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Preface

Female reproductive success relies upon coordinated interactions among the
hypothalamus, the pituitary, and the ovaries and the subsequent hormonal priming
of the endometrium for implantation. The absence of oocyte fertilization or the
failure of embryo implantation results in ovarian hormone withdrawal, the onset of
menses, and the beginning of the next reproductive cycle. Failure of any single
organ in the quartet to play its part can result in amenorrhea.
Although amenorrhea is a common problem that affects up to 10% of reproductive aged women, there has not been a major textbook solely dedicated to this clinical problem for more than 20 years. The main purpose of this first edition of
Amenorrhea: A Case-Based Clinical Guide was to organize a comprehensive review
that updates clinicians on our current knowledge regarding normal female reproductive physiology and to discuss the pathophysiology, diagnostic algorithms, and
therapeutic intervention for amenorrhea. With this principal goal, we have invited
several world experts on female reproductive physiology to provide clinicians with
highly practical information regarding the epidemiology and management of amenorrhea. To that end, the content of this textbook has been divided into three sections;
the first section is composed of two chapters that provide a comprehensive updated
review on our basic science and clinical knowledge about the organ systems responsible for normal physiology of the menstrual cycle. This section focuses on the roles
of the endometrium and the hypothalamic–pituitary–ovarian axis in the menstrual
cycle. The second section includes discussions about menstrual cycle disruption as
it relates to hypothalamic–pituitary dysfunction, surgical and natural menopause,
genetic defects, premature ovarian failure/insufficiency, and the effects of caloric
excess and restriction. The third section of this book provides an update on the
physiological effects of prolonged amenorrhea induced surgically or by hypothalamic dysfunction. The third section also includes an original chapter that focuses
solely on the impact of race and ethnicity on the prevalence and diagnosis of amenorrhea. When appropriate, we have also created clinical scenarios and management
plans that readers may be confronted with in their daily practice.
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We would like to express our deep gratitude to our incredibly supportive administrative staff, Karen Knickens and Elizabeth Abbate, without whose determined
efforts this project could not have been completed. We would also like to thank all
of the contributors to this book for their diligence and outstanding efforts to update
clinicians on the physiology of the menstrual cycle and pathophysiology and the
clinical consequences of amenorrhea. We hope that the readers will find this book
to be a complete resource for information regarding amenorrhea and that this book
will be a well-used reference for doctors and other health professionals who care
for women.
Nanette F. Santoro and Genevieve Neal-Perry
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Chapter 1

The Hypothalamic-Pituitary-Ovarian Axis
Cary Dicken, Marie Menke, and Genevieve Neal-Perry

Introduction
The hypothalamic-pituitary unit is the most evolutionarily conserved brain
structure. It is responsible for integrating incoming information from the external
(e.g., light, pain, temperature, smell) and internal environment (e.g., blood pressure,
blood glucose, blood osmolality) and maintaining physiological homeostasis by
coordinating endocrine, autonomic, and behavioral responses. In addition to preserving physiological homeostasis, the hypothalamic-pituitary axis synchronizes
neuroendocrine physiology essential for ovarian physiology and reproduction. Key
hormones responsible for hypothalamic-pituitary-gonadal (HPG) axis competency
and reproductive success include gonadotropin releasing hormone (GnRH), follicle
stimulating hormone (FSH), luteinizing hormone (LH), estradiol, progesterone,
inhibin, activin, and follistatin. While the hypothalamic-pituitary axis is important
for homeostasis, this chapter will primarily describe the role of HPG axis in the
regulation of the menstrual cycle.

The Neuroendocrine Axis
Hypothalamus
Anatomy
The hypothalamus forms the floor of the third ventricle and is located beneath the
thalamus at the base of the brain. Although the hypothalamus is small, occupying
G. Neal-Perry (*)
Department of Gynecology and Obstetrics and Women’s Health and Domnick Purpura
Department of Neuroscience, Albert Einstein College of Medicine of Yeshiva University,
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about 10 of the total 1,400 g of adult human brain, it is composed of a complex
group of highly specialized cells that are responsible for homeostasis and reproduction, and exhibit physiological characteristics consistent with neurons and endocrine gland cells [1].
The hypothalamus can be grossly divided in the medial–lateral plane into the
medial, lateral, and periventricular regions. It can also be divided in the anterior–
posterior plane to yield the anterior, posterior, and middle regions. It has several
specific nuclei including the arcuate, supraoptic, suprachiamatic, paraventricular,
dorsal medial, ventromedial, posterior hypothalamic, premammillary, lateral
mammillary, and the medial mammillary. The periventricular region consists of
the regions bordering the third ventricle and houses neurons important for the
preservation of the circadian rhythm and autonomic neuroendocrine responses to
stress. The periventricular fiber system conveys the axons of the parvocellular
neuroendocrine neurons in the paraventricular and arcuate nuclei to the median
eminence for control of the anterior pituitary. They are met in the median eminence
by the axons from the magnocellular neurons, which continue down to the posterior pituitary. The medial region of the hypothalamus participates in the control of
reproduction, osmoregulation, and thermoregulation. The lateral region of the
hypothalamus is involved in behavior and arousal. The most anterior aspect of the
hypothalamus overlies the optic chiasm and is called the preoptic area. The preoptic area houses the preoptic nuclei which contain neurons responsible for the regulation of blood pressure and body temperature. The middle region of the
hypothalamus, located just above the pituitary stalk, contains the dorsomedial,
ventromedial, paraventricular, supraoptic, and arcuate nuclei. The paraventricular,
arcuate, and supraoptic nuclei all contain neuroendocrine neurons that regulate
pituitary physiology. The dorsomedial and ventromedial nuclei project mainly
within the hypothalamus and to the periaqueductal gray matter. These nuclei regulate growth, feeding, maturation, and reproduction. Finally, the posterior third of
the hypothalamus includes the mammillary body and the overlying posterior hypothalamic area. The function of the mammillary bodies is unknown. The posterior
portion of the hypothalamus contains the tuberomammillary nucleus, a histaminergic cell group that regulates arousal and wakefulness. From a reproductive
perspective, the arcuate nucleus and the preoptic area are the most critical regions
because they house GnRH neurons, the primary controllers of pituitary reproductive
function.
Maintenance of the human menstrual cycle is directly dependent upon coordinated complex changes in patterns of neurotransmitter and neuropeptide released
from the hypothalamus from the median eminence into portal system. These hypothalamic neuropeptides and neurotransmitters communicate with the anterior pituitary and affect anterior pituitary peptide secretion. Retrograde flow will bring
pituitary hormones from the pituitary to the hypothalamus for feedback control.
Conversely, the axons of the magnocellular neurons in the paraventricular and
supraoptic nuclei project directly to the posterior pituitary to release oxytocin and
vasopressin.

1

The Hypothalamic-Pituitary-Ovarian Axis

3

Physiology
Once the menstrual cycle is established, an event which on average is achieved
within 5 years postmenarche, women enter into their reproductive prime. This
period is most often coincident with maximal reproductive potential and characterized by the existence of a mature and functional hypothalamic-pituitary axis. The
mature hypothalamic-pituitary axis subsequently functions to regulate ovarian
physiology and menstrual cyclicity.
GnRH Neurons
Hypothalamic GnRH neurons, the maestros of reproductive success, originate from
epithelial cells located in the olfactory placode. GnRH neurons, like olfactory neurons, have cilia and migrate along the cranial nerves until they reach the forebrain
and their final residence within the medio-basal hypothalamus of the preoptic area
and the arcuate nucleus. Critical to this migration is a neuronal cell surface glycoprotein that mediate cell-to-cell adhesion. Several genes and their related proteins
are involved in cell adhesion and are important for GnRH neuronal migration. An
example is anosmin-1, a protein encoded by the KAL1 gene, which is responsible
for X-linked Kallmann syndrome [2]. Mutations of genes that encode adhesion
molecules are often associated with anosmia, GnRH deficiency, and hypogonadotropic hypogonadism. Fibroblast growth factor receptor one also plays a role in
GnRH neuronal migration, and mutations in this receptor generate a Kallmann
syndrome phenotype [3].
About 1,000–3,000 GnRH neurons can be found in the arcuate nucleus. GnRH
neurons exist in a complex network that involves interconnections between GnRH neurons and several other neurotransmitter systems that modulate GnRH release and
GnRH neuronal activation. This complex arrangement allows GnRH neurons to
communicate with each other and to integrate and transmit input received from
multiple estradiol-responsive neurotransmitter systems and growth factors that
affect gonadotropin release. Delivery of GnRH to the portal circulation occurs via
an axonal pathway – the GnRH tubero-infundibular tract. Axons from GnRH neurons
project to the median eminence and terminate in the capillaries that drain into the
portal vessels. The portal vein is a low-flow transport system that descends along
the pituitary stalk and connects the hypothalamus to the anterior pituitary. The
direction of the blood flow in this hypophyseal portal circulation is generally from
the hypothalamus to the pituitary. The peak concentration of GnRH in human portal
blood is about 2 ng/mL.
GnRH is a 10 amino acid neuropeptide derived from the posttranslational
processing of a large 92 amino acid precursor molecule (pre-pro-GnRH) that contains 4 parts: a 23 amino acid signal domain, the GnRH decapeptide, a 3 amino acid
proteolytic processing site, and a 56 amino acid GnRH-associated peptide (GAP)
[1]. GnRH and GAP are transported to the nerve terminals before secretion into the
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portal circulation. Pre-pro-GnRH is the product of the short arm of chromosome 8.
The physiologic role of GAP has not yet been established. GnRH peptide has a halflife of 2–4 min. The short half-life of GnRH reflects rapid cleavage of the bonds
between several amino acids (5 and 6, 6 and 7, and 9 and 10).
The short half-life and the large peripheral dilution effect of the vascular system
prohibit the measurement of GnRH outside the central nervous system. LH has a
half-life that is approximately 10–15 times longer than that of GnRH and each pulse
of LH measured in the peripheral blood corresponds to a hypothalamic pulse of
GnRH in the portal system in a one-to-one relationship [4]. Therefore, LH pulsing
is often used as a surrogate marker for GnRH pulsatile secretion.
GnRH neurons release GnRH in a pulsatile fashion. The periodicity and amplitude of the pulsatile rhythm of GnRH are critical to reproduction because it ultimately drives gonadotropin and gonadal steroid secretion, gamete maturation, and
ovulation. GnRH peptide regulates GnRH receptor expression on gonadotropinproducing cells by a process also known as self-priming. GnRH self-priming is
maximized when GnRH release occurs every 60–90 min. Less frequent GnRH
pulse frequency results in anovulatory amenorrhea. Slow pulse frequency also
decreases gonadotropin secretion due to inadequate stimulation. In contrast, prolonged exposure or increased GnRH frequency results in gonadotroph receptor
downregulation and decreased gonadotropin secretion.
During puberty, hypothalamic reproductive activity begins with a low frequency of GnRH–LH release and proceeds with cycles of accelerated frequency
characterized by passage from relative inactivity, to nocturnal activation, and
finally to the full adult pattern. In adult females, LH pulse amplitude increases
throughout the menstrual cycle, peaking in the early luteal phase. Pulsatile frequency of LH in the early follicular phase is every 90 min. The frequency increases
to every 60 min in the late follicular phase and decreases to 100 min during the
early luteal phase and 200 min in the late luteal phase. Normal menstrual cycles
depend on maintaining the pulsatile release of GnRH within this critical range of
amplitude and frequency. In general, more rapid pulse frequency favors LH secretion, whereas a slower pulse frequency favors that of FSH.
Control of the reproductive system by GnRH is governed by gonadal steroid feedback effects. Negative feedback prevents the growth of multiple large follicles and
positive feedback is necessary for the LH surge and ovulation. Multiple neurotransmitters and neurohormones have been implicated as having roles in the control of
GnRH secretion. An example of some of these neuroendocrine modulators includes
catecholamines, opiates, neuropeptide Y (NPY), corticotrophin-releasing hormone,
prolactin, and gonadal steroids. Sex steroids have both positive and negative feedback
effects on GnRH pulse frequency. Estrogen alpha receptors (ERa), the mediators of
estradiol positive feedback, have not been localized in hypothalamic GnRH-secreting
neurons [5]. Adjacent neurons have been found to have ERa and are therefore likely
to be critical in transmitting sex steroid feedback to GnRH neurons [6].
Estradiol increases GnRH pulse frequency, whereas elevated progesterone levels decrease GnRH pulsatility. Although GnRH neurons only express ERb, studies
with transgenic ERa and ERb knockout mice demonstrate that ERa is necessary

1

The Hypothalamic-Pituitary-Ovarian Axis

5

for estradiol positive feedback control of the hypothalamic-pituitary axis. This suggests
that gonadal steroids do not directly regulate GnRH activity. Instead, estradiol
mediates its effects on GnRH neurons through indirect mechanisms that most
likely involve regulation of other hormone-responsive neurotransmitter systems
like glutamate, GABA, norepinephrine, endorphins, and others.

Hypothalamic Neuropeptides and GnRH Neurons
Neuropeptide Y
NPY is a 36 amino acid peptide neurotransmitter whose main role is the regulation
of energy balance. The majority of NPY expressing hypothalamic neurons are
located in the arcuate nucleus [7]. The regulation of NPY secretion stems from nutritional status. States of negative energy balance in which circulating leptin is reduced
are associated with the stimulation of NPY [8]. It is hypothesized that NPY increases
food intake by modulating corticotropin releasing hormone (CRH) and decreases
physical activity, thereby increasing the proportion of energy stored as fat [9, 10].
In addition to its stimulatory effect on food intake, NPY is hypothesized to affect
reproduction positively through regulation of GnRH pulsitility. GnRH neurons
expressing one or more of the six NPY receptor subtypes receive direct synaptic
input from NPY-containing neurons [11]. The effect of NPY on GnRH depends on
the presence or absence of gonadal steroids. In the presence of gonadal steroids,
NPY stimulates the pulsatile release of GnRH and potentiates gonadotropin
response to GnRH neurons by increasing the number of GnRH receptors on the
pituitary gonadotrophs. However, in the absence of gonadal steroids, NPY inhibits
gonadotropin secretion.
Proopiomelanocortin
Proopiomelanocortin (POMC) is a precursor polypeptide composed of 241 amino
acids and part of the endogenous opiod peptide family. It undergoes extensive
posttranslational processing via cleavage enzymes and has eight potential cleavage
sites. Depending on the type of cleavage enzyme present within the tissue, POMC
has the potential to yield ten biologically active peptides.
POMC is split into two fragments – an ACTH intermediate fragment and b-lipotropin. b-Lipotropin has no opioid activity, but is broken down in a series of steps
to a, b, and g melanocyte stimulating hormone (MSH); enkephalin; and the
µ́ -, b-, and g-endorphins. MCH interacts with one of five distinct receptor subtypes
(MCR). aMSH is important for the regulation of skin pigmentation and, through
interactions with NPY, food intake and energy homeostasis. Enkephalin and the µ́ -,
b-, and g-endorphins act at opioid receptors. b-Endorphin and other opioids affect
reproduction by suppressing GnRH release [12].
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Kisspeptin
Kisspeptin, a 54 amino acid peptide, is the product of the Kiss1 gene and binds to
an endogenous receptor G-protein coupled receptor 54 (GPR54). Kisspeptin neurons are found in both the arcuate and anteroventral periventricular nucleus, and
send their projections to GnRH cell bodies. Kisspeptin and its cognate receptor
GPR54 directly and indirectly contribute to regulation of GnRH secretion and have
an important role in the pubertal transition [13]. Mutations in GPR54 are responsible for some cases of hypogonadotropic hypogonadism and a failed pubertal
transition [14].
Kisspeptin may have a role in mediating feedback control on GnRH secretion.
Studies in rodents suggest kisspeptin neurons located in the anteroventral periventricular nucleus are proposed to be important for positive feedback effects of estradiol on the LH surge [15] and kisspeptin neurons located in the arcuate nucleus are
proposed to be important for negative feedback [16].

Hypothalamic Neurotransmitters and GnRH Neurons
In addition to peptidergic input, GnRH neurons receive afferent input from a variety
of neurotransmitter pathways. Changes in the release of amino acid neurotransmitters glutamate and GABA in response to gonadal steroids are critical for the pubertal transition, the LH surge, and reproductive senescence [17–22]. Similarly, the
neurotransmitters norepinephrine and dopamine are thought to be important modulators of GnRH neuron activity and gonadotropin release [23–26]. Dopaminergic
neurotransmission also regulates prolactin secretion.

