EE) appears to be more specific to LEA related to caloric restriction,
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and it is minimally present in exercise-induced weight loss. However, hormonal
repercussions of both strenuous physical activity and prolonged stress exposure
tend to intensify the activity of the same endocrine and metabolic networks, with
elevated inter-individual differences related to attitude to weight control and vulner-
ability to performance pressure.

4.4 Diagnostic Workup

FHA is a diagnosis of exclusion [1], and careful clinical history is valuable to guide this
diagnostic evaluation. It is important to register the pubertal and menstrual history, but
also to screen for current psychological stressors and for previous events, with particular
attention to conditioning high stress sensitivity. The use of a validated questionnaire, as
the Perceived Stress Scale [29], may help. Specific attitudes such as perfectionism,
expectations for herself and others, and a high need for social approval should also be
investigated. A part of the history should focus on diet, food selectivity and ideologies,
previous eating disorders, weight changes, as well as exercise (type, duration, and inten-
sity) or athletic training. Other questions should inquire about the presence of headache,
bowel habits, and use of laxatives, diuretics, or dietary supplements.

A full physical examination, including the measurement of body mass index
(BMI), blood pressure, and heart rate, and a gynaecological examination, is neces-
sary. A US pelvic scan may add further information on the functional status of
uterus and ovaries [30]. In particular, the measurement of endometrial thickness is
an indirect evaluation of oestrogen levels and may substitute for MPA test: 6 mm of
endometrial lining corresponds with bleeding after 10 mg of dydrogesterone for
5 days [31]. The presence and dimensions of follicles inside the ovaries represent a
less univocal marker of residual function.

Initial blood workup should include measurement of the beta subunit of human
chorionic gonadotropin concentration, regardless of the sexual history, to rule out
pregnancy. Early-morning FSH, LH, prolactin, oestradiol, AMH, TSH, and T4
should be measured routinely. If history suggests a deficiency in energy availability,
it is useful to check metabolic hormones: FT3, IGF-1, insulin together with glucose
levels, and, if possible, leptin. Assessment of cortisol status may also be considered,
keeping in mind that salivary cortisol is a better biomarker than serum cortisol; in
any case, so many factors are involved in modulating HPA axis reactivity that a
linear relationship between CRH-ACTH production and cortisol in blood or urine or
other body compartments does not necessarily exist [32]. The dosage of total immu-
noglobulin A and of anti-transglutaminase antibodies rules out coeliac disease.

General laboratory tests with complete blood count, chemistry and liver panel, and
C-reactive protein are seldom in the normal range. We have to consider with attention:

— Plasma proteins because albumin tends to decrease during fasting

— Ferritin because levels are high in inflammatory states

— Retinol-binding protein, pre-albumin, and transferrin determinations that are
sensitive indicators only in severe protein malnutrition



4 The New Forms of Functional Hypothalamic Amenorrhoea 59

— Leukopenia, sometimes related to LEA

— Hypercholesterolaemia as a marker of mobilization of fat stores

— Increased liver enzymes, especially aspartate aminotransferase (AST), as a result
of hepatic impairment related to energy deficiency

— Hypokalaemia mainly related to bulimic behaviours

Bone mineral density (BMD) measurement by dual-energy X-ray absorptiome-
try (DXA) is required for any adolescent or woman with 6 or more months of amen-
orrhoea. With total body DXA, an evaluation of body composition is possible with
the assessment of fat mass and lean body mass for the total body and single districts.
A simplified measure of body composition can be obtained using body impedance
analysis (BIA), a test that consents easy repetitions of the measurements over time.
Lean body mass is the most relevant tissue pool for energy availability, which
increases in the first gynaecological years in all subjects [33], but it becomes par-
ticularly prevalent in athletes. Body fat reference curves teach us that whole-body
fat percentage in girls after menarche displays a very wide inter-individual variabil-
ity, ranging for instance in years from 21 to 28 in 16-year-olds [34].

4.5 Special Clinical Situations in the Framework of FHA

The sociocultural pressure to be thin very often induces in adolescent and young
adult females to experience body dissatisfaction and a habit of various weight con-
trol behaviours: occasional fasting, “yo-yo” dieting, and use of drugs reducing fat
absorption. The same thin-ideal image often leads to exercising for physical fitness,
which may become an addiction, enhanced by the use of fitness trackers. Thus,
many young women, even if they do not fulfil the psychopathological profile of
well-defined eating disorders, spend years of their life struggling for a presumed
“healthy” lifestyle that is ultimately an intermittent control on body energy homeo-
stasis. The menstrual function, especially in individuals more sensitive to the impact
of metabolic or psychological stress on hypothalamic regulation, reacts with peri-
ods of oligo-menorrhoea or secondary amenorrhoea.

The problem is how to identify these clinical situations related to chronic mildly
reduced energy availability or to intermittent LEA. A thorough interview regarding
individual behaviour and underlying motivations usually sets off the first alarm.
BMI is often normal and, especially in exercising subjects, is not a valid marker of
hypo-metabolic state [35]. Considering the endocrine profile, gonadotropin levels
are often normal and even the metabolic hormones (FT3, IGF-1, insulin) may result
near to the lower limit of the normal range but may not be clearly diagnostic. There
is little data on the sensitivity of serum leptin in the identification of subclinical
LEA; the dosage of kisspeptin is under study [36]. An evaluation of body composi-
tion may help [37]: we can use BIA to measure fat-free mass and fat mass, bearing
in mind the fact that the estimate of fat stores is indirect, as a difference between
weight and fat-free mass. BIA underestimates fat mass in comparison with the
direct measure of DXA, while overestimates lean mass, because the measure
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includes bone (Fig. 4.2). The FM cut-off for menstrual function is not defined; we
estimate values around 17-18%. Regarding lean mass, BIA evidences body mass
cells (BMC), the more active metabolic component, which is primarily affected in
hypo-metabolic states. Body cell mass indexed to height (BCMI) is a good proxy of
the state of nutrition, and an index <7 is considered a clear marker of malnutrition,
but a reading of this value as a continuous variable may prove useful. Another inter-
esting datum is phase angle, a marker of water distribution between intra- and extra-
cellular spaces, that tends to reduce in situations of LEA, and it is a predictor of
resting energy expenditure (REE) [38]. DXA is the technique of reference for the
assessment of body composition in clinical practice. The healthy cut-off of percent-
age fat mass is not univocal, but we estimate 18—19% as a possible threshold.
Indirect evidence derives from the study on constitutional thinness, defined as a
state of severe underweight with a body mass index similar to anorectic patients in
the absence of any eating disorders or other obvious disruptive factors affecting
energy balance. These subjects present fat mass over 18% while fat-free mass is
reduced [39]. Moreover, concerning the attainment of menarche, differences
between upper- and lower-body (gluteal-femoral) fat seem significant, suggesting
that fat distribution may be more relevant than total fat [40]. It may be advisable to
study district fat accumulation also in women of reproductive age.

Another approach to the identification of borderline situations of energy defi-
ciency is the measurement of resting energy expenditure (REE), that is, the amount
of calories required for a 24-h period by the body during a non-active period. It is a
component of total daily EE (Fig. 4.3) plus diet-induced thermogenesis and physi-
cal activity-related EE, which is proportional to body mass and is reduced in meta-
bolic adaptation to low-energy states. REE is measured by indirect calorimetry
either with a bedside ventilated hood system or in a whole-room metabolic chamber
[41]; it can be estimated by numerous formulas, taking into account weight, height,
and age or derived by body composition measurements. This index is widely used
in sport medicine [42], but it should be used also in other subjects with menstrual
disturbances.
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If a study of body composition and metabolic adaptation to energy restriction is
probably the key for highlighting subclinical LEA, consideration of these factors
may also be useful in the clinical setting of persistent amenorrhoea in eating disor-
ders after weight recovery. Researchers have proposed various factors as predictive
of menstrual recovery after weight gain [43]:

— BMI, based on the population standard for age, is an inadequate marker. The
BMI value before the onset of amenorrhoea is more significant [44].

— Stored body fat could be another important step. A meta-analysis of seven
selected studies [45] comprising 366 adolescent and young adult females with
anorexia nervosa revealed that patients who resumed their menstrual cycle had a
significantly higher mean % BF when compared to those who did not (SMD:
3.74,95% CI: 2.26-5.22). % BF was found to be an independent predictor of the
recovery of menses, and an increase of a single unit of % BF can increase the
odds of menstruation by ~15-20%. The authors suggested a cut-off point of %
BF =21 as the minimum needed for menstrual function. It is important to do the
assessment in a clinical setting, especially after complete weight restoration. A
similar threshold (21% of fat mass) has been identified, using BIA, as the most
discriminant for menstrual resumption compared with other anthropometric
parameters in adolescents who have recovered from anorexia nervosa [46].

— Resting energy expenditure, as a measure of hypo-metabolic state, is lower in
weight-restored subjects with amenorrhoea than in subjects who are menstruat-
ing normally [47].

— The normalization of metabolic hormones (FT3, insulin, IGF-1, and leptin) is a
prerequisite for the recovery of pulsatile function of GnRH, but it is not always
predictive of restoration of menstrual function.

— Psycho-relational well-being is a complex variable associated with the outcome
of restrictive eating disorders. In a cohort study of Finnish twins [48], unrecovered
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women were more likely to suffer from depressive symptoms prior to eating
disorder onset, to express dissatisfaction with their partners, and to report high
perfectionism than recovered women. One systematic review evidenced that
minimal persistent food control, difficulties in self-acceptance, and building new
meaningful relationships were the current factors significantly associated with
decreased likelihood of recovery [49]. Direct endocrine diagnosis of activation
of stress response is not reliable, but a competent interview may help to draw
attention to these aspects. A study on 71 patients with FHA demonstrated that
kisspeptin and LH continue to rely on kisspeptin to drive GnRH discharge. A
negative correlation between the concentration and pulse frequency of kisspeptin
and serum cortisol plasma levels has been observed. This is another elegant dem-
onstration that HPA axis activation, in response to persistent stressful situation,
participates in the functional reproductive blockade [50].

Choice of appropriate intervention, including eventual prescription of transder-
mal E2 therapy associated with cyclic oral progestin, to help young women who
continue to have amenorrhoea even after nutritional rehabilitation, modified exer-
cise intensity, and psychotherapy depends on the evaluation of all the above vari-
ables. We note that randomized controlled trials have reported positive effects of
physiologic oestrogen replacement on bone loss that is probably the more danger-
ous long-term effect of FHA [51].

Another clinical possibility with clear impact on the recovery of menstrual func-
tion is the possible coexistence of polycystic ovary syndrome or hyperinsulinaemia
and restrictive eating disorders. These subjects may be identified during diagnostic
workup from clinical history: young women with signs of androgen excess and/or
glucose dysmetabolism who started on a hypocaloric diet and a programme of phys-
ical activity as a treatment. We know well that if external stressors and personal
concern about body image are present, it is very easy to drift to pathological weight
control behaviours.

A few studies have shown that these women may have some endocrine features
of polycystic ovary syndrome, together with those of FHA. These features include
an increased androgen response to gonadotropins and sometimes androgen levels in
the upper normal range or slightly elevated despite low or normal gonadotropin and
increased anti-Mullerian hormone levels [52]. Ovarian volume is increased, and a
polycystic ovarian morphology (PCOM) is often present. We would stress that a
multifollicular ovarian morphology without increased stromal echogenicity is quite
frequent in FHA and probably represents a marker of immaturity or of functional
regression [53], which can be associated with slightly elevated AMH levels. This
ultrasonographic finding may be confused with a typical polycystic ovary, where the
increased number of small follicles is associated with evidence of the stromal com-
ponent and consequently enlarged dimensions. Thus, the suspicion of underlying
polycystic ovary syndrome should not be based on this variable alone. After weight
recovery, LH value often remains in the upper range.

Persisting hypo-metabolic state in subjects with poor metabolic flexibility,
related to insulin resistance, probably explains the difficulties in reaching a
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condition of physiological homeostasis with nutritional rehabilitation. Various stud-
ies have demonstrated that in all women with restrictive eating disorders, refeeding
is associated with an increase in abdominal fat, which might be responsible for a
reduction in insulin sensitivity [54]. The increase in visceral adiposity is associated
with an abnormal glucose response during OGTT even in women who do not
develop overt insulin resistance [55]. A personal genetic or epigenetic trend to glu-
cose dysmetabolism may exacerbate this transient step of recovery. Therefore, com-
petent counselling on current eating habits and lifestyle changes and an estimate of
visceral fat are mandatory in dealing with these subjects. Further clinical studies on
this specific condition are necessary to prepare an outline of specific items of atten-
tion for therapeutic projects regarding this subgroup of patients. In a small follow-
up study, the features related to the tendency to PCOS appear to be reversible after
menstrual recovery [56].

In conclusion, FHA is a wide definition, including menstrual dysfunction related
to different causes and with a variable impact of psychological stress, food attitudes,
and energy drainage due to physical activity. Identification of the burden of various
components and their evolution over time is important both for explaining the situ-
ation to the patient and tailoring therapeutic strategies which are often
multi-professional.
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5.1 Introduction

In these last decades, physical activity has been growing in interest both in men and in
women as demonstrated by the increased number of participants to almost all casual and
competitive sports such as the half-marathons or the marathons. Recent papers reported
that in the USA among the finishers of the marathons, 40% of them were women [1].
Such reports clearly give an insight on the fact that more women than men have started
to be physically active. It is out of any doubt that physical exercise gives and offers a lot
of benefits in terms of health, but on the other hand excessive physical activity can
induce adverse effects on some physical issues and on fertility. In fact, a higher inci-
dence of reproductive problems has been reported to occur in athletes than in nonath-
letes, though training [2, 3] and more hours of intense physical activity have been
associated with a reduced ovulating ability [4]. These facts clearly support the concept
that increased frequency and duration/intensity of physical activity determine a greater
difficulty in conceiving around 3.2-fold greater than the normal population [1, 5].

The reproductive impairments are not the only one that might be induced by
excessive training. In fact, the female athlete triad (triad) is the classic clinical situ-
ation that most of these women might suffer. It usually hits women participating or
training in high-intensity sports, and it is characterized by the presence of interre-
lated conditions: disordered eating, amenorrhea, and osteoporosis [6, 7]. Few years
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ago, this definition was updated so that to involve any one of the three components:
low energy availability (with/without eating disorder), menstrual dysfunction, and
low bone mineral density (BMD) [8].

It comes clear from this that sport activity is able, when exaggerated, to affect not
only the reproductive health but also the skeleton and bone metabolism. Christo
et al. [9] reported that amenorrheic adolescent endurance runners had lower BMD
than eumenorrheic runners and nonathletes. In addition, athletes have an additional
clinical sign, that is, anemia, which occurs at a very high grade with hemoglobin
levels <11.6 g/dL and iron deficiency [10] that are both direct and indirect effectors
of the reduced athletic performances.

It comes clear that excessive training, improved energy expenditure, and altered
feeding are at the basis of a non-well-structured biological health and from this fact
comes out a reduced reproductive ability.

5.2  Menstrual Dysfunctions in Athletes

The real problem for women that exercise a lot is the menstrual regularity and the
amount of bleeding. At our outpatient ambulatory, these kind of patients refer usu-
ally that the menstrual bleeding changed across the time and from regular it became
less frequent and/or scarce and later amenorrhea occurred. In fact, the amenorrheic
condition is the final end of such reproductive impairment that occurs in up to 44%
of the athletes especially in those that need a light weight to better perform, such as
dancers or short-distance runners [1, 11].

Though there is not a so vast literature, reports clearly indicate that such men-
strual abnormality is mainly due to a luteal phase defect [12] greatly induced by the
concomitant effects of psychological stress and metabolic stress, the latter due to
the perfect combination of reduced amount of food and of specific nutrients (very
often proteins) and excess energy consumption with training.

It is quite obvious the reason for which the luteal phase becomes insufficient or
defective: abnormal neuroendocrine regulation of the GnRH release from hypotha-
lamic neurons due to specific negative neuroendocrine and metabolic signals
reduces the biological ability of GnRH to adequately stimulate the gonadotrope
cells. Such a condition occurs with a relative rapidity, few weeks or months, deter-
mining the lack of gonadotropin stimulation on granulosa cells at the ovarian level.
Recruitment and/or maturation of the ovarian follicles become slower or do not
occur efficiently, thus determining an inadequate follicular phase and follicular
growth with a subsequent anovulation. Such a picture determines a low growth of
estradiol plasma levels with a subsequent inadequate progesterone secretion. In
other words, the follicular phase becomes longer for the not efficient follicle growth
and the luteal phase shortens, 10 days or less, and shows low or very low progester-
one plasma levels since the ovarian cycle has been anovulatory [13]. A lot of run-
ners and athletes suffer from this abnormal ovarian cycle despite showing menstrual
bleeding. After some time, with persisting stressors, the ovarian cycle definitively
fails to start due to the hypothalamic blockade of the GnRH release [14-16].
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5.3  Training, Stress, and Altered Neuroendocrine
Control of Reproduction

The physical, psychological, and metabolic conditions that negatively act centrally
at the hypothalamic level on GnRH-secreting neuron level are identified as “stress-
ors.” One of the key events of this modulatory action is played by neurotransmitters
and neuropeptides produced in the central nervous system. These neuronal path-
ways are sensitive to external and internal environmental changes (light-dark cycle,
temperature) as well as to cognitive, social, cultural, and emotional events. Each of
these signals may become stressor agents when acute changes occur, and through
the integration with hormonal signals, they can stimulate adaptive responses.

Such negative hypothalamic response to stressors is nothing else than a defensive
system. In human females, the adaptive mechanism during stress is represented by
the reduction of reproductive axis activity, blocking a function which is considered
not relevant to survive. Usually, poly- or oligomenorrhea may occur as an interme-
diate step that anticipates the amenorrheic condition, which is the final end of this
clinical adaptive response to stress.

This adaptive response is not so mysterious and represents a normal response,
with our biology being not so much different from the one that the human species
had 20,000-30,000 years ago. In fact, though evolution permitted our species to
change and to evolve as primates and bipeds, our neuroendocrine systems appar-
ently still work and act similarly to a primate [17].

This means that whatever stressor of the twenty-first century (dieting, sport,
training, or psychological stressors) hits the human being, the adaptive response is
similar to the one that might be induced by the sight or the attack of a wild animal
or by lack of food or by strenuous fatigue due to a migration [17].

5.4 Neuroendocrine Mechanisms of Stress-Induced
Impairment of Reproductive Function

In experimental animals as well as in humans, the response to stressors is repre-
sented by the increase of adrenocorticotropic hormone (ACTH) and cortisol plasma
levels. Since corticotropin-releasing hormone (corticotropin-releasing factor (CRF))
is the specific hypothalamic stimulating factor for ACTH, elevation of ACTH in
response to stress is anticipated by the elevation of CRF stimulation. In fact, the
intraventricular injection of CRF blunts GnRH and LH release [18, 19]. The use of
CRF antagonists reverses the stress-induced LH decrease in rats [18]. The elevation
of CRF as an adaptive response to stress occurs together with the increase of central
3-endorphin (BEP) release, which is released when pro-opiomelanocortin (POMC)
peptide is cleaved to release ACTH. BEP is the most important peptide of the endog-
enous opioid peptide (EOP) family and is a potent inhibitor of GnRH-LH secretion.
On such basis, the linkage between the activation of the hypothalamic-pituitary-
adrenal (HPA) axis and the stress-induced inhibitory effects on the hypothalamic-
pituitary-gonadal (HPG) axis is now clear [20]. Since naloxone, a specific opioid
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receptor antagonist, is able to counteract the CRF-induced LH secretory blockade
[21], opioid peptides have been considered the key factor of the stress-induced inhi-
bition of the HPG axis.

Other than adrenal gland hormones (i.e., cortisol), also prolactin (PRL) is acti-
vated by stress and both are able to act as stress-induced hormonal signal. In fact,
cortisol negatively acts at the pituitary level on GnRH-stimulated LH release in rats
[22]. PRL increases after stressful stimuli, such as emotional and physical events as
well as internal rhythms such as sleep, and depends on the activation of several
stimulating factors like thyrotropin-releasing hormone, vasoactive intestinal pep-
tide, and oxytocin or failure of the dopaminergic control. Also, PRL negatively acts
on the neuroendocrine modulation of GnRH-secreting neurons [17] and with the
increased cortisol secretion participates in the negative effect both on gonadotropin
secretion and on gonadal steroid biosynthesis. It has to be pointed out that when
dealing with stressful situations affecting the reproductive axis, the real relevant
ones are those that are chronically occurring, taking place several times all along the
days and/or the weeks so that to become a constant negative trigger of the stress-
induced endocrine response. Acute and rare or sporadic stressors (once in a week or
s0), despite altering the stress-induced hormone secretions, are not enough repeti-
tive and/or strong to induce changes on the reproductive function.

An additional observation has to be done about the meaning of the elevation of
cortisol in the patients hit by persistent stressful situations. The role of cortisol is quite
important in the biology of primates, and it has a relevant role in humans. Stress-
induced cortisol secretion is not merely related to the inhibition of GnRH secretion but
also to the activation of gluconeogenesis, which represents the endogenous production
of glucose from fat acids and from proteins. This event has a relevant biological mean-
ing since it determines the production of glucose and energy degrading fat acids and
proteins avoiding to claim for energy from fat (it would take lot of time), especially if
being in dangerous situations. During stress, the increase of cortisol and PRL plasma
levels is just below the higher levels of normality [16], but when insulin and fT3 plasma
levels fall below the level of normality, the latter endocrine sign strongly supports the
presence of chronic stressors and a metabolic impairment with reduced/abnormal feed-
ing and/or excessive energy consumption. All these are endocrine markers of the acti-
vation due to stress of a complex compensatory and defensive system.

5.5 Neuroendocrine Mechanism
of Hypothalamic Amenorrhea

Functional hypothalamic amenorrhea (FHA) [23-27] is the classic clinical situation
that occurs in athletes or dancers consuming a lot of energy and not having an ade-
quate caloric and nutritional intake. FHA is a model of hypoestrogenic condition
characterized by several neuroendocrine aberrations which occur after a relatively
long period of time of exposure to a repetitive and/or chronic stressor(s) so that to
affect the neuroendocrine hypothalamic activity [26, 27] and the release of several
hypophyseal hormones [14, 20] and among them those driving the reproductive axis.
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In patients with FHA, the amenorrheic conditions are absolutely not related to
organic diseases affecting the hypothalamus or the pituitary or the ovary. It comes
out that the true FHA is diagnosed with a diagnosis of exclusion, through a well-
structured anamnestic analysis considering the lifestyle also.

Being patients with FHA greatly under stress, as demonstrated in experimental
animals, the EOPs exert an inhibitory effect on the episodic release of both GnRH
and LH [28-30]. It is of interest to know that FHA is not responsive to naloxone
infusion [31, 32], but after 2 months of hormonal replacement therapy, LH response
to naloxone was recovered in at least 53% of the patients [33]. This fact sustains the
hypothesis that a tight relationship links opioidergic system with gonadal steroids,
especially estrogens [34]. In fact, when performing the naloxone infusion, it induces
LH plasma level increase during the late follicular and luteal phases of the men-
strual cycle but not during the early follicular phase [30, 35]. Such evidences clearly
suggest that a specific estrogenic milieu is needed to have a specific modulation of
the opioid receptor antagonist on opioidergic receptors. In fact, during postmeno-
pause, the naloxone administration does not induce any LH release, but such
response shows up when patients undergo estradiol administration, thus having a
reduction of LH plasma levels and restoration of naloxone-induced LH response [34].

Other than the opioidergic system, also the dopaminergic and serotoninergic
systems are involved in the negative modulation of GnRH release in FHA. When
dopamine receptors are blocked by metoclopramide administration, the LH plasma
levels increase in women with FHA but not in healthy eumenorrheic subjects [36],
thus supporting the evidence of an impaired dopaminergic activity in stress-induced
amenorrhea. Fenfluramine administration, a serotoninergic agonist, blunts cortisol
response in FHA [37, 38], thus supporting the hypothesis that serotonin partici-
pates in the stress-induced neuroendocrine events leading to the HPA axis impaired
activity. Probably, FHA patients have a reduced serotoninergic tone that interacts
with EOPs in the regulation of the spontaneous GnRH-induced LH release. This
interaction between the opioidergic and serotoninergic axes is supported by the
fact that in normal subjects fenfluramine administration blocks the naloxone-
induced LH secretion and determines the significant increase of plasma ACTH and
cortisol plasma levels [37, 38]. However, even though the administration of cypro-
heptadine clorhydrate, a serotonin receptor antagonist, at the dose of 4 mg/day has
been demonstrated to be effective in increasing LH, FSH, GH, and fT3 plasma
levels, no effect of cyproheptadine was observed in naloxone-induced LH response
in patients with HA [39].

5.6  Metabolic Signals as Stressors
in Hypothalamic Amenorrhea

The mechanisms by which undernutrition and/or energy consumption act and deter-
mine the blockade of the central drive of the reproductive axis are complex and
probably also involve not yet known pathways. However, a link exists between the
reproductive dysfunctions and the severity of body weight loss [40, 41]. A key
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factor for the induction of the blockade of the reproductive axis is the percentage of
body fat lost. Well-established data clearly suggest that the suppression of the neu-
roendocrine drive of the reproductive axis occurs when the loss of weight deter-
mines a consistent loss of body fat [42, 43]. In the early stages of dieting or
undernutrition or excessive energy consumption, some changes occurring as adap-
tive response activate the impairment of the reproductive axis as a defensive system,
and the more the metabolic defect is, the more intense the negative action becomes
(probably) at the hypothalamic level, triggering a greater suppression of the HPG
axis [18, 44]. Among the metabolic and energetic signals that act as triggers of this
defensive hypothalamic behavior, there are both the insulin and fT3 plasma levels
[39, 45, 46]. Any kind of reduced availability of glucose due to excessive consump-
tion and/or decreased acquisition induces hypoinsulinemia that for sure induces
specific neuroendocrine effects at the hypothalamic levels, opposite to what hap-
pens in case of the compensatory hyperinsulinemia, typical in PCOS [45]. Low
levels of fT3 are classically defined as “low T3 syndrome,” and this occurs when the
reduction of the use of energy for heating purposes is essential. Higher amounts of
the biologically inactive reverse-T3 (rT3) are synthesized from peripheral fT4 deio-
dation, without any change on the feedback signal driving TSH and thyroid hor-
mone synthesis and secretion [39, 40]. In fact, TSH plasma levels are unchanged in
patients with FHA.

All such clinical and endocrine data in humans are enforced by a lot of observa-
tions in primates in which dieting induces a lot of specific central changes. Just after
1 day of fasting, monkeys show a decrease in the gonadotropin pulsatile secretion
with the reduction of LH, FSH, and gonadal steroid secretions [47]. Fasting induces
the suppression of the GnRH-induced gonadotropin release, rather than a decrease
in pituitary responsiveness to endogenous GnRH [47]. Similar results were observed
in humans [48], and in patients with FHA, LH more than FSH seems to be more
sensitive to the hypothalamic impairment, since only LH plasma levels are signifi-
cantly reduced [25]. These data have also enforced the possible existence of an
additional system(s) modulating FSH but not LH episodic release from pituitary
gland in humans [49, 50].

5.7 Resolution of FHA

FHA is a reversible condition that resolves when metabolic, physical, and psycho-
logic conditions improve. At the basis of the resolution, there is the overlapping of
the abovementioned factors, first of all the metabolic factor connected with a posi-
tive energy balance where feeding is improved together with a reduced energy con-
sumption, that is, reduced physical activity [51]. The real problem is that such
recovery might take several months up to years. A study on the prognosis of FHA
reported that the recovery takes place in 7-9 years and the predicting factors are the
increase of BMI and the lowering of cortisol plasma levels [52]. Among the ele-
ments that might anticipate the recovery, there is the slow elevation of the estradiol
plasma levels that anticipates the reduction of the cortisolemia [53]. Such concept
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is, at least in part, sustained by the recent report on the effects of very low doses of
estradiol in FHA patients that showed a specific increase of baseline LH plasma
levels and of GnRH-induced LH release [54]. It is of interest to point out that such
integrative treatment with hyper-low doses of estradiol was effective in restoring the
cortisol response to naloxone infusion though menstrual function is not yet reacti-
vated [54]. Such data support the fact that also minimal changes in estrogenic
milieu, both from ovaries and from extraglandular origin, i.e., fat tissue if redepos-
ited, might be a putative positive trigger of the restart of the hypothalamic pathways
of the reproductive axis [54].

It is important to remember that FHA classically might show several other symp-
toms other than that of the amenorrheic condition, such as severe bradycardia,
hypotension, orthostasis and/or electrolyte imbalance, osteopenia, and osteoporo-
sis. All these are conditions that need to be recognized and assessed if present so
that to define specific medical management [51, 55]. Since FHA is mainly caused
by a combination of factors including low weight, excessive exercise, poor nutri-
tional intake, and stress, a multidisciplinary approach is the only beneficial one that
has to be applied.

Obviously, restoring a close-to-normal body weight and/or fat mass with a con-
sistent reduction in exercise intensity, restoration of menstrual bleeding may be pos-
sible as a sign of a minimum adequate estrogenization of the endometrium having
clear that ovulation might not be occurring properly. A high frequency of inadequate
luteal phase (low progesterone plasma levels and/or short luteal phases) usually
occurs during the first menstrual cycles [56], with a higher ovulating rate being pos-
sible with the passing of time and with the maintenance of a proper lifestyle. One of
the main targets is the acquisition of a stable body weight, the closer to and possibly
higher than the one at which menstruation disappeared. Many patients with FHA
have signs of disordered eating or an incipient eating disorder [57, 58] that should
be treated with a psychological support so that to change the negative eating habits.
In the case of athletes, being difficult to reduce the physical activity and training, a
specific psychological support as well as a determinant change in the nutrients and
in the quality and amount of food becomes relevant. In those with a formally diag-
nosed eating disorder, such as AN or bulimia nervosa, referral to specialists in eat-
ing disorders is recommended to enable these patients to be appropriately treated by
a multidisciplinary team, including psychiatrists.

5.8 Conclusive Remarks

FHA is a classic physiopathological condition that occurs whenever there is the
combination of exaggerated physical activity with abnormal feeding and stressful
conditions. FHA does not solely occur in athletes or with excessive training. In fact,
it may occur also due to stressors acting on the everyday lifestyle. Adolescents and
young women should be monitored by family doctors as well as by gynecologists
since body weight loss is one of the main physical signs that anticipate the amenor-
rheic condition.
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6.1 Introduction

The menstrual cycle should be considered a “vital sign” of overall health and, there-
fore, many gynecological conditions have an impact on sexual health, including
functional hypothalamic amenorrhea (FHA) [1]. However, the involvement of bio-
medical variables is strongly modulated by psychosocial factors, and only a unified
view allows an individualized approach to female sexual dysfunction (FSD). Indeed,
FSD is a term used to describe various sexual problems with overlapping organic,
intrapersonal, and interpersonal etiologies within the sociocultural context. Any
phase of the sexual response cycle may be affected, preventing the individual or the
couple from experiencing satisfactory sexual behavior [2]. FSD manifests as chronic
sexual symptoms related to sexual pain and the three phases of the sexual response
cycle: desire, arousal, and orgasm [2].

Hypothalamic amenorrhea (HA) is a clinical entity very common in women of
reproductive age accounting for approximately 30% of cases of secondary amenor-
rhea [3]. The nonorganic reversible form, named FHA, is characterized by a multi-
tude of neuroendocrine alterations attached to anovulation [4] possibly affecting
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sexual function and behavior. Moreover, risk factors or stressors linked to the devel-
opment of FHA [5] may equally influence the occurrence of FSD.

Interestingly, two subsequent consensus publications of the International Society
of Sexual Medicine recognized the potential impact of FHA on sexuality but out-
lined the paucity of research on this topic [6, 7].

Here, we will briefly summarize available data on sexuality in women with FHA
and we will speculate on potential areas for further investigation.