Pituitary
Embryology and Anatomy
Fetal pituitary is derived from the fusion of the neuroectoderm that gives rise to
Rathke’s pouch and the diencephalon, and begins to develop approximately between
the fourth and fifth weeks of gestation. By the ninth week of gestation, a rudimentary
anterior pituitary can be recognized and between the 12th and 17th week of
gestation, a functional hypothalamic-pituitary axis is established.
Several transcription factors have been linked to embryologic pituitary development, including HESX1, LHX3, LHX4, PIT1 (PROP1), POU1f1, PITX2, T-PIT
(TBX19), SOX2, and SOX3 [27]. Mutations in these genes have been associated
with syndromes that include pituitary abnormalities ranging from combined pituitary

1

The Hypothalamic-Pituitary-Ovarian Axis

7

hormone deficiency to isolated hormonal deficiencies [28]. Although genetic variants
include phenotypes with primary amenorrhea, the deficiency is more often identified
in childhood as part of a wider clinical syndrome such as septo-optic dysplasia [29].
When hormone deficiencies do occur, abnormalities in growth hormone production
and its consequences are usually the earliest sign.
With an average weight between 0.4 and 0.8 g in human adults, the pituitary can
be found in the sella turcica where it is covered by dura. The sella turcica is located
at the base of the brain and inferior to the hypothalamus. The optic chiasma lies just
above the sellar diaphragm, with visual symptoms presenting as an early clinical
sign of gross pituitary enlargement.
The arterial vascular supply to the pituitary consists primarily of the superior
and inferior hypophysial arteries; branches of the internal carotid arteries. Venous
blood return occurs through the internal jugular veins [30]. Blood supply to the
median eminence and infundibular stalk arises from the superior hypophysial
arteries. From these sites, a dense capillary network coalesces to allow blood flow
directly to the anterior pituitary through a portal system that traverses the pituitary stalk. This capillary network supplies approximately 80–90% of blood
pituitary flow [12].
The Anterior Pituitary
The anterior pituitary is derived from Rathke’s pouch and the posterior pituitary is
derived from the diencephalon. The anterior hypothalamus, also known as the
adenohypophysis, is composed of the pars distalis, pars intermedia, and pars
tuberalis, all of which account for 80% of the pituitary gland. Of these structures,
the pars distalis and pars tuberalis represent the sites of hormonal synthesis. The
pars intermedia has no known function in humans. The anterior pituitary lacks
direct innervation; regulation is solely through hypothalamic hormonal control via
the portal system. Retrograde flow allows feedback loops between the hypothalamus
and anterior pituitary.
Six major cell types reside in the anterior pituitary: 40–50% somatotrophs
(growth hormone), 14–25% lactotrophs (prolactin), 10–20% corticotrophs (adenocorticotrophic hormone), 5% thyrotrophs (thyroid-stimulating hormone), 10%
gonadotrophs (FSH and LH), and folliculostellate cells. The anterior pituitary’s
intimate role in reproduction results from the secretion of the glycoproteins FSH and
LH. Until recently, histologic classification of anterior pituitary cells rested entirely
on immunohistochemical findings of acidophilic, basophilic, or chromophobic cells.
This classification system has largely been replaced with descriptive terms
determined by cellular peptide production. Acidophilic cells are now classified as
somatotropes or lactotropes, and basophilic cells are classified as corticotropes,
thyrotropes, or gonadotropes. Cells previously classified as chromophobic generally
fall into one of the above hormone-producing cell types.
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The Posterior Pituitary
The posterior pituitary, also called the neurohypophysis, is composed of the
infundibular stalk and the pars nervosa. The infundibular stalk is surrounded by
the pars tuberalis, and together they constitute the hyopophyseal stalk. The posterior pituitary has a collection of nerve terminals that arise from magnocellular
secretory neurons located within the paraventricular and supraoptic nuclei of the
hypothalamus. Upon stimulation, the nerve terminals secrete vasopressin and oxytocin into the pituitary capillary plexus in close proximity to the axons. Alteration
in concentrations of these neuropeptides within the peripheral vasculature results
in changes in blood osmolality, blood pressure, and fluid balance.
The pituitary gland is regulated by three interacting elements: hypothalamic
inputs, steroid feedback, and pituitary paracrine and autocrine actions. Hypothalamic
input to the pituitary varies according to local hormonal and physiological cues that
modulate neuropeptide and neurotransmitter secretion into the median eminence
and the pituitary capillary plexus. Thus steroid feedback directly and indirectly
affects pituitary reproductive physiology.

Pituitary Gonadotropins
FSH and LH belong to a superfamily of heterodimeric glycoprotein hormones.
They are formed by noncovalent linkage of the a- and b-subunits. Like other members of this superfamily, FSH and LH share a common 92 amino acid a polypeptide
stabilized by five disulfide bonds on ten cysteine residues and composed of asparagine-linked glycosylation sites. The human a-subunit gene is located on the short
arm of chromosome 6 (p21.1-23). Although encoded from different chromosomes,
a high degree of sequence homology exists among the b-subunits. FSH and LH
bind to different transmembrane G protein-coupled receptors with unique ligand
recognition domains. Mutations in the b-subunit of FSH or LH or their cognate
receptors have been described and are generally equated with precocious puberty,
primary amenorrhea, and/or infertility [31, 32].
By 16 weeks of gestation, portal circulation is developed and fetal secretion of
all pituitary hormones is detectable with peak levels achieved by 28 weeks of gestation. Postnatally, gonadotropins rise briefly during the first year of life. A wide
range of values are observed in neonates, with FSH ranges of 12–26 IU/L and less
marked elevations of LH (0.5–3.5 IU/L) [33]. In premature infants born between
24 and 29 weeks of gestation, these variations are even more pronounced. FSH
levels have been reported to range between 1.2 and 167.0 IU/L and LH levels to
range between 0.2 and 54.4 IU/L. The progressive decline of FSH levels with fetal
maturity suggests ongoing maturation of the hypothalamic-pituitary-ovarian axis,
which subsequently continues postnally [34]. After the first year of life, childhood
levels of gonadotropins are nearly undetectable, with little additional change occurring
before the onset of puberty [35].
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FSH
FSH has a molecular weight of approximately 29,000 Da. The human b-subunit
gene for FSH is located on the short arm of chromosome 11 (p13). The FSH
b-subunit contains 111 amino acids, 5 sialic acid residues, and 2 asparagine-linked
glycosylation sites. Circulating estradiol (E2) affects FSH isoforms by modulating
carbohydrate moieties. Elevated serum E2 levels increase an FSH isoform with
decreased sialic acid residue sites. Reduced numbers of sialic acid residue sites
shorten the half-life of FSH and increase receptor affinity [36]. In contrast, FSH
isoforms with increased numbers of sialic acid residues have reduced receptor
affinity and lengthened half-lives [37].
LH
LH is composed of the shared a-subunit and a 121 amino acid b-subunit. As with
FSH, the oligosaccharide component of the b-subunit specifies the half-life of LH.
The Gal-N-Ac sulfate located on LH allows rapid recognition and metabolism by
hepatic cells and results in its 20–30 min half-life [37]. Mutations of the LH
b-subunit gene have been associated with primary infertility [38] and precocious
puberty in males [39, 40]. Although LH b-subunit variants have been identified in
subgroups of PCOS women, they do not demonstrate differences in prevalence
between normal and polycystic ovarian syndrome populations [41].
Prolactin
Lactotropes secrete prolactin. Transcription of the prolactin gene is regulated by Pit-1,
which also plays a role in secretion of growth hormone and thyroid stimulating hormone. As previously described, mutations in Pit-1 have been implicated in defects of
the anterior pituitary, including combined pituitary hormone deficiency. Although
prolactin’s primary function is thought to be regulation of lactogenesis, prolactin is
also synthesized in the uterus where it is believed to play a role in implantation.
Roles for prolactin outside of pregnancy and lactation are not known. However,
transgenic prolactin receptor knockout mice have disordered estrous cycles [42, 43].
Additionally, prolactin receptor knockout mice have fewer primary follicles, fewer
ovulatory events, poor progression of fertilized oocytes to the blastocyst stage, and
decreased estradiol and progesterone levels. These studies strongly suggest that
prolactin may also be important for gonadotropin secretion.
Hyperprolactinemia inhibits GnRH secretion [44]. In conditions of hyperprolactinemia, LH pulse amplitude and frequency are decreased [45, 46]. LH secretion normalizes when prolactin levels are normalized [47]. Short-term treatment
with opioid antagonists suggests that prolactin inhibition is mediated by opioid
activity [48]. However, long-term opioid antagonist treatment does not restore
menstrual cycles resulting from hyperprolactinemic states [49].
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The Ovary
Ovarian Embryology
Embryonic gonadal development follows a pre-programmed transition from the
indifferent gonad stage to sex-specific female or male germ cells. In the indifferent
gonad stage, primordial germ cells first appear in the endoderm of the yolk sac,
allantois, and hindgut. By way of ameboid movement, primordial germ cells
migrate to the genital ridge by 5–6 weeks of gestation. The mechanism for this
migration is not fully understood; however, electron microscopic studies demonstrate formation of pseudopod-like cytoplasmic processes that allow movement
through the mesenchyme [50].
Upon arrival to the genital ridge, replication of germ cells occurs via mitotic division with differentiation into primary oocytes occurring as early as the 11th week
of gestation. By the 14th week of gestation, a portion of these oocytes will have
entered meiosis, and replication is arrested in the diplotene stage of prophase I.
A single flattened layer of granulosa cells will eventually surround these oocytes
giving rise to primordial follicles. By midgestation, primary follicles are discernable
in the fetal ovary. Mitotic growth continues and the number of oocytes peaks at a
total of 6–7 million by 16–20 weeks of gestation [51, 52]. Rapid atresia follows,
with approximately 1–2 million oocytes remaining in the ovary at birth. Germ cells
that fail to enter meiosis by this stage are among those that undergo cell death [53].
An example of this clinical scenario can be found in Turner syndrome (45,X),
whereby accelerated loss of fetal oocytes due to failure to undergo meiosis frequently leads to the formation of streak gonads. Additionally, terminal deletions
from Xp11 to Xp22.1 and X13 to Xq26 are associated with primary amenorrhea and
premature ovarian failure [54, 55]. Postnatally, additional oocyte loss ensues, with
300,000–500,000 oocytes remaining at the beginning of puberty. Of the remaining
oocytes, approximately 400–500 will ovulate during the reproductive years.
Transcription of proteins such as bone morphogenic protein-4 (BMP-4), steel
factor (c-kit ligand), TIAR (an RNA recognition motif/ribonucleoprotein-type RNAbinding protein), and leukemia inhibitor factor (LIF) is required for successful proliferation and migration of germ cells [56, 57]. In addition, distribution of fibronectin
appears to play a role in the migratory route [58]. Successful migration is critical for
gonadal development, as germ cells that fail to migrate undergo apoptosis.
Ovarian Anatomy
The ovary lies in the peritoneum attached to the uterus through ovarian ligament.
Grossly, the ovary consists of the outer cortex, medulla, and hilum. The cortex can
be further divided into the overlying tunica albuginea and the inner cortex.
Surrounded by stromal tissue, oocytes are located in the inner cortex. Innervation
and blood flow to ovarian tissue occur through the hilum [59]. The suspensory
ligament of the ovary, through which the vascular flow and innervation to the ovary
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occur, also serves to tether the ovary to the pelvic sidewall. The ovarian artery
originates from the aorta and provides oxygenated blood flow to the organ. Venous
blood return occurs by way of ovarian veins, with drainage directly to the inferior
vena cava on the right and to the renal vein on the left. The autonomic nervous
system provides ovarian innervation. Interestingly, alterations in ovarian autonomic tone may affect ovarian function by predisposing females to the formation
of ovarian cysts (reduced tone) or a polycystic ovarian phenotype [60]. In culture,
addition of sympathomimetics enhances theca-interstitial androgen production by
100–300% in response to hCG [61]. Animal studies suggest a role for vasoactive
intestinal peptide from nerve fibers in granulosa cell development and follicular
atresia [62–64].
Follicular Development and Atresia
The menstrual cycle has classically been described as consisting of a 28-day cycle
characterized by an early follicular phase with multifollicular development, midfollicular stage with selection of a dominant follicle, followed by ovulation before
transition of the remnant follicle into a corpus luteum. Follicles not destined for
dominance experience developmental arrest and atresia. Growth from the secondary follicle into preovulatory follicles occurs in approximately 85 days [65], with
complete development from the primary to the preovulatory follicle requiring
approximately 220 days [66].
Early Follicular Development
As previously described, follicular growth begins mid-gestation with formation of
primary follicles and arrest of the oocyte in the diplotene stage of meiosis I.
Follicular growth and development begins with a gonadotropin independent stage,
as granulosa cells change from flattened to cuboidal shape, with a subsequent
fivefold increase in proliferation [67]. These changes are followed shortly thereafter with an increase in oocyte diameter, and formation of the zona pellucida [65].
To differentiate it from cyclic recruitment, which occurs post-puberty through
direct stimulation by FSH, this process is also called the initial recruitment [66].
Following transformation of granulosa cells from flattened to cuboidal shape,
oocyte growth proceeds without resumption of meiosis. Theca interna formation
occurs at the end of the primary follicle stage; apparent paracrine regulation occurs
from the oocyte-derived growth differentiation factor-9 (GDF9) as, in its absence,
the theca layer fails to develop [12, 68]. Other necessary paracrine regulators of
both granulosa and oocyte growth include kit ligand (expressed in granulosa cells),
BMP-15 (oocyte-derived), connexin 37 (found at oocyte-granulosa gap junctions),
and cyclin D2 (expressed in granulosa cells) [66]. At this stage, FSH and activin
appear to have little role in follicular progression as mouse models and case reports
of novel human FSH receptor mutations demonstrate development through the
secondary follicle stage [69, 70]. Nevertheless, preparation for future response to
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FSH does occur as primordial and primary follicles respond to cAMP activation
with increased expression of aromatase and FSH receptors [64].
Secondary Follicles
During the secondary follicle or preantral stage, granulosa cells continue to develop
receptors for FSH, estradiol, and androgens [12, 66]. Progression to the antral stage
is marked by cell proliferation and oocyte growth. Although alternate signaling
pathways have been described, FSH induces aromatization in granulosa cells primarily through an adenylate cyclase-mediated mechanism. Elevated levels of estradiol, in turn, act to upregulate the FSH receptors, thereby increasing the sensitivity
to FSH. FSH induces granulosa cell proliferation and communication by increasing
the number of gap junctions. FSH also upregulates transcription of LH receptors in
granulosa cells of the preovulatory follicle [59].
Theca cells arise from mesenchymal cells of the stroma and are primarily
responsible for androgen synthesis in the ovary. Theca layer development continues
to progress as secondary follicles develop. Interactions with granulosa cells occur
through growth factors such as keratinocyte growth factor (KGF) and hepatocyte
growth factor (HGF). Kit ligand produced by granulosa cells then stimulates further
organization of the theca layer by way of a positive feedback loop [71].
Antral Follicle
Formation of the antral follicle requires an increase in transcellular permeability
followed by a rapid influx of water mediated through channels formed by aquaporins [72]. Evidence also suggests a change in the collagen composition of the
follicular extracellular matrix [73]. Within the antral cavity, granulosa cells surrounding the oocyte become a morphologically distinct layer of cumulus cells.
During the menstrual cycle, circulating FSH allows a cohort of antral follicles to
escape apoptosis; however, through a mechanism not fully elucidated, a dominant
follicle emerges early in the follicular phase; FSH receptor concentration, aromatase
activity, and intrafollicular levels of estrogen all increase in the chosen follicle.
Selection of a dominant follicle allows a progressive increase in the concentration
of estrogen that results in estrogen negative feedback on gonadotropin release and
atresia of the remainder of the previously responsive cohort. The subsequent
decline in FSH results in decreased estrogen production, with a further decrease in
responsiveness to gonadotropins by nondominant follicles that progressed into the
preantral stage. In a natural cycle, this process may be detected as early as day 5 of
the menstrual cycle [74].
The mid-cycle LH surge precedes ovulation and completion of meiosis I by
approximately 24–36 h. Cumulus cell expansion occurs in response to increased
synthesis of hyaluronic acid [59]. Mural granulosa cells express high levels of LH
receptors; however few, if any, LH receptors proliferate in cumulus cells [75].
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Instead, a complex signaling cascade of LH and epidermal growth factor-like
growth factors such as amphiregulin, epiregulin, and betacellulin likely plays a role
in cumulus cell differentiation [76]. Proteolytic enzymes, produced by granulosa
and theca cells, are ultimately responsible for follicular rupture [59]. Prostaglandin
synthesis is required for ovulation and appears to act through promotion of protease
function [77].
Ovarian Physiology
Estrogen
Estradiol is the major form of circulating estrogen and is produced in its highest
concentrations by the antral follicle during the follicular phase. Theca cell response
to LH results in increased androgen production through transcription of P450scc,
P450c17, and 3b-hydroxysteroid dehydrogenase. The classic two-cell model of
steroid production describes the aromatization of androgens produced by theca
cells and androgen diffusion into adjacent granulosa cells where FSH regulates
aromatase synthesis of estradiol. Thus, the follicular phase of the menstrual cycle
is marked by granulosa cell-mediated increased production of estradiol. Elevated
estrogen levels act through negative feedback at the hypothalamic and pituitary
level to inhibit pituitary release of FSH. As previously mentioned, increasing concentrations of estrogen also affect FSH isoform production, a physiological change
with an unknown clinical relevance.
The majority of estradiol lies bound either to sex hormone binding hormone
(SHBG; 69%) or albumin (30%); only approximately 1% circulates freely. Estrone,
a weak estrogen, circulates more freely (8% bound to SHBG, 85% to albumin).
Multiple factors affect SHBG levels, with subsequent changes to the amount of free
estradiol to follow. These include body mass index, tobacco use, modulators of
hepatic P450 enzymes, and diabetes.
Estrogen is primarily metabolized in the liver through the P450 cytochrome
mechanism. The major metabolite progesterone imposes in urine is 3-methoxy-2hydroxyestrone glucuronide; however, up to 20% may be excreted in the feces.
Progesterone
In addition to preparing the endometrium for implantation, luteal phase progesterone mediates negative feedback at the hypothalamic-pituitary level primarily by
inhibiting GnRH neurons [78–80]. Progesterone also plays an obligate role in ovulation, with a small increase in synthesis noted in the periovulatory period [81].
Like estradiol, circulating free progesterone makes up a small percentage of the
total concentration. Less than 2% of progesterone circulates as free hormone, with
the remainder bound primarily to albumin (80%). Progesterone is principally
metabolized in the liver by the 5a-reductase pathway, resulting in pregnanediol and

14

C. Dicken et al.

pregnanetriol and conjugation with glucuronide. Pregnanediol glucuronide is
excreted in the urine and can be used in research to assess ovulation.
Inhibin
Isolated in the 1980s, inhibin A and inhibin B are disulphide-linked dimers and
members of the transforming growth factor-b family. Similar to other glycoproteins, they share a common a-subunit with one of two distinct b-subunits (bA and
bB) [82, 83]. Inhibin is primarily secreted by granulosa cells; however, mRNA for
both subunits has been identified in gonadotropes [84, 85]. Both inhibins affect
gonadotropins almost exclusively through suppression of FSH secretion and augmentation of LH-stimulated androgen production [12].
Activin
Activin is a heterodimer composed of b-subunits of inhibin (bAB, bAA, bBB). The
b-subunits are relatively ubiquitous; however, the a-subunit is restricted to the
pituitary, gonads, and adrenal glands. Activin is synthesized in granulosa cells and also
appears to have an autocrine function in the pituitary through its effects on gonadotropin
synthesis. It stimulates FSH secretion in cultured pituitary cells by upregulation of
b-subunit mRNA levels and augments LH- and IGF-stimulated androgen production
by theca cells [59, 86]. Activin is required for adequate pituitary response to GnRH.
Follistatin
Follistatin is a relatively ubiquitous protein that directly affects FSH by inhibition
of its synthesis and GnRH responsiveness [87]. Follistatin is upregulated by activin
and downregulated by inhibin [88]. FoxL2 (associated with the syndrome of blepherophimosis, ptosis, and epicanthus inversus as well as premature ovarian failure)
has been implicated in the enhancement of follistatin gene transcription [89].

Summary
Female reproduction is a complex process that involves the integration of messages
directly and indirectly received by the hypothalamus about the nutrient status,
stress, and hormone exposure from external and internal environments. Information
processed by GnRH neurons affects the pulse amplitude and frequency of gonadotropin release from the pituitary. This in turn affects gonadal steroidal production,
and ovarian folliculogenesis and ovulation. The failure of any one organ in this triad
results in disruption of female reproduction. The remaining chapters in this book
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will expound on factors that disrupt the function of the hypothalamic-pituitaryovarian axis and give rise to reproductive dysfunction or amenorrhea.
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Chapter 2

The Mechanism of Menstruation
Anjana R. Nair and Hugh S. Taylor

Menstruation is a result of the profound tissue remodeling that occurs each month
in reproductive-aged women. After withdrawal of steroid hormone support, the
functionalis layer of the endometrium undergoes extensive changes, resulting in
complete tissue breakdown. With each menstrual cycle, most of the endometrium
is completely shed at menses and subsequently regenerated. Menstruation is seen
in only a few animals that have hemochorial placentation. In hemochorial placentation, trophoblasts invade the maternal blood vessels and chorionic villi are in direct
contact with maternal blood. Thus the invasive nature of hemochorial placenta
requires a correspondingly defensive uterus. In pregnancy, under the influence of
progesterone, the endometrial stroma undergoes extensive decidualization.
Decidualization limits trophoblastic invasion; however, protection from invasive
trophoblasts requires the development of a barrier, a process that results in terminal
differentiation. This differentiated state is renewable only by regeneration from
progenitor cells located in the basalis layer of the endometrium; a strategy that
requires monthly bleeding events and introduces multiple potential opportunities
for mechanistic failure and the emergence of abnormal uterine bleeding. An appreciation of normal endometrial physiology as it pertains to the regulation of
menstruation is essential to understand disorders of menstruation.

The Endometrium During the Menstrual Cycle
The endometrium is composed of the basalis and functionalis layers. The basalis
layer is deep and adjacent to the myometrium, while the functionalis layer
comprises the superficial two-thirds of the endometrium. The functionalis is
divided into stratum compactum and stratum spongiosum. The stratum compactum
H.S. Taylor (*)
Division of Reproductive Endocrinology and Infertility, Department of Obstetrics and
Gynecology Yale University School of Medicine, 333 Cedar Street, New Haven, CT 06510, USA
e-mail: hugh.taylor@yale.edu

N.F. Santoro and G. Neal-Perry (eds.), Amenorrhea: A case-Based, Clinical Guide,
Contemporary endocrinology, DOI 10.1007/978-1-60327-864-5_2,
© Springer Science+Business Media, LLC 2010

21

22

A.R. Nair and H.S. Taylor

is a superficial thin layer with gland necks and dense stroma, while the stratum
spongiosum is the deeper part of functionalis composed of glands and loosely
arranged stroma. Only the functionalis layer of endometrium is shed with each
cycle. The basalis layer contains the progenitor cells that regenerate the functionalis
layer in each cycle. Endometrial tissue responds to sex steroid hormones produced
in the follicular and luteal phases of the ovarian cycle. The menstrual cycle is
divided into proliferative and secretory phases, and cytoarchitectural and molecular
differences between the phases reflect endometrial responses to cyclic changes in
ovarian hormone exposure.

Proliferative Phase
The functional layer (upper 2/3) of the endometrium is shed during each menstrual
cycle. By the end of menstruation, the endometrial lining is about 2 mm thick and
is composed of epithelial cells that arise from the glands in the basalis layer and
migrate to the denuded surface of the endometrium. Of note, the thin epithelialized
basalis layer seen in early menstrual cycle is similar to the endometrial cytoarchitecture observed in postmenopausal women and also in women with hypothalamic
amenorrhea. The initial repair of the endometrial surface, an event critical for the
regeneration, occurs before cessation of menses and prior to the rise in estradiol
[1, 2]. A measurable increase in endometrial thickness does not commence until
this process is complete.
Estradiol, produced by the ovaries on approximately day 4 or 5 (D4 or 5) of the
cycle, induces growth and proliferation of the endometrium. The epithelial and
stromal cells undergo mitoses and multiply, thus causing the glands to increase in
length, while the stromal cells grow and expand the extracellular matrix [3]. Some
of the surface epithelial cells commonly seen near the tubal ostia and endocervix
become ciliated at this time.
Endometrial growth can be viewed using ultrasound, measuring the total width
of the opposed endometrial epithelial surfaces (also known as the trilaminar endometrial stripe). There is rapid growth of the endometrium from cycle D4 or 5.
Endometrial thickness begins from a nadir of approximately 4.5 mm on cycle D4
and increases linearly to a plateau of approximately 10 mm on cycle D9 or 10 [4].
The cessation of endometrial growth occurs before estradiol levels reach their
peak and prior to the onset of secretory phase progesterone production, thereby
indicating that nonsteroidal factors limit the growth of endometrium.
Amenorrhea in some women results from chronic anovulation, which can be
associated with unopposed estrogen exposure and disordered endometrial growth.
Although some anovulatory women may have thickened endometrium, they do not
experience the continued rapid growth of endometrial tissue seen in the normal
proliferative phase. The endometrium does not grow indefinitely and the average
endometrial thickness is rarely greater than 11 mm [5]. Obviously, unopposed
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estrogen is not sufficient to produce continued endometrial growth, again suggesting
the existence of factors that limit the extent of proliferation. The cellular mechanisms responsible for dysfunctional endometrial growth observed in anovulatory
women are still poorly understood. Nonetheless, the observed pathophysiology of
the endometrium in anovulatory women likely reflects dysregulation of modulators
of endometrial repair and growth cessation which promotes long-term stabilization
under anovulatory conditions or estrogen deficiency.

Secretory Phase
Secretion of progesterone after ovulation causes complete cessation of endometrial
epithelial proliferation. Estrogen receptors expressed by the endometrial epithelial
cells during the proliferative phase are downregulated by progesterone action,
thus attenuating estrogen’s proliferative effect. Progesterone exposure induces
sub-nuclear glycogen-rich vacuoles to appear on approximately (D16) of the cycle
and inhibits epithelial cell mitosis by D17. The vacuoles become supranuclear
on D18 and secretions are found in the gland lumen by D19–20. Peak secretory
activity is seen by D20–21 [6–10]. These changes are essential for conception and
the generation of an endometrial surface receptive to blastocyst attachment.
Progesterone provokes profound stromal fibroblast changes characterized by
cellular enlargement, as well as laminin and type 4 collagen accumulation [11, 12].
In the luteal phase, type 4 collagen and laminin are present in the extracellular
space of the endometrial stroma and the basement membrane of glands and blood
vessel walls. Even though Collagen types 1, 3, and 6, and laminin are present in the
endometrium throughout the menstrual cycle, their ratios change with prolonged
exposure to progesterone (i.e., type 3:1 decreases and type 5:1 increases) [13]. The
endometrium also makes large quantities of prolactin and IGF-binding proteins
(IGFBP-1). These changes in response to progesterone result in dramatic alterations in both the extracellular matrix and secretory products of the endometrium.
Stromal edema is apparent by D20–23 and in the few days immediately
preceding menstruation, the stroma becomes infiltrated by natural killer cells,
macrophages, and T cells. In contrast, continuous progesterone exposure results in
endometrial atrophy and thinning, gland narrowing, and vasculature abnormalities
characterized by the creation of sinusoids and hyperplasic endothelial cells. This
endometrial histology characterizes women with amenorrhea due to chronic
progestin exposure.

Endometrial Growth Regulation
Numerous growth factors as well as ovarian steroid hormones regulate the growth
of the endometrium during the menstrual cycle.
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Ovarian Steroids
The endometrium responds to the ovarian steroids estrogen and progesterone; these
two hormones are the only extrinsic signals necessary to drive a normal uterine
menstrual cycle and are in fact sufficient to do so. The proliferative phase of the
cycle is mainly mediated by the effects of estrogens. Estrogen receptor alpha (ERa,
also known as ESR1) and estrogen receptor beta (ERb, also known as ESR2) are
transcribed from different genes and have distinct expression patterns. ESR2 is
expressed in the endometrium throughout the menstrual cycle [14]. ERS1 varies
throughout the menstrual cycle and is expressed by both epithelial and stromal
cells during the proliferative phase [14]. Estrogen receptors are largely lost in the
epithelium after progesterone exposure. There is also evidence that estrogen
signaling may be transmitted through non-classic estrogen receptors, including the
membrane receptor G-coupled receptor 30 (GRP30); however, this remains
controversial.
The effects of progesterone on the uterus are mediated through progesterone
receptors A (PR-A), B (PR-B), and C (PR-C). Each is a homologous protein transcribed from different promoters of the same gene [15–17]. Epithelial and stromal
cells express PR-A and PR-B in the proliferative phase. In the luteal phase, only the
stromal cells express PR-A and PR-B (PR-A is predominant), while the expression
of both the receptors are downregulated in the epithelial cells [18, 19]. PR expression in stromal cells is unaffected by chronic exposure to long-acting progestational
agents [20].

Growth Factors
A large number of mitogenic growth factors are secreted by the endometrium,
modulating sex steroid action on the endometrium. These peptide molecules can
initiate the activation of a cascade of intracellular pathways by binding to their
cognate membrane bound receptors (Fig. 2.1).
Epidermal growth factor (EGF) is expressed by the epithelial cells during the
proliferative phase and by stromal cells during secretory phase of the cycle [21, 22].
The levels of EGF are stable throughout the menstrual cycle. EGF can either
synergize with estradiol or act independently to stimulate epithelial cell growth.
EGF stimulation indirectly leads to ERa activation and the expression of downstream targets of this receptor [23, 24]. EGF may mediate the proliferative effects
on epithelial cells seen in the endometrium during the early follicular phase when
estradiol levels are generally very low. Transforming growth factor alpha (TGFa),
a member of the EGF family, binds the same receptor as EGF and achieves peak
levels during the mid-cycle. TGFa is also thought to mediate the proliferative
actions of estrogen on the endometrium.
Fibroblast growth factors (FGF) comprise a family of approximately nine
members and of these, FGF-1, -2, -4, and -7 are expressed in human endometrium.
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Endometrium

Schematic Representation of Endometrial Vascular Supply
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Fig. 2.1 Schematic presentation of the endometrial vascular system. The primate endometrium is
comprised of the stratum basalis (s. basilis) and stratum functionalis (s. functionalis). Uterine
arteries branch within the myometrium to yield the arcuate and radial arteries. The radial artery
branches within the s. basilis to yield numerous straight and spiral arterioles in the lower third of
the endometrium. Spiral arterioles provide the vascular blood supply to the s. functionalis through
a vast network of fenestrated capillaries

Epithelial cells produce FGF-1 and -2 during the proliferative and secretory phases
of the menstrual cycle. Stromal cells express FGF-2 in the proliferative phase,
where it is proposed to induce mitosis and DNA synthesis [25–28].
Insulin-like growth factors (IGF)-1 and -2 are produced at high levels by
epithelial and stromal cells throughout the menstrual cycle. Endometrial stromal
fibroblast proliferation is induced by IGF-1 [29, 30]; however, both IGF-1 and
-2 can also promote differentiation. IGF-1 production is upregulated by estradiol
and it mediates estrogen’s effect on endometrial growth. IGF-2 is involved in
mediating differentiation of cells in response to progesterone effects. Their
effects are mediated by binding to IGFBP-1. IGFBP-1 is one of six homologous
proteins that specially modulate the mitogenic and metabolic effects of IGF-1
and -2. Both IGFBP-I protein and mRNA have been localized to the pre-decidual
stromal cells in late secretory-phase endometrium and to decidual cells during
pregnancy.
Multiple other relevant cytokines and growth factors have been described
including keratinocyte growth factor (KGF), a member of the FGF family. KGF is
expressed at higher levels in the stromal cells and during the secretory phase. It is
proposed to mediate epithelial–stromal signaling [31]. Platelet-derived growth
factor (PDGF) is secreted by stromal cells and platelets. It is localized to the
stromal cells and stimulates stromal cell proliferation and angiogenesis. Tumor
necrosis factor a (TNFa) activity in the endometrium is higher in the proliferative
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and mid-secretory phases. It has multiple influences on cell growth. TNFb is
mitogenic, angiogenic, immunomodulatory, and inflammatory in its actions.
While the list provided is far from complete, it serves to illustrate the complexity
of cellular communication that is needed to maintain normal endometrial physiology. It makes sense that disequilibrium within this intricate network of cellular
pathways could result in devastating consequences that affect menstrual cycles and
implantation, and/or predispose some women to the development of neoplasia.

Endometrial Stem cells
In order for the epithelium and stroma to be completely renewed in each menstrual
cycle, there must be a continuous pool of progenitor cells available to replenish
and rebuild the endometrium. Hormonally, responsive stem cells residing in the
basalis are hypothesized to be the source of progenitor cells that are committed to
developing into specific types of differentiated cells, e.g., epithelial, stromal, and
vascular. These resident stem cells are hypothesized to allow the rapid cyclic regeneration of the endometrium. However, there was no direct evidence to confirm this
hypothesis until 2004. In that year, two reports from different laboratories provided
evidence to support the hypothesis that local stem cells provided progenitor cells
for cyclic endometrial renewal [32–34].
Human endometrium contains small populations of epithelial and stromal stem
cells responsible for cyclic regeneration of endometrial glands and stroma. Notably,
these cells exhibit clonogenicity. Consistent with this concept, small numbers of
epithelial (0.22%) and stromal cells (1.25%) will initiate colonies and exhibit high
proliferative potential in vitro. These cells comprise the local progenitor stem cells
that are destined to give rise to most of the endometrium in each menstrual cycle.
Endometrial regeneration from multipotent stem cells derived from the bone
marrow was recently demonstrated in bone marrow transplant recipients; donorderived endometrial epithelial cells and stromal cells were detected in endometrial
samples of bone marrow recipients. Histologically, these cells appeared to be endometrial epithelial and stromal cells and they also express appropriate markers of
endometrial cell differentiation. These findings strongly suggest that bone marrow
may also be an extrauterine source for endometrial stem cells [33, 35–37].
Moreover, these observations suggest that cyclic mobilization of bone marrowderived stem cells may be a normal physiologic process. Interestingly, male donorderived bone marrow transplant cells were found in the uterine endometrium of
recipient female mice, and although rare, these cells differentiated into epithelial
and stromal cells [38]. Endometrial stem cells are likely derived from a common
stem cell found in both men and women. More recently, another group showed
that bone marrow transplants-derived endothelial progenitors also contribute to the
formation of new blood vessels in the endometrium [39].
The repopulation of endometrium with bone marrow-derived stem cells may
be important to normal endometrial physiology and may also help to explain the
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cellular basis for the high rates of long-term failure following conservative alternatives
to hysterectomy such as endometrial ablation or resection. Alternatively, endometrial regeneration may be incomplete in women with deficient stem cell reserves or
defective recruitment of stem cells after injury, thereby increasing the risk for poor
outcomes including Asherman’s syndrome.

Endometrial Vessels
Since menstruation is a form of tissue remodeling where the lining of the uterine cavity
is shed regularly, it is of utmost importance that the vasculature of the endometrium
also be capable of regeneration. Nowhere outside the reproductive tract do vessels
undergo this dramatic and regular regeneration. Angiogenesis and development of the
microvasculature system within the endometrium may be the key event for normal
endometrial cycling, as proliferation and subsequent maturation of the endometrium
are dependent on delivery of local oxygen and nutrients to the tissue [40].

Endometrial Vascular Supply
Arcuate arteries arise from the uterine arteries in the myometrium. The arcuate
arteries divide just inside the border of the endometrium and give rise to numerous
straight arterioles that supply the lower third of the endometrium. These vessels
continue as the spiral arteriole and supply the functional two-thirds of the endometrium. Endometrial blood vessels have abundant smooth muscle cells and just
beneath the surface of the endometrium, the capillaries are fenestrated. The venules
from the area drain into the uterine vein [41–44]. A sketch of the endometrial
vascular system can be found in Fig. 2.1.