6.2 Sexual Function and FHA: Modulation
of the Neuroendocrine System

It is biologically plausible that sexuality may be impaired in women with FHA
because of the peculiar neuroendocrine substrate characterizing these patients [4,
8]. First of all, the suppression of the pulsatile release of gonadotropin-releasing
hormone (GnRH) from the hypothalamus impairs the pulsatile release of luteinizing
hormone (LH) leading to hypoestrogenism as a result of the absence of growing
follicles [4]. The role of estrogens in sexual function is vital acting both within the
central nervous system (CNS) and peripheral tissues [9] with clinical implications
on breast and vaginal atrophy and manifestation of dyspareunia [10]. In addition,
HA is listed among the potential causes of low testosterone due to anovulation, pos-
sibly leading to hypoactive sexual desire disorder (HSDD) [11] because of the cru-
cial role of testosterone in modulating CNS areas involved in the long-term control
of the central motivational state [12]. Hypoandrogenism may also contribute to the
clinical manifestation of sexual symptoms associated with genital involution and
poor responsiveness [13]. However, few controversial data are available in women
with HA [14, 15], and this condition does not represent an indication for the use of
testosterone treatment in the last clinical practice guideline released by the
International Society for the Study of Women’s Sexual Health (ISSWSH) [16], in
line with the Global Consensus Position Statement on the Use of Testosterone
Therapy for Women [17]. An early study [14] explored the possibility that impaired
sexual function may result from reduced levels of testosterone in subjects with sec-
ondary amenorrhea of hypothalamic origin diagnosed according to the presence of
risk factors (i.e., weight loss before the onset of amenorrhea, low body weight,
strenuous exercise, and vegetarianism). Eight women with HA associated with
these particular lifestyles demonstrated impaired sexual function and significantly
lower (p < .03) circulating testosterone levels (mean = SEM: 0.84 + 0.07) as com-
pared with eight normally menstruating women (mean = SEM: 1.38 + 0.13).
Interestingly, in the experimental setting, women with HA were asked to produce
erotic fantasies demonstrating a reduced capacity for sexual fantasizing, less subjec-
tive sexual excitement, and less vaginal vasocongestion (vaginal pulse amplitude)
with respect to healthy women. Treatment with testosterone undecanoate (40 mg)
increased vaginal vasocongestion in women with HA without affecting the subjec-
tive sexual experience in response to the exposure to an erotic movie [14]. Apart
from exploring testosterone levels in women with HA, this study is important
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because it formed the basis for understanding that a comprehensive assessment of
arousal concerns in women should include both objective assessment of genital
arousal and subjective assessment of mental engagement during sexual activity
[18]. Another study [15] measured both testosterone and dehydroepiandrosterone
sulfate (DHEAS), a pro-hormone that is converted endogenously to androgens and
estrogens, in women with anorexia nervosa and normal-weight women with
HA. Testosterone and DHEAS levels were superimposable in normal-weight
women with HA and healthy controls, whereas they were significantly reduced in
women with an overt restrictive eating disorder [15]. In spite of the controversies in
linking levels of androgens and sexual function [19] that apply to many gynecologi-
cal conditions, including polycystic ovary syndrome (PCOS), contraceptive use,
and premature menopause [20-22], the potential role of androgens in modulating
sexual response deserves further well-conducted studies in different phenotypes of
women with FHA [5], especially in those with an ovarian PCOS morphology [23].
Of note, in a cross-sectional Australian study in women aged 18-39 years, a modest
association was evident between androgens and sexual function [24], suggesting the
need of more in-depth studies to characterize subset of patients. Indeed, normal
sexual function has been documented in women with low androgen levels across the
menstrual cycle [25], but statistical significant signals correlating androgens with
sexual desire were found in a subgroup of women aged 2544 years with no use of
systemic hormonal contraception [26].

Other neuroendocrine, neuro-inflammatory, and neurotrophic processes may be
involved in the possible link between sexuality and FHA, as well as thyroid and
metabolic disorders, but human studies exploring potential mediators are lacking in
this population. Whether sexual function relates to individual sensitivity to different
kinds of stressors and to their persistence over time, even at subclinical level, is an
area deserving further investigation in FHA [4]. Indeed, high levels of chronic stress
measured by salivary cortisol have been related to lower levels of genital sexual
arousal, but not subjective arousal responses [27], confirming the complexity of
investigating discrete domains of sexual function.

6.3 Sexual Function and FHA: The Importance of Mood

Mood disorders may be the result of the neurobiological adaptive responses typi-
cally associated with FHA or may constitute a vulnerable background of stress sen-
sitivity [4]. Stressful life events and affective disorders inhibited pulsatile LH
secretion in HA [28] and may predispose to behavioral adaptations to cope with
stress, including change of eating habits or exercise load [4]. It is conceivable that
the high rates of mood disorders consistently documented in women with FHA [29,
30] play a role in the occurrence of FSD. The common link could be the increased
activity of hypothalamic-pituitary-adrenal (HPA) axis associated with the impair-
ment of some central pathways (opioids and serotonin) in patients with HA [31].
Indeed, chronic elevation of glucocorticoid hormones (e.g., cortisol) can have
adverse effects on brain structure and function contributing to mental illness [32].
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Mood changes, depression, and anxiety are common experiences among women
who suffer from FSD [33, 34]. The use of a 2-week daily diary approach to examine
same-day and temporal relations between affective symptoms and sexual function
in a nonclinical sample of young women found that depression-specific anhedonia
and sexual desire were closely related [35]. Also, physiological hyperarousal asso-
ciated with anxiety gave rise to sexual arousal difficulties and vaginal pain, whereas
increases in general distress were linked with difficulties achieving orgasm [35].

By using the Italian McCoy Female Sexuality Questionnaire (MFSQ-I) and two
validated questionnaires to assess anxiety and depression, Dundon et al. [36]
explored the relationship between FHA and FSD and the possible mediating role of
mood disorders. Women with FHA (n = 41) showed significantly lower scores
(p < .001) in overall sexual function than control women (n = 39), whereas scores
on satisfaction with sexual relationship with partner were very similar between the
two groups [36]. These data suggested that women with FHA attributed their sexual
problems to feelings of inadequacy and low self-esteem, which are common person-
ality characteristics, along with poor flexibility, perfectionism, and need for social
approval [37]. Interestingly, only depression offered a significant explanation for
the sexual problems experienced by women with FHA, although depression and
anxiety were both significantly higher (p < .001) as compared to control women.
Among the multitude of factors implicated in the functional etiology and mainte-
nance of HA, clinicians should routinely screen also FSD to counsel patients on this
important aspect of their quality of life. Therapeutic goals include replacing repro-
ductive hormones to minimize the long-term consequences of estrogen deprivation
[1, 4, 5], but inadequate information is available regarding the ability of hormone
replacement to ameliorate mood and sexual function. That being so, cognitive
behavioral therapy (CBT), an effective method to restore ovarian function in FHA
[38] by identifying those relevant metabolic, behavioral, and psychological factors
that act as stressors, should provide a strategic plan also for sexual symptoms by
means of psychosocial approaches [39].

Whether FSD may precede the onset of FHA is unknown, and longitudinal stud-
ies will possibly address this question.

6.4  Sexual Function and FHA: Expanding Our Understanding
on the Role of Other Possible Mediators

In the context of the biopsychosocial model, women with FHA and those with FSD
share many potential risk factors [2] besides endocrine abnormalities and mood
disorders. FSD is common across eating disorder subtypes, and low BMI is associ-
ated with loss of libido, sexual anxiety, and avoidance of sexual relationships [40].
In a study exploring the association between physical activity and sexual pain,
patients between the ages of 18 and 30 years who were normal or underweight
reported the highest risk [41]. In addition, sexual pain was present in more than 50%
of physically active women, without a significant impact of weekly energy expendi-
ture from exercise [41]. Sexual functioning was found to be deeply interconnected
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with the core psychopathology of eating disorders, which includes body image dis-
turbance and deficit of embodiment [42]. Common pathways connect the areas of
emotion dysregulation/impulsivity and perfectionism/overcontrol both with eating
disorder-specific psychopathology and with different types of sexual impairment
[43]. A history of sexual abuse in women with eating disorders may also be present
and associated with dissociative experiences during sexual activity or sexual stimu-
lation contributing to FSD [43]. In particular, patients with a history of childhood
traumatic experiences or with anxious attachment have been reported to engage in
risky sexual behaviors [43]. Interestingly, increased childhood adversity may influ-
ence fertility difficulties and menstrual cycle patterns [44]. Compared to women
with no adversity, women in the high-adversity group were more likely to experi-
ence both infertility and amenorrhea (RR =2.75,95% CI 1.45-5.21, and RR =2.54,
95% CI 1.52-4.25, respectively) [44].

Finally, menstruation is the hallmark of womanhood representing a clear biologi-
cal sign of reproductive ability [45], which is linked to sexual behavior. The experi-
ences of infertility in women with FHA may contribute to the impairment of sexual
function, but data are lacking.

6.5 Conclusions

FHA includes a constellation of neuroendocrine aberrations associated with several
stressors with a possible significance in the context of sexual health. It seems man-
datory to screen for FSD as part of a comprehensive approach to the quality of life
of women with FHA bearing in mind that research is still in its infancy. However,
we believe that it will take time to fully understand the contribution of different fac-
tors to sexual function and behavior of these patients and only long-term studies
investigating several areas of psychosexual well-being early in adolescent develop-
ment will shed light on the multifaceted etiology of both FHA and FSD. Treatment
strategies should always follow the biopsychosocial model, and counselling appears
fundamental to address at the same time the numerous concerns contributing to
reproductive failure.
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Endocrine Gland Disorder-Related
Amenorrhoea

Diana Jedrzejuk and Andrzej Milewicz

7.1 Introduction

Amenorrhoea is the absence or cessation of menstruation. Amenorrhoea is conven-
tionally divided into primary and secondary amenorrhoea. In this chapter, we focus
on secondary amenorrhoea, which means that menstruation starts but then stops.
The endocrine gland disorders play a crucial role in menstrual irregularity and in
amenorrhoea. The menstrual cycle includes ovarian and endometrial cycles in
which the cyclic response to the hormone production from the hypothalamus, pitu-
itary, thyroid as well as adrenals leads to the occurrence of menstrual cycle. We
focus on the hormonal changes and results of menstrual disturbances, which have
been observed in pituitary, thyroid and adrenal disorders.

7.2  Pituitary Tumours

Pituitary adenomas are the most common reason for hypothalamic-pituitary system
disorders, the etiopathogenesis of which is complex and not fully clarified.
Adenomas frequently result in hyperpituitarism; hypopituitarism is observed rarely.
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Hyperpituitarism is usually accompanied by prolactin (PRL) excessive release due
to microadenoma (tumour diameter smaller than 10 mm) or macroadenoma (tumour
diameter bigger than 10 mm) presence. Growth hormone (GH) release is observed
less frequently.

7.2.1 Hyperprolactinaemia

Hyperprolactinaemia is prolactin excessive release, which physiologically accom-
panies pregnancy, lactation or physical exertion. Its pathological character is
observed in pituitary gland adenoma in patients with hypothalamic pituitary system
disorders or liver or kidney failure or as drugs’ side effect. Prolactinomas are the
most common pituitary tumours, and they constitute up to 40% of all tumours. They
prevail more often in females than in males: 30/100,000 vs. 10/100,000.

Hyperprolactinaemia increases hypothalamus endorphin neuron activity, resulting
in gonadotropin-releasing hormone (GnRH) pulse impairment [1]. As a consequence,
pituitary gonadotropin-luteinising hormone (LH) as well as follicle-stimulating hor-
mone (FSH) release is disturbed, too. In females, the Graafian follicle development as
well as ovaries’ endocrine activity are inhibited, which provokes oestradiol and pro-
gesterone deficiency. In females, hyperprolactinaemia results in galactorrhoea. Corpus
luteum insufficiency with preserved ovary oestrogen function may result in masto-
dynia. The most common symptom of female hyperprolactinaemia is menstrual cycle
disturbances. Along with prolactin concentration growth, luteal phase deficiency is
observed followed by anovulation, scarce and rare menstruation and absolute amenor-
rhoea called “secondary amenorrhoea”. In 25% of hyperprolactinaemia cases, macro-
prolactin (big-big prolactin) predominant form is observed, and it is prolactin bound
with anti-PRL immunoglobulin G (IgG). In practice, in macroprolactinaemia patients,
hyperprolactinaemia with normal ovulation cycle is diagnosed.

Prolactinoma diagnosis is based upon amenorrhoea-galactorrhoea syndrome rec-
ognition, increased prolactin concentration (over 150.0 microg/L) definition as well
as magnetic resonance imaging (MRI) visualisation of pituitary adenoma.
Hyperprolactinaemia of 25.0-150.0 microg/L is a frequent and difficult diagnostic
problem of functional or iatrogenic origin. In such cases, the goal of treatment is
prolactin concentration normalisation and gonad normal function restoration. As a
result, menstruation abnormalities and galactorrhoea regress, libido and fertility are
restored and the risk of osteoporosis is limited.

Drugs of choice are dopamine agonists, which not only inhibit PRL secretion but
also provoke tumour regression. The oldest (40 years on the stock), the cheapest and
the most effective drug is ergot derivative—bromocriptine, applied in doses depen-
dent on PRL level. With available tablets (2.5 mg), administration starts with 2.5 mg
daily at night, and after 5 days, the dose is gradually increased by Y2 tablet. After
next 5 days, it is increased by another 2 tablet up to where therapeutic dose is
finally achieved. Therapeutic dose depends on PRL level, and it amounts to
2.5-30.0 mg/24 h due to side effects such as blood pressure orthostatic decrease,
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nausea, vomiting constipation and drowsiness. As its activity persists for 8—12 h,
administration twice a day is recommended.

Another drug is quinagolide, the activity of which persists for 24 h; daily dose is
dependent on PRL level and amounts to 75-600 microg/24 h. The risk of side effects
is smaller than in the case of bromocriptine. Cabergoline is a drug of the longest
duration. It can be administered once or twice a week in a dose dependent on PRL
concentration, which is 0.5-3.0 mg per week. It reveals the biggest efficacy and the
smallest number of side effects. However, the risk of cardiac valve fibrosis should
be taken into account with cabergoline’s prolonged administration. This drug appli-
cation provides prolactin concentration normalisation in 90-95% of patients. In
90% of patients, it provokes tumour size reduction. Operative treatment is indicated
in cases of pharmacotherapy intolerance or resistance. Its results depend upon
tumour size and location.

7.2.2 Acromegaly

Acromegaly is a chronic disease resulting from growth hormone excessive produc-
tion and most often, in 99%, it is caused by pituitary adenoma autonomic secretion.
Only sporadically, it results from excessive release of growth hormone by neuroen-
docrine neoplasms. Macroadenomas (diameter bigger than 10 mm) constitute about
80% of all adenomas. Smaller tumours are rare. Majority of tumours (about %) are
built of somatotropic cells. The remaining ones also release prolactin due to mam-
motropic cells’ presence, and somatotropic and mammotropic mixed form is rather
rare. Excessive release of growth hormone results in patient’s appearance change
such as palms, feet and facial structure enlargement as well as soft tissues.
Hyperplasia of bones and internal organs may occur, and many other complications
including cardiovascular system are the reason for increased mortality. The possible
manifestation on menstrual cycle due to the higher levels of prolactin and oestrogen
deficiency was observed in acromegaly. Kaltsas et al.’s [2] study showed that 62%
of patients with acromegaly experienced amenorrhoea, 15% had oligomenorrhoea
and 4% had polymenorrhoea. Data from the multi-centre acromegaly registry
reported that hypogonadism was observed in more than half of the women with
acromegaly [3].

Diagnosis of active acromegaly is carried out on the basis of characteristic clini-
cal symptoms and signs, hormonal disturbances as well as presence of pituitary
tumour found in MRI. In hormonal diagnosis, if insulin-like growth factor-1 (IGF-1)
values are increased, it is recommended to perform an oral glucose tolerance test
(OGTT) after administration of 75 g of glucose. The diagnosis is confirmed by an
increased IGF-1 concentration and no suppression of GH secretion below
0.4 microg/L (ng/mL) in OGTT. Random GH level below 1.0 microg/L allows the
exclusion of active acromegaly [4]. Operative treatment is recommended, but if it
does not bring GH concentration and IGF-1 normalisation, somatostatin analogue
therapy should be introduced.
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7.2.3 Cushing’s Disease

Cushing’s disease is a hypercortisolaemia condition induced by adrenocorticotropic
hormone (ACTH) excessive release (ACTH-dependent Cushing’s syndrome). Most
often, in 95%, it is caused by ACTH-releasing pituitary isolated adenoma. In about
5% of cases, primary disturbances of hypothalamic corticoliberin or vasopressin
release are probably related to corticotropic cell hyperplasia. Besides, Cushing’s
disease can be a component of multiple endocrine neoplasia type 1 syndrome
(MENT1). Clinically, it is characteristic for reddened and round face (moon-shaped
face), red skin stretches, neck and corpus fat deposition (central obesity), atrophy of
limb muscles, hypertension, diabetes and osteoporosis. In turn, Cushing’s syndrome
(non-ACTH-dependent Cushing’s syndrome) is every hypercortisolaemia condition
not provoked by ACTH release and also caused by adrenal carcinoma. In majority
of Cushing’s disease patients, gonad function abnormalities are observed.
Hypercortisolaemia disturbs GnRH release and inhibits gonadotropin secretion. In
females, it results in menstruation disturbances (oligomenorrhea, amenorrhea) in
56-80% woman affected by hypercortisolemia and infertility [1]. Menstrual irregu-
larity seems to be most closely related to the level of serum cortisol rather than
androgen level [5]. Obviously, increased ACTH release results in increased andro-
gen production and hyperandrogenism favours seborrhoea, acne and hirsutism.

In diagnostics, 1.0 mg dexamethasone application proves to be useful in testing
cortisol release inhibition. In physiological conditions, after oral administration of
1.0 mg dexamethasone dose at 11 pm, on the next day, cortisol concentration deter-
mined at 8§ am is below 1.8 pg/dL (50.0 nmol/L); the Cushing’s syndrome is
excluded. Besides, increased cortisol concentration determined in 24-h urine collec-
tion is also very useful in a diagnostic process.

Surgical treatment of adenocarcinoma is of strategic importance in the course of
the whole therapy. Steroidogenesis inhibitors should be applied in hypercortisolae-
mic patients before the operation. In the case of insufficient effect of the therapy,
reoperation is indicated as well as adrenalectomy and radiotherapy subsequently.
Inefficacy of surgical treatment may be corrected by applying pasireotide—a new
somatostatin analogue, which reveals big affinity to somatostatin receptor fifth type.

7.3  Thyroid Disorders

Thyroid hormones are essential for proper development and differentiation of all
cells of the human body. They affect the female reproductive organ; in combination
with FSH, triiodothyronine enhances granulose cell proliferation and inhibits gran-
ulose cell apoptosis by the protein kinase B pathway. Thyroid hormone receptors
are expressed in endometrium [6]. The highest level of expression of thyroid hor-
mone receptors was found in receptive endometrium, and it proved that thyroid
hormones influence endometrial function [7]. Transcripts required for thyroid hor-
mone synthesis and metabolism such as thyroid peroxidase, thyroglobulin and
5-deiodinase type 2 were also identified in human endometrium, suggesting
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possible thyroid hormone production [8]. Expression of TSH and thyroid hormone
receptors was revealed in human oocytes in physiological and non-physiological
methods, during in vitro fertilisation (IVF) programme, conditions indicating direct
thyroid hormone action in human ovaries. Deiodinase-2 and deiodinase-3 tran-
scripts were determined in granulosa cells, suggesting their ability to control local
hormone activity through deiodination of T4 to either T3 or, to a lesser extent,
reverse T3 [6, 9, 10].

Leukaemia inhibitory factor (LIF) is involved in the embryo implantation pro-
cess and expressed in the mid-secretory endometrium. TSH significantly upregu-
lates leukaemia inhibitory factor expression in endometrial cell cultures, which
suggests a potential role of TSH in the implantation process. For that reason, we can
expect reproduction disturbances in case of thyroid disorders [10].

7.3.1 Hypothyroidism

The prevalence of menstrual abnormalities reported is 25-60% in hypothyroid
women compared to 10% in euthyroid women. The predominant menstrual distur-
bance in hypothyroid women described is oligomenorrhoea [11, 12]. Thyroid auto-
immunity (TAI) is the most frequent autoimmune disorder in women of childbearing
age, and it increases the risk of thyroid dysfunction. The prevalence of TAl is gener-
ally estimated at around 10% [13]. In women with elevated anti-thyroperoxidase
(ATPO) antibody titres, the relative risk of female infertility is increased [14, 15].

Hypothyroidism may also lead to a diminished LH response, thereby stimulating
thyrotropin-releasing hormone (TRH) secretion and increasing serum prolactin lev-
els. As PRL impairs pulsatile secretion of GnRH, this can lead to ovulatory dysfunc-
tion [12, 15]. For that reason, in hypothyroidism, we can expect decrease of serum
oestradiol and sex hormone-binding globulin (SHBG), increase of PRL and andro-
stenedione as well as impaired GnRH secretion, resulting in menstrual irregularities
and anovulation [13]. Clinical symptoms of hypothyroidism are the following:
fatigue, increased sensitivity of cold, constipation, dry skin, weight gain, puffy face,
muscle weakness, muscle aches, tenderness and stiffness, pain, stiffness or swelling
joints, heavier-than-normal or irregular menstrual periods, secondary amenorrhoea,
thinning of hair, slowed heart rate, depression and impaired memory.

Diagnosis is based on elevated serum TSH levels over 5.0 mIU/L as well as FT4
lower than 0.7 ng/dL (normal range of TSH 0.5-5.0 mIU/L, FT4 0.7-1.9 microg/dL).

The L-thyroxin is the first-choice therapy, and it proves to be very successful;
hormonal changes and menstrual pattern may normalise [16].

7.3.2 Hyperthyroidism
Studies on the prevalence of subfertility in women with hyperthyroidism are lim-

ited. Majority of them are uncontrolled, retrospective and small population studies.
In contrast to hypothyroidism, increased serum SHBG is characteristic for
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hyperthyroidism so much that this globulin is used as a test of thyroid function,
revealing tissue response to the thyroid hormone. It should be considered when
levels of oestradiol and testosterone are interpreted because the total amounts are
increased out of proportion to free levels. It has been published that total oestrogen
levels may be two- to threefold higher in hyperthyroid women (compared to normal
women) [17]. Serum LH and FSH may also be increased; mean LH levels are higher
in hyperthyroid women (compared to normal women) [17-19]. It has been pub-
lished that during the early follicular phase of the menstrual cycle, the LH secretion
was increased in hyperthyroid women with GD, whereas the pulsatile characteris-
tics of LH and FSH secretion did not differ in patients when compared to controls
[18, 20, 21]. Serum LH levels decrease to normal after a few weeks of treatment
with anti-thyroid drugs (ATD) [19]. The mechanism underlying the increase in
serum LH in hyperthyroid women is as yet unclear [16].

In prepuberty girls, menstruation has been reported to be delayed [16, 17]. The
primary or secondary infertility in 5.8% of hyperthyroid patients has been pre-
sented, but other prospective studies have showed the prevalence of suppressed TSH
(subclinical or overt hyperthyroidism) in 2.1% compared to 3% in fertile controls
[12, 14]. Despite a comparable prevalence of hyperthyroidism, suppressed TSH was
more prevalent in antibody-positive compared to antibody-negative patients [14].
Recent data showed a lower prevalence of menstrual abnormalities of about 22%
compared to 8% in healthy controls [22]. Clinical symptoms of hyperthyroidism are
the following: (1) non-specific symptoms like tachycardia, increased sweating, ner-
vousness, tremor and weight loss and/or (2) specific symptoms like goitre, thyroid
ophthalmopathy, pretibial oedema, lower serum TSH (normal range of TSH
0.5-5.0 mIU/L), proximal myopathy, weight loss and increased TRAD titre.

For thyrotoxicosis therapy, propylthiouracil (PTU) or methimazole (MMI) is
recommended. However, in the first and second trimesters of pregnancy, PTU and
MHI therapies are recommended, respectively [23]. They are also not contraindica-
tion to breastfeeding in women treated for hypo- and hyperthyroidism [23].

7.4 Adrenal Gland Disorders

Non-classical congenital adrenal hyperplasia (N-CCAH) is another disorder that may
influence the menstrual cycle; the most common manifestations of menstrual disorder
in these patients are primary or secondary amenorrhoea and oligomenorrhoea.

7.4.1 Non-classical Congenital Adrenal Hyperplasia
Due to 21 Hydroxylase Deficiency

N-CCAH due to 21-hydroxylase deficiency is one of the most common congenital
autosomal diseases, and it results from CYP21A2 gene mutation. This abnormality
is observed in 1-2% of androgenic females. 21-Hydroxylase deficiency causes cor-
tisol synthesis inhibition, increased ACTH release and increased androgen
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secretion, and in severe cases, it results in deoxycortisol and aldosterone deficiency.
Shortage of cortisol provokes pituitary gland to release increased amounts of ACTH
which, in turn, stimulates adrenal glands. 17-Hydroxyprogesterone (17-OHP) is
accumulated which, due to 21-hydroxylase block, does not turn into 11-deoxycortisol
and cortisol, and progesterone does not turn to 11-deoxycorticosterone. Steroids,
the synthesis of which is not disturbed, are accumulated and adrenal androgens
[dehydroepiandrosterone (DHEA), dehydroepiandrosterone sulphate (DHEAS),
androstenedione and testosterone] are excessively released.

Clinical picture of non-classical and late-onset form of the disease is characteris-
tic for preserving 20-50% of 21-hydroxylase activity and moderate increase of
androgen synthesis. In this form of N-CCAH, symptoms develop later; they are
diverse and hard to recognise. They may include premature puberty, purulent acne,
preterm growth and epiphyseal plate preterm mineralisation, which finally may
result in short stature. Non-classical form signs and symptoms are observed in
adulthood, and they are diagnosed in females only as they reveal hirsutism, sebor-
rhoea, temporal alopecia, clitoris enlargement, menstruation abnormalities and
infertility. The disease increases the risk of metabolic syndrome. During the diag-
nostic process, apart from the above clinical symptoms, some other specific mani-
festations should be established. These are increased concentration of 17-OHP over
10.0 ng/mL, increased concentration of androgen ACTH in plasma as well as
17-ketosteroid presence in urine. Concentration of 17-OHP over 10.0 ng/mL after
60 min with ACTH intravenous stimulation confirms diagnosis of non-classical
form. Increased levels of DHEA, androstenedione and testosterone are observed as
well. In order to avoid the development of polycystic ovary syndrome (PCOS), oral
contraceptives are administered to females with non-classical form of congenital
adrenal cortex hyperplasia. In case of strong androgenisation, spironolactone or flu-
tamide is applied. The therapy should be monitoring of 17-OHP concentration in
serum. In case of females in their reproductive period who do not use contraceptives
or in those during pregnancy, dexamethasone should be replaced with hydrocorti-
sone. Dexamethasone penetrates placenta, and it can adversely affect the function-
ing of hypothalamic and pituitary system in normal foetuses. The drug is administered
in the case of early diagnosis of CYP21A2 gene mutation in female foetuses [24].

7.4.2 Non-classical Congenital Adrenal Hyperplasia
Due to 11-Beta-Hydroxylase Deficiency

Non-classical congenital hyperplasia due to 11-beta-hydroxylase deficiency results
from CYP11B1 gene mutation. Absolute lack or deficiency of 11-beta-hydroxylase
results in androgenisation along with cortisol deficiency and hypertension. Cortisol
synthesis inhibition increases ACTH release. It results in adrenal hyperplasia and
increased release of adrenal androgen, 11-deoxycorticosterone and 11-deoxycortisol.

Non-classical form is characteristic for its delayed onset of clinical symptoms.
Baby girls are delivered with normal sexual organs, and only in their reproductive
period, hirsutism and menstruation abnormalities (primary or secondary
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amenorrhea and oligomenorrhea) may appear [1]. Premature adrenarche and
puberty are also very common as well as hypocalcaemia and hypertension.

In the diagnostic period, determination of 11-deoxycortisol and 11-deoxycorticosterone
in serum, DHEAS, androstenedione and testosterone proves to be useful.

In the course of the therapy, hydrocortisone application until the puberty period
and dexamethasone administration afterwards may provide good effects. If hyper-
tension still persists, spironolactone or amiloride is recommended [25].

7.4.3 Addison’s Disease

Addison’s disease is a rare adrenal disorder characterised by low secretion of adreno-
cortical hormones. Female patients with Addison’s disease may experience menstrual
irregularity, but there is no sufficient data regarding the type of menstrual disturbance
that is mostly observed in this rare disorder [1]. If Addison’s disease is suspected, blood
tests are carried out to measure the serum levels of sodium, potassium and cortisol. A
low sodium, high potassium or low cortisol level may indicate Addison’s disease.

7.5 Conclusions

Endocrine glands (pituitary, thyroid, adrenals) play a functional role in the endo-
crine regulation of a woman’s menstrual cycle. In the simple diagram attached, we
present the basic tests to be performed if secondary amenorrhoea is present and
pituitary, thyroid and adrenal abnormalities are suspected (Fig. 7.1). As a result,
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Fig. 7.1 Basic tests to be performed if secondary amenorrhoea is present and pituitary, thyroid
and adrenal abnormalities are suspected
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endocrine disorders are the triggers of onset of menstrual disturbance across the
reproductive lifespan of women. Further studies are highly needed for better clarifi-
cation of the underlying pathways of the association between endocrine disorders
and menstrual cycle.
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Polycystic Ovarian Syndrome

Maria A. Christou, Gesthimani Mintziori,
Dimitrios G. Goulis, and Basil C. Tarlatzis

8.1 Introduction

Polycystic ovarian syndrome (PCOS) is a heterogeneous disorder and a prevalent
cause of ovulatory and menstrual irregularity, infertility, hyperandrogenism, and
metabolic dysfunction. It is one of the most common endocrine disorders in women
of reproductive age, affecting 5-10% of women, depending upon the diagnostic
criteria and the population studied [1]. Importantly, PCOS represents a significant
financial burden to health care [2]. This chapter describes the different aspects of
PCOS in premenopausal adult women, adolescents, and postmenopausal women.

8.2  Etiology

PCOS is a complex trait with multiple genetic and environmental intrauterine and
extrauterine factors that interact to develop the disorder.

8.2.1 Genetic Factors

The genetic basis of PCOS was established by the increased prevalence of PCOS in
first-degree female relatives of affected women, in female clustering and twin stud-
ies. Specifically, the largest twin study documented that genetic influences account
for 70% of the variance in PCOS pathogenesis [3]. Additionally, the PCOS
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prevalence in mothers and sisters of PCOS women was 20-40%, considerably
higher than that in the general population [4, 5].

Potentially responsible genes include those regulating gonadotropin secretion
and action, ovarian folliculogenesis, insulin secretion and action, weight regulation,
and androgen biosynthesis and action.

A recent overview systematically evaluated the evidence regarding PCOS genet-
ics from candidate gene systematic reviews and genome-wide association studies
(GWAS) [6]. The genetic loci with the most robust findings were in or near the
genes DENNDIA, INS-VNTR, and INSR, related to metabolism, and THADA and
FSHR, implicated in the imbalance between gonadotropins and androgens. Other
genes in susceptibility loci identified by GWAS were LHCGR, HMGA2, RAB5B,
SUOX, YAP, and ZNF217, related to the gonadotropic axis, glucose and lipid metab-
olism, and cell cycle regulation [7]. Importantly, although the heritability of PCOS
is approximately 70%, the proportion of heritability identified by GWAS is <10%.
Thus, whole-exome sequencing is needed to screen the whole exome for rare vari-
ants with a large effect on the phenotype.

8.2.2 Environmental Factors

The most clearly defined environmental factor affecting PCOS development is diet
and its association with obesity. Indeed, the genetic predisposition to PCOS seems
to be exacerbated by weight gain and obesity. It has also been proposed that prenatal
androgenization of the female fetus induced by genetic (e.g., variants determining
androgen activity, variants determining androgen availability to target tissues) and/
or environmental factors (e.g., exposure to chemical products, congenital adrenal
hyperplasia, congenital adrenal virilizing tumors) may program differentiating tar-
get tissues toward the development of PCOS in later life [8].

Importantly, an association between PCOS development and exposure to
endocrine-disrupting chemicals (EDCs) and advanced glycation end products
(AGEs) has been described [9]. EDCs are exogenous substances, and AGEs are
proinflammatory molecules derived from nonenzymatic glycation and oxidation of
proteins and lipids or are absorbed from exogenous sources. Dietary and environ-
mental exposure to EDCs and AGEs through different life cycle stages may alter the
reproductive system’s function and PCOS development. They may also lead to met-
abolic disturbance (e.g., obesity, insulin resistance, hyperinsulinemia) that can
exacerbate the PCOS phenotype and contribute to PCOS health risks such as type 2
diabetes mellitus (T2DM) and cardiovascular disease.

8.3  Pathophysiology

The proposed pathophysiology of PCOS is an interaction between impaired gonado-
tropin secretion and action, dysfunction in ovarian folliculogenesis, ovarian and adre-
nal hyperandrogenism, and insulin resistance accompanied by hyperinsulinemia [6].
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Altered luteinizing hormone (LH) action appears to be involved in PCOS patho-
physiology. Specifically, women with PCOS often have higher serum LH concen-
trations [10] and increased LH pulse frequency and amplitude than matched controls
[11]. Additionally, the LH receptor is overexpressed in thecal and granulosa cells
from polycystic ovaries [12]. However, serum LH tends to be lower in obese women
with PCOS compared with lean counterparts [13].

Indeed, the progesterone peak does not occur through a luteal phase of the men-
strual cycle in PCOS women, and the frequency and amplitude of gonadotropin-
releasing hormone (GnRH) pulses are increased, leading to increased LH and
subsequently increased androgen synthesis and secretion in the ovaries. Although
the ovaries are the main source of androgens in PCOS, increased adrenal androgens
[mainly dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate
(DHEAS)] are present in 20-30% of women with PCOS [14].

The increase in follicular androgens impairs follicular development to dominant
follicles and reduces the inhibition of GnRH pulse frequency by progesterone [15].
Although follicle-stimulating hormone (FSH) levels are generally normal, follicles
seem to be resistant to FSH, which might be in part due to increased anti-mullerian
hormone (AMH) [16]. In this way, high AMH levels inhibit FSH-dependent follicu-
lar maturation and selection of dominant follicles and inhibit FSH-induced aroma-
tase expression, leading to hyperandrogenism.

Insulin resistance and hyperinsulinemia are frequent findings in PCOS [17], with the
etiology remaining unclear. However, a post-binding defect in receptor signaling affect-
ing glucose transporter-4 (GLUT-4) expression and thus insulin target tissues, such as
adipose tissue, muscle, and possibly the ovary, has been described [18]. Specifically, a
defect in serine phosphorylation of the insulin receptor that results in decreased activa-
tion of the receptor has been identified in 50% of women with PCOS [19].

Hyperinsulinemia stimulates the secretion of androgens from theca cells [20]
and inhibits hepatic sex hormone-binding globulin (SHBG) production [21],
increasing free androgens.

8.4 Diagnostic Criteria and Different Phenotypes
8.4.1 Diagnostic Criteria

Most experts use the Rotterdam criteria to diagnose PCOS because they are the
most inclusive [22, 23]. They were developed at a 2003 consensus meeting held in
Rotterdam [European Society of Human Reproduction and Embryology (ESHRE)
and American Society for Reproductive Medicine (ASRM) consensus workshop
group]. Specifically, two of the following three criteria are required to make the
diagnosis:

e Oligo- and/or anovulation
 Clinical and/or biochemical hyperandrogenism
* Polycystic ovarian-like morphology (PCOM) by ultrasound
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Table 8.1 PCOS diagnostic criteria and phenotypes in adult women

Phenotypes

A ‘B C ‘D
Features
Hyperandrogenism v v 4
Ovulatory dysfunction v v/ 4
PCOM 4 4 4
Diagnostic criteria
NIH 1990 v v/
AE-PCOS 2006 v v 4
ASRM/ESHRE 2003 v v v 4

Abbreviations: AE-PCOS Androgen Excess and PCOS Society, ASRM American Society for
Reproductive Medicine, ESHRE European Society of Human Reproduction and Embryology, NIH
National Institutes of Health, PCOM polycystic ovarian-like morphology, PCOS polycystic ovar-
ian syndrome

All diagnostic criteria require exclusion of other conditions that may mimic PCOS clinical picture

PCOS diagnosis is confirmed only when other conditions that mimic PCOS are
excluded.

These criteria, with minor adjustments, have been reaffirmed by a recent interna-
tional evidence-based guideline for the assessment and management of PCOS [24].
Other proposed criteria include the 1990 National Institutes of Health (NIH) criteria
and the criteria proposed in 2006 from the Androgen Excess and PCOS (AEPCOS)
Society (AE-PCOS criteria) (Table 8.1) [25, 26].

PCOS prevalence varies according to the diagnostic criteria used to define
the disorder. Specifically, in a 2016 meta-analysis of 24 population studies per-
formed in Europe, Australia, Asia, and the United States, PCOS rates (95%
confidence intervals, CI) according to the NIH criteria, the Rotterdam criteria,
and the AE-PCOS criteria were 6% (5-8%, 18 trials), 10% (8—13%, 15 trials),
and 10% (7-13%, 10 trials), respectively, in unselected reproductive-aged
women [1].

Importantly, the prevalence of PCOS is increased in obesity, insulin resistance,
diabetes mellitus (type 1, type 2, or gestational), oligoovulatory infertility, prema-
ture adrenarche, family history of PCOS in first-degree relatives, and certain ethnic
groups (e.g., Indigenous Australians) [27].

8.4.2 Phenotypes

The Rotterdam criteria yield four different PCOS phenotypes:

e Phenotype A: includes hyperandrogenism (biochemical and/or clinical), ovula-
tory dysfunction, and PCOM

e Phenotype B: includes hyperandrogenism (biochemical and/or clinical) and ovu-
latory dysfunction
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e Phenotype C: includes hyperandrogenism (biochemical and/or clinical)
and PCOM
e Phenotype D: includes ovulatory dysfunction and PCOM

Notably, the NIH criteria include only phenotypes A and B; the AE-PCOS crite-
ria phenotypes A, B, and C; and the Rotterdam criteria all phenotypes (Table 8.1).
Epidemiological studies in unselected populations have shown that the prevalence
of phenotypes A and B was 40-45%, ~35% for phenotype C, and ~20% for pheno-
type D [28].

8.5 Evaluation

The main features of PCOS include androgen excess (biochemically and/or clini-
cally), menstrual irregularity, and/or PCOM. There are several proposed diagnostic
criteria for PCOS, all of which require that other causes of menstrual irregularity
and hyperandrogenism should be excluded.

8.5.1 Menstrual Irregularity

The menstrual irregularity in PCOS is caused by infrequent or absent ovulation. It
usually has a peripubertal onset, and affected women may have a normal or slightly
delayed menarche followed by irregular cycles. Other women may have regular
cycles at first and subsequently develop menstrual irregularity in association with
weight gain. PCOS women often experience more regular cycles after the age of
40 years. Women who develop menstrual irregularity at a later age (e.g., >30 years)
are less likely to have PCOS.

Oligoovulation or anovulation in PCOS leads to a decrease in progesterone
secretion. Thus, women with PCOS may have constant mitogenic stimulation of the
endometrium due to an increase in estrogen and absence of endometrium differen-
tiation due to a decrease in progesterone. This fact leads to abnormal intermittent
uterine bleeding [29].

Thus, menstrual irregularity in PCOS women could be:

e Amenorrhea
— Primary amenorrhea: lack of menarche by 15 years of age (or by 15 years’
bone age if puberty onset was early) or >3 years post-thelarche (breast
development)
— Secondary amenorrhea: >90 days without a menstrual period in previously
menstruating girls (>1 year post-menarche)
e Oligomenorrhea
— <1 year post-menarche: normal as part of the pubertal transition
— 1-3 years post-menarche: average cycle length >45 days
— 3 years post-menarche—perimenopause: average cycle length >35 days or <8
menstrual periods per year
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¢ Dysfunctional uterine bleeding
— Frequent bleeding: bleeding <21 days (<19 days in <1 year post-menarche)
— Prolonged bleeding: bleeding lasting >7 days in adolescents or >8 days
in adults
— Heavy bleeding: soaking pads or tampons sufficiently to interfere with the
physical, social, emotional, or material quality of life

8.5.2 Hyperandrogenism

Hyperandrogenism may include clinical signs and/or elevated serum androgen con-
centrations. Most PCOS women have both clinical and biochemical evidence of
hyperandrogenism.

8.5.2.1 Clinical Hyperandrogenism

Hyperandrogenism in PCOS is manifested clinically by hirsutism, acne, and/or
balding with potential negative psychosocial impact. Hirsutism is present in about
70% of women with PCOS, whereas acne and balding are not commonly present.

The majority of hirsutism is due to androgen excess (=80%) [30]. However,
hirsutism may occur without elevated androgen concentrations (idiopathic hirsut-
ism). Hirsutism should be distinguished from hypertrichosis distributed in a non-
sexual pattern and is not caused by androgen excess.

Hirsutism is defined as excess terminal (>0.5 cm length, pigmented) body hair in
a male pattern. The modified Ferriman-Gallwey (mFG) visual scale is preferred to
evaluate hirsutism in the most androgen-sensitive areas [31]. Nine body areas (upper
lip, chin, chest, arm, upper abdomen, lower abdomen, upper back, lower back,
thighs) are scored from 1 (minimal terminal hairs) to 4 (equivalent to a hairy man).
If no terminal hairs are observed, then the score 0 is given. A mFG score >4-6 indi-
cates hirsutism, acknowledging that self-treatment is common and can limit clinical
assessment. Importantly, there is substantial racial variability in hirsutism, defined
as a mFG score of >9-10 in Mediterranean populations, >8 in the US population,
and >2-3 in Asian populations [32].

Acne as an isolated sign might not be considered a hyperandrogenic sign.
However, hyperandrogenism should be considered when it is severe or combined
with hirsutism or menstrual irregularity [33]. Acne occurs in adolescence and may
persist into adulthood. It presents most commonly on the face, neck, chest, shoul-
ders, and back. Balding may be either a male pattern (affecting the fronto-temporo-
occipital scalp) or a female pattern (affecting the crown) [34]. The Ludwig visual
scale is preferred for assessing the degree and distribution of balding, whereas there
are no universally accepted visual scales for evaluating acne.

8.5.2.2 Biochemical Hyperandrogenism

In women with hyperandrogenic signs, calculated free testosterone, free andro-
gen index (FAI), or calculated bioavailable testosterone should be measured to
assess biochemical hyperandrogenism. Calculations of free testosterone and
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bioavailable testosterone can be carried out using the formula available on the
website of the International Society for the Study of the Aging Male (ISSAM)
(http://www.issam.ch/freetesto.htm) from total testosterone, SHBG, and albu-
min values measured in the same sample for each subject. FAI can be calculated
according to the following equation: FAI = [total testosterone (nmol/L)/SHBG
(nmol/L)] x 100%. Serum total or free testosterone is best assessed by high-
quality assays, such as liquid chromatography-tandem mass spectroscopy (LC-
MS) and extraction/chromatography immunoassays. The upper limit of normal
for serum testosterone in women is 45-60 ng/dL (1.6-2.1 nmol/L) measured
by LC-MS.

DHEAS and androstenedione provide limited additional information in
PCOS diagnosis and could be measured if total or free testosterone is not ele-
vated. DHEAS is also suggested to be measured in severe hyperandrogenism
because it can be very high in adrenocortical tumors. Additionally, in the case of
biochemical hyperandrogenism, a morning serum 17-hydroxyprogesterone
[17(OH)P] should be measured to rule out non-classic congenital adrenal hyper-
plasia (NCCAH) due to 21-hydroxylase deficiency. This measurement should be
done in the early follicular phase for women with spontaneous menstrual cycles,
whereas it should be done on a random day for those without cycles.

Reliable assessment of biochemical hyperandrogenism is not possible in women
on hormonal contraception due to effects on SHBG and gonadotropin-dependent
androgen production. Thus, drug withdrawal is recommended for at least 3 months
before measurement.

8.5.3 PCOM

Transvaginal, rather than transabdominal, ultrasound should be performed to
determine the presence of PCOM if sexually active. The main ovarian finding in
PCOS is multiple, small, preantral, and antral follicles in a peripheral location
with an increased volume of the stroma. Importantly, follicle number and size
are relevant to an ultrasound diagnosis. The Rotterdam ultrasound criteria
include >12 follicles in each ovary (2-9 mm in diameter) and/or increased ovar-
ian volume (>10 mL), ensuring that no corpora lutea, cysts, or dominant folli-
cles are present. Follicle number and ovarian volume decrease with age in
women with or without PCOS. The International PCOS Network has proposed
revised criteria for PCOS, confirming an ovarian volume >10 mL and suggest-
ing an increase in follicle number >20 follicles per ovary, using transducers
with a frequency bandwidth that includes 8 MHz [24]. In the case of using older
transvaginal technology or performing transabdominal ultrasound, an ovarian
volume >10 mL is needed, given the difficulty of reliably assessing follicle
number with this approach.
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8.5.4 Other Biochemical Characteristics

Most commonly, women with PCOS have an increase in LH concentrations and LH
pulse frequency and amplitude [13]. The likelihood of finding increased serum LH
depends upon the sample timing relative to the last menstrual period, the ovarian
activity, the use of combined oral contraceptives (COCs), and the body mass index
(BMI). Therefore, the absence of increased serum LH does not exclude PCOS
diagnosis.

Serum FSH levels may be normal or low in PCOS women. In the past, many
clinicians used an elevated LH/FSH ratio of >2 for PCOS diagnosis. However, its
use may be misleading. Specifically, if there has been recent ovulation, LH will be
suppressed, and the ratio will be <2.

In women with intermenstrual intervals >35 days, serum progesterone (addition-
ally to ultrasound) can be measured to assess whether ovulation has occurred. In
normally cycling women, this is done on day 21 of a cycle. However, in women with
long intermenstrual intervals, progesterone is measured 7-10 days before the next
menses is expected. Importantly, ovulatory dysfunction can still occur with regular
cycles, and if ovulation needs to be confirmed, serum progesterone can be measured.

Serum AMH is produced by small (<8 mm) preantral and early antral follicles,
reflecting the number of primordial follicles. As already mentioned, follicular devel-
opment is abnormal in PCOS. Growth of antral follicles tends to be arrested at
5-8 mm in diameter, much smaller than a mature follicle. In one study, serum AMH
concentrations were two- to threefold higher in PCOS women compared with con-
trols [35], and also a meta-analysis suggested that a serum AMH >4.7 ng/mL had a
79% specificity and an 83% sensitivity to diagnose PCOS [36]. Generally, serum
AMH concentrations are in the upper range of normal or markedly elevated in
women with PCOS [37]. However, AMH assays are limited by the absence of an
international standard, and an increased AMH should not be considered as a crite-
rion for PCOS diagnosis.

8.6 Differential Diagnosis

Oligomenorrhea can also be seen in hypothyroidism, hyperthyroidism, hyperpro-
lactinemia, and ovarian insufficiency. However, these disorders are distinguished by
their clinical characteristics (hyperandrogenic signs are not common) and biochem-
ical testing. Therefore, additional testing should be performed in any woman with
oligomenorrhea, including thyroid-stimulating hormone (TSH), prolactin, and
FSH. Hypogonadotropic hypogonadism, due to low body fat or intensive exercise,
should also be excluded clinically and biochemically (LH and FSH levels). A serum
or urine pregnancy test should be performed to rule out pregnancy.

The clinical characteristics of NCCAH can be similar to PCOS (mild hyperan-
drogenism, oligomenorrhea, PCOM). Affected women may also present with pre-
mature pubarche. NCCAH should be ruled out because there are risks that offspring
could be affected with the more severe classic 21-hydroxylase deficiency. A
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morning value of 17(OH)P >200 ng/dL (6 nmol/L) in the early follicular phase
strongly suggests the diagnosis, which may be confirmed by a high-dose (250 pg)
adrenocorticotropic hormone (ACTH) stimulation test with most patients with the
diagnosis having 17(OH)P >1500 ng/dL (43 nmol/L).

Additionally, Cushing syndrome may be associated with hyperandrogenic
anovulation [38]. Acromegaly is also associated with PCOS [39]. Specifically, the
elevated levels of insulin-like growth factor-1 (IGF-1) in acromegaly can cause
PCOS by increasing the activity of multiple steroidogenic enzymes in the ovaries
and adrenals.

For women with clinical signs of severe hyperandrogenism (e.g., severe hirsut-
ism, frontal balding, severe acne, clitoromegaly, increased muscle mass, deepening
of the voice) of recent onset that is rapidly progressive, serum total testosterone and
DHEAS should be measured. These women (usually postmenopausal) probably
have an androgen-secreting tumor (ovarian or adrenal) or ovarian hyperthecosis. In
these cases, serum total testosterone concentrations are almost always >150 ng/dL
(5.2 nmol/L) [40] and, in the case of adrenal tumors, serum DHEAS concentrations
are >800 pg/dL (21.6 pmol/L). Notably, anabolic-androgenic steroid use may pres-
ent with features similar to those of virilizing tumors.

Approximately 8% of hyperandrogenic patients have no identifiable ovarian or
adrenal source of increased androgens, and the diagnosis of idiopathic hyperan-
drogenism is given.

8.7 Health Risks
8.7.1 Metabolic Health Risks

8.7.1.1 Weight Gain and Obesity

There is an increased weight gain and obesity prevalence in PCOS, increasing the
severity of the condition [41]. In one study in Spain, the prevalence of obesity was
51% in women with PCOS and 18% in the group of controls [42]. In another study
from the United States, 60% of women with PCOS were obese [43], twice the rate
seen in the general population [44]. However, obesity prevalence in PCOS varies
widely with the population studied [45], suggesting that environmental factors play
a significant role in determining obesity in PCOS.

8.7.1.2 Impaired Glucose Tolerance (IGT): Type 2 Diabetes
Mellitus (T2DM)

Regardless of age, the risk of IGT and T2DM is significantly increased in PCOS
women, especially those with a first-degree relative with T2DM, with risk indepen-
dent of, yet exacerbated by, obesity [46, 47]. Specifically, in a study of 122 obese
women with PCOS, 45% had IGT and 10% had T2DM by age 40 years [46]. The
latter women had a 2.6-fold higher prevalence of first-degree relatives with
T2DM. Importantly, the annual conversion rate from normal glucose tolerance to
IGT was 16% in another study of 71 women with PCOS [48].
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8.7.1.3 Dyslipidemia

Most studies of women with PCOS have shown low high-density lipoprotein cho-
lesterol (HDL-c), high low-density lipoprotein cholesterol (LDL-c), and high tri-
glyceride concentrations [49]. For example, in a study of 398 women with PCOS,
the prevalence of abnormal lipids was quite high; 35% had total cholesterol
>200 mg/dL, 31% had LDL-c >130 mg/dL, 15% had HDL-c <35 mg/dL, and 16%
had triglycerides >200 mg/dL [50].

8.7.1.4 Insulin Resistance

Most women with PCOS are insulin resistant and hyperinsulinemic compared with
controls, independent of obesity [51, 52]. However, it is not possible to determine
the extent to which PCOS contributes to insulin resistance independent of obesity,
and there is currently no validated test for measuring insulin resistance in a clinical
setting [53]. The clinical manifestations of insulin resistance include acanthosis
nigricans, metabolic syndrome, nonalcoholic fatty liver disease, and sleep apnea.

8.7.1.5 Metabolic Syndrome

In the latest report (1999-2000) of the National Health and Nutrition Examination
Survey (NHANES), the prevalence of the metabolic syndrome (as defined by the
National Cholesterol Education Program/Adult Treatment Panel III criteria) in nor-
mal women aged 20-39 years was 18—19% [54]. Using the same diagnostic criteria,
the prevalence of the metabolic syndrome is much higher (43%) in PCOS
women [55].

Importantly, glycemic status, BMI, waist circumference, fasting lipids, and blood
pressure should be assessed at initial diagnosis in all women with PCOS. Glycemic
status includes fasting plasma glucose and a 75 g oral glucose tolerance test (OGTT)
or hemoglobin Alc. The OGTT is recommended in high-risk women (e.g., BMI
>25 kg/m?, history of impaired fasting glucose, IGT or gestational diabetes, family
history of T2DM, hypertension, or high-risk ethnicity group). PCOS women with
normal glucose tolerance should be rescreened every 1-3 years or more frequently
if additional risk factors are identified, whereas those with impaired glucose toler-
ance should be screened annually for the development of T2DM.

Monitoring for weight changes and excess weight should be performed in every
visit or at least every 6-12 months. Additionally, overweight and obese PCOS
women, irrespective of age, should have a fasting lipid profile measurement. The
frequency of measurement should be based on the presence of hyperlipidemia and
total cardiovascular risk. Blood pressure should also be measured annually or more
frequently based on total cardiovascular risk.

8.7.1.6 Nonalcoholic Fatty Liver Disease (NAFLD)

NAFLD prevalence, including nonalcoholic steatohepatitis (NASH), may be
increased in women with PCOS [56, 57]. Notably, metformin and thiazolidinedio-
nes have been considered a possible therapy for women with PCOS who also have
NASH. However, routine screening for NAFLD in women with PCOS is not
suggested.
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8.7.1.7 Sleep Apnea

It has been shown that sleep apnea is associated with PCOS, with the severity of
sleep apnea correlating with the number of features of the metabolic syndrome pres-
ent [58]. Specifically, obstructive sleep apnea and excessive daytime sleepiness
were significantly more common in PCOS women compared with controls, odds
ratio (OR) 30.6 (95% CI 7.2-139.4) and OR 9.0 (95% CI 4.0-22.1), respectively
[59]. It was also shown that obstructive sleep apnea is an important determinant of
insulin resistance, glucose intolerance, and T2DM in PCOS women [60].
Importantly, PCOS women should be asked about signs and symptoms of sleep
apnea (snoring, waking unrefreshed from sleep, excessive daytime sleepiness,
morning headaches) using a simple screening questionnaire, preferably the Berlin
tool. If the diagnosis is suspected, the patient should be referred to a sleep medicine
clinician.

8.7.2 Cardiovascular Health Risks

Women with PCOS present metabolic risk factors for premature coronary heart
disease, such as obesity, insulin resistance, IGT, T2DM, dyslipidemia, hyperten-
sion, and/or metabolic syndrome in general [61, 62]. However, the increased fre-
quency of cardiovascular events in women with PCOS is not well established [63].
Additionally, a meta-analysis has shown a twofold risk of arterial disease for women
with PCOS compared to women without PCOS after BMI adjustment, suggesting
that the increased risk of cardiovascular events in PCOS is not completely related to
a higher BMI [64]. Nevertheless, all women with PCOS should be assessed for
cardiovascular risk factors and total cardiovascular risk. Women should be consid-
ered at increased cardiovascular disease risk in the presence of related risk factors,
such as obesity, dyslipidemia, hypertension, IGT, smoking, and lack of physical
activity.

8.7.3 Gynecological Health Risks

8.7.3.1 Endometrial Cancer

In PCOS, chronic stimulation of the endometrium by estrogen, in the presence of
chronically low progesterone secretion associated with anovulation, may increase
the risk of endometrial hyperplasia and cancer, even before menopause [65]. Women
with PCOS may also have other risk factors for endometrial cancer, including obe-
sity, chronic hyperinsulinemia, and increased serum IGF-1 concentrations [66].

A meta-analysis of five studies including 138 women with PCOS and 5593 con-
trols without PCOS reported an increased risk of endometrial cancer among women
with PCOS (OR 2.79, 95% CI 1.31-5.95) [67]. It has also been suggested that in
oligoovulatory women with PCOS, an endometrial thickness <7 mm on transvagi-
nal ultrasound was not associated with histologic evidence of endometrial hyperpla-
sia [68].
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However, it is not suggested to use ultrasound routinely in premenopausal
women with PCOS to screen for the presence of endometrial hyperplasia or cancer.
An investigation by transvaginal ultrasound and/or endometrial biopsy is recom-
mended with persistent thickened endometrium and/or relevant risk factors, includ-
ing prolonged amenorrhea, abnormal vaginal bleeding, or excess weight. Prevention
of endometrial hyperplasia could include COCs or progestin therapy in women with
a cycle length >90 days.

8.7.3.2 Pregnancy Complications
The risk of pregnancy complications is increased in women with PCOS. The spon-
taneous abortion rate is 20-40% higher in PCOS women than in the general popula-
tion [69]. Additionally, in a meta-analysis of 27 studies involving 4982 women with
PCOS, the ORs (95% CI) of developing gestational diabetes, pregnancy-induced
hypertension, preeclampsia, and preterm birth were 3.43 (2.49-4.74), 3.43
(2.49-4.74), 2.17 (1.91-2.46), and 1.93 (1.45-2.57), respectively, compared with
the general population [70]. Furthermore, their babies had a higher risk of admis-
sion to the neonatal intensive care unit (OR 2.32, 95% CI 1.40-3.85). It has been
suggested that the low-grade, chronic inflammation seen in PCOS women, as evi-
denced by high serum C-reactive protein concentrations, worsens during pregnancy
and may be associated with an increased risk of pregnancy complications [71].
Importantly, a 75gr OGTT should be offered to all women with PCOS precon-
ception, given the high risk of hyperglycemia and related comorbidities in preg-
nancy. If the OGTT is not performed preconception, then it should be offered at
<20 weeks’ gestation, and also all women with PCOS should perform the test at
24-28 weeks’ gestation.

8.7.3.3 Infertility

PCOS is one of the most common cause of infertility with anovulation being the
main pathophysiological mechanism. Women are encouraged to consider conceiv-
ing before 35 years to allow time for fertility interventions if needed.

8.7.4 Psychosocial Health Risks

There is a high prevalence of moderate-to-severe mood disorders (depression and
anxiety) in women with PCOS and a likely increased prevalence in adolescents.
Interestingly, it is suggested that women with PCOS are more likely to have mood
disorders when compared with women without PCOS that are not always explained
by features of PCOS such as obesity or hyperandrogenic signs [72]. All women with
PCOS should be screened for mood disorders at the time of diagnosis [73], and
where necessary, they should be referred for appropriate support. Women with
PCOS are also at risk for eating disorders, particularly binge eating and bulimia
nervosa [74], psychosexual dysfunction, negative body image concern, and dimin-
ished quality of life.
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8.8 Treatment

The approach to management depends on the woman'’s life stage, medical history,
concerns, and preferences. COCs, metformin, and other pharmacological treat-
ments are generally off-label in PCOS. However, their use is evidence based and is
allowed in many countries. Tables 8.2 and 8.3 describe the advantages and disad-
vantages of the treatment options in PCOS for non-fertility and fertility indications,
respectively. The goals of therapy are the following:

* Management of metabolic abnormalities

* Management of menstrual irregularity

e Prevention of endometrial hyperplasia and cancer
» Contraception for those not pursuing pregnancy

* Management of hyperandrogenic characteristics

e Ovulation induction for those pursuing pregnancy

Table 8.2 Treatment for non-fertility indications in women with PCOS
Line Agent Advantages Disadvantages
First Weight loss (if ¢ Overall health benefits ¢ Time-consuming
overweight/obese) ¢ Metabolic, reproductive, process
and psychological benefits * Difficulty to avoid
weight regain in the
long term
First COCs ¢ Management of menstrual e Off-label use
irregularity *  Venous thrombosis
¢ Prevention of endometrial e Arterial thrombosis
hyperplasia (e.g., M1, ischemic
e Contraception stroke)
* Management of e Impaired lipid
hyperandrogenemia metabolism
e Many absolute and
relative
contraindications
First Progestin-only ¢ Alternative option in case of |¢ Very few data in

preparations

contraindications or
intolerance to COCs
Third- and fourth-generation
progestins cause fewer
metabolic adverse effects
Fourth-generation
progestins are
antiandrogenic

Few absolute
contraindications (e.g.,
current breast cancer,
unexplained vaginal
bleeding, intrauterine
infection)

women with PCOS
Less effective
compared to COCs

(continued)
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Table 8.2 (continued)
Line Agent Advantages Disadvantages
Second | COCs + metformin ¢ Considered in high-risk
metabolic groups or for
management of metabolic
features
Second | COCs + antiandrogen | ¢ Considered for ¢ Antiandrogens must be
hyperandrogenic signs when used with
>6 months of COCs with contraception to
cosmetic therapy has failed prevent male fetal
virilization
Second | Metformin ¢ Improves BMI, e Off-label use

menstrual cyclicity,
androgen levels, and
metabolic features

¢ Dose-dependent
gastrointestinal
disorders

e Decreased vitamin B,

* More effective agents
for non-fertility
indications are
available

Abbreviations: BMI body mass index, COCs combined oral contraceptives, MI myocardial infarc-
tion, PCOS polycystic ovarian syndrome

Table 8.3 Treatment for fertility in women with PCOS

Line Agent Advantages Disadvantages
First Weight loss e Low cost ¢ Time-consuming
¢ Overall health, metabolic, process
reproductive, and » Difficulty to avoid
psychological benefits weight regain in the
long term
First Letrozole e Oral e Off-label use
e Low cost
*  Compared to clomiphene
citrate
— Higher ovulation,
pregnancy, and live birth
rates
— Lower time to pregnancy
— Lower multiple
pregnancy risk
First Clomiphene citrate | ¢ Oral e Compared with
e Low cost letrozole

Preferred in obese women
compared to metformin

Lower ovulation,
pregnancy, and live
birth rates

Higher time to
pregnancy

Higher multiple
pregnancy risk
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Table 8.3 (continued)

Line Agent Advantages Disadvantages
First Clomiphene e Improve ovulation,
citrate + metformin pregnancy, live birth rates,
and time to pregnancy in
obese women
* Decrease time to pregnancy
in clomiphene citrate-
resistant women
First Metformin e Oral Off-label use
e Low cost Dose-dependent
* Safe gastrointestinal
e Improves ovulation, disorders
pregnancy, and live birth Decreased vitamin B,
rates More effective
ovulation induction
agents are available
Second | Gonadotropins e Comparable pregnancy and Daily injections
live birth rates to ovarian High cost
drilling Multiple pregnancy
risk
OHSS risk
Frequent medical
monitoring
Second | Ovarian drilling * Performed once High cost
e Minimally invasive Surgical risk
e Normalizes ultrasonographic Postoperative
findings adhesions
* Restores ovulatory cycles for Diminished ovarian
many years reserve
*  Compared to gonadotropins:
— Comparable pregnancy
and live birth rates
— Lower risk of multiple
pregnancies or OHSS
e Improves response to IVF
Third ART  IVF Very high cost
— Decreased multiple Invasive procedure
pregnancy rate by SET OHSS risk

and/or freeze-all

— Similar pregnancy rate
compared to women
without PCOS

Abbreviations: ART assisted reproduction technology, /VF in vitro fertilization, OHSS ovarian
hyperstimulation syndrome, PCOS polycystic ovarian syndrome, SET single-embryo transfer
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8.8.1 Metabolic Abnormalities

A healthy lifestyle and prevention of weight gain are important for all women with
PCOS from adolescence to menopause. Lifestyle interventions (diet, physical activ-
ity, and/or behavioral counseling) are suggested for weight reduction as the first step
for overweight and obese women with PCOS [75], followed by pharmacotherapy
[76] and, when necessary, bariatric surgery [77]. Modest weight loss of 5-10%
within 6 months in those PCOS women with excess weight is recommended.

General healthy eating principles should be followed for all women with PCOS
across the life course, as per general population recommendations. Calorie-
restricted diets (energy deficit of 30% or 500-750 kcal/day) are suggested for
women with PCOS and excess weight. However, there is no good evidence that
one type of diet is superior to another [78]. Physical activity (planned or unplanned
in the context of daily, family, and community activities) should be advised for
prevention of weight gain, weight loss, prevention of weight regain, and greater
health benefits.

Importantly, in addition to lifestyle, metformin should be considered in over-
weight or obese women with PCOS to manage weight and metabolic outcomes.
Metformin may offer greater benefit in high-risk metabolic groups such as IGT, dia-
betes, or high-risk ethnic groups. In addition to metformin, thiazolidinediones can
reduce insulin levels in women with PCOS [79, 80]. However, because of limited
clinical data, potential weight gain, and a possible association with cardiovascular
adverse events, the use of thiazolidinediones is not recommended in women with
PCOS who do not have diabetes. Other anti-obesity medications (e.g., glucagon-like
peptide-1 analogs, naltrexone/bupropion combination) could be considered for man-
aging obesity in women with PCOS, as per general population recommendations
considering cost, contraindications, and side effects.

8.8.2 Menstrual Irregularity: Endometrial Protection

When a menstrual irregularity is presented in overweight or obese women with
PCOS, 5-10% weight loss could help restore normal ovulatory cycles [81, 82].

COC:s are suggested as the first-line therapy for menstrual irregularity and endo-
metrial protection [24]. The approach to COCs use is the same as in women without
PCOS. They provide several benefits in women with PCOS:

* Exposure to progestin, which antagonizes the endometrial proliferative effect of
estrogen
e Contraception in those not pursuing pregnancy, as women with oligomenorrhea
ovulate intermittently and an unwanted pregnancy may occur
e Cutaneous benefits for hyperandrogenic signs
No specific preparation is superior in PCOS, with all agents increasing SHBG
and improving clinical outcomes. When prescribing COCs, the lowest effective
estrogen dose (such as 20-30 pg ethinyloestradiol or equivalent) is preferred
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balancing efficacy, metabolic risk profile, side effects, cost, and availability, and
35 pg ethinyloestradiol is not recommended as a first-line treatment.

COCs increase the risk of venous thromboembolism (VTE) related to both the
dose of estrogen and the type of progestin. VTE incidence is 5-10 events per 10,000
woman-years in the general population and 8—10 events per 10,000 woman-years in
COCs users, lower than the pregnancy-related VTE incidence (1.2 events every
1,000 deliveries) [83]. However, it is unclear if COCs constitute an independent risk
factor for VTE, given that PCOS is a prothrombotic state itself. All PCOS women
should be evaluated for cardiometabolic risk factors at baseline before initiating a
COC. Age, smoking, obesity, glucose intolerance or diabetes, hypertension, dyslip-
idemia, thrombophilia, and family history of VTE should be recorded and guide
treatment options.

Arterial thrombotic events related to COCs use occur much less frequently.
Overall arterial thrombosis risk (myocardial infarction or ischemic stroke) in COCs
users was 1.6-fold increased [84]. Importantly, current data do not suggest adverse
effects of COCs on glucose metabolism, whereas COCs may increase serum levels
of triglycerides, LDL-c, and HDL-c mainly due to their effects on the liver [83].