Regulation of Endometrial Vessel Growth
Menstruation results in open vessels that need to be repaired in order to control
bleeding. The blood vessels begin to regenerate at the end of menstruation and
continue into the proliferative phase of the menstrual cycle. Balances between
factors that stimulate and inhibit angiogenesis regulate endometrial shedding
and regeneration. Numerous angiogenic factors have been described by several
investigators and include EGF [23], TGFa, TGFb, TNFa, FGF-1, FGF-2, PDGF,
and vascular endothelial growth factor (VEGF) [45, 46] Fig. 2.2. Appropriate
angiogenesis is required for cessation and regulation of menstrual flow . Disorders
of blood vessel function and repair may contribute to abnormal uterine bleeding.
Several specific factors involved in endometrial endothelial regeneration are
well studied. VEGFs are heparin-binding 30–45 kDa molecules that are potent
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Fig. 2.2 Endometrial growth factors. Relative amounts of growth factor (top) and growth factors
receptor (bottom) mRNA and protein levels in the human endometrium during the menstrual
cycle. Levels illustrated are relative to levels during the early proliferative phase. CSF-1 colonystimulating factor-1; EGF epidermal growth factor; FGF fibroblast growth factor; IGF-1 insulinlike growth factor-1; IL-1 interleukin-1; LIF leukemia-inhibiting factor; PDGF platelet-derived
growth factor; TGF transforming growth factor. From Guidice L, Saleh W (Trends Endocrinol
Metab 1995;6:60–69) with permission

2

The Mechanism of Menstruation

29

mitogens. VEGFs are proposed to have a crucial role in the development of vascular
endothelium and thus formation of new blood vessels [47, 48]. Of the five different
variants of VEGF, VEGF 121 and 165 isoforms are the predominant forms that
regulate endometrial angiogenesis.
VEGF-A is produced in the glandular and luminal epithelium as well as in
the stroma in the proliferative phase of the cycle. In the secretory phase of the
menstrual cycle, only the epithelial cells continue to express VEGF-A [49, 50].
Several studies suggest that VEGF is hormonally regulated. Estradiol is thought to
increase VEGF release; however, the exact role of ovarian hormones in the regulation of VEGF expression and function is not clear. [51]

Menstruation
Menstruation is the occurrence of bleeding when progesterone is withdrawn from
an estrogen- and progestin-primed uterus. While progesterone withdrawal occurs in
all species with an estrus cycle, only a very few menstruate, suggesting the existence of unique regulatory mechanisms in the endometrium of these species. The
cellular events that follow withdrawal of steroid support can be divided into four
types and are described below.

Loss of Vascular Integrity
Spiral arterioles are unique to menstruating species. The classic studies conducted
more than 50 years ago by Markee demonstrated that steroid (estrogen/progesterone) withdrawal produced severe vasoconstriction of the endometrial spiral arterioles lasting 4–24 h [52]. The vasoconstriction is followed by vasodilatation in
these vessels, causing increased blood flow. Ischemic damage induced by the
vasoconstriction causes blood to flow out of the vessels to the epithelial surface.
The interruption of blood supply and the acute tissue hemorrhage culminate in
shedding of the superficial functional layer of the endometrium.
Several vasoactive agents likely mediate the response to steroid withdrawal. Local
prostaglandin (PG) production is proposed to affect endometrial vasoregulation by
increasing the ratio of the vasodilatory PGE2 relative to the vasoconstrictor PGF2a
at menstruation [53]. Nitric oxide (NO), a vasodilator, is also locally synthesized in
the endometrium and may have a role in regulating vascular tone [54]. VEGF may
affect the induction of NO synthesis. Molecular studies of endometrial NOS expression, as well as animal experiments with NOS inhibitors, indicate that NO plays an
important role in endometrial functions such as endometrial receptivity, implantation, and menstruation. Endothelins are also potent vasoconstrictors. Cameron et al.
have shown that endometrium is rich in these molecules as well as their cognate
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receptors, thereby regulating bleeding during menstruation [55]. Many of these
agents have yet to be explored in the treatment of abnormal uterine bleeding.
It is important to appreciate that prior to overt vascular breakdown and menstruation, an inflammatory process ensues and vasospasm prompts tissue degeneration.
Leukocytes are recruited to the endometrium, where they make up nearly 50%
of the tissue just prior to menstruation. Chemokines involved in endometrial tissue breakdown include molecules such as IL-8, which are produced by the
endometrium after progesterone withdrawal. These molecules in turn attract
various leukocytes to the uterus. Myeloid cells are particularly abundant and
release pro-inflammatory cytokines at this time, as well as multiple other molecules involved in tissue degradation.

Matrix Metalloproteins (MMPs) and Tissue Breakdown
The endometrial matrix consists of the collagen, laminin, gelatin, fibronectin,
proteoglycans, and hyaluronic acid. In addition to spiral arteriolar vasoconstriction,
enhanced matrix degradation is a key mechanism that contributes to the onset of
menstruation. MMPs regulate the degradation of all of the components of the extracellular matrix. Endometrial stroma expresses MMP 1, 2, 3, and 10, while epithelium expresses MMP 7. A plethora of MMPs are produced by leukocytes as well.
MMPs are generally secreted in an inactive form. Pro-MMPs are made in increasing
numbers prior to menstruation in response to local signals as well as progesterone
withdrawal. A tightly regulated balance among MMP production, activation, and
inhibition controls the activity of MMPs and hence tissue integrity. MMPs are also
regulated by tissue inhibitors of MMPs (TIMPs). Withdrawal of progesterone at
menstruation leads to increased MMP production and activation as well as release
of TIMPs, thus causing matrix degradation. The degradation of tissue matrix results
in massive tissue destruction, loss of structural integrity, and vascular disruption.
These events have an even more profound effect than the vascular events previously
described. The endometrium is sloughed along with blood coming from the
destroyed endometrial vasculature [56].
Mechanisms have evolved to prevent premature clotting during the initial phase
of endometrial shedding [57]. Hemostasis is achieved after menstruation by coagulation in the basal endometrium. Tissue breakdown induced by MMPs activates
endometrial platelets and results in coagulation of blood. Coagulation abnormalities
in various disease states will lead to an increase in menstrual blood loss.

Endometrial Re-epithelialization
Endometrial epithelial cells from the basal glands cover the denuded surface of the
endometrium on D2 of the cycle. The epithelial cells migrate and spread to cover
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the endometrial surface. Of note, re-epithelialization at this time does not reflect
mechanisms that involve clonal expansion or a significant effect of estrogen. It is
unclear if migrating cells are epithelial stem cells and whether loss of cell–cell
contact stimulates this migration.

Vascular Repair
Repair of the endometrial vessels is a crucial event in cyclic shedding of the uterine
lining. Endothelial cells sprout from the ruptured arterioles and venules in the basal
layer of endometrium and recruit pericytes and smooth muscle cells [58, 59].
VEGF plays an important initial role, inducing recruitment and proliferation of
endothelial cells, and forming tubules and tight junctions between cells [60, 61].
Intense vasoconstriction of spiral arterioles prior to onset of bleeding induces local
tissue ischemia in the endometrium. This hypoxia induces VEGF expression via
hypoxia-inducible factor a [62]. Recruitment of pericytes and smooth muscle cells
for maturation of the vessels follows endothelial cell recruitment.

Summary
An endometrium, receptive to embryo implantation, is prepared and shed each
month during the menstrual cycle. A woman typically will have about 500 menstrual
cycles in her lifetime. Disorders of the menstruation are a common problem and one
of the most frequent indications for medical care in a reproductive-aged woman.
Precisely regulated tissue degradation, controlled hemorrhage, and rapid hemostasis
and repair are required for normal menstruation. A thorough understanding of the
mechanisms that underlie this process is important to understand the basis and treatment of disorders in this complex physiologic process.
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Chapter 3

Amenorrhea Due to Idiopathic
Hypogonadotropic Hypogonadism
and Kallmann Syndrome
Lawrence C. Layman

Case Study
The patient is a 17-year-old white female who was seen for primary amenorrhea.
Her mother states that she was healthy during her childhood years other than having
several surgeries for repair of cleft lip and palate. Upon further questioning, she is
not able to smell foods or other common smells. Her mother had normal puberty
but she also has diminished sense of smell. Her mother’s brother reportedly had
delayed puberty, cleft palate, and subsequent infertility.
On physical exam, she is 5¢1¢¢ tall with Tanner 1 breasts and Tanner 3 pubic hair.
By bimanual exam, the physician is able to place a finger into the vagina and
palpate a cervix. Laboratory studies include a prolactin = 10ng/ml (3–20),
TSH = 1.7 mU/ml (0.4–4), total T4 = 8.1 mg/dl (4.5–12.5), LH = 1 mIU/ml (1–11),
and FSH = 1.5 mIU/ml (1–11). An MRI reveals no tumor in the brain, but the olfactory bulbs are not seen. Following these studies, additional laboratory studies are
obtained: an 8:00 a.m. cortisol is 17ug/dl (8–20) and a growth hormone level rises
from 1 to 8 ng/ml after 30 min of exercise.

Development of the Hypothalamic-Pituitary-Gonadal Axis
During embryological development, gonadotropin releasing hormone (GnRH) and
olfactory neurons migrate from the olfactory placode region into the brain [1]. Once
the olfactory neurons cross the cribriform plate into the brain, a dorsal branch
migrates dorsally to reach the olfactory bulbs while a ventral branch migrates to the
hypothalamus along with GnRH neurons. GnRH is secreted in a pulsatile fashion
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from the arcuate nucleus of the hypothalamus, where it is released into the hypophyseal-portal system to affect pituitary synthesis and secretion of gonadotropins
luteinizing hormone (LH) and follicle stimulating hormone (FSH). Pituitary gonadotropins then stimulate the ovary to produce sex steroids and oocytes.
Without the use of green fluorescence protein labeling, it is very difficult to
study the neurophysiology of individual GnRH neurons in the laboratory. The main
reason that it is so difficult to study individual GnRH neurons is because they are
widely dispersed throughout the hypothalamus and they are few in number – mice
have only 800–1,000 and primates have only 1,000–2,000 [1]. Fortunately, there are
two types of immortalized GnRH neurons commonly studied in the literature that
are easily manipulated experimentally and maintain important characteristics of
GnRH neurons (express GnRH mRNA and release peptide in a pulsatile pattern).
GT1–7 cells represent one such group of immortalized GnRH neurons. These
immortalized GnRH neurons were generated by cloning the rat GnRH promoter
upstream to the T-antigen, which was then injected into single cell embryos [2].
This technique resulted in hypothalamic tumors which were harvested, cultured,
and subsequently named GT1–7 cells. These cells are of neuronal origin (but not
glia) and are postmigratory.
When the human GnRH promoter was cloned upstream to the T-antigen and
injected into single cell embryos to create transgenic mice, tumors were observed along
the migratory pathway. These GN11 and NLT cells not only express GnRH, albeit, at
lower levels than GT1–7 cells, but they also display migratory properties in vitro [3].

The Diagnosis of Delayed Puberty
Following the childhood period and for reasons not completely understood, central
inhibition of GnRH pulses is reduced, and GnRH pulses stimulate first nocturnal LH
pulses, which then later occur throughout the 24-h period. These LH pulses stimulate ovarian estrogen production and initiate the onset of the pubertal transition.
Normal puberty is usually a progression of events. Once the pubertal process is initiated, it is generally completed within 3–4 years. Thelarche is typically the first sign
of estrogen production, and occurs at about age 10.5 years, while pubarche (pubic
hair growth) generally occurs about 6 months later. In 10–20% of girls, pubarche
precedes thelarche. The peak height velocity occurs at about age 12, and on the
descending arm of the growth spurt, menarche occurs at age 12–13 [4].
In girls, delayed puberty is defined as either the absence of thelarche by age 13
or menarche by age 15, which represents 2.5 standard deviations above the mean
for North American children. The differential diagnosis is complex and may
include hypogonadism, anatomic abnormalities, such as the absence or obstruction
of the outflow tract, and certain disorders with ongoing estrogen production – most
commonly polycystic ovary syndrome (PCOS). An overview is shown in Fig. 3.1.
Although not discussed here, the evaluation and diagnostic categories are similar
for males.
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All Patients
1. TSH,T4,PRL
2. Determine if hypogonadal

Normal
PCOS
No Vagina
Outflow
Obstruction

Eugonadal

Hypogonadal

Pelvic exam

Obtain FSH & LH
Low or “Normal”

Hypogonadotropic Hypogonadism

High
Hypergonadotropic Hypogonadism
Karyotype

MRI
Normal

Abnormal

Hypothalamic
Cause

Pituitary
Tumor

Normal

Abnormal

Fig. 3.1 An overview of the diagnostic steps in girls with delayed puberty. The two most common
causes of outflow obstruction causing primary amenorrhea are complete androgen insensitivity
syndrome and mullerian aplasia (Mayer–Rokitansky–Kuster–Hauser syndrome). PCOS polycystic ovary syndrome; T4 thyroxin; TSH thyroid stimulating hormone; PRL prolactin

All patients who present with delayed puberty should have a TSH, total T4 (more
robust assay than the problematic free T4 – unless it is done by dialysis and subsequent
immunoassay), serum prolactin, and detailed psychosocial history. Hypothyroidism
(central, rather than primary), hyperprolactinemia, and hypothalamic disorders (eating
disorders/stress/exercise) may occur in patients who are eugonadal or hypogonadal
depending upon how long the process has been ongoing.
A careful history and physical exam of the female with delayed puberty are
extremely important. It is necessary to ascertain any initial signs of puberty and
estrogen production. If there are no signs of breast development, the patient clearly
has hypogonadism. If she has breast development, she has evidence of having estrogen exposure at some time in her life, but her estrogen status must be determined
at the time of presentation (as she could be now hypogonadal).
Several different methods could be considered to determine estradiol exposure,
but it should be remembered that estradiol levels are usually not very helpful
because discrimination between low and low-normal levels is not easy. A vaginal
maturation index can be determined with a vaginal smear performed at the first visit
by inserting a Q-tip and rolling it in the fornices of the vagina. Collected cells are
then gently rolled on to a slide and set with urine Sedi-Stain or another quick prep
stain (liquid prep pap smear fixative may also be used) and the ratio of parabasal,
intermediate, and superficial (P/I/S) cells counted in ~100 cells. A predominance of
parabasal cells (such as 80:20:0 ratio) indicates that the patient is hypoestrogenic,
and therefore, hypogonadal. It is important to remember that this does not tell anything about the etiology of the hypogonadism – just that hypogonadism is present.
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If superficial cells are present (as in 0:20:80), the patient is probably making
estrogen and is probably eugonadal.
Another method used to assess gonadal status is the progestin challenge test. It is
usually performed by administering medroxyprogesterone acetate 10 mg for 5–10
days (after a negative pregnancy test if the patient has normal breast development).
Progesterone could also be used, but norethindrone should probably not be used
since it may be contaminated with and/or converted to estrogen (which could cause
the hypogonadal patient to bleed) [5]. If the patient is hypogonadal, she may not
bleed at all or have only minimal spotting. A normal menstrual bleed after the
medication is completed indicates that sufficient endogenous estrogen is being
produced to prime the endometrium. This test does not need to be performed in
patients with no breast development, or who have a vaginal smear inconsistent with
estrogen exposure (predominant parabasal cells).

Hypogonadism
If hypogonadism is suspected on the basis of physical exam (Tanner 1 breasts), vaginal
maturation index, or negative progestin withdrawal, then serum gonadotropins should
be obtained. If elevated, they should be repeated in several weeks for confirmation
because of the pulsatile secretion of gonadotropins. If gonadotropins are elevated on
several occasions, gonadal failure, also known as hypergonadotropic hypogonadism,
is present. A karyotype should be performed in patients (boys and girls) with elevated
gonadotropins to rule out a chromosomal abnormality (most commonly a 45,X with
or without mosaicism or a pure 46,XY cell line in a girl; or a 47,XXY or 46,XX in a
male) [6, 7]. If gonadotropins are low or normal in the face of hypogonadism, then the
patient has hypogonadotropic hypogonadism (HH) due to hypothalamic or pituitary
dysfunction or disease. It is usually taught that chromosome abnormalities are uncommon and hence unnecessary to evaluate in patients with HH. However, this presumption may be challenged by studies from our lab which found that as many as 2–3% of
patients with HH have chromosomal rearrangements [8].
Sex steroids are necessary for growth therefore performing a bone age should be
considered in hypogonadal patients. These patients can have delayed bone age
compared to chronological age. They do not usually have a bone age beyond 11–12
years; however, if bone age is markedly delayed, growth hormone deficiency and/
or hypothyroidism should strongly be considered.

Idiopathic Hypogonadotropic Hypogonadism
When the patient is hypogonadal with low serum gonadotropins (or “normal,” an
inappropriate finding on a background of hypogonadism), the diagnosis is HH. An
MRI with and without gadolinium of the brain is necessary to exclude a CNS tumor,
most commonly a prolactinoma or craniopharygioma. It is also reasonable to visualize
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the olfactory tracts and bulb – if they are absent or hypoplastic, this suggests
Kallmann syndrome (KS). If a tumor is not present, the cause is usually considered
to be hypothalamic by exclusion. Although it is possible to perform a triple test
(insulin induced hypoglycemia, GnRH, and TRH stimulation and check baseline
and hormone levels every 15 min for 1–2 h – TSH, prolactin, cortisol, LH, FSH, and
GH), the cost is great and the yield is very low except in patients who have extreme
short stature, which could suggest pituitary failure. However, cryptic adrenal failure
is very serious and could indicate pituitary insufficiency with reduced ACTH, therefore, it is reasonable to obtain an 8:00 am cortisol. If the patient has a height below
the 5th percentile, particularly with a family history of pituitary failure, then combined pituitary hormone deficiency (CPHD) should be considered. Genetic counseling and testing for mutations in genes such as PROP1, HESX1, SOX2, SOX3, LHX3,
or LHX4 could be considered in these patients (Fig. 3.1) [9]. In the absence of a
tumor, strong consideration must be given to the history and physical exam with
particular attention to body mass index, eating and exercise patterns, and stress.
For patients with HH who have no pituitary tumor and are of normal weight, two
diagnoses must be entertained. The first is constitutional delay of puberty (CDP),
which really can only be documented in retrospect if girls subsequently initiate
spontaneous puberty before age 17 (CDP is more common in boys). If girls remain
hypogonadal by age 17, then the diagnosis is idiopathic or isolated hypogonadotropic hypogonadism (IHH). A history should be sought for anosmia/hyposmia, midline facial defects, associated neurologic deficits such as synkinesia (on exam she
raises both arms when she is asked to raise one), hearing loss, or visual abnormalities. When IHH is combined with anosmia/hyposmia, she has KS. Certainly, a history for eating disorders (anorexia or bulimia), extreme stress, or strenuous exercise
must be excluded (discussed in Chap. 8).