For those women with PCOS who choose not to or cannot take COCs, alternative
treatments for endometrial protection are intermittent or continuous progestin use or
a progestin-releasing intrauterine device. Importantly, progestin alone will not
reduce hyperandrogenic signs, nor will it provide contraception.

Metformin is another alternative as it restores menstrual cyclicity in 30-50% of
women with PCOS [85]. However, it is considered a second-line therapy [24]. The
combination of COCs and metformin should be considered for high-risk metabolic
groups or management of metabolic features when COCs and lifestyle changes do
not achieve the desired goals.

8.8.3 Hyperandrogenism

The general treatment of skin problems focuses on reducing androgen production,
decreasing the fraction of free testosterone, and limiting androgen bioactivity at the
target tissues.

A COC combined with cosmetic therapy (e.g., shaving, waxing, depilatories,
electrolysis, or laser treatment in the case of hirsutism) is suggested as a first-line
pharmacologic therapy in most women with hyperandrogenic signs, as the former
decreases ovarian androgen production, suppressing LH secretion and increasing
SHBG [30]. An antiandrogen is then added after 6 months if the cosmetic response
is suboptimal. Importantly, pregnancy should be ruled out before starting COCs or
antiandrogens. Typically, cyproterone acetate is a fourth-generation progestin with
the greatest antiandrogen activity of all progestins, which, due to significant VTE
risk, is used to treat moderate-to-severe hyperandrogenic signs. Additionally, spi-
ronolactone can be added 50-100 mg twice daily. Other antiandrogens include fin-
asteride (inhibits 5-alpha-reductase type 2, which converts testosterone to
dihydrotestosterone), cyproterone acetate, and flutamide.
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COCs and an antiandrogen may be started simultaneously, particularly in the
case of severe cutaneous manifestations. However, the antiandrogen is started usu-
ally after the completion of at least 1 month of taking COCs. When COCs are con-
traindicated or poorly tolerated, an antiandrogen may be used alone in women with
hirsutism. However, an alternative form of contraception is needed because an anti-
androgen could prevent the development of normal external genitalia in a male fetus
in the case of pregnancy. Importantly, an antiandrogen alone does not regularize
menstrual cycles.

8.8.4 Ovulation Induction and Fertility

The “Consensus on Infertility Treatment Related to PCOS,” held in Thessaloniki in
2007 [86] and, more recently, the “International Evidence-Based Guideline for the
Assessment and Management of PCOS” [24] addressed all fertility treatment
options for PCOS women. The treatment choice should result from a joint decision
between the infertile couple and the medical team based on a woman'’s special char-
acteristics and the couple’s wishes.

Several factors that affect fertility (e.g., glycemic status, blood pressure, weight,
smoking, alcohol) should be assessed and optimized in women with PCOS before
initiating ovulation induction. Additionally, pregnancy needs to be excluded, as well
as fallopian tube patency should be assessed.

8.8.4.1 Weight Loss

Lifestyle changes to induce weight loss are considered the first-line therapy for
infertility in obese women with PCOS being implemented before ovulation induc-
tion. Importantly, obesity is an independent risk factor for anovulation, failed or
delayed response to treatment, first-trimester miscarriages, and third-trimester com-
plications. Thus, a modest weight loss (5—10%) in overweight or obese women is
suggested to restore fertility.

Although weight loss is encouraged in obese women with PCOS and anovula-
tory infertility, women are referred to a fertility specialist if they cannot conceive
after lifestyle changes for 12 months and 6 months if aged <35 years and >35 years,
respectively.

8.8.4.2 Letrozole

Letrozole is an aromatase inhibitor of the enzyme that converts androgens to estro-
gens leading to an increase in FSH secretion and maturation of the ovarian follicle.
Recent data suggested letrozole as the first-line therapy over clomiphene citrate for
ovulation induction in women with PCOS and anovulatory infertility [24].
Importantly, a recent individual patient data meta-analysis 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), and live birth rates (RR 1.43, 95% CI
1.17-1.75), as well as decreased time to pregnancy (hazard ratio 1.72, 95% CI
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1.38-2.15), compared with clomiphene citrate [87]. In addition, the risk of multiple
pregnancies appears to be less with letrozole compared to clomiphene citrate.

8.8.4.3 Clomiphene Citrate

Clomiphene citrate is a selective estrogen-receptor modulator traditionally used for
ovulation induction for over 40 years, primarily due to oligoovulation or anovula-
tion. It leads to higher clinical pregnancy rates compared with placebo or no treat-
ment [24]. It could be used in preference over metformin for ovulation induction in
obese women with PCOS with anovulatory infertility. Clomiphene citrate is an oral,
cheap drug with relatively few adverse effects. The risk of multiple pregnancies is
increased, and, therefore, monitoring is needed.

8.8.4.4 Metformin

Metformin has been used alone to promote ovulation in women with PCOS and
anovulatory infertility, although women should be informed that there are more
effective ovulation induction agents. A recent meta-analysis (41 studies, 4,552
women) showed that metformin increases ovulation (OR 2.64, 95% CI 1.85-3.75),
clinical pregnancy (OR 1.98, 95% CI 1.47-2.65), and live birth rates (OR 1.59, 95%
CI 1.00-2.51) compared to placebo in women with PCOS [88]. Metformin is also
used in combination with clomiphene citrate to improve ovulation, clinical preg-
nancy, live birth rates, and time to pregnancy in obese women with PCOS [24]. The
addition of metformin to clomiphene citrate may also decrease the time to preg-
nancy in clomiphene citrate-resistant women with anovulatory infertility. Metformin
is an oral, cheap drug, with gastrointestinal disorders being the most common
adverse event.

8.8.4.5 Exogenous Gonadotropins

The administration of exogenous gonadotropins constitutes a second-line treatment
for ovulation induction. Although women with PCOS are not GnRH deficient, pul-
satile GnRH is moderately effective for ovulation induction. In one study of 41
patients undergoing 114 ovulation induction cycles, 56% of women ovulated, and
40% of ovulatory patients achieved pregnancy [89]. Ovulatory cycles were associ-
ated with lower BMI and fasting insulin, and higher baseline FSH concentrations.
Another study of 225 women with PCOS treated with low-dose gonadotropins
found ovulation and pregnancy rates of 72% and 45%, respectively [90]. Exogenous
gonadotropin administration is a high-cost option with the need for intensive ultra-
sound monitoring due to increased risk of multiple pregnancies and ovarian hyper-
stimulation syndrome (OHSS).

8.8.4.6 Laparoscopic Ovarian Drilling

For women who do not respond to letrozole or clomiphene citrate, laparoscopic
ovarian drilling is a surgical option for second-line treatment. Compared with
gonadotropin therapy, ovarian drilling has similar efficacy but a lower risk of mul-
tiple pregnancies or OHSS. Disadvantages of ovarian drilling include surgical risk
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and potential intra-abdominal adhesion formation. Ovarian drilling likely reduces
the ovarian secretion of androgens, increasing LH and FSH secretion. In this way,
the ovary is more responsive to stimulation by endogenous gonadotropins favoring
the growth of a dominant ovarian follicle and ovulation. Following ovarian drilling,
ovulatory cycles occur in 80% of patients [91], and also the normalization of ovula-
tory function is continued for many years in most patients [92].

8.8.4.7 Assisted Reproduction Technology (ART)

ART should be used in the case of failure of other treatments to stimulate ovaries as
the third-line therapy. In vitro fertilization (IVF) is effective for anovulatory women
with PCOS, and multiple pregnancies can be diminished by single-embryo transfer.
OHSS risk is high in PCOS women undergoing IVF, and metformin administration
before or during the IVF cycles may reduce the risk [93]. A GnRH antagonist pro-
tocol is preferred in women with PCOS undergoing IVF over a GnRH agonist pro-
tocol to reduce the stimulation time, the gonadotropin dose, and the OHSS risk.

8.8.4.8 OtherTreatments
The evidence for non-pharmacological treatments such as inositol is not strong,
highlighting the need for further research [94].

8.9 PCOS in Adolescents

The following recommendations have been suggested for the diagnosis of PCOS in
adolescent girls and young women within 8 years of menarche [24, 95, 96]:

 Clinical and/or biochemical hyperandrogenism
e Menstrual irregularity that persists for 1-2 years

Diagnostic criteria for PCOS in adolescents are problematic because menstrual
irregularity and acne are common in normal adolescents. For adolescents who have
PCOS features but do not meet the diagnostic criteria, the provisional diagnosis “at
risk for PCOS” is suggested to be given, considering reassessment at or before full
reproductivity maturity (8 years post-menarche).

Although PCOS accounts for approximately 85% of androgen excess in adoles-
cent girls, several other conditions present with hyperandrogenism. NCCAH is the
second most common (4.2%) cause of hyperandrogenism in adolescence.

PCOS should be considered in any adolescent girl with a complaint of hirsutism,
treatment-resistant acne, menstrual irregularity, acanthosis nigricans, and/or obesity
[97]. Importantly, about one-third of cases come to medical attention because of
hirsutism or acanthosis nigricans before menstrual irregularity becomes apparent.

An abnormal degree of acne is suggested by moderate or severe comedonal acne
(>10 facial lesions) in early puberty, moderate or severe inflammatory acne through
the perimenarcheal years, or acne that is persistent and poorly responsive to topical
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dermatologic therapy [98]. Balding is an unusual manifestation of hyperandrogen-
ism in adolescents.

Acanthosis nigricans may be the presenting complaint of PCOS patients [99]. It
is usually accompanied by obesity and may precede the onset of classical PCOS
symptoms [97]. Although obesity is commonly associated with PCOS, it is not
essential for the diagnosis because approximately one-half of patients are nonobese.
Central obesity is common and is defined by a waist circumference of >88 cm in
adolescents and adult women [100].

Importantly, ultrasound should not be used for PCOS diagnosis in those <8 years
after menarche due to the high incidence of multi-follicular ovaries.

COCs use should be considered in adolescents with PCOS or at risk for PCOS to
manage clinical hyperandrogenism and/or menstrual irregularity. Furthermore, in
addition to lifestyle, metformin could be used in adolescent girls with PCOS or at
risk for PCOS. Finally, COCs combined with metformin could be considered in
overweight or obese adolescents with PCOS when COCs and lifestyle changes do
not achieve the desired goals.

8.10 PCOS in Postmenopausal Women

Establishing PCOS diagnosis in postmenopausal women is problematic, but a pos-
sible diagnosis can be based upon a well-documented long-term history of oligomen-
orrhea and hyperandrogenism in the reproductive years [23]. PCOS morphology on
ultrasound would provide additional support. However, ovarian volume and follicle
number decrease with age in women with or without PCOS. Women with PCOS
sometimes develop more regular menstrual cycles as they age [101], probably due to
the age-dependent decrease in serum androgens and follicle count [102, 103].

8.11 Discussion and Future Perspectives

PCOS is a common endocrine disorder in women of reproductive age. It is associ-
ated with several health risks, including obesity, T2DM, cardiovascular disease,
endometrial cancer, and mental health problems leading to a diminished quality of
life. Lifelong care is needed, and it should be individualized based on the woman’s
risk profile, needs, concerns, and treatment goals. Lifestyle changes and weight loss
remain the most important steps in PCOS management, with the choice of pharma-
cological treatment depending on fertility or non-fertility indications. Education of
health professionals and screening of the disorder are needed for earlier diagnosis
and subsequently effective intervention and prevention of the related health risks.
Additionally, large sample studies are needed to deepen the understanding and the
missing heritability of the syndrome and to evaluate the efficacy and safety of the
different treatment options.



116

M. A. Christou et al.

References

L.

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

Bozdag G, Mumusoglu S, Zengin D, Karabulut E, Yildiz BO. The prevalence and phenotypic
features of polycystic ovary syndrome: a systematic review and meta-analysis. Hum Reprod.
2016;31(12):2841-55.

. Azziz R, Marin C, Hoq L, Badamgarav E, Song P. Health care-related economic burden of

the polycystic ovary syndrome during the reproductive life span. J Clin Endocrinol Metab.
2005;90(8):4650-8.

. Vink JM, Sadrzadeh S, Lambalk CB, Boomsma DI. Heritability of polycystic ovary syn-

drome in a Dutch twin-family study. J Clin Endocrinol Metab. 2006;91(6):2100—4.

. Legro RS, Driscoll D, Strauss JF 3rd, Fox J, Dunaif A. Evidence for a genetic basis for hyperan-

drogenemia in polycystic ovary syndrome. Proc Natl Acad Sci U S A. 1998;95(25):14956-60.

. Kahsar-Miller MD, Nixon C, Boots LR, Go RC, Azziz R. Prevalence of polycystic ovary syn-

drome (PCOS) in first-degree relatives of patients with PCOS. Fertil Steril. 2001;75(1):53-8.

. Hiam D, Moreno-Asso A, Teede HJ, Laven JSE, Stepto NK, Moran LJ, et al. The genetics of

polycystic ovary syndrome: an overview of candidate gene systematic reviews and genome-
wide association studies. J Clin Med. 2019;8(10):1606.

. Crespo RP, Bachega T, Mendonca BB, Gomes LG. An update of genetic basis of PCOS

pathogenesis. Arch Endocrinol Metab. 2018;62(3):352-61.

. Xita N, Tsatsoulis A. Review: fetal programming of polycystic ovary syndrome by andro-

gen excess: evidence from experimental, clinical, and genetic association studies. J Clin
Endocrinol Metab. 2006;91(5):1660-6.

. Rutkowska AZ, Diamanti-Kandarakis E. Polycystic ovary syndrome and environmental tox-

ins. Fertil Steril. 2016;106(4):948-58.

Balen AH. Hypersecretion of luteinizing hormone and the polycystic ovary syndrome. Hum
Reprod. 1993;8(Suppl 2):123-8.

Waldstreicher J, Santoro NF, Hall JE, Filicori M, Crowley WF Jr. Hyperfunction of the
hypothalamic-pituitary axis in women with polycystic ovarian disease: indirect evidence for
partial gonadotroph desensitization. J Clin Endocrinol Metab. 1988;66(1):165-72.

Jakimiuk AJ, Weitsman SR, Navab A, Magoffin DA. Luteinizing hormone receptor, steroido-
genesis acute regulatory protein, and steroidogenic enzyme messenger ribonucleic acids are
overexpressed in thecal and granulosa cells from polycystic ovaries. J Clin Endocrinol Metab.
2001;86(3):1318-23.

Taylor AE, McCourt B, Martin KA, Anderson EJ, Adams JM, Schoenfeld D, et al.
Determinants of abnormal gonadotropin secretion in clinically defined women with polycys-
tic ovary syndrome. J Clin Endocrinol Metab. 1997;82(7):2248-56.

Goodarzi MO, Carmina E, Azziz R. DHEA, DHEAS and PCOS. J Steroid Biochem Mol
Biol. 2015;145:213-25.

Burt Solorzano CM, McCartney CR, Blank SK, Knudsen KL, Marshall
JC. Hyperandrogenaemia in adolescent girls: origins of abnormal gonadotropin-releasing
hormone secretion. BIOG. 2010;117(2):143-9.

Broekmans FJ, Visser JA, Laven JS, Broer SL, Themmen AP, Fauser BC. Anti-Mullerian
hormone and ovarian dysfunction. Trends Endocrinol Metab. 2008;19(9):340-7.

. Dunaif A. Insulin resistance and the polycystic ovary syndrome: mechanism and implications

for pathogenesis. Endocr Rev. 1997;18(6):774-800.

Diamanti-Kandarakis E, Dunaif A. Insulin resistance and the polycystic ovary syndrome
revisited: an update on mechanisms and implications. Endocr Rev. 2012;33(6):981-1030.
Dunaif A, Xia J, Book CB, Schenker E, Tang Z. Excessive insulin receptor serine phos-
phorylation in cultured fibroblasts and in skeletal muscle. A potential mechanism for insulin
resistance in the polycystic ovary syndrome. J Clin Invest. 1995;96(2):801-10.

Nestler JE, Jakubowicz DJ, de Vargas AF, Brik C, Quintero N, Medina F. Insulin stimulates
testosterone biosynthesis by human thecal cells from women with polycystic ovary syndrome
by activating its own receptor and using inositolglycan mediators as the signal transduction
system. J Clin Endocrinol Metab. 1998;83(6):2001-5.



8 Polycystic Ovarian Syndrome 117

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Nestler JE, Powers LP, Matt DW, Steingold KA, Plymate SR, Rittmaster RS, et al. A direct
effect of hyperinsulinemia on serum sex hormone-binding globulin levels in obese women
with the polycystic ovary syndrome. J Clin Endocrinol Metab. 1991;72(1):83-9.

Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group. Revised 2003
consensus on diagnostic criteria and long-term health risks related to polycystic ovary syn-
drome (PCOS). Hum Reprod. 2004;19(1):41-7.

Legro RS, Arslanian SA, Ehrmann DA, Hoeger KM, Murad MH, Pasquali R, et al. Diagnosis
and treatment of polycystic ovary syndrome: an Endocrine Society clinical practice guide-
line. J Clin Endocrinol Metab. 2013;98(12):4565-92.

Teede HJ, Misso ML, Costello MF, Dokras A, Laven J, Moran L, et al. Recommendations
from the international evidence-based guideline for the assessment and management of poly-
cystic ovary syndrome. Fertil Steril. 2018;110(3):364-79.

Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis E, Escobar-Morreale HF, Futterweit
W, et al. The Androgen Excess and PCOS Society criteria for the polycystic ovary syndrome:
the complete task force report. Fertil Steril. 2009;91(2):456-88.

Zawadski J, Dunaif A. Diagnostic criteria for polycystic ovary syndrome: towards a rational
approach. In: Dunaif A, Givens J, Haseltine FP, Merriam GE, editors. Polycystic ovary syn-
drome. Current issues in endocrinology and metabolism. Boston: Blackwell Scientific Inc.;
1992. p. 377.

Boyle JA, Cunningham J, O’Dea K, Dunbar T, Norman RJ. Prevalence of polycys-
tic ovary syndrome in a sample of Indigenous women in Darwin, Australia. Med J Aust.
2012;196(1):62-6.

Lizneva D, Suturina L, Walker W, Brakta S, Gavrilova-Jordan L, Azziz R. Criteria, preva-
lence, and phenotypes of polycystic ovary syndrome. Fertil Steril. 2016;106(1):6—15.
Munro MG, Critchley HOD, Fraser IS, Committee FMD. The two FIGO systems for
normal and abnormal uterine bleeding symptoms and classification of causes of abnor-
mal uterine bleeding in the reproductive years: 2018 revisions. Int J Gynaecol Obstet.
2018;143(3):393-408.

Martin KA, Anderson RR, Chang RJ, Ehrmann DA, Lobo RA, Murad MH, et al. Evaluation
and treatment of hirsutism in premenopausal women: an Endocrine Society clinical practice
guideline. J Clin Endocrinol Metab. 2018;103(4):1233-57.

Hatch R, Rosenfield RL, Kim MH, Tredway D. Hirsutism: implications, etiology, and man-
agement. Am J Obstet Gynecol. 1981;140(7):815-30.

Escobar-Morreale HF, Carmina E, Dewailly D, Gambineri A, Kelestimur F, Moghetti
P, et al. Epidemiology, diagnosis and management of hirsutism: a consensus statement
by the Androgen Excess and Polycystic Ovary Syndrome Society. Hum Reprod Update.
2012;18(2):146-70.

Yildiz BO. Diagnosis of hyperandrogenism: clinical criteria. Best Pract Res Clin Endocrinol
Metab. 2006;20(2):167-76.

Carmina E, Azziz R, Bergfeld W, Escobar-Morreale HF, Futterweit W, Huddleston H, et al.
Female pattern hair loss and androgen excess: a report from the multidisciplinary androgen
excess and PCOS Committee. J Clin Endocrinol Metab. 2019;104(7):2875-91.

Laven JS, Mulders AG, Visser JA, Themmen AP, De Jong FH, Fauser BC. Anti-Mullerian
hormone serum concentrations in normoovulatory and anovulatory women of reproductive
age. J Clin Endocrinol Metab. 2004;89(1):318-23.

Iliodromiti S, Kelsey TW, Anderson RA, Nelson SM. Can anti-Mullerian hormone predict the
diagnosis of polycystic ovary syndrome? A systematic review and meta-analysis of extracted
data. J Clin Endocrinol Metab. 2013;98(8):3332-40.

Dumont A, Robin G, Catteau-Jonard S, Dewailly D. Role of Anti-Mullerian Hormone in
pathophysiology, diagnosis and treatment of Polycystic Ovary Syndrome: a review. Reprod
Biol Endocrinol. 2015;13:137.

Kaltsas GA, Korbonits M, Isidori AM, Webb JA, Trainer PJ, Monson JP, et al. How common
are polycystic ovaries and the polycystic ovarian syndrome in women with Cushing’s syn-
drome? Clin Endocrinol (Oxf). 2000;53(4):493-500.



118

M. A. Christou et al.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Kaltsas GA, Mukherjee JJ, Jenkins PJ, Satta MA, Islam N, Monson JP, et al. Menstrual
irregularity in women with acromegaly. J Clin Endocrinol Metab. 1999;84(8):2731-5.
Derksen J, Nagesser SK, Meinders AE, Haak HR, van de Velde CJ. Identification of virilizing
adrenal tumors in hirsute women. N Engl J Med. 1994;331(15):968-73.

The Amsterdam ESHRE/ASRM-Sponsored 3rd PCOS Consensus Workshop Group.
Consensus on women’s health aspects of polycystic ovary syndrome (PCOS). Hum Reprod.
2012;27:14-24.

Quinonez Zarza C, Silva Ruiz R, Torres Juarez JM. [Obesity, arterial hypertension, metabolic
disorders, and polycystic ovary syndrome]. Ginecol Obstet Mex. 2000;68:317-22.

Azziz R, Sanchez LA, Knochenhauer ES, Moran C, Lazenby J, Stephens KC, et al. Androgen
excess in women: experience with over 1000 consecutive patients. J Clin Endocrinol Metab.
2004:89(2):453-62.

Hedley AA, Ogden CL, Johnson CL, Carroll MD, Curtin LR, Flegal KM. Prevalence
of overweight and obesity among US children, adolescents, and adults, 1999-2002.
JAMA. 2004;291(23):2847-50.

Carmina E, Rosato F, Janni A, Rizzo M, Longo RA. Extensive clinical experience: relative
prevalence of different androgen excess disorders in 950 women referred because of clinical
hyperandrogenism. J Clin Endocrinol Metab. 2006;91(1):2-6.

Ehrmann DA, Barnes RB, Rosenfield RL, Cavaghan MK, Imperial J. Prevalence of impaired
glucose tolerance and diabetes in women with polycystic ovary syndrome. Diabetes Care.
1999;22(1):141-6.

Ehrmann DA, Kasza K, Azziz R, Legro RS, Ghazzi MN, PCOS/Troglitazone Study Group.
Effects of race and family history of type 2 diabetes on metabolic status of women with poly-
cystic ovary syndrome. J Clin Endocrinol Metab. 2005;90(1):66-71.

Legro RS, Gnatuk CL, Kunselman AR, Dunaif A. Changes in glucose tolerance over time
in women with polycystic ovary syndrome: a controlled study. J Clin Endocrinol Metab.
2005:90(6):3236-42.

Wild RA, Rizzo M, Clifton S, Carmina E. Lipid levels in polycystic ovary syndrome: system-
atic review and meta-analysis. Fertil Steril. 2011;95(3):1073-9.e1-11.

Legro RS, Azziz R, Ehrmann D, Fereshetian AG, O’Keefe M, Ghazzi MN. Minimal response
of circulating lipids in women with polycystic ovary syndrome to improvement in insulin
sensitivity with troglitazone. J Clin Endocrinol Metab. 2003;88(11):5137-44.

Dunaif A, Segal KR, Futterweit W, Dobrjansky A. Profound peripheral insulin resistance,
independent of obesity, in polycystic ovary syndrome. Diabetes. 1989;38(9):1165-74.
DeUgarte CM, Bartolucci AA, Azziz R. Prevalence of insulin resistance in the polycystic
ovary syndrome using the homeostasis model assessment. Fertil Steril. 2005;83(5):1454—60.
Wild RA, Carmina E, Diamanti-Kandarakis E, Dokras A, Escobar-Morreale HF, Futterweit
W, et al. Assessment of cardiovascular risk and prevention of cardiovascular disease in
women with the polycystic ovary syndrome: a consensus statement by the Androgen
Excess and Polycystic Ovary Syndrome (AE-PCOS) Society. J Clin Endocrinol Metab.
2010;95(5):2038-49.

Ford ES, Giles WH, Mokdad AH. Increasing prevalence of the metabolic syndrome among
U.S. Adults. Diabetes Care. 2004;27(10):2444-9.

Apridonidze T, Essah PA, Iuorno MJ, Nestler JE. Prevalence and characteristics of the
metabolic syndrome in women with polycystic ovary syndrome. J Clin Endocrinol Metab.
2005;90(4):1929-35.

Setji TL, Holland ND, Sanders LL, Pereira KC, Diehl AM, Brown AJ. Nonalcoholic steato-
hepatitis and nonalcoholic Fatty liver disease in young women with polycystic ovary syn-
drome. J Clin Endocrinol Metab. 2006;91(5):1741-7.

Cerda C, Perez-Ayuso RM, Riquelme A, Soza A, Villaseca P, Sir-Petermann T, et al.
Nonalcoholic fatty liver disease in women with polycystic ovary syndrome. J Hepatol.
2007;47(3):412-7.

Simon S, Rahat H, Carreau AM, Garcia-Reyes Y, Halbower A, Pyle L, et al. Poor sleep
is related to metabolic syndrome severity in adolescents with PCOS and obesity. J Clin
Endocrinol Metab. 2020;105(4):e1827.



8 Polycystic Ovarian Syndrome 119

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

Vgontzas AN, Legro RS, Bixler EO, Grayev A, Kales A, Chrousos GP. Polycystic ovary
syndrome is associated with obstructive sleep apnea and daytime sleepiness: role of insulin
resistance. J Clin Endocrinol Metab. 2001;86(2):517-20.

Tasali E, Van Cauter E, Hoffman L, Ehrmann DA. Impact of obstructive sleep apnea on
insulin resistance and glucose tolerance in women with polycystic ovary syndrome. J Clin
Endocrinol Metab. 2008;93(10):3878-84.

Lo JC, Feigenbaum SL, Yang J, Pressman AR, Selby JV, Go AS. Epidemiology and adverse
cardiovascular risk profile of diagnosed polycystic ovary syndrome. J Clin Endocrinol Metab.
2006;91(4):1357-63.

Wild RA. Polycystic ovary syndrome: a risk for coronary artery disease? Am J Obstet
Gynecol. 2002;186(1):35-43.

Toulis KA, Goulis DG, Mintziori G, Kintiraki E, Eukarpidis E, Mouratoglou SA, et al. Meta-
analysis of cardiovascular disease risk markers in women with polycystic ovary syndrome.
Hum Reprod Update. 2011;17(6):741-60.

de Groot PC, Dekkers OM, Romijn JA, Dieben SW, Helmerhorst FM. PCOS, coronary heart
disease, stroke and the influence of obesity: a systematic review and meta-analysis. Hum
Reprod Update. 2011;17(4):495-500.

Shafiee MN, Khan G, Ariffin R, Abu J, Chapman C, Deen S, et al. Preventing endometrial
cancer risk in polycystic ovarian syndrome (PCOS) women: could metformin help? Gynecol
Oncol. 2014;132(1):248-53.

Giudice LC. Endometrium in PCOS: implantation and predisposition to endocrine CA. Best
Pract Res Clin Endocrinol Metab. 2006;20(2):235-44.

Barry JA, Azizia MM, Hardiman PJ. Risk of endometrial, ovarian and breast cancer in
women with polycystic ovary syndrome: a systematic review and meta-analysis. Hum
Reprod Update. 2014;20(5):748-58.

Cheung AP. Ultrasound and menstrual history in predicting endometrial hyperplasia in poly-
cystic ovary syndrome. Obstet Gynecol. 2001;98(2):325-31.

Glueck CJ, Wang P, Goldenberg N, Sieve-Smith L. Pregnancy outcomes among women with
polycystic ovary syndrome treated with metformin. Hum Reprod. 2002;17(11):2858-64.
Qin JZ, Pang LH, Li MJ, Fan XJ, Huang RD, Chen HY. Obstetric complications in women
with polycystic ovary syndrome: a systematic review and meta-analysis. Reprod Biol
Endocrinol. 2013;11:56.

Palomba S, Falbo A, Chiossi G, Orio F, Tolino A, Colao A, et al. Low-grade chronic inflam-
mation in pregnant women with polycystic ovary syndrome: a prospective controlled clinical
study. J Clin Endocrinol Metab. 2014;99(8):2942-51.

Bhattacharya SM, Jha A. Prevalence and risk of depressive disorders in women with polycys-
tic ovary syndrome (PCOS). Fertil Steril. 2010;94(1):357-9.

Dokras A, Stener-Victorin E, Yildiz BO, Li R, Ottey S, Shah D, et al. Androgen Excess-
Polycystic Ovary Syndrome Society: position statement on depression, anxiety, quality of
life, and eating disorders in polycystic ovary syndrome. Fertil Steril. 2018;109(5):888-99.
Naessen S, Carlstrom K, Garoff L, Glant R, Hirschberg AL. Polycystic ovary syndrome in
bulimic women—an evaluation based on the new diagnostic criteria. Gynecol Endocrinol.
2006;22(7):388-94.

Pasquali R, Gambineri A, Cavazza C, Ibarra Gasparini D, Ciampaglia W, Cognigni GE, et al.
Heterogeneity in the responsiveness to long-term lifestyle intervention and predictability in
obese women with polycystic ovary syndrome. Eur J Endocrinol. 2011;164(1):53-60.
Lamos EM, Malek R, Davis SN. GLP-1 receptor agonists in the treatment of polycystic ovary
syndrome. Expert Rev Clin Pharmacol. 2017;10(4):401-8.

Escobar-Morreale HF, Botella-Carretero JI, Alvarez-Blasco F, Sancho J, San Millan JL. The
polycystic ovary syndrome associated with morbid obesity may resolve after weight loss
induced by bariatric surgery. J Clin Endocrinol Metab. 2005;90(12):6364-9.



120

M. A. Christou et al.

78

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

. Moran LJ, Tassone EC, Boyle J, Brennan L, Harrison CL, Hirschberg AL, 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;21(10):e13046.

Ortega-Gonzalez C, Luna S, Hernandez L, Crespo G, Aguayo P, Arteaga-Troncoso G,
et al. Responses of serum androgen and insulin resistance to metformin and pioglitazone in
obese, insulin-resistant women with polycystic ovary syndrome. J Clin Endocrinol Metab.
2005;90(3):1360-5.

Brettenthaler N, De Geyter C, Huber PR, Keller U. Effect of the insulin sensitizer piogli-
tazone on insulin resistance, hyperandrogenism, and ovulatory dysfunction in women with
polycystic ovary syndrome. J Clin Endocrinol Metab. 2004;89(8):3835—40.

Pasquali R, Antenucci D, Casimirri F, Venturoli S, Paradisi R, Fabbri R, et al. Clinical and
hormonal characteristics of obese amenorrheic hyperandrogenic women before and after
weight loss. J Clin Endocrinol Metab. 1989;68(1):173-9.

Kiddy DS, Hamilton-Fairley D, Bush A, Short F, Anyaoku V, Reed MJ, et al. Improvement
in endocrine and ovarian function during dietary treatment of obese women with polycystic
ovary syndrome. Clin Endocrinol (Oxf). 1992;36(1):105-11.

Oguz SH, Yildiz BO. An update on contraception in polycystic ovary syndrome. Endocrinol
Metab (Seoul). 2021;36(2):296-311.

Roach RE, Helmerhorst FM, Lijfering WM, Stijnen T, Algra A, Dekkers OM. Combined oral
contraceptives: the risk of myocardial infarction and ischemic stroke. Cochrane Database
Syst Rev. 2015;(8):CD011054.

Moghetti P, Castello R, Negri C, Tosi F, Perrone F, Caputo M, et al. Metformin effects on
clinical features, endocrine and metabolic profiles, and insulin sensitivity in polycystic ovary
syndrome: a randomized, double-blind, placebo-controlled 6-month trial, followed by open,
long-term clinical evaluation. J Clin Endocrinol Metab. 2000;85(1):139-46.

The Thessaloniki ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group. Consensus
on infertility treatment related to polycystic ovary syndrome. Fertil Steril. 2008;89(3):505-22.
Wang R, Li W, Bordewijk EM, Legro RS, Zhang H, Wu X, et al. First-line ovulation induc-
tion for polycystic ovary syndrome: an individual participant data meta-analysis. Hum
Reprod Update. 2019;25(6):717-32.

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.