The Genetic Basis of IHH/KS
Chromosome Analysis
Although they do not occur as commonly as in women with hypergonadotropic
hypogonadism, karyotype abnormalities may occur in several percent of IHH/KS
patients [8]. Although their immediate significance is less obvious than a 45,X cell
line in a patient with gonadal dysgenesis, a balanced chromosomal translocation
could provide an indication of a new IHH/KS gene. These types of studies are
being actively pursued in our molecular reproductive endocrinology laboratory.
For example, it is possible that a chromosomal translocation could disrupt a gene
at the breakpoint, which could cause IHH/KS in that patient. Then, this gene
becomes a candidate gene to test in other patients with IHH/KS who do not have
chromosome abnormalities. It is also very reasonable to karyotype patients with
multiple anomalies and IHH/KS, as this could indicate an unbalanced chromosomal
rearrangement with the loss of multiple genes. Prader-Willi syndrome, due to a
15q deletion by FISH, should be considered if associated anomalies are present.
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Comparative genomic hybridization (CGH) could also be very helpful in
ascertaining if deletions or duplications occur.
Molecular Analysis
Mutations have been identified in approximately 30% of IHH/KS families, including
KAL1, GNRHR, NR0B1, FGFR1, KISS1R, PROK2, PROKR2, CHD7, FGF8, TAC3,
TAC3R, NELF, and GNRH1 (reviewed in Kim et al. [9] and summarized in Table 3.1).
In this section, the more common genes, particularly those that have consequences for
genetic counseling will be briefly reviewed. Mutations in the first identified gene –
KAL1 [10, 11] – on the X chromosome account for about 5–10% of the causes of KS
in males (not females since it is X-linked recessive) [12]. If a clear X-linked recessive
family history is present, 30–60% of these patients will have KAL1 mutations [12].
Males with mutations in the KAL1 gene may also have unilateral renal agenesis (50%
in one series), which should be tested. To date KAL1 mutations have only been
reported in males with either anosmia or hyposmia – not normosmia. Mutations in the
FGFR1 (KAL2) gene occur in about 10% of patients with either KS or normosmic
IHH [13, 14]. This autosomal dominant disorder can lead to individuals with mutations
who are not affected (reduced penetrance) or to patients with a mild phenotype, such
as anosmia only (variable expressivity), which can complicate the diagnosis. Midline
facial defects and dental agenesis may occur in patients with FGFR1 mutations.
Mutations in the CHD7 gene cause CHARGE syndrome (Coloboma of the eye,
Heart defects, choanal Atresia, Retardation in growth and development, Genitourinary anomalies, and Ear – both vestibular and auditory) [15]. This disorder can
be autosomal dominant or sporadic. Recently, CHD7 mutations were found to be
present in 6% of KS patients and 6% of those with normosmic IHH [16]. Mutations
in CHD7 and FGFR1 are particularly important because they cause autosomal
dominant disease with an attendant 50% risk to each pregnancy, indicating that the
patient should be properly counseled prior to pregnancy.
For patients with normosmia, FGFR1 and CHD7 are the most common. GNRHR
mutations [17, 18] comprise approximately 3–5% of the cases and are inherited in
an autosomal recessive fashion [19]. They have only been reported in normosmic
IHH – not KS. Although mutations in other genes have been reported, they are currently thought to be rare or the role of genetic counseling is marginally understood.
There have also been some cases in which mutations in two different genes –
digenic inheritance – has been reported [20, 21].
Currently, the molecular basis of IHH/KS usually relies upon research labs,
including our own. Blood from the affected patient, parents, and siblings (both
affected and unaffected) are obtained so that segregation studies can be performed.
In this way, if a mutation is identified, other family members can be tested to
see if the putative mutation is found in those affected and absent in those who are
unaffected. Molecular analysis should be offered to any patient who desires to
understand more about her disease, as well as for the risk of recurrence to her child
if she elects to attempt conception.
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Table 3.1 IHH/KS genes. The gene symbol and its chromosomal location are shown in addition
to the phenotype, inheritance pattern, and frequency
Gene
Localization
Phenotype
Inheritance
Frequency
GnRH and olfactory neuron migration
KAL1
Xp22.3
KS
XLR
5–10%; 30–70%
familial
FGFR1
8p12
KS, IHH
AD
−10%
CHD7
8q12.2
KS, IHH, CHARGE
AD, sporadic
6%
syndrome
FGF8
10q24
KS, IHH
AD
1.3%
NELF
9q34.3
IHH/KS
Digenic and
1–2%
monogenic
PROK2
3p21.1
KS
Unknown
1–2%
PROKR2
20p13
KS
Unknown
5%
Hypothalamus
KISS1R
LEP
LEPR
NROB1a

19p13.3
7q31.3
1p31
Xp21

PCSK1
TAC3
TACR3
GNRH1

5q15-q23
12q13-q21
4q25
8p21-p11.2

Pituitary
GNRHR
FSHB

4q21.2
11p13

LHB

19q13.3

HESX1

3p21.1–21.2

PROP1

5q

LHX3
LHX4
SOX2

9q34.3
1q25
3q26.3-q27

SOX3

Xq26.3

IHH
Obesity, IHH
Obesity, IHH
Adrenal hypoplasia
congenita
and IHH
Obesity, IHH
IHH
IHH
IHH

AR
AR
AR
XLR

Low
Low
Low
Low

AR
AR
AR
AR

Rare
Unknown
Unknown
0.3–0.8%

IHH
Isolated FSH
deficiency
Isolated LH
deficiency
Septo-optic dysplasia,
CPHD
Short stature,
hypothyroid,
CPHD
CPHD
CPHD
Microphthalmia/
midline CNS
defects, CPHD
Midline CNS
anomalies, CPHD

AR
AR

3–5%
Rare

AR

Rare

AR, AD

Low

AR

Low

AR
AD
AD, sporadic

Low
Low
2–3%

XLR

Low

FGFR1, CHD7, FGF8, PROKR2, and PROK2 mutations cause both normosmic IHH and KS.
XLR X-linked recessive; AD autosomal dominant; AR autosomal recessive; CPHD combined
pituitary hormone deficiency
a
NROB1 has hypothalamic and pituitary effects
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Treatment
Treatment for patients with IHH involves administration of estrogen for girls [22].
Usually, estrogen-only preparations are started at a low dose and increased gradually until normal breast development is reached (or she begins bleeding). This could
be 0.3 mg of conjugated equine estrogens that are increased every 3–6 months to
1.25 mg/day. Alternatively, 0.5 mg of estradiol could be given and increased by
0.5 mg increments until the desired result is observed. This could take a year or
longer. Then, a progestin is added, or for ease of administration, a combined
estrogen–progestogen preparation could then be prescribed.
When pregnancy is desired the estrogen–progestogen is discontinued. Since
clomiphene acts principally in the hypothalamus, and these patients have hypothalamic dysfunction, it usually will not work. In contrast to patients with gonadal
failure, patients with IHH or KS can be treated with subcutaneous FSH and LH
(usually 150 IU/day with monitoring of ovarian follicular development) for ovulation induction in females. These patients are at high risk for ovarian hyperstimulation syndrome and high-order multiple pregnancies. Therefore, it is prudent to be
cautious and not aggressive with exogenous stimulation of the ovaries. Previously,
this risk was circumvented with the use of a GnRH pump which supported monofollicular ovarian development. Unfortunately, this method of ovulation induction
is not available at this time in the United States. Nonetheless, if tubal patency and
normal semen parameters exist, ovulation induction as a therapeutic approach
yields cycle fecundity that is similar with age-matched fertile women [22].
Case Discussion
This patient has no evidence of puberty – she has Tanner 1 breasts and primary
amenorrhea. The fact that she does not demonstrate any stigmata of puberty and
there is an absence of breast development strongly indicates hypoestrogenism.
There is no reason to obtain a serum estradiol level in this case. In fact, most estradiol assays are not designed to distinguish between low (<30 pg/ml) and early follicular phase levels (30–60 pg/ml). Low or normal serum levels of gonadotropins
in the presence of clinical evidence consistent with hypoestrogenism indicate that
the patient has HH. An MRI excludes the presence of a tumor, which could be
either a prolactinoma or a craniopharygioma. In this patient, as in many others, the
cause is usually unknown; and it is often termed idiopathic hypogonadotropic
hypogonadism (IHH). She has anosmia with absent olfactory bulbs, findings that
strongly suggest that she has KS. If she were tested with a smell identification test,
it is likely she would be anosmic or hyposmic. Midline facial defects may also be
present in patients with IHH.
The findings of: (1) KS in the patient, (2) her mother who has anosmia only, and (3)
an uncle who had delayed puberty and infertility suggest autosomal dominant inheritance. Mutations in either FGFR1 or CHD7 genes cause autosomal dominant KS and
could be present in this family. DNA sequencing of first the FGFR1 gene, which is
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more common (10%), and if negative, the CHD7 gene (6%) could be considered in this
patient. Autosomal dominant diseases may manifest either reduced penetrance (meaning
that not all patients with a mutation manifest the disease), or as in this family, variable
expressivity (indicating variable severity). The patient has KS; the mother has only
anosmia; and an uncle probably has IHH without anosmia, but who had a more serious
defect – cleft palate.
This patient can be treated with estrogen to induce breast development. Once
breast development is adequate or she has menses, then adding a progestin or
switching to a combined estrogen–progesterone combination preparation can be
done. When she considers pregnancy, treatment with gonadotropins (both FSH and
LH will be necessary) can be used for ovulation induction. It must be remembered
that she should be counseled that there could be up to a 50% chance of having an
affected child with the same disorder.
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Chapter 4

Polycystic Ovary Syndrome
Enrico Carmina

Introduction
Polycystic ovary syndrome (PCOS) is a heterogeneous disorder characterized by the
pathogenetic importance of ovarian hyperandrogenism and insulin resistance and by the
variable presence of four key features: (1) chronic anovulation; (2) hyperandrogenism;
(3) abdominal obesity; and (4) polycystic ovaries [1].
These features were already described by Stein and Leventhal in 1935 [2] and,
with the notable exception of the abdominal obesity, are the components of the newer
diagnostic criteria of Rotterdam and of Androgen Excess and PCOS Society [3, 4].
The main difference between these two diagnostic approaches is that the first includes
in the syndrome also patients with no clinical or biochemical hyperandrogenism
while AEPCOS criteria consider essential the presence of hyperandrogenism.
Because it is sufficient that two of the key features are present to make the diagnosis; four different phenotypes may be found with Rotterdam criteria while with
AEPCOS criteria three different phenotypes are observed [5]. In Table 4.1, the four
main phenotypes according to Rotterdam criteria are reported.
Independently on diagnostic criteria, PCOS is a very common disorder. Studies
on the prevalence of the classic form (chronic anovulation and hyperandrogenism)
have shown that in most ethnic groups about 6% of adult women are affected by the
disorder [6]. Including the milder or contested phenotypes, the prevalence of PCOS
is probably around 10% of all adult women [7].
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Table 4.1 Phenotypes of PCOS
according to Rotterdam meeting

E. Carmina
1. Classic PCOS
(a) With polycystic ovaries
(b) With normal ovaries
2. Ovulatory PCOS
3. Normoandrogenic PCOS

Clinical and Endocrine Characteristics of Main
PCOS Phenotypes
Although only few studies have evaluated the clinical and endocrine characteristics
of the four main Rotterdam phenotypes [8–12], the available data may be so summarized (Table 4.2):
1. Type I classic PCOS represents the most common and severe form of PCOS.
These patients present as group an abdominal obesity, chronic anovulation with
oligomenorrhea or amenorrhea, increased levels of LH and LH/FSH ratio,
increased androgens, elevated insulin, insulin resistance, and polycystic ovaries.
They represent almost 60% of all PCOS patients but in some settings may represent 80–90% of all PCOS patients.
2. Type II classic PCOS are very similar to other classic PCOS patients but are less
common (only 5–10% of the total number of PCOS patients). These patients present normal ovaries and the main endocrine difference between type I and type II
classic PCOS is related to LH levels and LH/FSH ratio. Although all patients with
classic PCOS have increased LH and LH/FSH ratios when compared to controls,
those patients with polycystic ovaries have significantly higher LH levels (and
LH/FSH ratios) than patients with normal ovaries. It suggests that LH is important or in some way related to the morphologic appearance of the ovaries.
3. Ovulatory PCOS seems to be the mild form of classic PCOS. In fact, these
patients present most endocrine characteristics of PCOS but in a milder form. In
fact, patients with ovulatory PCOS have intermediate values (between classic
PCOS and controls) of BMI, waist circumference, testosterone, insulin, and
QUICKI. Only LH is generally normal, and it represents the main endocrine difference with the other phenotypes of PCOS. On the other hand, it is well known
that in many patients with classic PCOS, it is possible to get ovulation by reducing
body weight [13]. Passage from classic to ovulatory PCOS and vice versa may be
possible and related to sociocultural and environmental influences [14, 15].
4. Patients with normoandrogenic PCOS represent a unique group. However, also
these patients have a mild testosterone excess in spite of having androgen levels
in the normal range [11]. This group of subjects is mostly characterized by
increased LH and LH/FSH ratio but normal body weight, waist circumference,
insulin, and insulin sensitivity. Probably, they are part of PCOS spectrum but
may have different pathogenetic components. In fact, hyperandrogenism is very
mild and insulin resistance is generally absent. Because of it, it may be correct to
keep these patients separated from other PCOS patients as previously suggested
by AEPCOS Committee [4].
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Table 4.2 Main characteristics of PCOS phenotypes

Type I classic PCOS
Type II classic PCOS
Ovulatory PCOS
Normoandrogenic PCOS

Androgen levels
Increased
Increased
Increased
Normal

LH/FSH
Increased
Mild increase
Normal
Increased

Insulin
resistance
Increased
Increased
Mild increase
Normal

CV risk
Increased
Increased
Mild increase
Normal?

In conclusion, the different phenotypes of PCOS not only present similarities, but
also important differences in their clinical and endocrine pattern.

Amenorrhea and PCOS: Prevalence and Clinical Significance
In the original paper of Stein and Leventhal [2], the patients presented with amenorrhea, and for many years amenorrhea has been considered prevalent in women with
PCOS. In 1963, Goldzieher and Axelrod reviewing the clinical data of 1,079
patients, tabulated from 187 references, reported that amenorrhea was present in the
majority (51%) of the patients with PCOS [16]. More recent studies have indicated
that amenorrhea, while relatively common, is present in a minority of PCOS
women, with a prevalence ranging between 10 and 20% of the patients [17, 18].
Probably, differences in diagnostic criteria have determined such differences in
prevalence.
It is unclear that the motive of the occurrence of amenorrhea in PCOS patients.
Probably, differences in estrogen production may explain these differences, but it is
the opinion of the author that in some PCOS patients, amenorrhea may be linked
also to psychological stress. In our experience, amenorrhea is present in 12% of
classic PCOS and in 15% of patients with normoandrogenic PCOS.

Abdominal Obesity as the Main Determinant
of the Severity of PCOS Phenotype
Abdominal obesity is probably the most important factor that may modify the
PCOS phenotype [12, 19, 20]. In fact, the main difference between the different PCOS phenotypes is related to body weight and mostly to variations in abdominal adipose tissue. While some patients with mild PCOS phenotypes are obese, and
at the contrary some patients with classic PCOS have normal body weight and no
increased abdominal adipose tissue, only patients with classic PCOS have a significant increase of prevalence of obesity when compared to normal population [19].
In addition, changes in body weight may modify the phenotype of PCOS moving
the patient from a severe to a mild phenotype and vice versa [12, 13]. Above all, it
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suggests that obesity may modify the androgenic phenotype and transform a mild
androgenic phenotype (ovulatory or maybe normoandrogenic PCOS) in classic
PCOS [12].
Of course, obesity is not the only one factor able to influence the PCOS phenotype. Many patients with classic PCOS have a normal body weight [14]. Although
a proportion of normal weight patients with classic PCOS have increased abdominal fat quantity, in the majority of these patients abdominal fat quantity is normal
[19, 20]. Other factors, maybe also genetic components influencing insulin resistance and/or ovarian androgen secretion may be important. However, it is probable
that the phenotypic differences in PCOS are mostly related to environmental differences. The consequence is very important. Most women with classic PCOS may
reverse to a mild PCOS phenotype by changing their lifestyle. It is a message that
the doctor should always give to his patients.

Adolescent PCOS: Specific Problems and Diagnosis
In adolescent girls, the diagnosis of PCOS may be particularly difficult. In fact, all
main diagnostic criteria that are used in adult women may be transitory or not well
defined in adolescent girls. In particular, both menstrual irregularities and altered
ovarian morphology may spontaneously reverse to normal pattern in few years.
In fact, several studies have shown that 40–50% of adolescent women with oligomenorrhea, or amenorrhea will have normal ovulatory menses during their adult
life. Van Hoof et al. followed a cohort of 766 girls and observed that only 51% of
the 67 subjects, who presented oligomenorrhea at the age of 15, had menstrual
disorders at the age of 18 [21]. Similarly, in a Swedish study, 40% of 87 adolescent
girls with menstrual irregularities followed for 6 years spontaneously normalized
their menstrual cycles [22]. Normalization of menstrual cycles may depend on the
changes in food assumption or on the maturation of ovulatory process, but it is a
common phenomenon, and we should be careful in evaluating the results of treatments in adolescent girls.
In adolescent girls, also morphologic appearance of ovaries may not be definitive.
On the contrary, it has been reported that multifollicular ovary is quite common during adolescence but generally reverses to normal after some years [23]. It has to be
remembered that multifollicular ovary may not be easily differentiated by the polycystic ovary, in particular when, as stated in Rotterdam guidelines, hyperplasia of the
stroma is not assessed. In fact, the simple count of follicular cysts does not permit to
distinguish between multifollicular and polycystic ovaries. Probably, the assessment
of ovarian volume or of theca hyperplasia is needed in adolescent girls [24].
Also hyperandrogenism may be transitory [23]. However, it has been reported
that hyperandrogenism is relatively constant and may represent the most important
symptom of PCOS during adolescence [25]. In addition, it has been suggested that
progressive hirsutism may represent an important sign of PCOS [25].
Because of it, it has been suggested to delay the diagnosis of PCOS until the end
of the adolescence. Others have suggested making the diagnosis on the presence of
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at least four out the following five criteria: clinical hyperandrogenism, biological
hyperandrogenism, hyperinsulinism, oligo/amenorrhea, and polycystic ovaries [23].
However, these criteria look too much restrictive. It is probably better to diagnose PCOS in adolescence only in patients with the most severe phenotype (Type
1 classic PCOS). Also in patients with the severe phenotype, increased ovarian size
and/or theca hyperplasia is probably needed to make the diagnosis. The other
PCOS phenotypes cannot be diagnosed during adolescence, and girls who present
incomplete symptoms should be included in a strict follow up and the final diagnosis should be determined only after 18.