Gill S, Taylor AE, Martin KA, Welt CK, Adams JM, Hall JE. Specific factors predict the
response to pulsatile gonadotropin-releasing hormone therapy in polycystic ovarian syn-
drome. J Clin Endocrinol Metab. 2001:;86(6):2428-36.

White DM, Polson DW, Kiddy D, Sagle P, Watson H, Gilling-Smith C, et al. Induction of
ovulation with low-dose gonadotropins in polycystic ovary syndrome: an analysis of 109
pregnancies in 225 women. J Clin Endocrinol Metab. 1996;81(11):3821-4.

Seow KM, Juan CC, Hwang JL, Ho LT. Laparoscopic surgery in polycystic ovary syndrome:
reproductive and metabolic effects. Semin Reprod Med. 2008;26(1):101-10.

Amer SA, Banu Z, Li TC, Cooke ID. Long-term follow-up of patients with polycystic ovary
syndrome after laparoscopic ovarian drilling: endocrine and ultrasonographic outcomes.
Hum Reprod. 2002;17(11):2851-7.

Tso LO, Costello MF, Albuquerque LE, Andriolo RB, Freitas V. Metformin treatment before
and during IVF or ICSI in women with polycystic ovary syndrome. Cochrane Database Syst
Rev. 2009;(2):CD006105.

Pundir J, Charles D, Sabatini L, Hiam D, Jitpiriyaroj S, Teede H, et al. Overview of sys-
tematic reviews of non-pharmacological interventions in women with polycystic ovary syn-
drome. Hum Reprod Update. 2019;25(2):243-56.



8 Polycystic Ovarian Syndrome 121

95.

96.

97.

98.

99.

100.

101.

102.

103.

Witchel SF, Oberfield S, Rosenfield RL, Codner E, Bonny A, Ibanez L, et al. The diag-
nosis of polycystic ovary syndrome during adolescence. Horm Res Paediatr. 2015. Apr 1.
https://doi.org/10.1159/000375530. Online ahead of print.

Ibanez L, Oberfield SE, Witchel S, Auchus RJ, Chang RJ, Codner E, et al. An international
consortium update: pathophysiology, diagnosis, and treatment of polycystic ovarian syn-
drome in adolescence. Horm Res Paediatr. 2017;88(6):371-95.

Rosenfield RL, Ehrmann DA, Littlejohn EE. Adolescent polycystic ovary syndrome due
to functional ovarian hyperandrogenism persists into adulthood. J Clin Endocrinol Metab.
2015;100(4):1537-43.

Eichenfield LF, Krakowski AC, Piggott C, Del Rosso J, Baldwin H, Friedlander SF, et al.
Evidence-based recommendations for the diagnosis and treatment of pediatric acne.
Pediatrics. 2013;131(Suppl 3):S163-86.

Dunaif A, Green G, Phelps RG, Lebwohl M, Futterweit W, Lewy L. Acanthosis Nigricans,
insulin action, and hyperandrogenism: clinical, histological, and biochemical findings. J Clin
Endocrinol Metab. 1991;73(3):590-5.

Leibel NI, Baumann EE, Kocherginsky M, Rosenfield RL. Relationship of adolescent
polycystic ovary syndrome to parental metabolic syndrome. J Clin Endocrinol Metab.
2006;91(4):1275-83.

Elting MW, Korsen TJ, Rekers-Mombarg LT, Schoemaker J. Women with polycystic ovary
syndrome gain regular menstrual cycles when ageing. Hum Reprod. 2000;15(1):24-8.
Winters SJ, Talbott E, Guzick DS, Zborowski J, McHugh KP. Serum testosterone lev-
els decrease in middle age in women with the polycystic ovary syndrome. Fertil Steril.
2000;73(4):724-9.

Elting MW, Kwee J, Korsen TJ, Rekers-Mombarg LT, Schoemaker J. Aging women with
polycystic ovary syndrome who achieve regular menstrual cycles have a smaller follicle
cohort than those who continue to have irregular cycles. Fertil Steril. 2003;79(5):1154-60.


https://doi.org/10.1159/000375530

()

Check for
updates

Amenorrhea Associated with
Contraception and the Postpartum Period

Alice Antonelli, Andrea Giannini, Tiziana Fidecicchi,
Marisa Ardito, Andrea R. Genazzani, Tommaso Simoncini,
and Merki-Feld Gabriele

9.1 Introduction

Close or unplanned pregnancies represent a risk to both mother and child. Spacing
pregnancies at least 2 years apart can prevent 30% of maternal deaths, 10% of infant
deaths, and 20% of deaths between 1 and 4 years of age [1]. A recent Canadian
cohort study of nearly 150,000 pregnancies reported both increased maternal mor-
tality and risks of serious morbidity in women 35 years of age or older with short
interpregnancy interval (IPI). However, women aged 20-34 years with short IPI had
a higher risk of adverse fetal and infant outcomes [2].

An IPI shorter than 18 months between delivery and subsequent conception
exposes women to an increased risk of preterm birth, low birth weight, and small-for-
gestational age (SGA) infants. A retrospective cohort study of more than 69,000
women in Scotland using population-based registers from the 1990s found that a short
interval (less than 6 months) between term delivery of a newborn and initiation of a
new pregnancy is an independent risk factor for subsequent preterm delivery, neonatal
death not due to malformations, or Rh incompatibility; however, for intrauterine death
from unknown causes, the increased risk is not statistically significant [3]. Conversely,
subjects receiving contraception have a significantly lower risk of unintended
pregnancy and short IPI [4]. Worldwide, contraception prevents 30% of maternal
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mortality and 10% of infant deaths if pregnancies are spaced 2 years apart [5].
Therefore, the World Health Organization from a global perspective recommends an
interval of at least 24 months between birth and subsequent conception in order to
reduce the risks of maternal, perinatal, and infant adverse outcomes.

Demographic surveys in developing countries indicate that 95% of women would
like to avoid pregnancy for at least 2 years, but 65% of them do not use contraception
because they cannot afford it [6]. In sub-Saharan Africa, this percentage rises to 75%
of postpartum women. Obviously, these numbers are much better in industrialized
countries, which nevertheless maintain ranges that vary to a greater or lesser degree
between north and south. The contraceptive needs of women in the postpartum period
are probably underestimated. It is possible that sexual activity and fertility begin early
while, on the other hand, the needs of caring for the newborn may constitute a specific
obstacle to access an effective contraceptive method. For this reason, effective contra-
ception should be offered to all women, whether or not they are breastfeeding, as soon
as possible and no later than 21 days after delivery. For this purpose, adequate infor-
mation helps each mother and couple to better plan their fertility. The British guide-
lines, for example, in the document “Contraception After Pregnancy” by the Faculty
of Family Planning and Reproductive Health Care Clinical Effectiveness Unit (FSRH)
[7], recommend that the issue of contraception be discussed continuously in services
dedicated to perinatal care: during pregnancy (to allow women to make a timely
choice after delivery), but also in peripartum and postpartum care. Such information
is desirable for all mothers, especially adolescent mothers, to whom it is advisable to
recommend a long-acting reversible contraception (LARC) method. LARCs include
the IUD-CU, the IUS-LNG, subcutaneous implants, pills without interruption, and
intramuscular injections of medroxyprogesterone acetate.

During counselling, the doctor must assess the specific contraceptive needs in rela-
tion to personal choices in terms of family fertility; sexual activity more or less pres-
ent/frequent; time passed since delivery; return or not of menstruation; type of
breastfeeding (exclusive or not); social (such as resumption of work), cultural, or reli-
gious factors; previous experience with contraceptive methods; lifestyle (smoking);
and also medical factors (risk of thromboembolism, previous thromboembolism,
hypertension, diabetes, previous trophoblastic disease, liver disease, current medica-
tions, etc.) [8]. During the consultation, the inhibitory potential on ovulation by the
baby’s sucking rhythms, which varies as the months progress, should be assessed.

9.2 Breastfeeding Effects on Ovulation

The woman should be informed that breastfeeding delays the resumption of ovula-
tion, both because of the persistence of high prolactin levels and because suction
modifies gonadotropin pulsatility [9]. For this reason, all the contraceptive methods
used have a lower number of failures than in other moments of the fertile life.
However, the reduction in the number of suctions is followed by an increase in ovu-
latory possibilities. In women who do not breastfeed, ovulation can occur approxi-
mately 1 or 2 months after childbirth, while in those who breastfeed, ovulation can
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occur as early as 3 months after childbirth. According to the Bellagio Conference in
1988, all bleedings in the first 56 days after delivery should not be considered as the
end of amenorrhea. In 1996, Labbok et al. defined menstruation as two continuous
days of vaginal bleeding that the woman considered similar to a menstrual period or
heavier, or two continuous days of spotting and one day of bleeding, or three con-
tinuous days of spotting [10]. In 1999, the World Health Organization used four
different definitions as the end of amenorrhea. A Cochrane review published in
2015 proposed to redefine amenorrhea as no vaginal bleeding for at least 10 days
after the end of postpartum bleeding [11]. The incidence of real menstruation at
6 months evaluated with life tables in 13 studies varied from 11.1 to 39.4% [12].
Prospective studies have shown that the return of menstruation occurs on average
28 weeks after delivery in women who breastfeed [13]. If menstruation is also com-
bined with ovulation, the woman is at risk for an unwanted pregnancy.

9.3 Counselling

Decisions about birth spacing are informed by multiple factors, including desired
family size, beliefs about and access to contraception, and maternal age. Furthermore,
the postpartum period is a clinically dynamic time, in which method eligibility may
change based on venous thromboembolism (VTE) risk, breastfeeding status, and
medical comorbidities. Women often have a clear plan for postpartum contraception
if counselling is done during the prenatal period, which then allows clinicians to
ensure that the desired method is available after delivery. Eliciting a discussion of a
woman’s reproductive life plan is a natural start to counselling regarding postpar-
tum contraception. This conversation should include questions about desire for, and
timing of, any future pregnancies and should begin during prenatal care [14]. Once
the woman’s desire for additional children and subsequent birth spacing has been
established, the clinicians need to determine the contraceptive characteristics that
she values most at that time, including efficacy, convenience (both in obtaining and
using the method), cost, ability to control whether to use the method, effect on uter-
ine bleeding, and compatibility with breastfeeding [15].

94 Contraceptive Methods (Table 9.1)

The contraceptive methods that can be used are surgical (sterilization), barrier (male
or female condom), chemical, mechanical (IUD-Cu), hormonal (oral contraception,
patch, ring, POP, IUS-LNG, subcutaneous implant, injectable), and natural. Each
method has indications, contraindications, advantages, and disadvantages in its post-
partum use, both in women who are breastfeeding and those who are not. From a
practical point of view, the use of contraceptive methods in specific biological or
clinical conditions implies a certain category of risk that affects their use as indicated
by the WHO [16]. Each method has a precise time in the postpartum in which we can
assume the beginning of the assumption with a good degree of safety [17] (Table 9.2).
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Table 9.1 Birth control method failure rates and efficacy

Adjusted pearl index

(perfect use failure Pearl index (typical | Efficacy (%)
Contraceptive method rate) use failure rate) (perfect use)
Progestin intrauterine device 0.5 0.7 >99
(IUD)
Copper IUD 0.6 0.8 >99
Combined oral contraceptive— | 0.3 7 >99
the pill
Progestin-only pill—mini-pills | 0.3 7 >99
Progestogen-only injection 0.2 4 >99
Monthly injection or combined | 0.05 3 >99
injectable contraceptive (CIC)
Vaginal ring 0.3 7 >99
Contraceptive patch 0.3 7 >99
Hormone implant or rod 0.1 0.1 >99
Sponge 9—women that have | 12—women that 80-91

never had children have never had

20—women that have | children

had children 24—women that

have had children

Diaphragm 4-8 12 92-96
Male condom 13 98
Female condom 5 21 95
Cervical cap 4-8 17-23 92-96
Chemical 18 28 82
contraceptives—spermicides
Withdrawal (coitus interruptus) |4 20 96
No contraception 85 85 15
Sterilization of the woman 0.5 0.5 >99
Sterilization of the man 0.1 0.15 >99
Calendar method Unknown 15-24

Table 9.2 Time to start a contraceptive method in postpartum breastfeeding woman

Time after delivery Method
Immediate Male and female condom

LAM

IUD-Cu

Tubal sterilization during cesarean section
Within 4 weeks POP

Subcutaneous etonogestrel implantation

Emergency contraception with LNG

From 4 weeks onwards IUD-Cu
IUS-LNG

6 weeks and after COC
Diaphragm

Laparoscopic tubal sterilization
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9.4.1 Lactational Amenorrhea Method (LAM)

The lactational amenorrhea method [18] has been included in many educational
programs in various parts of the world and is used by several hundred million
women. The necessity to learn, start, and continue the LAM method is particularly
evident in developing countries, where for cultural and socioeconomic reasons, the
duration of the breastfeeding period is much longer than in developed countries.
There are three prerequisites that must be fulfilled in order to adhere to the LAM
method: the patient must be in her first 6 months after childbirth, in a state of amen-
orrhea, and in exclusive breastfeeding with intervals between feedings never exceed-
ing 6 h at night and 4 h during the day [19].

9.4.2 Surgical Methods

Surgical methods should be used in cases where the couple’s reproductive plan is
concluded or there are contraindications to the use of other methods. Obviously, they
should be considered as a “presumably definitive” choice, excluding hysterectomy,
which is “categorically definitive.” The adverb “presumably” derives from at least two
considerations: first, tubal sterilization is not 100% safe, particularly if performed dur-
ing cesarean section or in the immediate postpartum period; second, because an
attempt at recanalization can be performed successfully, albeit with low probability of
success, with microsurgical techniques in cases of afterthought. Reconsideration,
according to case histories, may occur in between 1 and 26% of cases, particularly in
younger women [20]. Tubal sterilization may be performed during a cesarean section
or in the immediate postpartum period. Some women couples choose a 24-48-h wait
for evidence of normal physical condition of the newborn. During cesarean section,
Pomeroy’s technique is preferred, either classic (ligature with section and removal of
the two tubal stumps) or modified (e.g., Madlener’s technique, which involves tubal
ligation only). Other similar procedures are sometimes performed (such as Parkland’s
or Irving’s procedures). The woman should be adequately informed about possible
reconsideration and chances of failure, which are around 1% at 10 years [21]. After a
vaginal delivery, laparoscopic tubal sterilization with metal clips is preferred (tech-
niques by Hulka or Filshie). Their safety is very high, with modest clinical commit-
ment. Bipolar coagulation, which destroys part of the tube, is sometimes used.
Recently, transcervical tubal sterilization has also entered clinical practice, using a
hysteroscope that places a micro metal device in each of the two tubes. Not to forget
the option of male sterilization (vasectomy).

9.4.3 Barrier Methods and Local Chemicals

Barrier methods (male and female condoms, vaginal diaphragm) have the great
advantage of defending against sexually transmitted diseases and in any case do not
affect the health of the mother or the child, since they have no systemic effects.
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Male and female condoms can be freely used after childbirth at the first resumption
of sexual activity. They do not affect lactation and can be used alongside other meth-
ods when the woman eventually uses them after abandoning LAM. The diaphragm
requires that uterine and cervical involution be completed, which requires at least
6 weeks after delivery. In Italy, nowadays, this method is actually rather overused.
Local spermicides (creams or ovules), usually containing 9-nonoxynol, are not very
effective on their own. They should be used in association with a diaphragm, but
there are also male condoms with added 9-nonoxynol that should be avoided in
women who are at risk of sexually transmitted diseases [22].

9.4.4 Intrauterine Device (IUD)

Intrauterine devices provide highly effective contraception (CU-IUD; LNG-IUS) and
are commonly placed at an interval postpartum visit typically 4-6 weeks after delivery
for women who desire intrauterine contraception. Immediate postpartum IUD place-
ment, within 10 min of delivery, is safe and effective; however, the risk of expulsion is
greater among women receiving immediate [lUDs compared with interval placement
[23]. As for the risk of uterine perforation, it increases throughout lactation and is high-
est up to 6 months after delivery for both copper intrauterine devices and LNG-IUS.

The U.S. Medical Eligibility Criteria for Contraceptive Use supports the safety
of IUD placement during this early time period [24].

9.5 Hormonal Therapies
9.5.1 Estroprogestinic (EP) Contraception

The use of oral estroprogestinic contraception should be carefully evaluated consid-
ering the increased postpartum venous thromboembolic risk. In particular, up to
6 weeks after birth, it should not be used when the following risk factors for deep
vein thrombosis (DVT) are present: prolonged immobilization, hereditary thrombo-
philia, postpartum hemorrhage, BMI >30, smoking, postpartum transfusion, pre-
eclampsia, and cesarean section [7]. In other cases, combined estroprogestinic
contraceptives can be assumed starting from the 21st day after childbirth if the
woman is not breastfeeding, and not before 6 weeks after childbirth if the patient is
breastfeeding. In the period between 6 weeks and 6 months, the EP should be used
with caution, only if there are no alternatives, because the risks could outweigh the
benefits, while after 6 months after childbirth, there are no problems with its use,
provided that there are no other conditions that contraindicate its use.
Breastfeeding women should be informed that the evidence regarding the
effects of taking combined oral contraceptives (COCs) on lactation and off-
spring is uncertain. However, the best-quality studies have shown no adverse
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effects of early estroprogestin intake on either successful breastfeeding (dura-
tion, exclusivity, initiation of complementary feeding) or infant outcomes
(growth, health, and development) [25].

9.5.2 Progestogen-Only Contraception (POC)

Puerperium represents a great moment of vulnerability due to the neuroendocrine
readjustment woman undergoes. Safe contraception can give the patient the stability
she needs in terms of both prevention of VTE and mood disorders. A systematic
review by Ti and Curtis, for example, reports that the use of POP, LNG-IUS, or
medicated subcutaneous implant is associated with a 50% reduction in mood fluc-
tuations and depressive state compared with COC, with which there is minimal
worsening of these conditions [26]. Regarding migraine (both with and without
aura), whose increase is due to oxytocin activating the trigeminal nerve, POP is the
only hormonal contraception that can be prescribed, because it is not associated
with increased risk of VTE, which is already higher in patients with migraine [27].
There are several types of progestogen-only contraception:

e Levonorgestrel or etonogestrel subcutaneous implant can be safely inserted at any
time after delivery, as the advantages generally outweigh the theoretical or proven
risks [24].

¢ Injectable methods: Although progestogen-only contraception has no apparent
direct impact on breastfeeding and child health or development, the WHO still
expresses theoretical concern about the potential exposure of the neonate to depo-
medroxyprogesterone acetate (DMPA) and norethisterone enanthate and recom-
mends delaying initiation of these methods until after 6 weeks postpartum [28].

e LNG—intrauterine system.

e Progestin-only pill (POP):

Available data in literature confirm that the use of POPs does not adversely affect
either the quantity and quality of breast milk or the child health and develop-
ment. Therefore, this formulation, characterized by a good safety profile, can be
proposed as the first choice of contraception both in the postpartum period and in
the subsequent medium-long term. One of the most important problems that is
typically found in POPs and that negatively affects adherence to treatment is the
bleeding profile, which leads the patient to discontinue the therapy for frequent
spotting. In this sense, drospirenone (DRSP) is the progestin that is associated
with fewer episodes of unscheduled bleeding. The Food and Drug Administration
evaluating the rate of withdrawal from therapy due to menstrual irregularity
reports that only 4% of patients using DRPS abandoned their therapy. This mol-
ecule also has no negative impact on weight; it can be administered in women
who are obese, smokers, older than 35 years of age, and with hypertension (also
on antihypertensive treatment). DRSP is a safe choice for breastfeeding women
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and for women who have a high VTE risk after pregnancy. The study by Melka
et al. on the dosing concentration of DRSP in breast milk for 7 consecutive days
in women with breastfeeding shows that the amount of DRSP that passes into
800 mL of breast milk 24 h after pill assumption is on average 4487 ng, which
represents 0.11% of the daily dose (therefore absolutely unlikely to cause adverse
effects in the newborn) [29]. DRSP does not cause problems of vaginal dryness
or reduced bone mineral density in young patients, because unlike, for example,
MPA, it does not decrease plasma circulating estrogen levels below 20-30 mg.

9.6 Conclusions

Fertility returns within 1 month of the end of pregnancy unless breastfeeding occurs.
Breastfeeding, which itself suppresses fertility after childbirth, influences both
when contraception should start and what methods can be used. Moreover, as
numerous studies assert, short interpregnancy intervals appear to be associated with
increased risks for adverse pregnancy outcomes for women of all ages. Maternal
risks at short intervals may be greater for older women, whereas fetal and infant
risks may be greater for younger women. In this scenery, a good counselling after
delivery is mandatory in order to start contraception as soon as possible if adverse
pregnancy outcomes are to be avoided.
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10.1 Introduction

Cancer is an important cause of morbidity and mortality worldwide, with 18.1 mil-
lion new cases and 9.6 million cancer deaths worldwide in 2018 [1]. Breast cancer
is the most common female cancer worldwide, followed by colorectal cancer in
high-income countries and cervical cancer in low- and middle-income countries.

Worldwide, there were about 2.1 million newly diagnosed female breast cancer
cases in 2018, accounting for almost one in four cancer cases among women.
Approximately 20% of new breast cancer diagnoses occur in women under the age
of 45, with almost all requiring chemotherapy and adjuvant endocrine therapy. With
earlier detection and improved treatments, particularly in high-income countries,
women are living longer after a cancer diagnosis [2].

At the time of diagnosis, a significant proportion of young patients are concerned
about the possible impact of anticancer treatments on their fertility and future
chances of conception. Considering the rising trend in delaying childbearing and
the higher number of patients who have not completed their family planning at the
time of diagnosis, the demand for fertility preservation and information about the
feasibility and safety of pregnancy following treatment completion is expected to
increase [3].

One of the main issues that influence patients’ quality of life after adjuvant chemo-
therapy is the risk for infertility [4]. Chemotherapy-induced amenorrhea (CIA) is a
well-known toxicity after chemotherapy in young cancer patients that has been tradi-
tionally referred to as a marker of infertility. The majority of young cancer patients
have concerns about treatment-induced infertility, and in some cases, these concerns
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influence their treatment decision [5-8]. However, the discussion about CIA and
infertility risk between oncologists and their patients remains limited [5, 6]. The link
between adjuvant chemotherapy and amenorrhea has been well established, but the
specific effect of individual chemotherapeutic agents and regimens on the risk for
amenorrhea has not been well characterized. The most important drawback on the
current literature is the lack of uniform definition of CIA. In the mid-1990s, a system-
atic review by Bines et al. underscored the need for uniform definition of CIA and
proposed one based on the duration of amenorrhea (>6 months) [9]. A similar defini-
tion has been adopted from the American College of Obstetricians and Gynecologists
based on the current systematic review and the evidence derived from studies with
long-term follow-up, where resumption of menses occurs often within 2 years of CIA
[10, 11]; Zavos and Valachis suggested that the definition of CIA should be based on
the presence of amenorrhea for at least 2 years commencing within 2 years of chemo-
therapy with no resumption of menses during this period. One could argue that this
definition is also problematic since there are some patients that resume menses even
2-3 years after CIA [12]; however, they assumed that the 2-year cutoff is an accept-
able compromise between the necessity for a uniform and reliable definition and the
resources thata prospective study investigating the risk for CIA in cancer patients needs.

Irrespective of the definition used for CIA, cessation of menses is only a surro-
gate marker for ovarian function and should not be considered synonymous to true
ovarian failure. In fact, it has been found that estrogen levels can remain high despite
the presence of CIA for more than 12 months [12]. Conversely, recovery of men-
struation after chemotherapy does not rule out follicular depletion and fertility can-
not be guaranteed [13]. These observations suggest that more accurate indicators of
ovarian function are needed to properly inform cancer patients about their risk for
infertility due to cancer treatment. Among several markers that have been studied,
anti-Miillerian hormone (AMH) seems to be the most promising one. Indeed, serum
AMH has been associated with the recovery of ovarian function in young women
during and after chemotherapy [14].

10.2 Etiologies and Pathogenesis
10.2.1 Gonadotoxicity of Anticancer Treatments

Cancer and anticancer treatments may affect posttreatment ovarian function by a
reduction in ovarian reserve (i.e., the primordial follicle pool); a disturbed hormonal
balance; or anatomical or functional changes to the ovaries, uterus, cervix, or vagina.
Reduced ovarian function may result in infertility and premature ovarian insuffi-
ciency (POI): POI is defined as oligo/amenorrhea for >4 months and follicle-
stimulating hormone (FSH) levels of >25 IU/L on two occasions, 4 weeks apart,
before the age of 40 years. Notably, in cancer patients, menstrual function can
resume many months after completion of treatment; in addition, infertility and POI
may occur despite temporary resumption of menses [3].
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CIA is mainly due to damage to growing follicles that occurs within weeks after
CIA initiation and is often transient. Depending on age, pretreatment ovarian
reserve, and type of treatment, exhaustion of the primordial follicle pool may occur
with subsequent POI. Because of their cell cycle-nonspecific mode of action, alkyl-
ating agents induce the greatest damage, not only to growing follicles but also to
oocytes, resulting in a striking reduction of the primordial follicle pool [15].

The impact of most targeted agents (including monoclonal antibodies and small
molecules) and immunotherapy is largely unknown. Limited data for the antihuman
epidermal growth factor receptor 2 (HER2) agents trastuzumab and/or lapatinib
indicate no apparent gonadotoxicity [16]. An increased risk of ovarian dysfunction
in patients treated with bevacizumab cannot be excluded [3]. Endocrine treatments
may have an indirect effect on fertility by delaying time to pregnancy. A higher risk
of treatment-related amenorrhea with the use of tamoxifen following chemotherapy
has been described in several studies. Nonetheless, no impact on AMH levels has
been shown [17, 18].

10.3 Prognostic Factors

Women who have had cancer are at an increased risk of early menopause and POI
as a result of ovarian follicle depletion, stromal fibrosis, and vascular injury after
chemotherapy and radiotherapy [19]. Early menopause has a negative effect on the
quality of life [20] and is associated with osteoporosis, cardiovascular disease, and
psychosocial disorders such as depression. Even survivors in whom ovarian func-
tion resumes or is maintained after cancer treatment might face a shortened window
of fertility [21]. The extent of damage to the ovary depends on the type and dose of
chemotherapy [3], radiotherapy dose, fractionation scheme, irradiation field [22],
and the ovarian reserve before treatment (Table 10.1).

Regarding the risk factors for CIA, age is the strongest risk factor (sixfold
increased risk for CIA for patients <40 years old), whereas tamoxifen use is associ-
ated with nearly twofold increased risk for CIA. On the contrary, age at menarche
and BMI do not influence the risk for CIA. These observations are supported by
high level of evidence [12]. Age is an important marker of ovarian reserve, as are the
serum markers estradiol, inhibin B, follicle-stimulating hormone, and AMH. AMH
has emerged as an especially strong predictor of ovarian function after chemother-
apy. A rapid and substantial reduction of circulating AMH concentrations is noted
in adults after the start of chemotherapy [23], and recent data suggest that AMH
concentrations before the start of chemotherapy, and the reduction and recovery of
AMH during and after chemotherapy, might predict the amount of ovarian damage
[24]. These data suggest a crucial role for AMH in the identification of patients who
might benefit from fertility preservation and the approach that will optimize future
fecundity. However, in prepubertal and peripubertal girls, AMH concentrations
should be interpreted with caution because they cannot unequivocally predict repro-
ductive life span [21]. Long-term follow-up data for AMH concentrations decades
after cancer treatment are not yet available to establish the predictive potential of
AMH with regard to reproductive life span in cancer survivors.
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Table 10.1 Risks of treatment-related amenorrhea in female patients®

Degree of risk | Treatment type/regimen Comments
High risk Hematopoietic stem cell transplantation
(>80%)° (especially alkylating agent-based
myeloablative conditioning with
cyclophosphamide, busulfan, melphalan,
or total-body RT)
EBRT >6 Gy to a field including the
ovaries
6 cycles of CMF, CEF, CAF, or TAC in Significant decline in AMH levels
women of >40 years after treatment, early menopause
6e8 cycles of escalated BEACOPP in Significant decline in AMH levels
women of >30 years after treatment
Intermediate 6 cycles of CMF, CEF, CAF, or TAC in Significant decline in AMH levels
risk (20-80%)¢ | women of 30-39 years after treatment, early menopause
4 cycles of AC in women of >40 years Significant decline in AMH levels
after treatment
4 cycles of AC/EC/taxane Significant decline in AMH levels
after treatment
4 cycles of dd (F)EC/dd taxane
6e8 cycles of escalated BEACOPP in Significant decline in AMH levels
women of <30 years after treatment
6 cycles of CHOP in women of Early menopause
>35 years
6 cycles of DA-EPOCH in women of Significant decline in AMH levels
>35 years after treatment
FOLFOX in women of >40 years
Low risk 6 cycles of CMF, CEF, CAF, or TAC in Significant decline in AMH levels
(<20%)* women of <30 years after treatment, early menopause

4 cycles of AC in women of <40 years

Significant decline in AMH levels
after treatment

2 cycles of escalated BEACOPP

Significant decline in AMH levels
after treatment

ABVD

Insignificant decline in AMH
levels after treatment

6 cycles of CHOP in women of
<35 years

Early menopause

6 cycles of DA-EPOCH in women of
<35 years

Significant decline in AMH levels
after treatment

AML therapy (anthracycline/cytarabine)

Insignificant decline in AMH
levels after treatment

ALL therapy (multi-agent)

Insignificant decline in AMH
levels after treatment

Multi-agent ChT for osteosarcoma
(doxorubicin, cisplatin, methotrexate,
ifosfamide) in women of <35 years
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Table 10.1 (continued)

Degree of risk | Treatment type/regimen Comments

Multi-agent ChT for Ewing’s sarcoma
(doxorubicin, vincristine, dactinomycin,
cyclophosphamide, ifosfamide,
etoposide) in women of <35 years
FOLFOX in women of >40 years
Antimetabolites and vinca alkaloids
BEP or EP in women of <30 years
Radioactive iodine (I-131) Decline in AMH levels after
treatment

Bevacizumab

Unknown risk Platinum- and taxane-based ChT
Most targeted therapies (including
monoclonal antibodies and small
molecules)

Immunotherapy

ABVD doxorubicin, bleomycin, vinblastine, dacarbazine, AC doxorubicin, cyclophosphamide,
ALL acute lymphoid leukemia, AMH anti-Miillerian hormone, AML acute myeloid leukemia,
BEACOPP bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, prednisone, pro-
carbazine, BEP bleomycin, etoposide, cisplatin, CAF cyclophosphamide, doxorubicin,
S-fluorouracil, CEF cyclophosphamide, epirubicin, 5-fluorouracil, CHOP cyclophosphamide,
doxorubicin, vincristine, prednisone, ChT chemotherapy, CMF cyclophosphamide, methotrexate,
5-fluorouracil, DA-EPOCH dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide,
doxorubicin, dd dose dense, EBRT external beam radiotherapy, EC epirubicin, cyclophosphamide,
EP etoposide, cisplatin, F fluorouracil, FOLFOX folinic acid, 5-fluorouracil, oxaliplatin, Gy Gray,
RT radiotherapy, TAC docetaxel, doxorubicin, cyclophosphamide

*Adapted from [3]

®>80% risk of permanent amenorrhea

¢>40-60% risk of permanent amenorrhea

4<20% risk of permanent amenorrhea

Follicle depletion is the hallmark of ovarian damage and is most pronounced in
women given alkylating agents, such as cyclophosphamide, [24] and in those who
receive total-body irradiation before hemopoietic stem cell transplantation or direct
irradiation of the ovaries. The precise mechanism by which cyclophosphamide
affects the primordial follicle pool is not entirely understood, but recent studies
investigating the effect of cyclophosphamide in mouse ovaries suggest that cyclo-
phosphamide results in activation rather than apoptosis of primordial follicles [25],
via upregulation of the PI3K/PTEN/Akt signaling pathway. According to these data,
cyclophosphamide causes apoptosis of larger growing follicles, with
cyclophosphamide-induced primordial follicle activation ultimately resulting in fol-
licle burnout.

Other chemotherapeutic drugs might directly damage the growing oocyte or the
highly proliferative granulosa cells within the developing follicle. These drugs
might also cause follicle depletion indirectly, by damaging growing follicles and
enhancing recruitment of primordial follicles to deplete the follicle pool, or by
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altering the ovarian stroma [19]. An understanding of the gonadotoxic mechanisms
of chemotherapy is needed to design effective agents that protect against iatrogenic
depletion of ovarian follicles in young patients with cancer.

Taking into account the effect of fertility issues on patients’ quality of life, the
American Society of Clinical Oncology recommends that oncologists discuss the
risk of infertility and fertility preservation options in patients with cancer as early as
possible before treatment starts [12].

10.4 Chemotherapy-Induced Ovarian Failure

Chemotherapy-associated ovarian failure (COF) refers to the disruption of both
endocrine and reproductive ovarian function, after exposure to chemotherapy. It is
defined as either the absence of regular menses in premenopausal female patients or
increased FSH levels (>40 IU/L) [26].