Treatment of PCOS
There is not a specific treatment of PCOS, but lifestyle changes are the only
form of management that may give prolonged results on all characteristics of the
syndrome [13].
The other treatments depend on the main symptom or on specific requests of the
patients. When fertility is the main concern, clomiphene should be preferred as the
first-line therapy [26]. While some authors [27] claim the metformin is as effective
as clomiphene, there is a large consensus that clomiphene is more effective for
ovulation induction [26]. Probably, for ovulation induction, the better alternative to
clomiphene is the use of aromatase inhibitors that shows a good safety profile and
efficacy at least similar to clomiphene [28].
When hirsutism is the main concern estro-progestins (E-P) or spironolactone is the
choice therapy [29, 30]. When using E-P, the progestin component is particularly
important and products having antiandrogen activity such as cyproterone acetate
(where available) or drospirenone should be preferred. In selected patients, with no or
insufficient response to E-P, pure antiandrogens as flutamide may be used [29, 30].
Because of its potential hepatotoxicity, very low doses (125–250 mg/day) of flutamide
have to be utilized and liver enzymes should be carefully monitored. In fact, the elevation of liver enzymes may be found with doses of flutamide as low as 250 mg/day.
When menstrual disorders, but no fertility, are the main concern, E-P or metformin
may be used.
Finally, long-term treatment of PCOS women requires an individualization of
the therapy. It is essential to know the possible risk factors and complications of the
single patient, and treatments should be chosen according to it.

Clinical Case No. 1
History. A 16-year-old girl who from menarche complains of increased facial and
body hair and menstrual disorders. Her menses are characterized by oligomenorrhea with phases of amenorrhea (of 4–6 months). Her past medical history and
family history are unremarkable.
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Examination. She is a girl with a mild diffuse hirsutism (Ferriman–Gallwey–Lorenzo
scores 9) but no other physical abnormalities. She has a normal body weight
(BMI 22) and waist circumference (82 cm). She has no increased skin pigmentation
or striae. The blood pressure is 110/70 mm Hg and the pulse 90 per minute.
Laboratory data. In day 5 of the cycle, the following blood hormone levels are
obtained.
LH 15 mUI/ml, FSH 8 mUI/ml, LH:FSH ratio 1.9
Testosterone 48 ng/dl, SHBG 46 nmol/ml, FAI 3.6, DHEAS 1 mg/ml, 17OHP
0.9 ng/ml
Insulin: 11.3 mU/ml, glucose: 74 mg/dl
Cholesterol 197 mg/dl, HDL-cholesterol 63 mg/dl, LDL-cholesterol 104 mg/dl,
triglycerides 82 mg/dl
Ovarian sonography shows polycystic ovaries (15 microcysts with a diameter
between 5 and 8 mm in each ovary) that present a normal size (mean ovarian size
6.8 cm3) and no stromal hyperplasia.

Questions
1. The most likely diagnosis in this girl is:
––
––
––
––
––

PCOS?
HAIR-AN syndrome?
Androgen secreting tumor?
Idiopathic hirsutism?
Cushing syndrome?

2. What is the most appropriate treatment?
(a)	Estro-progestins
(b) Metformin
(c) Antiandrogens
(d) Only esthetic measures and follow-up

Answer and Comment
1. The available data do not permit a sure diagnosis. PCOS or idiopathic hirsutism
are both possible diagnoses. While HAIR-AN syndrome, androgen secreting
tumor, and Cushing’s syndrome may be ruled out because of the clinical history,
the physical examination, and the values of androgens, it is impossible at the
moment to make a diagnosis of PCOS or of another mild androgen excess disorder. In fact, while this adolescent patient presents all diagnostic criteria according
to Rotterdam or AEPCOS guidelines, androgen levels and ovarian size are normal.
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Because menstrual disorders and polycystic ovaries may reverse to normal in few
years, only hirsutism should be considered a probably permanent symptom.
2. The correct answer is d: only esthetic measures and follow up. In fact, in the
absence of a diagnosis, no specific therapy should be suggested. In addition,
hirsutism is mild and circulating androgens are normal. Esthetic measures should
be suggested to reduce the hirsutism until the diagnosis becomes clear.

Follow-Up
In another hospital, the diagnosis of PCOS was made and treatment with E-P
containing cyproterone acetate was suggested. After 6 months of treatment, the
following hormone and metabolic values were obtained:
• Fasting insulin 21 mU/ml, blood glucose 71 mg/dl
• Cholesterol 232 mg/dl, HDL-cholesterol 53 mg/dl, LDL-cholesterol 145 mg/dl,
Triglycerides 145 mg/dl
Treatment with E-P was stopped
After 4 years (at age 20), the patient was reevaluated in our department. At the
moment of the study, she referred normal menses and mild hirsutism (FGL scores: 9)
The following hormone and metabolic values were obtained:
• Serum P: 8.6 ng/ml, testosterone 42 ng/dl, SHBG 45 nmol/L, FAI 3
• Fasting insulin 10 mU/ml, blood glucose 86 mg/dl
• Cholesterol 197 mg/dl, HDL-cholesterol 69 mg/dl, LDL-cholesterol 123 mg/dl,
Triglycerides 74 mg/dl
• Ovarian sonography showed a few microcysts but no polycystic ovaries. Ovarian
size was normal and no theca hyperplasia was observed.

Conclusions
The patient presents with hirsutism and only esthetic measures (including laser
therapy) were suggested.
The clinical history indicates the difficulties in making a correct diagnosis of
PCOS in adolescent girls. If a diagnosis of PCOS were made, and the patient
treated with a more aggressive agent (such as metformin), then the spontaneous
improvement in menses and ovarian morphology would have been attributed to that
therapy. In adolescence, only patients presenting with severe symptoms (hyperandrogenism, polycystic ovaries with increased ovarian size or theca hyperplasia and
irregular menses) should have a diagnosis of PCOS and a specific treatment. In all
other young girls, the diagnosis should be postponed until adulthood.
It is interesting to observe that this patient developed an altered lipid pattern
when treated by an estroprogestin containing cyproterone acetate. Dyslipidemia is
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uncommon in women taking oral contraceptives (also containing cyproterone
acetate) but may develop in patients presenting some hidden metabolic alterations.
It indicates another interesting question. Does this patient also have subclinical
insulin resistance? Will she develop a PCOS if the body weight increases? It is difficult to answer to these questions, but maintenance of normal body weight should
be a primary objective in adolescents (and adult women) presenting with hirsutism
or menstrual disorders.
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Chapter 5

Primary Ovarian Insufficiency
Amber R. Cooper, Sharon N. Covington, and Lawrence M. Nelson

A Clinical Vignette
A 29-year-old G0 woman presented to her gynecologist with the complaints of
an inability to get pregnant and abnormal menses. She married 1 year ago and immediately stopped her oral contraceptives with hopes to conceive. She had irregular
light cycles the first 3–4 months off of OCPs, 1 menses 3 months later, and none
since that time (about 4–5 months). Her past medical history was unremarkable and
her review of systems was noncontributory except for a 10 lb weight loss in the last
6 months, which she attributes to stress from an inability to conceive and vaginal
dryness. She is on no other medications but does smoke 5–10 cigarettes/day,
although is trying to quit. She had normal puberty and menarche at age 13 years.
Her cycles had previously been regular and she had been on oral contraceptives for
8 years. Her family history was remarkable for a mother with rheumatoid arthritis
and hypothyroidism, a father with type I diabetes mellitus, and a cousin with mental
retardation. Her height is 61 in., weight 116 lb, and BMI 21.9 kg/m2. Physical and
pelvic examinations were normal. Pregnancy test was negative. She was given a
progestin challenge test and bled in response to it. Initial prolactin and thyroid studies
were normal and basal follicle stimulating hormone (FSH) during her withdrawal
bleed was 46 mIU/mL.

Introduction
The ovary is one of the most enigmatic organs in the body. It peaks in oocyte quantity even before a female fetus is born, at approximately 20 weeks in utero, with
5–6 million oocytes. Yet even prior to this peak in oocyte number, the majority of

A.R. Cooper ()
Department of Obstetrics and Gynecology Division of Reproductive Endocrinology and
Infertility, Washington University School of Medicine, St. Louis, MO, USA
e-mail: coopera@wustl.edu
N.F. Santoro and G. Neal-Perry (eds.), Amenorrhea: A case-Based, Clinical Guide,
Contemporary endocrinology, DOI 10.1007/978-1-60327-864-5_5,
© Springer Science+Business Media, LLC 2010

55

56

A.R. Cooper et al.

oocytes begin to undergo apoptosis. By birth, 80–90% of oocytes are already lost
[1]. Most consider the period of infancy through puberty a relatively quiescent time
for the ovary, although during this time follicles are growing and oocytes are
actively synthesizing mRNA and protein. By the time of puberty, there are less than
500,000 oocytes remaining and most likely 500 or less will ever grow to an optimal
size for ovulation. From puberty to the time of menopause (which normally occurs
at 51–52 years of age on average), there is a progressive decline in oocyte quantity
and, most likely, quality. The last 10–15 years of menstruation are marked by an
accelerated rate of oocyte loss, likely when the follicular pool reaches a critical
threshold number of oocytes (thought to be around 25,000) [2]. As the follicle pool
diminishes, less estradiol and possibly inhibin-B are released, leading to an increase
in FSH. More rapid follicular development occurs and menstrual cycle length shortens partially due to early and more rapid recruitment. It may be that the individual
age of menopause is related to the size of the established primordial follicle oocyte
pool in utero, and, thus, when the functional pool is depleted, menopause will
occur. It is also possible that the rate of expenditure of primordial follicles is accelerated above normal in some women. Natural menopause is an irreversible decline
in reproductive function driven by primordial follicle quantity (Fig. 5.1) [1].
We prefer the designation of “primary ovarian insufficiency” (POI) as a more
scientifically accurate term for what many still refer to as “premature ovarian failure”
(POF) or “premature menopause.” The terms POF and premature menopause inappropriately suggest a state of complete, irreversible cessation of ovarian function.
Fuller Albright originally coined the term POI in the early 1940s to report what is
now evident to be a continuum of impaired ovarian function ranging from a mild
dysfunction to severe abnormality [3]. Also, a majority of women interpret the term
“failure” as stigmatizing and prefer the term POI as a more positive and more accurate description of their condition (unpublished data). Many prefer the term insufficiency because it conveys the message that there still remains some hope of pregnancy,
albeit small. Published evidence has demonstrated that patients who feel more stigma
related to this condition experience more symptoms of anxiety and depression, so
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Fig. 5.1 Oocyte quantity (in millions) over the lifespan of a normal female, from in utero through
menopause [1]
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Table 5.1 POI diagnostic criteria
• < 40 years of age
• Absence or irregularity of menstrual cycles ³4 months
• Menopausal range FSHa (defined by individual laboratory criteria)
Menopausal range FSH values need to be repeated and confirmed on two
occasions at least 1 month apart
a

there is good reason to use a term that is both more scientifically accurate and less
stigmatizing to patients [4]. A diagnosis of POI comes with significant medical,
genetic/heritable, psychologic, and reproductive health concerns. This chapter will
describe the condition and provide data to aid the clinician in providing optimal care
for women diagnosed with POI. It is our belief that women with POI are best served
with a multidisciplinary health care treatment approach in order to address all of their
health issues, preventative care, and counseling needs. These issues will be addressed
in detail.
POI is defined as absent or irregular periods for 4 months or greater combined
with menopausal range FSH in a woman under 40 years of age (Table 5.1). Most have
previously defined it as a triad of amenorrhea, hypergonadotropism, and hypogonadism in women younger than 40 years of age. Yet for reasons often unknown to clinicians, 1–2% or more of women develop signs and symptoms of menopause prior to
the age of 40 years, an age 2–3 standard deviations outside the normal range [1, 5].
The precise prevalence is difficult to determine, increases with age, and is dependent on
the population studied. It may seem natural to call such a process “early menopause”
or POF, which implies complete cessation of function of the ovaries and sterility at a
significantly earlier age than normal, but these terms are not accurate for young
women with this condition as mentioned above. It is well documented that these
women have varying and unpredictable menstrual cycles, often periodically ovulate,
and still spontaneously conceive 5–10% of the time [6–10].
Menopausal range gonadotropins may not correlate with the degree of ovarian
function as they do in a naturally menopausal woman in her sixth decade of life or
later. In fact, young women with POF may still ovulate and menstruate while on no
therapy despite significantly elevated FSH values (Fig. 5.2) [10, 11]. Furthermore,
ultrasound evaluation of these women frequently reveals continued follicular development unlike that in the naturally menopausal woman in her 50s who may have
smaller ovaries with little to no basal antral follicles [9, 12]. Such follicular presence or development does not imply normal functionality in these patients. In most
cases, the etiology remains a mystery even after thorough evaluation.

The Clinical Spectrum of POI
The presentation and symptoms experienced by women with POI vary depending on
the etiology of the condition. Amenorrhea can be a manifestation of numerous
underlying medical illnesses. Women who present with primary amenorrhea are less

58

A.R. Cooper et al.

P4(Ng/ml)

E2 (pg/ml)

LH (mlu/ml)

FSH (mlu/ml)

a

b
75

75

50

50

25

25

0

0

75

75

50

50

25

25

0

0

200

200

100

100

0

0

20

20

10

10

0
0

5
Weeks

10

0
0

5

10

15

Weeks

Fig. 5.2 Serial blood samples in an 18-year-old 46,XX patient with spontaneous POI diagnosed at age 14 years. Column a represents repeated FSH, LH, estradiol (E2), and progesterone
(P4) measurements during 4 months of treatment with a GnRH agonist. Column B demonstrates
continued ovulatory cycles and menstrual bleeds (red arrows or solid bars on the x-axis) despite
significantly elevated FSH during 4 months of treatment with placebo injections [10, 11]

likely to have developed breasts to Tanner stage 5, less likely to have symptoms of
estrogen deficiency, and more likely to have karyotypic abnormalities (50% or
more), resulting in conditions such as Turner’s syndrome (45,X) [8]. Most adult
women who are found to have hypergonadotropic hypogonadism are ultimately
given a diagnosis of spontaneous 46,XX POI. Most of these women present with
secondary amenorrhea, but many will initially report oligomenorrhea, polymenorrhea, menometrorrhagia, or other dysfunctional uterine bleeding. In women with
secondary amenorrhea, estrogen withdrawal symptoms are common and infertility
is sometimes part of the history, although for many women the condition precedes
any attempt at conception.
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Some women who will ultimately meet the criteria for a diagnosis of POI will be
completely asymptomatic. Others may only present to subspecialists due to infertility
or irregular menstrual cycles. Often while taking a detailed patient history, some clues
may surface leading a physician to suspect POI, but this is not always the case.
Regardless, it is often a random, or more commonly a basal (drawn on day 2–4 of the
menstrual cycle), FSH value abnormality that directs the physician toward uncovering
the earliest stage of POI, occult POI.
One way to differentiate between degrees of ovarian insufficiency is to categorize the clinical and laboratory findings, more specifically, to quantify their ovarian
function based on their menstrual regularity, fertility, and FSH values. Using this
sub-categorization of findings, clinicians can develop a spectrum, referring to
women as normal, or as being in the occult, biochemical, or overt stages in the
continuum of ovarian function associated with POI (Table 5.2) [6, 13].
With the advent and rapid progression of assisted reproductive technologies
(ART) in the last several decades, clinicians have been able to distinguish women
who have a poor response to gonadotropin stimulation, significantly less oocytes
recovered during in vitro fertilization (IVF), poorer quality embryos, and lower
pregnancy rates from women with a similar age and infertility diagnosis. Many
have suggested that these women demonstrate “early ovarian aging,” have ovaries
“older than their chronological age,” or exaggerated FSH values during the follicular
phase or during clomiphene citrate challenge tests [14, 15]. Terms such as “diminished ovarian reserve (DOR)” and “premature ovarian aging (POA),” and sometimes unexplained infertility, have been used to refer to women who have such a
response but do not meet the criteria for POI [16–20]. It is difficult to determine if
these patients are representing varying time points on a similar clinical spectrum of
disease or whether they are entirely different patient populations. It is important to
point out that impaired ovarian function as represented by POI is not a stable state.
Therefore, it is best not to consider this condition as representing an irreversible
decline in ovarian function, but rather an intermittent and unpredictable ovarian
function that can undergo temporary remission. In other words, depending upon
when in the course of her condition and to whom a woman presents for diagnosis,
she might receive an ostensibly different diagnosis from each of three different
clinicians. Thus, while it is worth noting that the relationship between DOR and
POA and patients with POI warrants further investigation, the remainder of this
chapter will focus specifically on women with overt POI, meaning loss of regular
menstruation and the presence of menopausal level gonadotropins.

Table 5.2 Clinical states of POI [6, 13]
Clinical State
Serum FSH Level
Fertility
Normal
Normal
Normal
Occult
Normal
Reduced
Biochemical
Elevated
Reduced
Overt
Elevated
Reduced

Menses
Regular
Regular
Regular
Irregular or absent
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Etiologies
At the present time, most cases of POI remain without an etiologic diagnosis. Germ
cell proliferation and depletion, follicular development, and the key cellular and
molecular processes involved in normal ovarian function, let alone POI, are still in
need of significantly more research. When a causal factor has been associated with
the clinical phenotype, a sub-classification can be made in several ways. One way
to create a framework for classification is by distinguishing the mechanism by
which ovarian function diminishes: (1) A decrease in the initial primordial pool
established in utero, (2) increased apoptosis/atresia of the follicles, or (3) failed
follicular response or dysfunction [6, 10, 13]. The two major mechanisms are
follicle depletion and follicle dysfunction, and several examples of each are listed
in Table 5.3 [6]. Further discussion in this text will focus on the most common
known or suspected causal factors of POI.

Idiopathic
As discussed, most women with a diagnosis of POI will be in this category. This often
leaves women as well as their clinicians frustrated and in pursuit of a significant number of screening and diagnostic studies to attempt to uncover any abnormal findings.
In reality, some of these patients may have multifactorial causes, undiscovered iatrogenic, genetic, or environmental causes, or have some combination or partial findings
of the rest of the etiologic sub-classifications identified in the following discussion.

Genetic
X Chromosome Abnormalities
As the genomics, proteomics, and similar related fields continue to expand, so does the
understanding of the individual sex chromosomes, epigenetic modifications associated
with reproduction, and the interactions between autosomes and sex chromosomes. Yet,
we are likely only viewing the tip of the iceberg in our current state of knowledge.
Although presently we can only identify a genetic cause in a minority of women, many
women with POI may have underlying genetic and/or epigenetic etiologies of POI that
are yet to be identified. For many years, testing was limited to karyotypes and identification of large chromosomal defects such as absence or partial absence of the
X chromosome. We can now identify polymorphisms in the genome down to the
single nucleotide with single nucleotide polymorphism (SNP) microarray analyses and
associated genome wide association studies (GWAS), thanks to efforts like the Human
Genome Project in 2003 and the International HapMap Project in 2005. Thus, there is
great potential to accrue more diagnostic accuracy regarding the role of the X chromosome
in the etiology of POI.
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Table 5.3 Causes of spontaneous POI classified by two major mechanisms [6]
Mechanism and cause
Comments
Ovarian follicle dysfunction
Signal defect
Presence of ovarian follicles confirmed by biopsy;
founder effect; rare disorder outside of Finland
FSH-receptor mutation
Ovarian follicles present on ultrasound examination;
rare disorder
G-protein mutation
Secondary amenorrhea, elevated gonadotropin
levels, and hypoestrogenemia that responded to
gonadotropin therapy developed in patient with
pseudohypoparathyroidism [11]; rare disorder
Enzyme deficiency
Isolated 17,20-lyase deficiency
Ovarian follicles present on biopsy, “moderate
ovarian enlargement” due to block in estradiol
synthesis; rare disorder
Aromatase deficiency
Ovarian enlargement or hyperstimulation
due to inability of the ovary to aromatize
androstenedione to estradiol; rare disorder
Autoimmunity
Antral follicles with lymphocytic infiltration into
Autoimmune
theca, primordial follicles spared, multifollicular
lymphocytic
ovaries; accounts for 4% of cases of 46,XX
oophoritis
primary ovarian insufficiency; associated with
evidence of adrenal autoimmunity
Insufficient follicle number
Luteinized graafian
Antral follicles imaged by ultrasonography in 40%
follicles
of patients with idiopathic spontaneous 46,XX
primary ovarian insufficiency; on the basis of
histologic findings, at least 60% of antral follicles
imaged in these patients are luteinized, a major
mechanism of follicle dysfunction in these
women [7]
Ovarian follicle depletion
Insufficient initial follicle number
Mutation in FOXL2 is a mechanism of familial
Blepharophimosis,
primary ovarian insufficiency, and disruption of the
ptosis, epicanthus inversus
mouse gene causes a pervasive block in primordial
syndrome
follicle development; rare disorder
Spontaneous accelerated follicle loss
Turner’s syndrome
Although a normal complement of primordial
follicles is established in the ovary during fetal
development, follicle loss through apoptosis
is accelerated so that the store of primordial
follicles is typically depleted before puberty; in
oocytes, both X chromosomes must be present
and remain active to prevent accelerated follicular
atresia; the individual genes responsible for this
ovarian syndrome have not been identified
Environmental-toxin-induced follicle loss
Industrial exposure to
Exposure to cleaning solvent associated with primary
2-bromopropane
ovarian insufficiency in 16 Korean women [12]
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Abnormalities in the X chromosome have been one of the more well-researched
areas in POI. It is clear that two copies of the X chromosome are required for
normal ovarian function [21]. Women with classic Turner’s syndrome (45,X) nearly
always have POI prior to the natural age of menarche. Women who present with
secondary amenorrhea may actually be found to have mosaicism (usually
45,X/46,XX) on more detailed inspection. While this may seem counterintuitive
due to the recognized phenomenon of X chromosome inactivation, many genes on
the X chromosome actually escape inactivation and are thought to be critical to
normal oocyte/ovarian function, especially for meiosis and folliculogenesis early in
development. Both X chromosomes are active at the onset of meiosis in oocytes,
during which time a reduced dosage of a particular gene product may have untoward effects. Furthermore, a careful study of X chromosome inactivation and its
thorough sequencing has led to the concept that 20% or more of X-linked genes are
expressed continuously from both X chromosomes [22–24]. Trisomy X (47,XXX),
sometimes present in mosaic form, has also been associated with POI, although
whether or not an X trisomy is related to a decrease in fertility and/or ovarian function is still debated [25, 26].
Submicroscopic gene deletions, duplications, translocations, and other mutations within the X chromosome have also been found at a much higher rate in
women with POI [27–29]. The degree of haploinsufficiency for particular regions
of the X, specifically Xp or Xq, may be responsible for variation in the age or
symptomatic presentation of POI [13, 21, 30–32]. Some genes in what has been
called the “critical region” of the long arm of X, Xq, may be affected by their relocation in the genome, as with a translocation. Whether this is due to dysfunction at
the breakpoint or epigenetic mechanisms, such as chromatin structuring or promoter locations, has yet to be validated. Some of the genes in this region (often
cited as Xq13-q21 or beyond) are POF1B, DIAPH2, and others [26, 33–37].
Two of the best characterized X-linked genes associated with POI are the fragile
X mental retardation 1 (FMR1) and bone morphogenetic protein-15 (BMP-15)
genes. Physicians and geneticists are particularly concerned with the associations
between FMR1 and POI due to the constellation of phenotypes associated with
abnormalities in the triple-repeat sequence in this gene. Severe expansion of the
repeat sequence CGG in the FMR1 gene (in region Xq27) is responsible for one of
the most prevalent genetic causes of mental retardation, fragile X syndrome. This
full mutation occurs when over 200 CGG repeats are present in the 5¢ untranslated
region of the gene, causing hypermethylation and failure to transcribe the FMR
protein. The normal number of repeats is less than 45 (and some consider 45–54 a
gray zone of undetermined significance). The concern regarding POI lies in the
premutation range, defined as 55–200 repeats. As the number of repeats increases,
transcription and translation are altered. Transcription actually increases but effective translation of the protein diminishes [38]. It appears that excess mutated mRNA,
which is unable to be translated, is what is toxic to the cell and this is maximized at
a value of approximately 80 repeats. After 100 repeats, the risk of POI or associated
FMR1 disorders may plateau or decrease [24, 39–42]. Premutations have been associated with psychologic and/or neurologic diagnoses such as autism, anxiety, hyperactivity, parkinsonian-like disorders, late onset tremor/ataxia in males, and other
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conditions [39, 43–45]. Concerns with the premutation also apply to future generations. Not only could a premutation expand to a full mutation during meiosis or
subsequent development, but also offspring who carry a premutation are at risk for
POI and, subsequently, an inability to reproduce [40, 41]. A thorough family history
looking for mental retardation, dementia, tremor-ataxia, and other intellectual and
psychologic disorders may suggest an increased risk of FMR1 premutation in a
woman with POI, though testing should be offered regardless. Anywhere from 2 to
15% of women with POI could carry the FMR1 premutation, depending on the family history, resulting in a situation where the reproductive consequences could be
significant if the patient is not made aware of the testing and implication of its
results [6, 41, 44]. BMP-15 is a growth factor that appears to have a critical regulatory role in oocyte and follicular development. Its mutations are associated with or
may predispose at least certain racial/ethnic subgroups of women to POI, but at present the clinical implications of this finding are unclear [46, 47].
Autosomal Gene Abnormalities
One of the classic genetic disorders associated with POI is galactosemia. The most
common and severe form is the homozygous state where there is a complete lack
of the enzyme galactose 1-phosphate uridyl transferase (GALT) and an inability to
convert galactose to glucose. An affected individual presents in the first few days of
life with significant morbidity and mortality if the condition is not recognized.
Without the necessary enzyme, toxic precursors accumulate in large quantities and
do significant damage to numerous cells, including those within the ovary [13, 48,
49]. There are several other enzymatic mutations and variants of disease severity
that create more mild but significant forms of galactosemia. Galactosemia has been
associated with an abundant number of mutations in the GALT gene and is inherited
in an autosomal recessive fashion [50, 51]. Frustrating is the fact that homo- or
heterozygosity for a particular allelic combination does not seem to predict phenotype sufficiently, including ovarian insufficiency timing and/or severity [52].
Women with classic galactosemia need close monitoring and follow-up with a specialized multidisciplinary team, including those with expertise in inborn errors of
metabolism, dieticians, and endocrinologists. Most women with the classic form go
on to develop ovarian failure, and some, like those with galcotokinase (GALK)
mutation, do not have an increased risk. Yet, many women with other variants, and
even those who have good dietary compliance, develop POI and it is difficult to
predict future outcomes for individual patients [51, 52].
A second commonly cited autosomal abnormality is found on chromosome
3 within the FOXL2 gene. The FOXL2 gene is primarily expressed in the eyelids and granulosa cells in humans. The syndrome that results from a mutation
in FOXL2 has been termed blepharophimosis, ptosis, epicanthus inversus syndrome (BPES) and is linked with POI, primarily in type 1 BPES. The precise
mechanism by which a FOXL2 mutation causes POI is still under investigation.
One proposed process, based on animal models, is that a dysfunctional or
truncated FOXL2 transcription factor causes a failure in the early stage
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p regranulosa cell’s ability to develop around and nourish a normal-sized
primordial oocyte pool, which is likely reliant on FOXL2 expression in the
female gonad [13, 53–55].
Numerous other genetic mutations have been implicated in POI. Among them
are FSH receptor (FSHR) and inhibin alpha (INHA) [56, 57]. Anything that
somehow affects gonadotropin regulation and action has subsequent consequences on ovarian function. Mutations in the actual subunits of FSH and
luteinizing hormone (LH) have also been reported, although some would argue
that these causes do not fit the definition of “primary” ovarian insufficiency at
the level of the ovary [13]. The ataxia telangiectasia mutated (ATM) gene is a
particular gene that has been implicated in causing oocytes to stall out in meiosis
prophase I and then undergo apoptosis, due to a deficiency in the gene product
[58, 59]. The BLM (Bloom syndrome) gene is somewhat similar, as it is a DNA
repair gene that controls progression through the cell cycle and in a mutated
form causes genomic instability [60]. This mutation has been linked with POI as
well. Werner’s syndrome (WRN) gene may be another. Next is a family of
eukaryotic initiation factor 2B (EIF2B) genes that were found to be mutated in
eight patients with POI and leukodystrophy and related central nervous system
abnormalities [61]. Other genes that have been reported include PMM2
(phosphomannomutase), AIRE (gene that causes autoimmune polyglandular
syndrome (APGS) type I discussed further below), GDF9, NOBOX, and LDX8,
among many others [6, 21, 32].
Other Gene Abnormalities
The oocyte is quite dependent on its mitochondrial energy production.
Therefore, any mitochondrial dysfunction could be detrimental to oocyte health
and predispose a woman to POI. One particular disorder, progressive external
ophthalmoplegia, is linked with a mitochondrial DNA polymerase gamma
(POLG) mutation, and it segregates with POI in certain families of women
[62, 63]. More mitochondrial abnormalities may be uncovered in the future as
the biology of this field moves forward. It is likely that further research will
uncover mitochondrial defects linked to POI, as the oocyte has more mitochondria
than most cells in the body.
Certain steroidogenic enzyme defects result from other genetic mutations.
Steroid acute regulatory protein (STAR) is required for mitochondrial membrane
transport of cholesterol to start the production of steroids within the cell. A mutation within the STAR gene can result in a severe phenotype. Deficiencies such as
17a-hydroxylase or 17, 20-lyase deficiency and 20, 22-desmolase deficiency have
also been associated with POI. Whether the steroidogenic similarities between
the ovary and adrenal gland underlie the associated phenotypes remains unclear
but is worthy of further research. Aromatase deficiency can also cause a block in
the production of estradiol, although in this disorder, the ovaries enlarge due to
continued follicular development [6, 13, 32].
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Autoimmune Dysfunction
A portion of patients with POI appear to have an autoimmune-associated etiology
[34, 64, 65]. There is a higher prevalence of autoimmune disease in women
compared to men, and, more importantly, the association of POI with autoimmune
dysfunction has been found in several studies to be significantly higher in women
with autoimmune disease than that in the general population [66]. That said, the
study of autoimmune conditions remains a very complex one, due to the nonMendelian inheritance patterns and intricate multigenetic loci and environmental
interactions. POI has been most commonly linked to autoimmune conditions within
the thyroid and adrenal glands. Yet, it has also been associated with conditions such
as dry eye syndrome, rheumatoid arthritis, hypoparathyroidism, diabetes mellitus,
myasthenia gravis, and pernicious anemia [6, 13, 67]. A subset of such women may
present with a polyglandular or syndromic disorder. Yet, women with isolated POI
may still be at risk for future autoimmune conditions. Whether or not this implies
an autoimmune oophoritis pathogenic process within the ovary, increased lymphocyte activation, or some other complex multifactorial process still needs further
investigation. Potential autoantigen targets in the ovary are also a possibility that is
a topic of current investigation.
Syndromic POI has been associated with APGS, of which there are four types
(I–IV). Type I, due to a mutation in the AIRE gene, is referred to as autoimmune
polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED), and the
majority of patients with this mutation develop POI and adrenal insufficiency
among other disorders [64, 68]. The AIRE gene is predominantly expressed in
immune tissues such as the thymus. Such mutations may affect self-tolerance.
While mutations in the AIRE gene may still be important in the pathophysiology
of autoimmune dysfunction, some investigators have reported that the HLA
subtype (especially class II) may be even more significantly associated with the
phenotype than the AIRE mutation, or a combination of the two may be more
detrimental [69].
For the remainder of women with POI, who do not have mutations in the AIRE
gene or who are not HLA class II, an association between POI and other, more
isolated autoimmune disorders appears to occur in a proportion higher than that can
be accounted for by chance. Specifically, 2–10% of patients with POI have been
found to have anti-adrenal antibodies, or more concerning, unrecognized adrenal
insufficiency [64, 65, 67, 70, 71]. Due to the fact that POI can precede adrenal
insufficiency, and the insidious, often asymptomatic course patients take before an
adrenal crisis occurs, many physicians feel that screening for adrenal dysfunction
is worthwhile in the POI population [65, 70, 72]. Thyroid autoimmunity is present
in about 20% of women with spontaneous POI [6, 13, 64].
To many patients with POI as well as to clinicians, the discovery of an autoimmune etiology or an associated autoimmune disorder implies that the POI may be
treatable or reversible by immune modulating therapies. Unfortunately, this is not
the case. Most patients with POI, regardless of whether or not they have an associated autoimmune condition, will neither have biopsy-proven oophoritis, nor should
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they undergo such testing, and the risks of the various, immunomodulating therapies
are often too significant to warrant therapy [10, 73, 74].
Iatrogenic/Environmental
Iatrogenic and environmental factors have been associated with POI. Cytotoxic
therapies used in a variety of malignant and autoimmune conditions are one of the
most prevalent causes. Alkylating agents have been the most ovarian-damaging
chemotherapy agents in selected treatment regimens, and bone marrow transplant
therapy is nearly 100% toxic to ovarian function [75, 76]. Hopefully, referral practices and public awareness are such that most young reproductive-aged patients are
referred for consultations with reproductive endocrinologists prior to the administration of ovary-toxic therapies. Ionizing radiation, used to treat a number of cancers in the abdomen/pelvis, has also been demonstrated to cause ovarian dysfunction
and/or failure. Surgical or procedure injury, such as a significant reduction of ovarian tissue or damage to the blood supply (i.e., unilateral oophorectomy, hysterectomy, and uterine artery embolization), is also a potential iatrogenic cause of POI
[77, 78].
Numerous environmental factors have been implicated in the search for etiologic
factors associated with POI. Tobacco smoke, stress, viral infection, and certain
chemicals (2-bromopropane, 1, 3-butadiene, 4-vinylcyclohexane, and polycyclic
aromatic hydrocarbons) are among those reported, some of which potentially
mediate their effects through a Bax transcription pathway [79–83]. Finally, infiltrative or destructive conditions may also diminish ovarian function, such as with
severe endometriosis [84].

Evaluation of Hypergonadotropic Amenorrhea
As discussed above, there is a myriad of ways a woman can present with POI.
Disturbances in the menstrual cycle, especially amenorrhea or oligomenorrhea
for 3–4 months, warrants an evaluation in nearly all women (with basic diagnostic
testing including a pregnancy test, and if negative, FSH, thyroid stimulating
hormone (TSH), and prolactin). Once a diagnosis of hypergonadotropic amenorrhea is made, the clinician should perform a basic evaluation, develop a treatment
plan, and consider a referral as appropriate.