In 2006, the American Society of Clinical Oncology attempted to sort antineo-
plasticregimens, according to the associated fertility compromise risk. Hematopoietic
stem cell transplant (HSCT) initiation regimens steadily compromise patients’ fer-
tility, while gonadotoxicity of adjuvant chemotherapy regimens against early breast
cancer varies with duration of exposure and patient’s age. Characteristically, triple-
agent combinations, such as CMF (cyclophosphamide, methotrexate, fluorouracil),
entail a high risk of infertility if administered for more than four cycles in women
older than 40, whereas the risk is significantly reduced for younger patients. Notably,
vincristine, methotrexate, and fluorouracil do not impose considerable fertility haz-
ards, while there are no sufficient data regarding taxanes, oxaliplatin, and targeted
treatments [27].

Considering the finite number of follicles available in the ovaries and their coex-
istence in different stages of development, variable pathophysiologic mechanisms
have been proposed to underlie chemotherapy-induced ovarian failure. These
include the following:

— “Accelerated” ovarian follicle maturation: Chemotherapy agents induce apopto-
sis of mature, functioning ovarian follicles, resulting in depression of estrogen
and anti-Miillerian hormone negative feedback on the gonadotropic cells of the
anterior pituitary. Constantly elevated gonadotropins may accelerate maturation
of premature ovarian follicles, which, in their turn, enter apoptosis under system-
atic chemotherapy, thus leading to the gradual exhaustion of ovarian follicle
deposit [26, 28]. Supporting evidence comes from histology studies of murine
ovarian tissue, in cyclophosphamide-treated mice, showing increased population
of early-growing follicles, in parallel with elimination of the quiescent ones. The
enhanced phosphorylation of proteins involved in the maturation of primordial
follicles seems to be mediated via the PI3K/PTEN/Akt signaling pathway, which
may also be activated due to a direct effect of chemotherapy on oocytes and on
pregranulosa cells supporting them [25].
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— Direct quiescent follicle DNA damage: Non-cell cycle-specific chemotherapeu-
tics, such as alkylating agents and doxorubicin, can induce the formation of cross-
links in the DNA of nondividing, dormant oocytes. The subsequent accumulation
of DNA strand breaks activates the pro-apoptotic intracellular pathways, leading to
apoptosis of the affected ovarian follicles [29]. Relevant supporting evidence
derives from studies of human oocyte in vitro cultures and human ovarian xeno-
graft murine models, exposed to doxorubicin and cyclophosphamide, revealing
double-strand breaks and features of apoptotic death in premature oocytes [27].

— Disrupted ovarian vascularization: Chemotherapy may compromise the func-
tionality of ovarian vasculature and stroma supporting the gonadal cells. Local
vascular spasm reducing ovarian blood flow, fibrosis of the ovarian cortex affect-
ing blood vessel formation, and inhibition of angiogenesis are some of the
described associated mechanisms. Relative evidence has been found in in vitro
and murine xenograft studies of human ovarian tissue, as well as mouse ovaries,
exposed to doxorubicin [27, 29].

10.5 Radiotherapy-Induced Ovarian Failure

Radiotherapy (RT) exposure causes a reduction in the number of ovarian follicles
and has an adverse effect on uterine and endometrial function; the gonadotoxic
effect of RT is dependent on the RT field, dose, and fractionation schedule, with
single doses more toxic than multiple fractions [3]. RT-related ovarian follicle loss
already occurs at doses higher than 2 Gy. The effective sterilizing dose at which
97.5% of patients are expected to develop immediate POI decreases with increasing
age at the time of treatment, ranging from 16 Gy at 20 years to 14 Gy at 30 years.
RT also induces loss of uterine elasticity in a dose-dependent manner. This inter-
feres with uterine distension, with increased risk throughout pregnancy [30]. A
potential negative impact of cancer on ovarian reserve has been described for young
women with lymphoma but not for patients with other malignancies.

10.5.1 Predicting Age of Ovarian Failure After Radiation

As survival rates for children and adolescents treated for cancer continue to improve,
a population of young women of reproductive age emerges for whom issues of fer-
tile potential are paramount. Impaired fecundity and premature ovarian failure are
recognized potential late sequelae of radiotherapy to the ovaries [22].

The human ovary contains a fixed pool of primordial oocytes, maximal at
5 months of gestational age, which declines with increasing age in a biexponential
fashion, culminating in the menopause at an average age of 50-51 years. For any
given age, the size of the oocyte pool can be estimated based on a mathematical
model of decline [22, 31]. The rate of oocyte decline represents an instantaneous
rate of temporal change determined by the remaining population pool, which
increases around age 37 years when approximately 25,000 primordial oocytes
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remain and precedes the menopause by 12—14 years [32]. Reproductive aging in
women is due to ovarian oocyte depletion with approximately 1000 oocytes remain-
ing at the menopause. Assessment of ovarian reserve and reproductive age in healthy
women remains a challenge.

Radiotherapy may be used either alone or in combination with surgery and che-
motherapy to provide local disease control for solid tumors. Because of its estab-
lished late sequelac on immature and developing tissues, irradiation is used
cautiously, especially in children and adolescents. Total body, craniospinal axis,
whole abdominal, or pelvic irradiation potentially exposes the ovaries to irradiation
and may cause premature ovarian failure. The degree of impairment is related to the
volume treated, total radiation dose, fractionation schedule, and age at the time of
treatment [31, 33]. The number of primordial oocytes present at the time of treat-
ment, together with the biologic dose of radiotherapy received by the ovaries, will
determine the fertile “window” and influence the age at premature ovarian failure.
Assessing the extent of radiation-induced damage of the primordial oocytes and
predicting the impact on fertile potential have been challenging. An understanding
of ovarian follicle dynamics has allowed us to determine the radiosensitivity of the
human oocyte to be 2 Gy [33]. Application of this estimate has made it possible to
determine the surviving fraction of the primordial oocyte pool for a given dose of
radiotherapy and therefore predict the age (with confidence intervals) of premature
ovarian failure by applying a mathematical model of decay.

Radiotherapy is frequently used in combination with chemotherapy for the treat-
ment of cancer. Potentially, gonadotoxic chemotherapy may be a contributory factor
to the development of a premature menopause. However, when the dose of radio-
therapy received by the ovaries is at, or approaching, the effective sterilizing dose,
the additional contribution of chemotherapy is likely to be minimal. For smaller
doses of radiation to the ovary, such as for spinal irradiation, the contribution of
chemotherapy will play a more significant role. Several agents have been described
to cause ovarian damage, including procarbazine, chlorambucil, and cyclophospha-
mide with the extent of damage dependent on the agent administered and dose
received [22]. As with radiotherapy, progressively smaller doses are required to pro-
duce ovarian failure with increasing age, reflecting the natural decline in the oocyte
pool. Although the mechanism of cytotoxic chemotherapy-induced damage to the
ovary is uncertain, exhaustion of the oocyte pool is likely.

A successful term pregnancy will depend on a normally functioning hypothalamic-
pituitary-ovarian axis and a uterine environment that is not only receptive to implan-
tation but also able to accommodate normal growth of the fetus. The degree of
damage to the uterus depends on the total radiation dose and the site of irradiation.
The prepubertal uterus is more vulnerable to the effects of pelvic irradiation with
doses of radiation between 14 and 30 Gy likely to result in uterine dysfunction.
High-dose pelvic radiotherapy in young women will have long-term effects on the
uterine vasculature and development.

When counseling patients after treatment with smaller doses of radiotherapy,
around 3 Gy, which can be associated with radiotherapy to the craniospinal axis, the
physicians could be relatively optimistic and reassuring that they will have a
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significant reproductive window before premature ovarian failure occurs. The fertile
window will be attenuated with increasing doses of radiotherapy. For girls who are
likely to be rendered sterile before the onset of menarche, it will enable physicians to
realistically counsel their patients and families when discussing options for preserva-
tion of ovarian function at the time of diagnosis before treatment has commenced. A
number of strategies to protect the ovaries and preserve fertility during cancer therapy
have been attempted [21, 34]. Limitation of radiation dose to the ovary is sometimes
practiced in adult women, but in children it is technically difficult.

10.6 Prophylactic Menstrual Suppression

CIA is not the only situation of menstrual absence: Obstetrician—gynecologists are
frequently consulted either before the initiation of cancer treatment to request men-
strual suppression or during an episode of severe heavy bleeding to stop bleeding
emergently.

Adolescents undergoing cancer treatment are at high risk of abnormal menstrual
bleeding as a direct result of hematologic malignancies or as a secondary effect of
chemotherapy, radiation therapy, or pretreatment regimens for stem cell or bone mar-
row transplantation, all of which may induce myelosuppression leading to thrombo-
cytopenia. Additional considerations include the potential for disruption of the
hypothalamic—pituitary—gonadal axis during cancer treatment leading to anovulatory
bleeding. Also, even normal menstrual blood loss may pose a threat to adolescents
who already are anemic, thrombocytopenic, or both, from hematologic malignancies
or cancer treatments. Thus, obstetrician—gynecologists are frequently consulted
either before the initiation of cancer treatment to request menstrual suppression or
during an episode of severe heavy bleeding to stop bleeding emergently [35]. Therapy
for both menstrual suppression and management of acute bleeding episodes should
be tailored to the patient, the cancer diagnosis and treatment plan, and the individu-
al’s contraceptive needs. Because of the complex nature of cancer care, collaboration
with the adolescent’s oncologist is highly recommended. Options for menstrual sup-
pression include gonadotropin-releasing hormone agonist (GnRHa), progestin-only
therapy, and combined hormonal contraception [36]. Adolescents presenting emer-
gently with severe uterine bleeding usually require only medical management; surgi-
cal management is rarely required. Considerations when choosing an appropriate
treatment for acute bleeding include the patient’s current menstrual status, current
hemoglobin and platelet count, expected nadirs, planned cancer treatments, risk of
thromboembolism, and request for contraception. If a patient is treated with leupro-
lide acetate for menstrual suppression, this should not be considered a contraceptive
method because ovulation may not be universally suppressed [37].

An American College of Obstetricians and Gynecologists’ Committee on
Adolescent Health Care has been updated to make treatment recommendations
based on more recent studies, to address specific concerns about the use of com-
bined hormonal contraception (CHC) in cancer patients, and to update nonmedical
management to include the intrauterine Foley balloon.
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10.7 Menstrual Suppression
10.7.1 Gonadotropin-Releasing Hormone Agonists

Gonadotropin-releasing hormone agonists are highly effective at inducing men-
strual suppression when initiated before cancer treatment [36]. The primary role of
GnRHa is for menstrual suppression. Though they appear to have a protective effect
on the ovary during chemotherapy in terms of resumption of menstruation and
treatment-related premature ovarian failure, there is no conclusive evidence demon-
strating the efficacy of GnRHa in fertility preservation [37].

Most of the data on GnRHa focuses on the use of leuprolide acetate, a synthetic
GnRHa that acts as a potent inhibitor of gonadotropin release when given in therapeutic
doses. Studies, including a systematic review of women undergoing cancer treatment,
report high rates of amenorrhea with leuprolide acetate (ranging from 73 to 96%) [38].

After an initial flare response that causes a transient increase in circulating gonado-
tropins and sex steroids, leuprolide acetate reliably causes a hypoestrogenic state in
2 weeks. Therefore, bleeding may occur for 2-3 weeks after the first injection until
hormone levels decrease and endometrial proliferation ceases. When initiating treat-
ment with leuprolide, adding norethindrone acetate 5 mg daily will help mitigate
breakthrough bleeding and other adverse effects of leuprolide. It may be given in
doses of 3.75 mg intramuscularly monthly or 11.5 mg intramuscularly every 12 weeks.
The 12-week formulation decreases the risk of more frequent monthly injections that
may be due at a time of treatment-induced thrombocytopenia. If intramuscular injec-
tions are contraindicated, subcutaneous formulations are available [37].

Disadvantages of leuprolide acetate include the expected adverse effects related
to a low-estrogen state, such as vasomotor symptoms and bone density loss. When
leuprolide acetate is used to treat endometriosis in adolescents, add-back therapy
with a progestin (such as norethindrone acetate 5 mg once daily) has been shown to
preserve bone mass and substantially reduce vasomotor symptoms without increas-
ing the rate of bleeding. Treatment should be individualized; certain cancer patients,
depending on the potential risks and benefits, may be candidates for combined add-
back therapy.

10.7.2 Progestin-Only Therapy

Daily administration of oral progestins allows for decreased endometrial prolifera-
tion and prevention of menses. Options for progestin-only oral therapies are
medroxyprogesterone acetate (10-20 mg/day), norethindrone acetate (5-15 mg/
day), drospirenone (4 mg/day), and norethindrone (0.35 mg/day). Drospirenone
(4 mg/day) and norethindrone (0.35 mg/day) also provide contraception but do not
confer the same degree of amenorrhea as other oral progestins, and unscheduled
bleeding is relatively common in users [38, 39].

Use of depot medroxyprogesterone acetate (DMPA) results in relatively high
rates of amenorrhea over time, with rates at 12-24 months reaching approximately
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50-70% in the general population [40]. However, initial irregular bleeding with
DMPA makes it a less reliable method for rapid therapeutic menstrual suppression
and episodes of breakthrough bleeding can be challenging to manage, particularly
in patients who are not candidates for adjuvant estrogen. It is classified as a Category
2 method (the advantages of using the method generally outweigh the theoretical or
proven risks) among those with a history of VTE and active cancer according to the
Centers for Disease Control and Prevention’s U.S. Medical Eligibility Criteria for
Contraceptive Use. Data on the use of progestin-only methods by patients with can-
cer are limited. Depot medroxyprogesterone acetate typically is administered every
12 weeks, but the dosing interval can be shortened to achieve amenorrhea quickly.
Its long dosing interval of up to 3 months minimizes concerns over adherence and
is a good option for patients unable to swallow or tolerate pills. A subcutaneous
formulation (dose of 104 mg) is available and is recommended for adolescents with
thrombocytopenia who are at risk of developing an intramuscular hematoma with
intramuscular administration [37].

Although there are limited data regarding menstrual management with an LNG-
IUD in patients undergoing cancer treatment, it is a reasonable option to manage
heavy menstrual bleeding in a patient with benign or malignant disease. Furthermore,
the World Health Organization and the Centers for Disease Control and Prevention
state that IUDs can be used safely in women with immunosuppression because of
cancer treatment. Although initial irregular bleeding may limit its use, many studies
in noncancer patients have demonstrated the superiority of the 52 pg LNG-IUD
over oral medroxyprogesterone acetate, norethindrone acetate, DMPA, and CHC
for long-term menstrual control [37].

If an adolescent had an LNG-IUD or the etonogestrel single-rod implant inserted
before her cancer diagnosis and has infrequent bleeding or amenorrhea, it is reason-
able to continue the method for menstrual suppression. However, if an adolescent
had an implant inserted before her cancer diagnosis and experiences bothersome
bleeding, the bleeding can be temporized with a norethindrone acetate or medroxy-
progesterone taper and the implant continued.

10.7.3 Combined Hormonal Contraceptives

When used continuously, CHCs are effective for producing amenorrhea, although
complete amenorrhea cannot be guaranteed. The Centers for Disease Control and
Prevention’s 2016 U.S. Medical Eligibility Criteria for Contraceptive Use notes that
when oral contraceptives are primarily used as therapy, rather than to prevent preg-
nancy, even in women where contraceptive use might be cautioned against or con-
traindicated (such as in those with cancer), the benefits from therapeutic use might
outweigh the risks [37].

The decision to use estrogen in patients with cancer should be tailored to the
individual patient after collaborative consideration of the risk—benefit ratio with the
patient and the healthcare team; the patient should be closely monitored for known
adverse effects such as liver toxicity and VTE.
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10.7.4 Emergent Treatment of Acute Uterine Bleeding

Some adolescents may present with life-threatening bleeding in the setting of a new
cancer diagnosis, whereas others who are undergoing myelosuppressive treatment
may not have the time to benefit from prophylactic menstrual suppression and need
more urgent therapy once bleeding occurs. Medical management is the initial
approach for patients who are experiencing an episode of acute heavy bleeding.
Surgical management should be considered for patients who are not clinically sta-
ble, or for those whose conditions are not suitable for medical management or who
have failed to respond appropriately to medical management [41]. Some hormonal
therapies that are used for menstrual suppression, such as leuprolide acetate, DMPA,
LNG-IUD, and etonogestrel implant, are not appropriate for the initial management
of acute heavy bleeding because the onset of action is delayed, and, in some cases,
the bleeding pattern is unpredictable. Instead, these therapies may be used in con-
junction with therapy for acute bleeding to prevent future episodes of acute uterine
bleeding. Ultrasonography can be useful to guide management. Endometrial thick-
ness can guide whether the patient may benefit from progestin or estrogen.

10.8 Fertility Preservation Strategies

The assessment of fertility risk and the selection of an individualized strategy to
optimize fecundity after cancer treatment are huge challenges and require intense
cooperation between fertility preservation specialists, oncologists, other healthcare
workers, and the patient. Guidelines developed on the basis of systematic reviews
and scientific literature analyses recommend fertility preservation approaches by
patient age, cancer type, type of treatment, presence of a male partner or patient
preference for the use of banked donor sperm, time available for fertility preserva-
tion intervention, and likelihood of ovarian metastasis. Established fertility preser-
vation methods include oocyte and embryo cryopreservation, both derived from
routine reproductive clinical practice, and ovarian transposition (oophoropexy),
which can be offered to women undergoing pelvic irradiation [21] (Fig. 10.1).
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Fig. 10.1 Management flowchart for ovarian function and/or fertility preservation in female
patients. ChT chemotherapy, GnRHa gonadotropin-releasing hormone agonist. “To be offered pref-
erably in women 36 years of age and to be considered with particular caution in cases of acute
leukemia, or any solid tumor or hematological disease with pelvic involvement. Adapted from [21]
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10.8.1 Oocyte and Embryo Cryopreservation

Oocytes and embryos can be safely and efficiently cryopreserved before the initia-
tion of anticancer treatments. While embryo cryopreservation is an established and
reproducible technology, it requires the use of sperm and the presence of a partner
or donor. Conversely, oocyte cryopreservation can be carried out without a partner,
and so it is the preferred option for most postpubertal women. The ability to cryo-
preserve oocytes has become much more successful in recent years since the devel-
opment of ultrarapid freezing (vitrification).

For oocyte and embryo cryopreservation, about 2 weeks of ovarian stimula-
tion with gonadotropins is required, followed by follicle aspiration. Ovarian
stimulation can be started at any time of the menstrual cycle (“random start
stimulation”). Developments in ovarian stimulation protocols allow more rapid
completion of the process than previously, without affecting their efficacy.
However, timing is a crucial factor as the procedure must be completed before
initiation of any chemotherapy. In women with a low ovarian reserve and with-
out an urgent need to initiate anticancer treatments, double stimulation can be
considered; this requires 4 weeks of treatment and approximately doubles the
number of oocytes retrieved [3, 42].

The efficacy of oocyte and embryo cryopreservation to generate a subsequent
pregnancy is tightly connected to the number of mature oocytes retrieved after ovar-
ian stimulation. The number of retrieved oocytes is reduced in women with poor
ovarian reserve (low AMH level due to ovarian surgery or age). The number of col-
lected oocytes is age dependent, varying from 15.4-8.8 in women <26 years of age
to 9.9-8.0 in women 36-40 years of age.

Ovarian stimulation can lead to side effects caused by the medication as well as
complications during the oocyte pickup, including bleeding from the ovary and pel-
vic infection. Severe ovarian hyperstimulation syndrome, clinically relevant bleed-
ing, or inflammation/infections after follicular aspiration in women with normal
hematopoiesis are rare in the general infertility population and in cancer patients.
An increased risk of bleeding or infection may be present in women with impaired
hematopoiesis (i.e., neutropenic or with low platelet count), such as those with some
hematological malignancies, and should be taken into account [3]. In estrogen-
sensitive tumors, reduction of estradiol concentration is recommended during ovar-
ian stimulation and can be achieved by co-treatment with aromatase inhibitors (e.g.,
letrozole 2 x 2.5 mg/day), which reduces estrogen serum concentration by more
than 50% [43]. The use of letrozole does not reduce the number of mature oocytes
obtained or their fertilization capacity; in addition, no effect on congenital abnor-
mality rates in children has been observed.

Oocyte or embryo cryopreservation is indicated for women preferably <40 years
of age who will be exposed to gonadotoxic anticancer therapies and who want to
preserve their fertility. It is not indicated in women with serious coagulation defects
or high risk of infections. Transabdominal monitoring and oocyte recovery may be
possible in those for whom vaginal procedures are not possible or acceptable.
Women choosing to store embryos created with their partner’s sperm should be
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advised that the embryos will be the joint property of the couple; in the event of the
relationship not continuing, there may be issues in using the embryos. An estab-
lished collaboration between oncology and fertility units is crucial.

There is a need for data on all aspects of oocyte cryopreservation from larger
series of women to clarify whether certain diagnoses may benefit from particular
stimulation protocols, the effects on oocyte quality and most importantly cumula-
tive live birth rates. Future studies are also needed to investigate the benefits of
combining different fertility preservation methods to increase pregnancy rates.

10.8.2 Ovarian Tissue Cryopreservation

Opvarian tissue cryopreservation is an alternative approach for preserving fertility before
gonadotoxic treatments. While it is still regarded as experimental in some countries, the
American Society for Reproductive Medicine suggests that it should be considered as an
established procedure to be offered to carefully selected patients [3, 44].

Biopsies of the ovarian cortex or unilateral ovariectomy are usually carried out by
laparoscopy under general anesthesia. Although vitrification is quicker and less expen-
sive, slow freezing remains the standard of care because almost all pregnancies achieved
after transplantation have been obtained using this procedure. Ovarian tissue cryopreser-
vation should be offered only in laboratories with specific expertise and facilities to
support safe tissue cryopreservation and storage for subsequent autologous transplanta-
tion, with necessary regulation. The “hub and spoke” model, with ovarian surgery car-
ried out locally and tissue transported to a central laboratory, may be preferred.

Transplantation, either orthotopic or heterotopic, is currently the only method
available in clinical practice to restore ovarian function and fertility using cryopre-
served ovarian tissue. As with oocyte and embryo cryopreservation, the main factor
affecting success rate is age: women of younger age at ovarian tissue cryopreserva-
tion have better fertility outcomes after ovarian tissue transplantation than older
women, with only a few pregnancies achieved in women over 36 years of age [45].

Ovarian tissue collection and transplantation are usually carried out by laparos-
copy. Surgical risk is considered low, and complications (e.g., conversion laparot-
omy, bleeding, reintervention for cutaneous infection, bladder lesion, or minor
complications) are rare (0.2—1.4%) [46]. The procedure should not be proposed to
patients with high surgical/anesthesia risks related to their disease and ideally
should be done at the same time as other procedures that require anesthesia. The risk
of disease transmission during transplantation due to residual neoplastic cells within
the ovarian cortex is one of the major safety concerns, especially in pelvic cancers
or systemic diseases such as leukemia. Several diseases at advanced stages, such as
Burkitt’s lymphoma, non-Hodgkin’s lymphoma, breast cancer, and sarcoma, might
also carry a risk of ovarian involvement. Nevertheless, ovarian tissue should always
be carefully analyzed before grafting using all available technologies, such as
immunohistochemistry and molecular markers, according to the disease.
Xenografting has also been used in this context. Data on children are reassuring as
no congenital malformations have been reported [3].
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Ovarian tissue cryopreservation is appropriate when the time available before
starting anticancer treatments is too short for ovarian stimulation and oocyte or
embryo cryopreservation. Although there is no clear consensus on the maximum
age for ovarian tissue cryopreservation, it is usually recommended to offer this pro-
cedure only to women <36 years of age [3, 45]. Ovarian tissue cryopreservation can
also be carried out after an initial, low-intensity gonadotoxic treatment regimen in
order to reduce the risk of neoplastic cells being present in the ovary (i.e., in leuke-
mia patients) or when the patient’s initial health condition contraindicates an imme-
diate procedure.

Research is ongoing to improve tissue function after grafting using several tools,
including human adipose tissue-derived stem cells, mesenchymal stem cells, and
decellularized scaffolds.

10.8.3 Ovarian Transposition and Gonadal Shielding During RT

Two options exist for protecting ovaries from RT: transposition of the ovaries before
RT and gonadal shielding during RT.

Ovarian transposition outside the planned RT field is a routinely used technique
to minimize ovarian follicle RT exposure. Although both laparotomic and laparo-
scopic approaches are possible, the procedure is mostly carried out by laparoscopy
to accelerate recovery and avoid postponing RT [3]. The ovary is mobilized with its
vascular pedicle, and the location is marked with radio-opaque clips to allow iden-
tification of the transposed ovary. It is possible to transpose only one ovary, but
better results are achieved with a bilateral procedure. Transposition of the ovary into
subcutaneous tissue is another option, but it is associated with a higher risk of cyst
formation [47]. Transposed ovaries can be safely punctured for oocyte retrieval. In
certain cases, ovaries can be returned to their original location after RT. The rate of
retained ovarian function is approximately 65% in patients undergoing surgery and
RT [48]. Reasons for failure include necrosis related to vascular impairment and
migration after insufficient fixation. Success rate is influenced by the method of
evaluation (presence of menstrual cycle, FSH levels, AMH levels) and the duration
of follow-up (as ovarian function decreases over time). The surgical risk of ovarian
transposition is similar to other gynecological procedures (i.e., risk of bowel and
vessel injury). Risk of developing ovarian carcinoma in a transposed ovary is
extremely low. This could be reduced even further when fallopian tubes are resected
during the surgical procedure [48].

Gonadal shielding during RT by lead blocks reduces the expected RT dose to
4-5 Gy [3]. The minimum free margin should be 2 cm in order to reduce the risk of
gonadal irradiation due to inner organ movement. Ovarian transposition and gonadal
shielding are indicated in women <40 years of age who are scheduled to receive
pelvic RT for cervical (if there is a low risk of ovarian metastasis or recurrence),
vaginal, rectal, or anal cancers; Hodgkin’s or non-Hodgkin’s lymphoma in the pel-
vis; or Ewing’s sarcoma of the pelvis. Long-term follow-up evaluating the risks of
transposition and fertility rates after RT completion is needed.
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10.8.4 Need to Reduce Gonadotoxicity:
Medical Gonadoprotection

There has been extraordinary interest in medical agents that can potentially preserve
fertility from the ovarian toxicity of chemotherapy. In this sense, temporary ovarian
suppression obtained by administering a GnRHa has been studied as a strategy to
reduce the gonadotoxic effect of chemotherapy [49]. When ovarian suppression with
GnRHa is offered, GnRHa should be started at least 1 week before the initiation of
systemic gonadotoxic treatment and prolonged until after the administration of the
last chemotherapy cycle [50]. The debate on the efficacy of GnRHa for fertility pres-
ervation is still heated, but the 2018 ASCO guidelines recommended that GnRHa may
be offered to premenopausal patients for reducing the likelihood of chemotherapy-
induced ovarian insufficiency [51]. Nowadays, studies regarding the role of GnRHa as
a fertility preservation treatment are evolving. In fact, the difference in the efficacy of
GnRHa could not be assigned to the type of cancer, but rather to the regimen of che-
motherapy. It is well known that gonadotoxic impact depends on the type of chemo-
therapeutic agent and the duration of administration [52]. The most common
chemotherapy regimen used for the treatment of gynecological cancers (epithelial
ovarian cancer) includes a combination of a platinum agent (carboplatin) and a taxane
(paclitaxel). Currently, there is a lack of robust evidence to advise and recommend
women on the risk of gonadotoxicity associated with this combination. Bleomycin,
etoposide, and cisplatin (BEP)- or etoposide and cisplatin (EP)-chemotherapy regi-
mens are often used for the treatment of non-epithelial ovarian cancers. Overall, che-
motherapy regimens used for young women with gynecological cancers are considered
to be associated with a low risk of gonadotoxicity, but this risk seems to be different
according to the type of chemotherapy agent, the dose and length of exposure, and the
age of the patient [3]. To investigate the impact of newer gonadotoxic treatments
(including targeted agents and immunotherapy) on ovarian function, ovarian reserve
and fertility potential of cancer patients should be considered a research priority.
Instead, the gonadotoxic effect of chemotherapy in premenopausal women with early
breast cancer is well known; the highest risk of gonadotoxicity is associated with the
administration of the alkylating agent cyclophosphamide, commonly given as part of
(neo)adjuvant chemotherapy regimens [53].

After more than 30 years of research and controversy in the gonadotoxicity bat-
tles, five theoretical mechanisms could explain how the GnRHa could minimize the
gonadotoxic effect of chemotherapy:

1. Simulating the prepubertal hormonal milieu: GnRHa treatment has been identi-
fied to induce an initial release of gonadotropins, which desensitize the GnRH
receptors on the pituitary gonadotropes, preventing pulsatile GnRH secretion,
thus resulting in a hypogonadotropic, prepubertal hormonal milieu. In this pre-
pubertal hypogonadotropic milieu, the follicles remain in the quiescent phase
and are less vulnerable to chemotherapy-induced gonadotoxicity. Therefore, the
administration of GnRHa, after the initial flare-up effect, decreases FSH concen-
tration through pituitary desensitization, preventing the secretion of growth fac-
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tors by the more advanced FSH-dependent follicles, and secondarily preserving
more primordial follicles (PMFs), which are metabolically inactive, in the dor-
mant stage.

2. Interrupting the burnout effect: The administration of GnRHa may interfere with
the accelerated follicle recruitment induced by chemotherapy by desensitizing
the GnRH receptors in the pituitary gland, preventing an increase of FSH level
despite low estrogen and inhibin concentrations.

3. Decreased utero-ovarian perfusion: A result of the hypoestrogenic milieu gener-
ated by pituitary-gonadal desensitization. The decreased utero-ovarian perfusion
could result in a reduction of exposure of the ovaries to chemotherapeutic agents’
injuries.

4. A possible direct effect mediated by ovarian GnRH receptors: Human gonads
also contain GnRH receptors, and the activation of the ovarian GnRH receptor
may decrease apoptosis.

5. Possible protection of ovarian germinative stem cells (GSCs): In patients under-
going chemotherapy, high menopausal FSH levels and undetectable AMH levels
have been observed. Approximately a year after the chemotherapeutic ovarian
insult, FSH concentrations have been shown to decrease to normal levels and
AMH has been found to increase in a large number of patients co-treated with
GnRHa. Based on these clinical findings, it has been speculated that the admin-
istration of GnRHa may interact with these protected GSCs through some path-
ways essential for the initiation of folliculogenesis, maturation, and secretion of
AMH, inhibin, and estrogens, and the latter two lead to a decrease in FSH levels
to normal [54].

For premenopausal women interested in fertility preservation, with the hope of
reducing chemotherapy-induced ovarian insufficiency and minimizing the gonado-
toxic effect of treatments, temporary ovarian suppression with GnRHa during che-
motherapy should not be considered an equivalent or alternative option for fertility
preservation, but it should be proposed after embryo and oocyte cryopreservation.
Temporary ovarian suppression during chemotherapy achieved by administering a
GnRHa is the only strategy that has entered clinical use [55].

10.8.5 Life After Treatment

Although current oncofertility guidelines are universal among different tumor types
and patient profiles, potential disparities between patients due to age, chemotherapy
agents employed, and the malignancy itself may also interfere with fertility preser-
vation practices. Consequently, a more methodical investigation of fertility preser-
vation strategies, considering the above parameters, is required, in order to
adequately establish the most efficient practices for each patient group.

At the time of diagnosis, a significant proportion of postpubertal patients have
not completed their family planning and express a desire for pregnancy after treat-
ment. Fertility depends on the female’s stage in life (before or after puberty, before
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or after menopause), menstrual history, hormone levels, type of cancer and treat-
ment, and treatment doses. Posttreatment pregnancy rates are highly dependent on
the type of cancer, with the lowest rates reported for men with a history of acute
leukemia or non-Hodgkin’s lymphoma and for women with a history of breast or
cervical cancer.

Because all these factors need to be considered, it can be hard to predict if a
woman is likely to be fertile after chemotherapy. The feasibility and safety of using
assisted reproductive technology (ART) following anticancer treatment are an
important issue to be considered for adult cancer survivors who did not have access
to fertility preservation strategies at the time of diagnosis and/or where there are
difficulties with spontaneous conception. Female adult cancer survivors have a
higher likelihood of undergoing fertility treatments compared with healthy women,
with increasing use over time.
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Premature Ovarian Insufficiency 1 1

Svetlana Vujovic, Miomira Ivovic, Milina Tancic Gajic,
Ljiljana Marina, and Svetlana Dragojevic-Dikic

11.1 Introduction

Human life span has been significantly prolonged requiring early diagnosis and
treating aging-related diseases. It is predicted that the number of people over
60 years old by 2050 will be five times that of 1950 [1]. One billion women will be
menopausal in the next 25 years, and 80% of them will have some typical meno-
pausal symptoms.

Quality of life is defined as the psychological and physical well-being depending
on the influences of genetic and environmental factors.

Reproduction represents a biological key point necessary for the existence of the
humankind during 20 million years on this planet. Adaptive mechanisms of wom-
en’s bodies, influenced by many stressors, maintain homeostasis and reproductive
potential. Chromosomes determine sex. Sex is biology. Nongonadal effects of sex
chromosomes, coupled with gonadal effects through genomic actions, result in sex
differentiation and gene expression in every cell. Nongonadal functions, directed by
sex chromosomes, are critical for the physiology of organs (coagulation, energy
metabolism, immunity, blood pressure, apoptosis, etc.). Gonadal steroids, estradiol,
progesterone, testosterone, and others represent very important factors for maintain-
ing homeostasis equilibrium. Low levels of gonadal and other steroid hormones
have to be treated in order to avoid diseases.
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11.2 Definition of POI

Fuller Albright, a Harvard endocrinologist, first described the condition called pri-
mary ovarian insufficiency [2]. Premature ovarian insufficiency (POI) is character-
ized by hypergonadotropic hypogonadism, oligo/amenorrhea with high
gonadotropin, and low estradiol levels in women before 40 years of age. The most
widely utilized diagnostic criterion for follicle-stimulating hormone (FSH) is
>40 IU/mL [3]. Nelson RM et al. suggested FSH >30 IU/L [4] and the European
Society of Human Reproduction and Embryology FSH >25 IU/L [5] on two occa-
sions >4 weeks apart. Primary ovarian insufficiency describes a spectrum of declin-
ing ovarian functions and reduced fecundity due to a premature decrease in initial
follicle number, an increase in follicle destruction, or poor follicular response to
gonadotropins. It is not “the loss or cessation” of the ovarian activity since some
significantly decreased level of ovarian activity is present in the whole life and
extremely low number of follicles always remain. Possible induction of remaining
follicle growth depends on the complete endocrine milieu. In order to achieve the
more precise definition of decreasing levels of ovarian function, we suggest four
grades of POI: grade I: FSH 10-20 IU/L; grade II: FSH 21-30 IU/L; grade I1I: FSH
3140 IU/L; and grade IV: FSH >41 IU/L [6]. We suggest the earliest detection of
ovarian insufficiency in order to initiate therapy on time.

11.3 Prevalence of POI

In the longitudinal cohort study involving 1858 women, Coulam CB et al. reported
1% prevalence of POI [7]. Luborsky JL et al. found differences between ethnic
groups being the highest in US African-American and Hispanic women than
Caucasian and lowest in Asian-American women [8]. A meta-analysis of the global
prevalence of POI found a rate of 3.7% [9]. The prevalence of familial POI has been
reported to be 4-31% in various studies [10, 11].

11.4 Etiology of POI

The etiology of POI still remains an enigma for many cases. Reduction in the pri-
mordial oocyte pool by accelerated follicular atresia, or destruction or problems in
support, recruitment of maturated primordial or growing follicles can be the etio-
logical factor.

The most prominent etiological factors causing POI can be divided into the
following:

(A) Primary: Chromosome abnormalities, fragile X syndrome, gene polymor-
phism, autoimmune diseases, inhibin B mutations, enzyme deficiencies, and
FSH receptor polymorphism.
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Turner syndrome is an X-linked chromosomal abnormality involving the com-
plete or partial loss of one X chromosome (deletions, translocations, inversions,
isochromosomes, mosaicism). These women are usually born with a normal num-
ber of primordial follicles that undergo accelerated atresia [12].

Fragile X syndrome is characterized by premutation in the fragile X gene, mental
retardation, and autism. 200 repeats of the CGG trinuclear repeat in gene 1 in the 5’
area of chromosome X are present.

Differences in gene-regulating pathways were found in Han Chinese vs. Serbian
women in 8q22.3, HK3, and BRSKI1 [13]. More genetic mutations have recently
been discovered by whole-genome sequencing. In Table 11.1, some gene polymor-
phisms are shown. Differences between POI subgroups depending on the etiology
were found.

None of the candidate genes is accepted as a genetic marker for POI.

POI may be induced by autoimmune antibodies and becomes a part of the inher-
ited autoimmune condition caused by mutations in the autoimmune regulatory gene
AIRE on chromosome 21.

Polyglandular autoimmune syndrome (PAI) comprises a diverse group of clini-
cal conditions characterized by the functional impairment of multiple endocrine
glands due to a loss of immune tolerance, described by Schmidt /926 (Table 11.2).
Abnormalities in self-recognition are present in 15% cases of premature ovarian
insufficiency [14].

Table 11.1 Gene polymorphism in POI

Type Gene Locus

POI 1 FMR 1 Xq26-q28
POI 2A DIAPH 2 Xql13.3-q21.1
POI 2B POI 1B Xql13.3-q21.1
POI 3 FOXL 2 3q23

POI 4 BMP 15 Xpll.2

POI 5 NOBOX 7935

POI 6 FIGLA 2pl2

POL 7 NRS5 Al 9q33

Table 11.2 Autoimmune polyglandular syndrome and POIL

Type | Inheritance Autoimmune involvement Age
1 Autosome recessive Candidiasis 3-5 years
mutation in AIRE Addison’s disease
Hypoparathyroidism
1T Polygenic dominant Addison’s disease + [II-IV decades
HLADR3 Autoimmune thyroid disease (Schmidt)
and/or diabetes mellitus type 1
(Carpenter syndrome)
I Apart from absence of Hypothyroidism + other immune diseases | Adults
adrenal failure with exclusion of Addison’s disease
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A part of autoimmune syndrome III is other autoimmune diseases like vitiligo,
alopecia areata, diabetes mellitus type I, systemic lupus erythematosus, rheumatoid
arthritis, and Sjogren’s disease. Hypoestrogenism in POI directly decreases adap-
tive autoimmune response and can induce autoimmune diseases. Activated T lym-
phocytes are decreased, autoimmunity is enhanced, effector helper T lymphocytes
and macrophages are activated, and production of potentially protective B cells is
diminished [15]. While Kirshenbaum M et al. found the most significant association
of POI with adrenal insufficiency (2.5-20%) [16], we found autoimmune lympho-
cyte Hashimoto’s thyroiditis in 27% of POI and only 2% of Addison’s diseases in a
group of 2000 POI women. Our findings were in concordance with the finding of
Bunpei I that POI was associated with hypothyroidism most frequently, followed by
hyperparathyroidism [17].

Hypoestrogenism increases obesity promoting autoimmune diseases by the fol-
lowing mechanisms:

1. Vitamin D deficiency, increased B cells, antibody production, T helper 17
decrease

2. Microbiome alteration increases T helper 17 and decreases T regulatory
lymphocytes

3. Increase of inhibitory macrophage apoptosis, NLRP3, interleukin-1-beta, and
interleukin-18; inflammasome activation

4. Decrease of natural killer cells and T regulatory lymphocytes, leading to inflam-
mation, and increase of T helper 17 lymphocytes

Metabolic causes include the following:

I. Deficiency of 17 hydroxylase: increased levels of FSH, luteinizing hormone
(LH), deoxycorticosterone, progesterone, hypertension, alkalosis with high
potassium

II. Deficiency of galactose-1 phosphate uridyltransferase: intracellular accumu-
lation of galactose metabolites and deficiency of granulosa cell pool

(B) Secondary: bilateral oophorectomy, chemotherapy, uterine artery emboliza-
tion, infections

Iatrogenic cases occurred following ovarian surgery in 64 and 88% due to cys-
tectomy. Mean period of the onset of ovarian insufficiency after ovarian surgery was
5.8 + 3.8 years [18]. The commonest chemotherapies, including cyclophosphamide,
cisplatin, doxorubicin, anthracyclines, alkylating agents, and allogenic stem cell
transplants, cause more than 90% POI [19]. Polycyclic aromatic hydrocarbon expo-
sure, cigarette smoking, exposure to phthalates, bisphenol A, and other environmen-
tal pollutants can be associated with POI.

The most frequent infections inducing POI are mumps, varicella, and tuberculosis.
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11.5 Pathogenesis of POI

Spontaneous POI can be a part of an early aging syndrome in some women.
Epigenetic aging can begin a few weeks postconception in fetal tissues [20].

In 2009, the Nobel Prize in Physiology or Medicine was awarded to Dr. Blackburn
EH, Szostak JW, and Greider CW for the explanation on how chromosomes are
protected by telomere and the enzyme telomerase. Telomerases are responsible for
the synthesis of chromosomal DNA ends. A significant association was found
between shortening of telomerase repeats upon successive cell division, limiting
viability, and ending with cell death and a reduction of the replicative life span of
cultured human cells, consistent with the early genetic evidence that short telomeres
induce senescence. Introduction of telomerase into the normal human cells extends
life span [21]. Mutations in genes encoding components of the telomerase complex
cause hereditary disease characterized by defects in the stem cell renewal and tissue
maintenance. Stressors triggering POI can influence telomerase and accelerate bio-
logical clock. In our study, performed on 2000 POI patients, stressor was a trigger-
ing factor in 56% of cases. Divorce or separation from the partner was the most
prominent stressor. Stress, as a disease, develops when adaptive mechanisms are
broken under the influences of too strong stressors or stressors of too long
duration [22].

In such a disbalance of homeostasis and loss of adaptive mechanism, resistance,
and resilience, POl is in correlation with the inflammatory aging. Oxidative stress
refers to an imbalance between oxidation and antioxidation leading to neutrophil
infiltrations. Increase in interleukin-6, interleukin-8, interleukin-1p, interleukin-10,
tissue growth factor beta (TGFR), interferon v, and prostaglandin E, and decrease of
tumor necrosis factor o and interleukin-2 were detected in POI. Antioxidants help
organisms to fight against free radicals. They can be divided into two groups:

— Engzymatic: superoxide dismutase, catalase, glutathione peroxidase, transferase,
thiol-disulfide oxidoreductase

— Nonenzymatic: transferrin, ferritin, lactoferrin, hemoglobin, albumin, glutathi-
one, ascorbic acid, A-tocopherol, ubiquinone, beta-carotene, uric acid, bilirubin

Decreased gamma-glutamyl transpeptidase and diacron reactive oxygen metabo-
lite were found, while C-reactive protein was increased. DNA damage continues to
accumulate leading to cell death in POI. Autophagic cleansing capacity declines
gradually. Dysfunctional protein accumulation in mitochondria increases the level
of reactive oxygen species and oxidative stress [23]. Resveratrol restores ovarian
function by increasing AMH and decreasing inflammation through upregulation of
expression of the peroxisome proliferator-activator receptor and SIRT1 (sirtuin 1)
inhibiting interferon y-induced inflammatory cytokines [24].
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11.6 Clinical Symptoms and Signs
11.6.1 Early Symptoms and Signs

Typical symptoms and signs of POI are hot flushes, night sweats, irritability, anxi-
ety, depression, mood swings, loss of concentration, insomnia, loss of libido, vagi-
nal dryness, dyspareunia, gaining of weight, etc.

11.6.2 Late Symptoms and Signs

Late symptoms and signs of untreated POI include cardiovascular diseases (impaired
endothelial dysfunction, ischemic heart disease, myocardial infarction, etc.), meta-
bolic syndrome, diabetes mellitus, osteoporosis, bone fractures, cognitive impair-
ments, urogenital and sexual disorders, infertility, lower quality of life, and twofold
age-specific mortality rate [25].

11.7 Complications of Untreated POI
11.7.1 Cardiovascular Diseases

William Harvey’s discovery that heart pumps blood and the blood circulates (1628)
was fundamental for later understanding that gonadal steroids are bound to the
receptors in blood vessels. Also, estradiol receptors are found in cardiomyocytes,
fibroblasts, and endothelial cells, and progesterone receptors in cardiomyocytes,
vascular smooth muscle cells, and endothelial cells.

In a group of 144,260 amenorrheic women, included in the study of Honigberg
MC, 4904 (3.4%) had spontaneous POI and 644 (0.4%) had surgical POI. The pri-
mary outcome occurred in 292 (6.0%) women with spontaneous POI (8.78/1000
woman-years) and 49 (7.6%) women with surgical POI (11.27/1000 woman-years)
compared to 5415 (3.9%) menopausal women (5.70/1000 woman-years). For the pri-
mary outcome, spontaneous and surgical POI was associated with HRs of 1.36 (95%
CI 1.19-1.56; p < 0.001) and 1.87 (95% CI 1.36-2.58; p < 0.001), respectively, after
adjusting for cardiovascular disease risk factors and menopausal hormone therapy
usage [26]. In Table 11.3, mortality rate in untreated POI is presented [27-34].

Hypoestrogenism exerts effects on many levels: lipids, insulin resistance, obesity,
inflammation, hypertension, vasoconstriction, endothelial dysfunction, autonomic
nervous system dysfunction, nitric oxide disturbances, impaired flow-mediated dilata-
tion [35], etc. Benefits of early initiation of estroprogestogens have been confirmed in
many recent trials and meta-analyses. The dose and type of hormones at the initiation
of therapy appeared crucial for obtaining coronary heart disease benefits [36].

Patients with POI have to be provided with adequate information about the ther-
apy. They should maintain a healthy lifestyle, balanced diet, physical activity, and
good sleeping habits and avoid smoking.
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Table 11.3 Mortality rate in untreated POI

Name Observation Number | Years
Van der Schouw Cardiovascular mortality was decreased 2% for every | 12,000 |20
YT [27] year menopause is delayed

Tao XY [28] 48% higher risk for ischemic heart diseases in POI

Rahman H [29] Earlier menopause (40—45 years of age) increase

40% risk for ischemic heart disease, compared with
menopause at 50s

Van Lennep JER 10 observational studies, with 9440 events, showed 190,588

[30] that POI is an independent risk factor for IHD

Amaghai Y [31] Higher mortality rate in POI in Japan 3824 9
Gallagher LG [32] | Higher mortality rate in POI in China 267,400
Jacobsen BK [33] | Higher mortality rate in POI in Norway 1973 20
Wu X et al. [34] Higher mortality rate in POI 1003

11.7.2 Metabolic Changes

Estradiol regulates many of the key enzymes involved in mitochondrial bioenerget-
ics including glucose transporters, required for the regulation of glucose uptake in
cells and tissues. GLUT4 is regulated by insulin receptor Akt/TOR signaling net-
work. Disturbances in insulin metabolism in the endometrium decrease endome-
trium receptivity and fertility rate and trigger obesity, insulin resistance, and diabetes
mellitus later in the life. Adipocyte hypertrophy, adipose tissue inflammation, fat
liver, and changes of glucose uptake from the circulation, without changes in “de
novo” free fatty acid synthesis, create redistribution of body fat to centripetal, meta-
bolic type. Kulaksizoglu M et al. found increased serum glucose and insulin through
homeostasis model assessment for insulin resistance (HOMA) in POI patients with
hypoestrogenism [37].

Tissue resistance to insulin increases the risk of developing coronary heart dis-
ease and type 2 diabetes mellitus. Hypoestrogenism leads to weight increase of 5 kg
and redistribution of fatty tissue to a more central type, leading to metabolic
syndrome.

Decreased dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sul-
fate (DHEAS) in POI patients result in increased ratio of cortisol to DHEA creating
“cortisol-potentiated diseases’: obesity, insulin resistance, diabetes mellitus type 2,
osteoporosis, neurodegeneration, etc.

11.7.3 Osteoporosis

Estradiol deficiency increase bone loss increasing osteoclast formation (acti-
vated T lymphocyte cells), differentiation and recruitment to the bone surface,
prolonging osteoclast life span and increases erosion depth, proinflammatory
cytokines production IL-7 and tissue necrosis factor alfa (TNFa).
Hypoestrogenism in POI induces excessive production of the cytokine receptor
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activator of nuclear factor kappa p ligand (RANKL) by osteoblasts, which stim-
ulates osteoclastogenesis and bone resorption leading to osteoporosis. The inci-
dence of hip fracture in POI was 9.4% compared to 3.3% in those entering
menopause at the age of 48 years [38]. Meczekalski B et al. found that hypoes-
trogenism and hypoandrogenism have deleterious effects on peak bone mass
formation and bone mineral density [39].

FSH is in positive correlation with skeletal bone density. Lana et al. reported
that serum FSH concentrations, but not estradiol concentrations, are positively
associated with bone mass loss in skeletal regions (both the spinal column and
femoral neck) in patients with spontaneous POI [40]. In Popat VB et al.’s study
of 32-year-old POI patients, significantly decreased BMD was found. In 21% of
patients, Z-score was —2.8 and in 67% femoral Z-score was <—1.0 [41]. Recently
performed study on 200 idiopathic POI and 200 POI with bilateral oophorec-
tomy showed that Z-score is significantly lower in POI patients, compared to
controls (Z-score —2.26). Patients with bilateral adnexectomy had significantly
lower Z-score. Estradiol <32 pg/mL was in correlation with loss of bone mineral
density. Idiopathic POI showed preserved BMD for 3 years, osteopenia was
found from 5 to 7 amenorrheic years, and osteoporosis was observed after
that [42].

11.7.4 Cognitive Health and Brain Function

Two-third of brain weight is blood vessels with receptors for estradiol, proges-
terone, and androgens. Estradiol is involved in all brain functions and studies
done at the level of hippocampus, striatum, and prefrontal cortex controlling
language abilities, verbal fluences, memory, sleeping, learning, and evaluation
process. Estradiol influences neuroprotection at the levels of cerebral microvas-
cularization, mitochondria, anti-inflammation, synaptic plasticity, neurogene-
sis, cholinergic neurotransmission, cellular maintenance, and survival. Declining
short-term memory and cognitive function and increased incidence of
Alzheimer’s disease have been reported in patients with POI, but these phenom-
ena have not been observed before or after the age-appropriate menopause.
Oophorectomy before the age of menopause increases the risk of cognitive
impairment or dementia nearly twofold [43].

Rocca WA et al., using data from the Mayo Clinic, studied oophorectomy and
aging on 813 women with unilateral adnexectomy, 676 with bilateral oophorec-
tomy, and 1472 controls. They found that women who underwent surgery before the
age of natural menopause had an increase of cognitive impairment or dementia
compared to controls [44].

These data suggest that early estrogen deficiency has deleterious effects on the
brain and correlates with nervousness, anxiety, depression, irritability, lack of con-
centration, insomnia, restlessness, etc. in POI.
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11.7.5 Urogenital Function and Sexuality

Vaginal dryness, painful intercourse, vulvar pruritus, burning and discomfort, and
recurrent urogenital infections are induced by hypoestrogenic effects on vagina,
vulva, bladder, and urethral epithelium and changes in pH [45].

POI patients showed worse sex performance with more pain and poorer lubrica-
tion than controls, suggesting that estrogen and testosterone therapy can be useful
in reestablishing epithelium cells, vaginal pH, and microflora.

Changes in body shape, body image concerns, gaining of weight, and psycho-
logical changes may impair the sense of attractiveness. Young age and distressing
impact of such a life-changing as well as symptomatic vulvovaginal atrophy and
hypoactive sexual desire modulate central and peripheral sexual response [46].
Hypoestrogenism influences sexual pathways and increases the risk of sexual dys-
function two- to eightfold in POI [47].

11.7.6 Infertility

Information that oocyte donation is the only option for fertility in women with POI
makes them shocked, devastated, feel worthless, and confused. Is it really the truth? It
is not always the only truth, and we have to be more empathetic to POI patients. They
should be informed that there is a small chance for spontaneous pregnancy, or medi-
cally supported pregnancy. As well, they have to be reassured that their pregnancy will
not show any higher obstetric or pathological risk than in general population.

In the menopausal women 1 year after the last menstruation, about 1000 oocytes
are still present in the ovaries. Some of them are of good quality but most are not.
Successful pregnancy rate after in vitro fertilization (IVF) with oocyte donation is
not optimal due to underdiagnosed endometrial endocrine, immunological, and
hematological disorders.

Van Kesteren YM et al. showed that nearly three out of four women with POI
have ovarian follicles remaining in the ovary [48]. Study of Letru-Konirsch H et al.
showed that endometrium previously prepared with adequate doses of estradiol and
progesterone combined with pentoxifylline and tocopherol resulted in 30-50%
pregnancies with fresh embryos and 15-25% with frozen thawed embryos [49].
Conventional substitution of estradiol in POI is not sufficient for inducing dominant
follicle growth and adequate endometrial responsiveness. In order to create optimal
endocrine milieu for remaining follicle growth, we suggest higher doses of estradiol
trying to decrease FSH to 10-15 TU/L [50]. Clinical study on 376 POI patients with
pregnancy rates of 18% allowed us to suggest the following: In a case that during
6 months no dominant follicles were obtained and FSH value was 10-15 IU/L (day
2), the best solution was oocyte donation. Well-estrogenized brain of POI women
allowed them to accept this solution even more having in mind that all other tissues
are well prepared, especially endometrium.

Estradiol actions are mediated via genomic and nongenomic pathways. Estradiol
receptor alpha promotes mitogenic activation and proliferation, while ERp protects
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endometrium from the undesired action of ERa. It improves vascularization and
endometrial flow; sensitizes and differentiates granulosa cells; stimulates endome-
trial proliferation, myometrium receptivity, and production of the cervical mucus;
and directly influences immune response. Estradiol receptors are expressed in vari-
ous lymphoid tissue cells, lymphocytes, macrophages, and dendritic cells.

Estradiol downregulates FSH receptors and luteinizing hormone receptors. It
increases the response of FSH and number of LH receptors previously induced by
FSH. One of the important estradiol therapy goals is to decrease the high endogenous
FSH. Chronic elevation of FSH downregulates granulosa FSH receptors. Premature
ovarian insufficiency is not a failure but rather an intermittent and unpredictable ovarian
function that can persist for decades. Tonic elevation of LH causes premature luteiniza-
tion of growing antral follicles [51]. Estroprogestogen therapy may restore FSH recep-
tors and may enhance the ability of ovarian follicles to avoid premature luteinization.

Optimal concentrations of estradiol and progesterone are crucial for early steps
of embryo implantation and development. Successful implantation requires mother-
embryo cross talk and coordination of embryo development with endometrium
receptors. Four major phases of endometrium transformation make transcriptome
signature. Preimplantation inhibitory factors were secreted in 77.6% of all success-
ful implantation. Estradiol/progesterone ratio plays a critical role in embryo recep-
tivity by the endometrium. Hyperinsulinism decreases the number of insulin
receptors, IGF-1 receptors, IGFBP-1 receptors, and SHBG. PAI-1 inhibits plasmin-
ogen activators and fibrinolysis and potentiates thromboembolic effect. Stressors
induce the increase of corticotropin-releasing hormone (CRH), adrenocorticotropin
hormone (ACTH), prolactin, and cortisol and decrease prostaglandin, E2 release,
angiotensin II, nitric oxide, acetylcholine, and serotonin-potentiated vasoconstric-
tion. Also, growth hormone and thyroid hormone are required [52].

Trypsin, a serin protease, released by preimplantation embryos, elicits Ca 2* sig-
naling in endometrial epithelial cells. Competent human embryos trigger short-lived
oscillatory Ca 2* fluxes inducing genes involved in implantation and postimplantation
development. Low-quality embryos caused a heightened and prolonged Ca 2*
response. The decidualizing endometrium secretes serine protease inhibitors to limit
embryo-derived proteolytic activity. The acquisition of the secretory phenotype upon
decidualization depends on the massive expansion of estrogen receptors [53].

Insulin resistance and hyperinsulinism induce obesity and increase androgens
and plasminogen activator inhibitor. It decreases glycodelin, insulin-like growth
factor-binding protein 1 (IGFBP 1), and uterus vascularity, decreasing endometrium
receptivity.

As well, thyroid function has to be tested. Suggested TSH value is 1-2.5 mmol/L
in order to prepare endometrium for embryo implantation. During any kind of ther-
apy for thyroid gland (hyper- or hypothyroidism), TSH has to be detected once
monthly. Also, detection of antinuclear antibodies, anticardiolipin antibodies, and
thrombophilia (Leiden V, FII, MTHFR, PAI mutations) is suggested in order to
improve endometrium receptivity and prevent miscarriages.

DHEA is converted to estradiol, which suppresses FSH. Increase of testosterone
production by early follicles stimulates androgen receptors allowing more preantral
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follicles to progress to more mature antral follicles [54]. It induces antral follicle
growth and increases follicle sensitivity to gonadotropins and endometrium recep-
tivity. A Cochrane systemic review concluded that DHEA and its derivate testoster-
one may improve live birth rates.

Ovarian tissue cryopreservation can be performed in prepubertal girls at risk of
POL. This procedure is feasible and safe compared to other operative procedures in
children [55].

Receptors for melatonin are present on theca cells. Three times higher melatonin
concentration was found in preovulatory follicle compared to serum concentration.
In the presence of human chorionic gonadotropin, melatonin has a putative role
decreasing cAMP, estradiol, and progesterone in preovulatory follicle. It inhibits
gonadotropin-releasing hormone (GnRH), decreases response of LH to LHRH,
increases GABA and prolactin, prolongs cortisol peak during the night, and inhibits
TSH and growth hormone. The study of Dragojevic Dikic S. showed favorable
effects of melatonin on the fertility rate in POI women [56].

11.8 Diagnosis of POI

— History taking (menarche, menstrual regularities, oligo/amenorrhea, hot flushes,
mood swings, anxiety, depression, loss of concentration, insomnia, loss of libido,
dyspareunia, etc.).

— Analysis: Blood count, glycemia, lipid profile, liver analysis, electrolyte sta-
tus, HgbAlc.

— Hormones: FSH, LH, estradiol, AMH, inhibin B, prolactin, free thyroxin,
thyroid-stimulating hormone (TSH), free testosterone, androstenedione,
DHEAS, vitamin D.

— Thrombophilia and immunological testing: Leyden V, FII, MTHFR, PAI, anti-
nuclear antibodies, anticardiolipin antibodies, anti-TPO, anti-TG, lupus
anticoagulants.

— Oral glucose tolerance test (OGTT) is performed after 12-h starvation at § am
with 75 g of glucose orally ingested, and measurement of glucose and insulin on
30-min interval during 2 h has to be done. HOMA index is less sensitive and
specific compared with area under the curve, calculated in OGTT for testing
insulin sensitivity.

— Ultrasound of thyroid gland, breasts, abdomen, uterus, and ovaries (total ovary
volume, antral follicle count).

— Karyotype, especially for younger than 30 years of age.

— Osteodensitometry (DEXa) for those who are not planning pregnancy soon.

AMH can be undetectable 5 years before periods cease. No diagnostic cutoffs
have been established, but it is used as one of the diagnostic tools for POI [57]. It
appears to be a stronger predictor of ovarian response to gonadotropin therapy than
antral follicle count in assisted reproduction treatment.
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11.9 Differential Diagnosis

The most important differential diagnosis is resistant ovary syndrome, characterized
by elevated FSH, LH, normal AMH, and antral follicle count. The ovaries are unre-
sponsive to endogenous and exogenous FSH due to genetic or immunological inac-
tivation of FSH or LH receptor [58].

11.10 Therapy of POI

Hormone therapy in POI patients facilitates the development of secondary sexual
characteristics (including uterine growth in prepubertal girls with primary amenor-
rhea). Barriga PP et al. suggested in a case that no spontaneous menarche occurs
and elevated FSH is detected in children 12-13 years of age therapy with
17B-estradiol (E,) has to be initiated transdermally 6.25 pg/day E, via patch or
transdermal aerosol: 3.16 mg mg/day or gel 0.5—-1.5 mg/day, or oral micronized E,:
5 pg/kg/day, or E, valerate 0.25 mg/day. Gradual increase of therapy with 6-month
intervals is suggested. After 2 years of estradiol therapy, or when breakthrough
bleeding occurs, cyclical progestogen has to be initiated during 10-14 days of the
month: oral medroxyprogesterone acetate 5-10 mg/day, or oral micronized proges-
terone 100-200 mg/day, or dydrogesterone 5—10 mg/day, or nomegestrol acetate
5-10 mg/day, or desogestrel [59].

Hormone replacement therapy alleviates typical symptoms, improves quality of
life, creates favorable hormonal environment for pregnancy, and minimizes long-
term effects. Replaced hormones should be identical to those that are missing. The
aim of estroprogestogen therapy would be to achieve relatively physiological levels
of estradiol (200400 pmol/L). Non/oral estrogen delivery routes offer advantages
in regard to avoiding first-pass hepatic metabolism and minimizing prothrombotic
effects. The estrogen doses should be generally higher than used in natural meno-
pause. Combined oral contraceptives may be used until the expected time of the
menopause [60].

The role of progestogens in the therapy of POI is very often advised only to
women with uterus. We would like to accentuate that progesterone receptors A and
B are present in all blood vessels inducing many changes from the brain to all other
tissues. Progestogens balance with estrogens and imitate “natural cycles.” Confusion
arose due to usage of different kinds of progestogens in therapy. Today, we prefer to
use natural progestogens vaginally, orally, and transdermally. Micronized proges-
terone is superior for insulin resistance and HDL improvement. Vaginal micronized
progesterone may have the benefit of achieving higher levels within the uterus with
lower doses compared to oral.

Other therapy regimens in POI patients include testosterone, DHEAS, melato-
nin, metformin, myoinositol, L-carnitine, etc. The free radical theory of aging
describes that oxidative stress leads to changes in the ovarian microenvironment and
these changes account for the ovarian senescence and decrease of ovarian reserve.
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Vitamin C, N-acetyl-L-cysteine, curcumin, coenzyme Q, proanthocyanidin, caloric
restriction mimetics, regulators of glycolytic metabolism, inhibitors of insulin/
IGF-1 signaling pathway, inhibitors of mTOR pathway, epigenetic regulators (small
molecule inhibit DNA methylation and histone acetyltransferases or noncoding
RNASs), sirtuin activators and resveratrol, microRNAs, telomerase activators were
suggested in some studies [61].

Nonhormonal pharmacological options (paroxetine, venlafaxine, gabapentin,
oxybutynin, and clonidine) should be advised only for the alleviation of vasomotor
symptoms where hormone therapy is contraindicated. Myoinositol, in combination
with other therapeutic modalities, additionally improves fertility rate in POI [62].

11.10.1 Cardiovascular Effects

Estradiol therapy has antioxidative effects, by increasing the levels of endothelial
nitric oxide synthase and production of nitric oxide regulating blood pressure, plate-
let function, vascular smooth muscle proliferation, and expression of adhesion mol-
ecules. It reduces the release of endothelin-1, a potent vasoconstrictor, exerting
anti-inflammatory effects on blood vessels. Estradiol therapy improves arterial
function, heart rate variability, and baroreceptor sensitivity. It modulates arrhythmia
vulnerability. Slopes are more steeper, and QT dynamics are impaired in
POI. Canpolat U et al. showed that therapy with 17p-estradiol could exert an antiar-
rhythmic effect by inhibition of Ca 2* channels [63]. Data obtained with ambulatory
blood pressure monitoring on transdermal estradiol and drospirenone are concor-
dant with definitively positive effects on blood pressure compared to control group.
Secondary hypertension in POI can be induced by:

. Low estradiol levels, changed ratio of E2/testosterone

. Genes (renin-angiotensin system, adrenergic system, eNOS, adducin-1, estrogen-
related aromatase)

3. Relative hyperaldosteronism inducing prothrombotic activity, endothelial dys-

function, autonomous nervous system dysfunction

DN =

Daan NMP et al. [64] found decreased glomerular filtration rate in POI. Estradiol
therapy increases natrium excretion, improves baroreceptor function, prevents vas-
cular fibrosis, improves diastolic function, decreases blood pressure and ventricular
ectopic activity, inhibits mitochondrial reactive oxygen species in cardiomyocytes,
and decreases mortality rate from ischemic heart failure. Goldmeier S found signifi-
cantly lower catalase and superoxide dismutase, markers of autonomous dysfunc-
tion in POL. It changes heart rate variability, baroreceptor sensitivity, and dispersion
of repolarization [65]. The National Institute of Health’s study of transdermal estro-
gens 100 pg/day with medroxyprogesterone acetate 10 mg/day during 12 days
monthly showed decrease in cardiovascular risk factors, including LDL levels,
fibrinogen, and blood pressure [66].
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11.10.2 Metabolic Effects

Estrogen therapy has beneficial effects on the metabolism of glycose improving
insulin sensitivity. Oral estrogen effects are more pronounced compared with trans-
dermal estrogen. These effects can be impaired by addition of androgenic progesto-
gens (norgestrel, medroxyprogesterone acetate), while nonandrogenic progestogens
do not have these unwanted effects. Estroprogestogen therapy reverses changes of
body fat distribution by increasing the levels of endothelial nitric oxide synthase and
production of nitric oxide. It regulates eating behavior, increases lipolytic adrenalin
effects, decreases oxygen peptides, and protects from hepatic steatosis.

Hyperinsulinism increases LH directly in the pituitary. Treating insulin resis-
tance with metformin alters energy metabolism in cells. It lowers glucose levels by
inhibiting hepatic gluconeogenesis and opposing the actions of glucagon. The pri-
mary site of metformin action is mitochondria. The inhibition of mitochondrial
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 leading to defective cAMP
protein kinase A (CAMPK) signaling on glucagon 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 path-
ways. 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 hyper-
plastic endometrial tissue inducing GLUT4 expression and inhibiting androgen
receptor expression [67].

Metformin suppresses food intake by increasing the levels of glucagon-like pep-
tide 1 and interaction with ghrelin and leptin on the T cell memory by altering fatty
acid metabolism [68].

Insulin resistance, with increasing LH in the menopause, participates in adrenal
tumorigenesis showing us that early detection and treatment of insulin resistance
can be protective for many diseases [69].

11.10.3 Osteoporosis

Ethinyl estradiol has a more potent effect on bone markers. It suppresses gonadotro-
pins profoundly. Estradiol may be preferable to the combined oral contraceptive pill
(COCP) in women with POI with regard to the bone health (increased bone forma-
tion and decreased resorption). Therapy with estradiol increases osteoprotegerin
(OPQG), secreted by osteoblasts, which inhibits RANKL [41].

Therapy with 100 pg/day of transdermal estradiol and 10 mg MPA during
10 days monthly during 3 years makes no differences compared to bone mineral
density in normally cycling control group. Prompt treatment of POI with estropro-
gestogens prevents osteoporosis and fractures. Bisphosphonates are not indicated in



11 Premature Ovarian Insufficiency 171

POI patients. Given the extremely long half-life of bisphosphonates, there is con-
cern regarding the safety of this class of drugs in POI planning pregnancy [70]. Low
bone mass in women with primary ovarian insufficiency is managed most appropri-
ately with HT.

11.10.4 Brain Effects

Luine FN et al. found that estradiol promotes neuronal growth, survival, transmis-
sion, myelinization, neural plasticity, dendritic branching, function, and synapto-
genesis and improves cognitive function [43]. Cognitive decline and increased
incidence of Alzheimer’s diseases in women with early age at surgical menopause
were found in a study of Bove R et al. [71]. Estroprogestogen therapy reduces the
possible risk of cognitive impairment.

11.10.5 Sexuality

Sexual problems cannot be completely resolved only by estroprogestogen therapy
in majority of women [45]. Estrogen therapy maintains vaginal elasticity and opti-
mal length. In reproductive years, endogenous production of testosterone is 300 pg
daily (50% by ovaries and 50% by adrenal glands). It is advised in women with
hypoactive sexual desire and bilateral adnexectomy. Testosterone has an initiating
role in desire and central arousal, acting on the dopaminergic tone and modulating
peripheral actions as a permitting factor for nitric oxide, the main mediator of clito-
ral and cavernosal bodies’ congestion. Both estrogens and androgens influence
brain and genitourinary physiology requiring both hormones in therapy for well
sexual functioning [46]. With 30 years’ experience with testosterone gels in Europe,
transdermal testosterone for women can be added to those with hypoactive sexual
desire and adnexectomy. It is very important for feelings of well-being, energy, and
sexuality. Meta-analysis of testosterone levels performed in different types of spon-
taneous POI, including 529 women compared to 319 controls, showed that POI
women had significantly lower testosterone levels than controls [72]. They require
a physiological dose of 5 mg/day (compared to 50 mg/day in men).

Wong QHY et al. showed beneficial effects of DHEA supplementation during
12 months in POI [73].

There were insufficient data to make a recommendation for the use of oral DHEA
to improve female sexual desire by recent global consensus position statement [74].

11.10.6 Infertility

Natural or modified cycles with estroprogestogens represent first-line therapy with
the aim to decrease FSH from 10 to 15 IU/L [50]. Low-dose human chorionic
gonadotropins can be advised in grade I POI [75].
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Higher estradiol dose therapy, with progesterone in the luteal phase, restores
normal ovulatory activity, increases oocyte and egg quality, increases fertilization
rate, proposes selective serotonin reuptake receptor-like role and growth and sur-
vival of cells, and increases insulin sensitivity and HDL.

With increasing estradiol doses in order to induce follicle growth, our team con-
firmed higher rate of pregnancy than usually referred (5%) at 18% [76]. It is impor-
tant to stress that contraception can be achieved with hormone menopause therapy
but at the age of natural menopause, not 2 years after initiating therapy.

Clomiphene citrate has no proven benefits.

Depending on immunological and hematological findings, methylfolate, aspirin,
and pronison can be added in therapy. During pregnancy, depending on D-dimer,
low-molecular-weight heparin is advised.

Other therapeutic modalities include prednisone (4 x 25 mg 4 weeks) for autoim-
mune POI, plasmapheresis in myasthenia gravis, pentoxifylline-tocopherol, apoptotic
inhibitors, sphingosine 1-phosphate, autotransplantation, and xenotransplantation.

Ljubic A et al. showed principles of autologous ovarian in vitro activation with
ultrasound-guided orthotopic re-transplantation [77]. Rosatio R and Anderson RA
described the activation of residual primordial follicles and therapy with platelet-
rich plasma [78]. Folliculogenesis was detected in women with POI treated with
mesenchymal stem cells extracted from bone merrow, peripheral blood mononu-
clear cells, adipose tissue, placenta, umbilical cord, and menstrual blood.

Meta-analysis of 24 papers, on 892 women with pelvic irradiation due to malig-
nancies who had ovarian transposition, showed significant preservation rate. Adult
ovaries preserve rare numbers of oogonial stem cells that can stably proliferate for
months and produce mature oocytes in vitro. Injection of labeled OSCs into mouse
ovaries leads to differentiation of these cells into mature oocytes that are ovulated
and fertilized and generate viable neonates [79]. Liu et al. showed that mesenchy-
mal stem cell properties and in vivo survival of human endometrial stem cells make
them ideal seed cells for stem cell transplantation in the treatment of POI [80]. A
Cochrane systemic review concluded that DHEA and its derivate testosterone may
improve live birth rates.

11.11 Risks of HRT and POI
11.11.1 Breast Cancer

HRT does not affect breast density in women with spontaneous POI [81]. In a sys-
temic review of 15 publications addressing this question, 5 demonstrated an asso-
ciation between oral contraceptive pill use of at least 5-10 years and breast cancer,
whereas the remaining 10 demonstrated no such association [82]. Meta-analyses
have demonstrated no association between long-term oral contraceptive pill use and
breast cancer risk when pooling estimates of multiple studies [83]. Other studies
confirm the absence of an increased risk for breast cancer in women with POI taking
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HRT [84]. Only combined regimens should be used in women with POI and an
intact uterus, although as this is so well established in women with natural meno-
pause there are no studies specifically addressing this in women with POI. In young
women with POI, Gordhandas S et al. showed the benefits of prophylactic risk-
reducing bilateral salpingo-oophorectomy in women carrying the BRCA1 and -2
genes, which do not appear to be mitigated when HT is added back as long as the
individual does not have a past history of hormone receptor-positive breast cancer
[85]. Latest studies of Carroll J showed that progesterone receptors and androgen
receptors impinge estrogen receptors’ transcriptional activity, and cross talk between
different nuclear receptors is important [86]. This observation markedly supports
the importance of adding progesterone, and, when necessary, androgens to women
after hysterectomy during the menopause. Hyperinsulinism in hypoestrogenic envi-
ronment during the menopause additionally lowers progesterone levels and can trig-
ger breast carcinoma in patients with genetic predispositions. Our attention has to
be paid to decreasing insulin levels in POI and natural menopause.

11.11.2 Stroke, Venous Thromboembolism

The absolute risk for stroke is extremely low, with no studies on the effect of HRT
treatment. Only one study assessed the risks of venous thromboembolism (VTE) in
women with POI, finding no significant association between first VTE and HRT
use. Estrogen therapy should be delivered transdermally in women thought to be at
increased risk, as first pass is avoided, mainly in women with natural menopause
[87]. Transdermal is the preferred route for delivery of estradiol in women with POI
at increased risk of VTE. Those with prior VTE or a thrombophilic disorder can be
referred to a hematologist prior to commencing HRT.

11.11.3 Endometriosis

Endometriosis is a lifelong, inborn, autoimmune disease. Estroprogestogen ther-
apy in the POl is needed. As it is an estrogen-dependent disease, the use of estro-
gen replacement therapy in women with endometriosis and POI (for instance,
after hysterectomy and adnexectomy) could theoretically reactivate residual dis-
ease, produce new lesions, or even lead to malignant transformation of endome-
triosis. Dunselman et al. suggested oophorectomy as an option for improving
pain related to endometriosis [88]. However, endometriotic tissue can be found
anywhere in the body. Our suggestion is estroprogestogen therapy in all women
with POI. In our group of women with endometriosis and POI, no increasing
endometriotic cysts or neoplasm was found in a group of 648 women. Continuous
combined estrogen/progestogen therapy can be effective for the treatment of
vasomotor symptoms and may reduce the risk of endometriosis reactivation after
oophorectomy.
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11.11.4 Migraine

Migraine is not a contraindication for HRT use in women with POL. Changing dose,
route of administration, or regimen may help if migraine worsens during
HRT. Transdermal delivery may be the lowest-risk route of administration of estro-
gen for migraine sufferers with aura.

11.11.5 Fibroids

Two systematic reviews of postmenopausal women showed no significant increase
in clinical symptoms or adverse effects associated with fibroid growth after HRT
use [89]. Fibroids are not a contraindication to HRT use by women with POI.

11.12 Conclusion

Individual approach is necessary, and yearly hormone level control is necessary in
order to optimize dosages in POI patients. Hormone therapy is not age limited and
can be lifelong. It has to be individually tailored, with appropriate dosages and route
of administration [90]. Excluding estroprogestogen therapy after the age of 55
abruptly increases cardiovascular diseases in the first year of discontinuation. After
the age of 60, transdermal route of administration is preferable.

e Women with primary ovarian insufficiency may experience hot flushes, night
sweats, vaginal dryness, dyspareunia, and disordered sleep.

e In women with primary ovarian insufficiency, systemic hormone therapy (HT) is
an effective approach and first-line therapy to treat the symptoms of
hypoestrogenism.

e Hormone therapy is indicated to reduce the risk of osteoporosis, cardiovascular
disease, and urogenital atrophy and to improve the quality of life.

e Combined hormonal contraceptives prevent ovulation and pregnancy more reli-
ably than HT.

e For a woman who prefers noncontraceptive estrogen replacement and wants
highly effective contraception, insertion of a levonorgestrel intrauterine device is
preferable to oral progestin therapy.

POI patients should maintain a healthy lifestyle, balanced diet, physical activity,
and good sleeping habits and avoid smoking. Continuation of therapy thereafter
should be based on discussion with the patient in the light of current evidence
regarding risks and benefits in women taking

It should, therefore, be a public health priority that healthcare professionals are
given adequate education and resources to identify the women at risk at an
early stage.
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12.1 Signs and Symptoms of Menopause

Menopause generally occurs at around 51 years of age, with an age range varying
between 40 and 60 years. The World Health Organization (WHO) defines menopause
as the permanent cessation of menses due to the loss of ovarian follicular activity.

The three stages of perimenopause set by “Stages of Reproductive Aging
Workshop” (STRAW) are:

* Early menopausal transition (early perimenopause), distinguished by an irregu-
lar cycle

* Late menopausal transition or late perimenopause, distinguished by an interval
of amenorrhea >60 days in the previous 12 months

» Early postmenopause, the first year following the final menstrual period (FMP) [1]

Midlife and menopausal transition are often perceived as a period of crisis
because menopause’s symptoms can be very distressing.

This condition added to the perception that declining mental and physical status
might cause indirect health problems [2] and affect women’s personal, social, and
work lives. However, many women live this period without adverse implications [3]
and perceive menopause as a natural stage of life.

Worst menopausal symptoms arise during the perimenopause phase: vasomo-
tor symptoms, sleep disorders, and depression. Long-term manifestations of sub-
stantial estrogen decline are urogenital atrophy, skin aging, osteoporosis, and
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sarcopenia, which might develop during the postmenopausal period. Vasomotor
symptoms affect approximately 75% of women; they complain of hot flashes and
sweating, which can be very stressful [4]. Hot flashes usually begin 2 years before
the FMP and continue for 4 years after the FMP in approximately half of the
women [5].

40-60% of menopausal women complain of sleep problems, particularly noctur-
nal awakenings [6, 7]. Insomnia, the leading sleep disorder, can be a primary disor-
der related to vasomotor symptoms, mood upsets, and psychosocial aspects. It can
also underlie other sleep disturbances, such as obstructive sleep apnea or restless leg
syndrome [8].

Loss of ovarian function causes a redistribution of body fat denoted by the accu-
mulation of primarily visceral at the trunk, and one of the major complaints from
women is increased weight [9, 10].

There is evidence that in obese women going through menopause, weight loss
may reduce hot flashes, cardiovascular disease (CVD) risk, diabetes, urinary incon-
tinence, and dementia [11, 12]. Visceral adipose tissue is an independent cause of
CVD [13]. In women after menopause, the risk of cardiovascular adverse events
increases [14, 15].

Indeed, estrogens mediate several functions in the vascular district to slow down
the initiation and progression of atherosclerosis; they also improve vascular func-
tion, maintain and repair endothelium, and have antioxidant and anti-inflammatory
properties. However, the considerably reduced exposure to these hormones during
menopause might hurt endothelial cell growth [16].

Genitourinary syndrome of menopause (GSM) typically manifests 4-5 years
after menopause. It includes vaginal dryness, dyspareunia, vulvar itching and burn-
ing, dryness, loss of lubrication, and entry dyspareunia. These symptoms can cause
loss of libido and sexual decay. A change in sexual desire characterizes the meno-
pausal transition, and it is reported that at this stage of a woman’s life decrease in
sexual desire does not depend on age. However, it is more complained between
20 months before and 1 year after the FMP [17-19].

Urinary symptoms comprise recurrent urinary tract infections, dysuria, inconti-
nence, and voiding issues [20]. Many studies have proved that menopausal transi-
tion per se is not a determinant of urinary incontinence; the risk increases with
obesity and parity, whereas the risk of urge urinary incontinence advances with
age [21].

One of the significant health issues caused by menopause is the loss of bone
density, which can cause osteoporotic fractures when symptomatic. This change
seems to occur mainly from late perimenopause and remain silent early. Osteoporosis,
a postmenopausal disturbance, is a degenerative disorder that weakens bones. It is
characterized by reduced bone mineral density (BMD) and modified bone structure;
the cortex becomes thin and porous, and trabeculae lose their connective structure.
All these changes increase the risk of fractures [22]. The rapid bone loss starts in the
first 3-5 years after menopause and mainly involves trabecular bone tissue. It
involves cortical bone in 10-20 years [22].
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Many studies have shown that women suffering from perimenopausal symptoms
might develop other health issues in the postmenopausal period. For example, vaso-
motor symptoms like hot flashes might develop a higher cardiovascular risk. Indeed,
women who suffered from frequent hot flashes, as compared to women who did not
report this symptom, were found to have a higher carotid intima-media thick-
ness [23].

Women with vasomotor symptoms and endothelial dysfunction during early
postmenopause might be more likely to develop hypertension at late postmenopause
[24]. In addition, the link between vasomotor symptoms and a procoagulant hemo-
static profile has also been highlighted, and this might improve the risk of venous or
arterial thrombosis [25].

Also, sleep disturbances might increase cardiovascular risk. Indeed, they have
been associated with a more significant degree of calcification in the aorta and
increased carotid atherosclerosis in midlife women [26, 27].

Finally, bone tissue degenerates more in menopausal women with vasomotor
symptoms who have a lower spine and femoral neck BMD, and menopausal women
with vasomotor symptoms have an increased risk of hip fractures [28].

12.2 When to Start Menopause Hormone Therapy?

Nowadays, the postmenopausal period includes a third of a woman’s lifetime, con-
sidering the life expectancy of women in developed nations. The reducing sex ste-
roid hormones is a critical consequence of normal aging and loss in gonadal
function, and it could affect hormone-responsive tissues, including bone, cardiovas-
cular system, and the brain. So how could women pass through this life phase? The
key for living better and longer should be slowing the aging process down: the best
and tailored management of menopausal symptoms is required for improving health
and quality of life.

Estrogen withdrawal is the primary pathophysiological mechanism that explains
the symptoms of menopause. That is why various estrogenic formulations are pre-
scribed as hormonal treatment, which remains the best therapeutic option.
Progesterone is used with estrogens in combined therapy in non-hysterectomized
women to protect against the consequences of systemic therapy with just estrogen
[29]. The rationale is to treat symptomatic women [30].

Absolute contraindications to menopausal hormone therapy (MHT) are estrogen-
sensitive diseases (like breast or endometrial hyperplasia and cancer), severe active
disease of the liver, coronary diseases, stroke, dementia, personal history, or inher-
ited high risk of a thromboembolic condition, hypertriglyceridemia [31].

Most women with moderate-to-severe symptoms and a negative impact on qual-
ity of life must consider MHT [32]. Women with mild symptoms generally do not
ask for hormone therapy. Vasomotor symptoms are the most common indication for
the use of postmenopausal estrogen therapy [4].

MHT can also be useful when sleep disorders are related to nocturnal hot flashes,
anxiety, or depression [33] or GSM, which negatively impacts women’s quality of
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life and relational skills [17, 34, 35]. If vulvovaginal atrophy is the only symptom,
low-dose vaginal rather than systemic estrogens are the most suitable therapeutic
choice. Moreover, low-dose vaginal estrogens can improve sexual function and treat
GSM symptoms, which is why they are often associated with systemic hormonal
therapies in patients who also suffer from vasomotor symptoms. In this case, vagi-
nal estrogen may be continued indefinitely [34].

If the woman has no contraindications to therapy and is not symptomatic, MHT
may also be applied to prevent osteoporosis. If the effect of MHT is mainly preven-
tive in perimenopausal years, it is necessary for bone maintenance in postmeno-
pausal years. However, this preventive effect is probably attenuated if the therapy is
started after 60 years of age [36].

The age when to start MHT is a critical factor. Scientific evidence shows that
the ratio of benefits and risks for MHT is most advantageous within the first
10 years of menopause. When started during this “window of opportunity,”
MHT has long-term protective effects. Systemic MHT is considered a safe
option for healthy women. It is advised for the symptomatic ones under the age
of 60, or in any case within 10 years from the onset of menopause, after exclud-
ing contraindications. It has been proved that starting MHT is advantageous for
cardiovascular risk in healthy early menopausal women but not in older women
with different CVD risk factors [37, 38]. The beneficial vascular effects of estro-
gen are lost at later phases of more complex atherosclerosis, and this may lead
to plaque rupture and thrombosis [39].

In the ELITE study (Early versus Late Intervention Trial), MHT based on estra-
diol resulted in a relatively slower advance of carotid artery intima-media thickness
than placebo, but exclusively in women who started MHT less than 6 years after
menopause [38]. This evidence indicates that MHT stops atherosclerosis and CVD
development when initiated early after menopause, so the earlier the MHT is started,
the smaller the cardiac mortality risk is. This rationale is relevant since atheroscle-
rotic changes start to develop already in premenopausal age; thus, the findings align
with the “window of opportunity” theory.

It is crucial to start treating healthy early menopausal women (<6 aa) to
address the emerging symptoms of menopause immediately. These women may
require a medium starting dose of oral (from 0.625 mg/day to 1-2 mg/day of
conjugated equine estrogen—CEE) or transdermal estrogens (patch with 50 mg/
day of estradiol—E2; gel with 1-2 mg/day E2) combined with applicable doses
of progestogens in a sequential or continuous regimen for endometrial protec-
tion [31].

12.3 Benefits and Risks of Hormone Therapy

MHT effects on female organisms have been widely studied over the years. The
therapy can positively or negatively affect different systems, which should drive the
choice towards the best option.
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12.3.1 Cardiovascular System and Metabolism

The relationship between MHT and CVD risk is complex. It depends on individual
health status, chronological and menopausal age, route of delivery of estrogens, and
dose and type of progestogen used.

It is commonly accepted that MHTs with estrogen alone or combined with pro-
gestogens are not associated with cardiovascular complications in women with a
short time between menopause and the starting of MHT, independently from the
chronological age. In the Women’s Health Initiative (WHI) clinical trial, the hazard
ratio (HR) for coronary heart disease was 0.76 in women with less than 10 years
since menopause (YSM), 1.10 for women with 10 to less than 20 YSM, and 1.28 for
women with more than 20 YSM [40]. More difficult is to define whether MHT
could be protective against CVD risk. Some long-term studies showed that healthy
postmenopausal women who started MHT early after menopause had better out-
comes for myocardial infarction, death, and heart failure [41, 42]. On the contrary,
older women starting MHT may already have CVD risk factors that can worsen
with the therapy [43]. So, as previously defined, it is essential to evaluate the time
since menopause onset when prescribing an MHT. This comprises the definition of
“window of opportunity” that we previously described.

Lower risk of CVD may be obtained by administering estrogens by a transder-
mal or vaginal route, maybe because they affect less liver-derived coagulation fac-
tors. Even when combined with progestins, transdermal estrogen therapy is
associated with a lower risk of stroke, myocardial infarction, deep venous thrombo-
sis, and other CVD than oral estrogen-only or combined therapy [44, 45]. Vaginal
E2 seems to be beneficial and safe, too [46]. The WHI observational study showed
that the risks of coronary heart disease and all-cause mortality among users of vagi-
nal estrogens were lower than those in nonusers. The incidences of stroke and
thromboembolic events were similar [47].

The type of estrogen and progestogen used may affect the risk of CVD, too.
Usually, CEE is associated with a higher risk than oral E2 [45]. Moreover, combina-
tions containing medroxyprogesterone acetate (MPA) and norpregnanes (such as
nomegestrol acetate and promegestone) seem to be associated with the highest
venous thromboembolic risk compared to progesterone and pregnane derivatives.
Norpregnane derivatives are also associated with increased stroke risk [31, 45, 48].

In general, an increased risk of coronary events while using MHT is found in
women with dyslipidemia or metabolic syndrome [41, 49, 50], while healthy women
can benefit from a reduction in CVD risk [51]. Also, body mass index (BMI) is
important because it increases the risk of venous thromboembolism [52]. The exclu-
sion of thrombophilic conditions is fundamental to identifying women with higher
risk who may benefit from a transdermal hormone therapy [53].

Other therapies could have no impact on CVD risk. Selective estrogen receptor
modulators like raloxifene and tissue-selective estrogen complex have been shown
to have an excellent cardiovascular safety profile [54—56]. Little data about tibolone
are available. In the LIFT study, tibolone at the oral daily dose of 1.25 mg/day
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caused an increase in absolute risk of stroke, and this risk rose exponentially with
age [57]. On the contrary, the risk of venous thromboembolic events and of coro-
nary heart diseases is not affected by tibolone [54, 57].

Androgens, both with the transdermal and vaginal route of administration, did
not cause any serious adverse event, and they showed to be neutral on lipid profile,
carbohydrate metabolism, and renal and liver function [58, 59].

12.3.2 Central Nervous System

E2 has beneficial effects on the brain, and the drop in estrogen levels after meno-
pause can impact brain functionality. On the contrary, clinical data have been
equivocal and controversial as to the benefits of MHT in the brain of postmeno-
pausal women.

There is no doubt that MHT with estrogen alone or combined with progestogen
is the best treatment option to alleviate vasomotor symptoms when low doses of
estrogen are used. With the improvement of hot flushes, sleep quality also usually
improves [60], particularly when natural progesterone is used [61, 62]. More diffi-
cult is to define the effects on cognition and mood.

Women using MHT, particularly those undergoing surgical menopause, usu-
ally perform better than nonusers on cognitive skills. However, the possible ben-
eficial effects may be evident in women starting MHT early after menopause,
while those starting therapy a long time after menopause usually claim worse
cognitive function. As for CVD, the first studies suggested that also for brain
function, there may be a “window of opportunity” to benefit all the positive effects
of MHT [31, 63, 64].

More recent randomized clinical trials have shown contrasting results. Some
studies have shown that MHT negatively affected cognition in women starting treat-
ment early after menopause [65-67]. A recent analysis, on the contrary, found that
the most significant benefits of estrogen or estrogen-progestogen therapy were
obtained starting treatment within 5 years of menopause and that, when initiated
later, MHT still produced beneficial effects compared to never users. In this study,
MHT proved to be protective against Alzheimer’s disease [68]. However, the rela-
tionship between MHT use and Alzheimer’s disease remains to be confirmed.

As for mood, some studies tried to clarify whether E2 supplements may be ben-
eficial or not against depression. The KEEPS trial showed that CEE associated with
cyclic progesterone improved depressive symptoms compared to placebo [66].
Recently, promising results emerged also for transdermal E2 [69]. The progestin
component of MHT, its dose, and route of administration may influence this antide-
pressant effect of E2 [31].

Regarding androgen compounds, dehydroepiandrosterone (DHEA) supplemen-
tation can generally improve cognitive function, mood, memory, and feeling of
well-being thanks to the stimulation of the synthesis of neuroactive steroids and
neuropeptides (i.e., f-endorphin) [70].
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12.3.3 Bone

Estrogen and estrogen-progestogen combinations can prevent all fractures [36, 71—
74] and increase BMD [41, 75]. MHT is the only therapy available with proven
effects on fracture reduction in patients without osteoporosis in early postmeno-
pausal years [76].

Effects on bone have also been studied with other postmenopausal therapies. For
example, raloxifene and bazedoxifene are agonists of the estrogen receptor in the
bone, but their efficacy in reducing fracture incidence is lower, particularly for hip
fractures. On the other hand, at low doses, tibolone can increase BMD and reduce
fracture risk, too; its effect is comparable to classic MHT [31].

12.3.4 Cancer

It is difficult to define a causal link between MHT and breast cancer. In the WHI study,
a slightly increased risk of breast cancer emerged in women treated with CEE and
progestogen, and a reduced risk was found in those treated with CEE alone [74]. In
general, many authors report an increased risk after MHT, which results in higher risk
mainly in long-term users. However, this negative effect has not been registered in
women younger than 50 years, reassuring all those with primary ovarian insufficiency
[31, 77, 78]. Vaginal estrogens do not increase breast cancer incidence [47].

It is essential to underline that estrogens and progestogens are not cancerogenic
compounds. Instead, the increased breast cancer risk and more advanced cancers may
result from exogenous hormones and a different hormonal balance on existing tumors.
For this reason, appropriate follow-up during MHT should always be done [31].

As for women with breast cancer gene (BRCA) 1/2 mutation, who often undergo
prophylactic bilateral salpingo-ovariectomy in premenopause, the use of MHT, par-
ticularly the estrogen-only MHT, is associated with a neutral or reduced risk of
breast cancer. If progestogens are needed, intermittent progestin withdrawal or
progestin-containing intrauterine device may be used [79, 80].

Studies on ovarian and endometrial cancer risk are consistent but not wholly
conclusive. Endometrial cancer risk can be increased using estrogen-only therapies
in women with a uterus [31]. Ovarian cancer incidence seems to be slightly increased
in current users, particularly the serous and endometroid subtypes. This risk tends
to diminish after discontinuation in a time-dependent manner [81].

12.4 Tailoring Treatment According to Age and Risk Factors

The first step approaching a menopausal woman is to create a benefit-risk profile to
choose the best treatment option. Chronological and menopausal age, cardiovascular
status, BMI, and breast cancer risk must be evaluated. Absolute contraindications must
be excluded. Migraine with or without aura may worsen during MHT, and the lowest
doses of transdermal estrogens with continuous progestogens should be preferred [82].
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Once contraindications are excluded, the phenotype of the woman must be ana-
lyzed. Genazzani et al. [31] described six types of menopausal women: healthy
early or late menopausal women, early or late overweight or obese menopausal
women with metabolic syndrome or hypertension, women undergoing surgical
menopause, and women with premature ovarian failure.

Healthy early menopausal women can take all available MHT. Usually, the first
choice is medium doses of oral or transdermal estrogens, combined with cyclical or
continuous progestogen to protect the uterus. Women with dense breasts may ben-
efit from a tissue-selective estrogen complex. The addition of oral DHEA supple-
mentation may help attenuate some symptoms, like fatigue, depression, and reduced
sexual desire [70, 83].

After 10 years from menopause or at 60 years old, healthy late menopausal
women should be addressed to low-dose or ultralow-dose oral, or preferably trans-
dermal, estrogen therapy. Tibolone can also be used. Natural progesterone in a con-
tinuous regimen should be added to protect the endometrium, if necessary. DHEA
supplementation can be safely used [31].

Due to its lower impact on venous thromboembolism, overweight early postmeno-
pausal women should be addressed to a transdermal estrogen. For the same reason,
dydrogesterone or micronized progesterone should be preferred [44, 45, 84, 85]. In
addition, higher doses of progestogens may assure better protection of the endome-
trium for women with high BMI [86]. Therefore, late overweight menopausal women
should prefer low doses or ultralow doses of transdermal estrogens with or without a
continuous regimen of micronized progesterone or dydrogesterone, as needed [31].

Women undergoing surgical menopause are particularly susceptible to the sud-
den deprivation of hormones. In combination with appropriate doses of progesto-
gen, if needed, medium or high doses of estrogens (oral or transdermal, also
according to risk factors) may be used. In addition, testosterone therapy or DHEA
supplementation may be added to counteract sexual problems [70, 83, 87]. Similar
treatment may be offered to women with primary ovarian insufficiency, whose goal
is to reach physiological E2 circulating levels until an average age of natural meno-
pause [88]. These patients could desire contraception, too, and oral estrogen-
progestin formulations may be used in this case [89].

Topical treatments can be used without restrictions for as long as it is needed if
no contraindication is present. In addition, they can be used alone or combined with
systemic treatments [31].

12.5 How Long Should the Therapy Be Continued?

There is not a definitive moment when to stop MHT. The decision to continue or
discontinue the therapy should be based on the evolution of the health surveillance.
By now, there is not sufficient data about when to halt treatment. On the contrary,
many studies suggest that women receive MHT for long periods without particular
risks [90]. Annual reassessment is mandatory to evaluate if new contraindications
arose and if the therapy goals are met.
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MHT has a protective effect against coronary heart disease that may be relevant
only after several years of treatment, while it is not significant in the first years of
treatment [91]. Moreover, some studies showed that MHT causes continued bone
and metabolic protection [92].

As for dementia, by now, no clinical study has satisfactorily determined the
effect of age versus other causes, like estrogen decrease, on the development of this
degenerative disease. The mortality rates that emerged from the 18-year follow-up
of the WHI study demonstrated a reduced incidence of both Alzheimer’s disease
and dementia in patients treated with conjugated equine estrogen [93]. With long-
term treatments, no robust data about breast and ovarian cancer risk is available.

In summary, women undergoing MHT therapy should attend regular, periodic
examinations, including pelvic exams, cervical cancer testing, and mammograms.
Simply discontinuing MHT at some arbitrary time may not be the best option.
However, women with premature menopause usually undergo hormonal replace-
ment therapies for decades without evident effects on their causes of death, thus
confirming that there is not a precise safest timing of discontinuation [90, 94].

12.6 The Effects of Discontinuation

Annual MHT discontinuation, either immediately or tapered, was a routine clinical
practice to evaluate if a woman could manage menopausal symptoms without ther-
apy. However, the acute withdrawal of MHT effects may be deleterious for cardio-
vascular health. In 2015, Mikkola et al. found that particularly the first year after
discontinuation was characterized by an increased risk for cardiac and stroke death.
These unfavorable effects were particularly evident in women less than 60 years
[95]. Estrogens have a rapid vasodilatory effect; thus, an acute estrogen withdrawal
may result in vasoconstriction of arteries [96]. This may cause potentially fatal
myocardial infarcts or stroke. In addition, younger women may have a higher sensi-
tivity of heart and arteries towards estrogen, a characteristic that may have been
reduced or lost in older women. This may justify the higher risk of death in recent
menopausal women compared to elderly women [95]. These results justify the
hypothesis that MHT should be continued until benefits outweigh the risks, and
annual discontinuation may not be a safe option.

Other than cardiovascular risk, 5-10% of women may develop depressive symp-
toms after the discontinuation of MHT. In addition, Schmidt et al. in 2015 found
that the abrupt withdrawal in E2 caused a rapid increase in depressive symptoms in
women with a history of perimenopausal depression [97].

On the contrary, stopping MHT causes no rebound effect on bone and no
increased fracture risk. WHI data show that the benefits of MHT on bone fracture
persisted over 13 years after the discontinuation of MHT [41].

As for breast cancer, the slightly time-dependent increased risk after MHT usage
may partially persist for more than 10 years after ceasing the therapy. The magni-
tude of the increased risk depends on the duration of previous use of MHT, with
only slight excess following less than 1 year of MHT use [31].
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In conclusion, MHT timing, type, and duration should be tailored to the patient
to achieve good compliance and outcomes for the woman and the best balance of
benefit and risk possible. Overall, hormonal preparations available today have an
extremely reassuring safety profile.
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