History
Most women with POI will have had normal puberty and menarche, a period of
irregularities in their menstrual cycle, and ultimately a diagnosis of spontaneous POI.
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A small portion will present with primary amenorrhea. A very thorough personal and
family history is very important for these women. Any symptoms that suggest estrogen deficiency (decreased libido, hot flashes, insomnia, vaginal dryness, etc.), environmental or iatrogenic insults to the ovary, or other related medical conditions
should be sought after. A family history is very important and should include questions about other family members with POI, autoimmune conditions, and any neurologic and/or mental delay that could be related to the FMR1 gene or fragile X
syndrome as discussed above. A percentage of women with autoimmune or FMR1
premutation etiologies of POI will reveal a significantly associated family history if
asked the proper questions. When the potential exists for a genetic diagnosis for the
POI, referral to a genetic counselor should be strongly considered. This will help
establish a full pedigree and assures that the patient understands all of the implications of genetic testing for such conditions, especially FMR1. A social history that
includes details about smoking, drinking, stress, and potential significant changes in
weight or associated eating disorders are also important, although not necessarily
associated with hypergonadotropic amenorrhea. Early (less than 45 years of age) or
premature (less than 40 years of age) menopause in women relatives is a clue to
genetic etiologies for POI.

Physical Examination
On physical examination, vital signs and general appearance of the woman should
be assessed. Is there a subtle increase in skin pigmentation or vitiligo, or could there
be orthostatic hypotension associated with asymptomatic adrenal insufficiency?
Is there a neck goiter, lid lag, or fine tremor associated with thyroid disease? Does
she have short stature, shield chest, or other suggestions of Turner’s syndrome? On
the speculum and/or pelvic examination, vaginal atrophy could be noted visually or
microscopically, and enlarged ovarian size as may occur in autoimmune oophoritis
may be appreciated on bimanual examination [71].

Laboratory Evaluation
Laboratory examinations should always start with a pregnancy test, prolactin, and
TSH in the evaluation of amenorrhea. In women with overt POI, the FSH values
will generally be in the menopausal range, but should be confirmed with more than
1 month between testing. Since this disorder is associated with intermittent ovarian
function, patients with a clear history suggesting hypergonadotropic hypogonadism
may still have FSH values transiently in the normal range. In such cases, follow-up
is needed to clarify the situation. It is not surprising to see FSH values wax and
wane [10, 11]. Estradiol measurements are generally less than 50 pg/mL due to
lack of follicular development, but could also vary with the course of the disorder.
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The utility of LH values remains controversial. Some would argue that assessment
of follicular function may be better served with a transvaginal ultrasound. Others
value the FSH:LH ratio in the diagnostic evaluation [7]. Of less controversy is the
progestin withdrawal test. Most evidence would support that there is little gained
by performing this test in the setting of a suspected diagnosis of POI. This is
because the amount of estrogen priming needed to cause a positive progestin withdrawal may well be present in a woman with intermittent or early stage POI, and
thus the false reassurance of a positive withdrawal may delay the diagnosis of significant hypogonadism. Over half of women with POI will have a withdrawal bleed
[3, 5]. Therefore, the clinical utility of doing this is limited and potentially harmful
in terms of ongoing bone loss related to estrogen deficiency [85].
Most expert opinions support obtaining a karyotype in women with POI. Over
half of girls who present with primary amenorrhea, and approximately 15% of
women with secondary amenorrhea due to POI have karyotypic abnormalities [8].
The reasons for obtaining a karyotype are several: (1) to determine if there is
Y chromosome material present, which is associated with potential future malignancy; (2) to evaluate for loss or gain of an X chromosome, which may require
further diagnostic studies and have health implications; and (3) to determine if
significant levels of mosaicism exist. Further genetic studies should include testing
for the FMR1 premutation due to the significant familial and reproductive impact
of a potential expansion in the triple-repeat sequence as discussed above. Further
molecular testing, to determine if there are submicroscopic or cryptic X chromosome mutations, translocations, deletions, or other abnormalities, is still limited in
availability and their clinical usefulness is uncertain at the present time [4, 28].
Other laboratory testing includes an evaluation for potential associated autoimmune conditions. Up to 30–50% of women with POI may have some associated
autoimmune disease [86]. Given that thyroid and adrenal disorders are fairly prevalent in women with POI and that there are effective therapies to treat them, they
both merit evaluation. Initial work-up of amenorrhea should have included thyroid
function studies, but if these have not been done, serum TSH and possibly free
thyroxine (T4) should be ordered. Thyroid stimulating and thyroid peroxidase antibodies are also useful. Up to 20–30% of women with POI may have preexisting or
will develop thyroid disease, most commonly hypothyroidism [70].
Testing for adrenal insufficiency or the potential to develop such a condition is
important. While there are various ways to test for adrenal insufficiency, some
may cause false positive or false negative rates. Testing for adrenal antibodies
improves the pretest probability of other testing regimens (i.e., ACTH stimulation
test, morning cortisol, aldosterone, and plasma renin activity) and, thus, should be
performed first, followed by the other testing when clinically indicated [65, 87].
Approximately 5% of patients with POI who are asymptomatic for any adrenal
disorder will end up testing positive for adrenal antibodies and approximately 3%
will have unrecognized adrenal insufficiency. Detection of these women can
ultimately be life-saving if discovered prior to a crisis, which can be precipitated
during an elective surgery or trauma [65, 70]. Adrenal cortex and 21-hydroxylase
antibodies are the assays most reliable for testing. Predictive models have been
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made to determine the 5-year probability of developing autoimmune Addison’s
disease based on age, gender, adrenal function, antibody titers, and co-existing
disease [88]. Such a predictive model may help guide physicians regarding the
difficult decisions for determining monitoring intervals and follow-up.
Finally, testing for diabetes-related illnesses may be useful due to the risks of
untreated disease and minimal cost, although only a small number of women will
test positive (2%). Using either a fasting glucose or a 2-h glucose tolerance test is
acceptable, although rarely a 2-h test will identify those with intolerance who have
a normal fasting value. Testing for pernicious anemia or hyperparathyroidism, with
either a vitamin B12 or calcium level, respectively, may not be useful in asymptomatic women [70]. Testing for ovarian antibodies is generally not justified due to
their nonspecific nature and need for more research. A number of other, more
obscure conditions that have been reported in association with POI can be excluded
by performing a serum chemistry profile and CBC with indices [70].
Initial imaging considerations include a pelvic ultrasound to evaluate both the
uterus and ovaries, and a bone density test. A significant number of women with
POI are found to be osteopenic, and possibly even osteoporotic at the time of diagnosis, and have reduced bone mineral density compared to controls [6, 8, 85, 89].
Such findings not only guide calcium (1,200 mg elemental calcium/day), vitamin
D (800 IU/day), exercise, and smoking cessation counseling but also highlight the
need for hormone replacement therapies unless contraindications exist.

Emotional Assessment
POI affects a woman’s physical health and wellness, yet often the most difficult and
profound aspect for women and their caregivers is dealing with the emotional
response to the diagnosis and treatment of this chronic condition. The diagnosis
usually comes as a shock, as it is often unexpected and unanticipated when undergoing medical evaluation. Living with the condition can be life-changing, as a
woman’s view of her place in the world is irrevocably altered by this tremendous
threat to her self-concept of her femininity and its ties to her fertility potential [90].
Frequently, the most devastating realization for women is impaired fertility and
other health issues may be minimized. As a consequence, care must focus on both
the physical and emotional needs of women with POI. This aspect of care begins
with the diagnosis itself.

Delivering the Diagnosis
How the diagnosis of POI is communicated can influence a woman’s emotional
response to her health, perception of self, treatment compliance, quality of life,
and overall satisfaction with care. One study found that almost half the women
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interviewed received the diagnosis from their physician over the telephone or by
message, and three-quarters reported their doctor spending 15 min or less in
communicating the information. The result was that over 70% felt unsatisfied or
very unsatisfied with this communication and 89% described feeling emotionally
traumatized after hearing the diagnosis. Patients were most satisfied when they felt
prepared to hear the diagnosis, perceived the clinician as knowledgeable, felt the
clinician spent sufficient time with them, and that the physician was sensitive to
their emotional needs [91].
When delivering the diagnosis, steps need to be taken to ensure that the patient
is able to hear the news in a non-traumatizing way and know that she will be
assisted in getting appropriate help and support in dealing with POI. Buckman has
written a six-step protocol for breaking bad news to patients which recommends the
following [92]:
•
•
•
•

Get started with a private physical setting to talk
Find out how much the patient knows
Find out how much the patient wants to know
Share the information using an agenda developed before you sit down with the
patient, so that you have the relevant information at hand
• Respond to the patient’s feelings, “Could you tell me a little more about how
you’re feeling?”
• Plan and follow through by outlining an explicit step-by-step approach that can
be carried out
From this perspective, it is ideal to meet physically with a patient, in a private place,
and with sufficient time to talk when going over the diagnosis. Physicians need to
be able to acknowledge patients’ emotions and respond with patience and empathy.
In addition, it is helpful to have written materials and resource information about
POI available to give, so that the patient does not go home “empty-handed.” There
is a need to develop evidence-based approaches to provide emotional support and
guidance to women experiencing the emotional sequelae associated with POI.

Psychologic Impact
While learning the diagnosis can be traumatic, living with POI can cause women
significant, long-term distress and suffering. Using language that can be interpreted
as judgmental, such as POF or “premature menopause,” may reinforce a sense of
stigma and defectiveness, and negatively affect body image. Women with POI
describe feeling old, unfeminine, less healthy, empty, and worthless [91]. Over time,
patients with POI have been shown to have reduced self-esteem, increased shyness,
diminished perception of social supports, increased social anxiety, and more symptoms of depression and anxiety compared with control women [4, 93, 94]. The
emotional suffering felt by women with POI is often experienced in isolation, as
they may have difficulty in identifying people who they believe can truly understand
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their feelings or may feel such shame, embarrassment, and/or sense of defectiveness
that they are unable to reach out to others. Thus, their sense of self and relationships
with others can be profoundly negatively affected. Care should, therefore, include
referrals for psychologic assistance, including counseling for women, their partners,
and families. There is a need for evidence-based interventions to help these women
cope with the emotional sequelae of this disorder. Not all women find the existing
lay-led support groups beneficial, and some describe them as harmful.
The awareness of impaired fertility is often the most painful aspect of learning
about POI. It is well documented in the literature that infertility is a major life
crisis, generating significant sadness, distress, and grief [95]. The losses associated
with infertility are multifaceted and, yet, uniquely personal to each woman as they
reflect her dreams and hopes for the future: a wish for child/family, status in the
community, health, passing on of genes and knowledge, and the experience of
pregnancy, among others [96]. Grief is the emotional response to the loss of a
significant relationship and often includes such feelings as shock, disbelief, anger,
sadness, depression, guilt, shame, blame, and hopefully, eventually, acceptance.
When the loss is invisible or intangible to others, as in the desired child, it is even
more difficult to grieve [97]. It is helpful for the physician to “name” the sequelae
of emotions as “grief,” thereby communicating the emotional response as normal
and giving permission to grieve and mourn as one is allowed to do with other more
tangible losses [98].
Patients often feel urgency in trying to achieve a pregnancy when diagnosed
with POI. Because a small percentage of women will become pregnant spontaneously, patients may find themselves in an ambiguous position of “Am I infertile or
not?” Thus, they may embark on a journey to find ways to become pregnant
quickly, a journey that often leads to the high-tech world of ART. As their life plans
are altered, family building, in their view, must now become deliberate, determined,
and costly in terms of finances, time, and emotional energy. Patients are often
willing to undergo painful, expensive, and, as yet, unproven treatments in the hopes
of restoring ovarian function and achieving pregnancy. These therapies carry a risk
of interfering with spontaneous conception that can occur, and patients need to be
advised about the overall ineffectiveness of these often expensive, unproven interventions [98].
It is important to keep in mind that not all individuals desire to get married or raise
children. For those who have this desire, family-building options include egg or
embryo donation, adoption, or the hosting of foster children. The passage of time can
be important in helping patients arrive at these options, as it allows them the opportunity to grieve and come to terms with the loss of a hoped-for biologic child. When
physicians offer donor egg or adoption precipitously after giving the POI diagnosis,
it can circumvent grief and potentially cause problems later. Thus, patients avoid
doing the emotional work necessary to heal the losses of infertility. Alternative family building does not cure the feelings of infertility, although it does fill the space of
the longed-for child. Discussion with patients about choices must go beyond biologic parenthood and alternative family building, and include the achievement of
other life goals and purposes, such as career, hobbies/interests, and spirituality [4].
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Sexual Impact
The impact of POI on a woman’s sexual identity, sexual functioning, and sexual
relationship is another aspect of her emotional health that needs to be addressed by
caregivers. The earlier in age the POI is identified, the more complex is the impact
on all dimensions of sexuality [99]. Sexual identity is especially vulnerable when
POI disrupts the normal process of development in an adolescent girl, affecting
attachment needs and the ability to achieve autonomy [100]. Even before receiving
the diagnosis, symptoms related to POI, such as hot flushes, night sweats,
irritability, vaginal dryness, and mood disturbance, may have challenged a woman’s
sense of stability and affect her sexual functioning. After learning about POI,
the loss of the potential to reproduce may impair motivation and desire for sexual
activity, as she may feel “What’s the use?” The susceptibility to psychosexual
distress from POI is greater in women who wish for children and lower in those
focused on their professional and social achievements [99].
As in all sexual dysfunction, sexual difficulties for women with POI need to be
identified by the physician as a disorder of sexual interest or desire; the ability to
be aroused; difficulty in achieving orgasm; and/or sexual pain. Treatment methods
for sexual dysfunction, as well as to general health-related matters in POI, should
take a multidisciplinary approach and may include a gynecologist (HR treatment),
urologist (male partner’s sexual dysfunction), psychiatrist (psychopharmacologic
treatment of affect disorders), sex therapist (behavioral treatment), couple’s therapist (relationship issues), individual psychotherapist (personal issues), and/or
physical therapist (pelvic floor issues) [99]. Hormone therapy (HT) may be helpful
in arousal and desire disorders. Psychosexual behavioral treatments and couple’s
and/or individual therapy are useful in many areas. Women and their partners need
to understand how POI can affect feelings and functioning (sexually and otherwise), and be given appropriate medical therapies and referrals for psychosocial
resources.

Treatment
Genetic Counseling
Genetic counseling is an important part of the diagnostic and treatment strategies
for women with POI. This is especially critical when women are found to have
karyotypic abnormalities and/or FMR1 premutations. Patients need to be informed
about the implications of an abnormal karyotype so as to give informed consent for
the testing. In situations with high pre-test probability of a positive test, it is best to
offer genetic counseling before actually performing the tests. Such findings have
significant implications for each individual woman’s reproductive, genetic, and
family health.
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Family Planning
While much discussion centers on infertility, it is important to note that POI can be
transient, and spontaneous remission and/or conception can occur. Therefore, if
pregnancy is not desired, appropriate contraception must be discussed. Furthermore,
case reports exist of women with POI ovulating and conceiving on oral contraceptive pills [101]. Oral contraceptives have not been proven effective in this specific
population of women. This concern, combined with the fact that these women have
menopausal FSH levels that may not be adequately suppressed by oral contraceptives, makes it prudent for women with this condition to use a barrier method or
intrauterine device.
As discussed, while a diagnosis of POI implies a significant decrease in ovarian
reproductive and endocrine function, it does not always imply cessation of function,
and 5–10% of women with POI may still spontaneously conceive. General preconceptual health and individual medical and genetic counseling should take place
prior to conception, as with any woman hoping to conceive. Regardless of the possibility of spontaneous conception, most realize that the chance of non-assisted
conception is low and many, but not all, seek out ART. It should be remembered
that many women have cultural or religious objections to ART. However, as discussed in the emotional health section, many do feel a need to attempt aggressive
therapies such as IVF with or without egg or embryo donation to make every
attempt at conceiving a biologic child.
Finally, as genetic and diagnostic technologies as well as medical treatments and
interventions continue to advance, so may the abilities to predict the onset of POI
and those who may be at significant risk for such a diagnosis in the future. We are
already at a time when we can predict the possibility of POI after systemic cytotoxic therapies in certain cancers and autoimmune diseases. Thus, the research and
advances in fertility preservation have been at the forefront of many discussions
surrounding ovarian function and/or reserve. Cryopreservation of sperm has successfully been established for decades, especially with the advancement of intracytoplasmic sperm injection, allowing the utilization of as little as a single sperm to
achieve a pregnancy. In the same regard, cryopreservation of embryos has also been
fairly well accepted as a standard option for fertility preservation, with a success
rate surrounding 30% per frozen embryo transfer cycle, although many factors must
be considered. The issue for most women with POI is that they may not be married
or have a partner to consider embryo freezing. While they may use donor sperm,
this option is often not acceptable to some women.
More recently, efforts have been directed toward improving oocyte and ovarian
tissue cryopreservation [102]. Although these technologies are improving, they are
still considered experimental at most institutions, since very few pregnancies have
resulted from thawing of ovarian tissue and oocytes. Moreover, they have not been
tested or have been found to be of little use in women who already have a severely
compromised oocyte supply. Thus, for most women with POI, regardless of stage,
these treatments are not an option at the present time.
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Significant controversy still involves the potential success rates and the best
mechanisms for freezing, thawing, and re-implanting ovarian tissue, whether
it is cortical strips or portions of the whole ovary [103–109]. Even more rare
is the very few reports of ovarian transplantation in monozygotic twins discordant for ovarian failure [110]. Thus, physicians are often left with an ethical
dilemma when counseling and encouraging patients regarding fertility preservation in many situations. The most important thing is honest and informative
counseling, so patients can weigh all of their options. Technology could
significantly improve in the future and if the ability to foresee future POI
becomes possible, along with fertility preservation improvements, this may
become an established and routine option for young women facing the development of iatrogenic POI.

Medical Therapy
Although level I evidence regarding the effectiveness of HT in women with POI
is lacking, nearly all expert opinions support the use of HT until at least the
natural age of menopause in these women, unless significant contraindications
exist [111, 112]. Beyond symptom control, long-term bone and cardiovascular
health are at the top of the list of concerns that physicians have when determining
whether and how much HT to administer. There have been a handful of research
studies that demonstrate significant increased morbidity and mortality in women
with early menopause [6, 113–115], which has led to a concern that hormones are
warranted in this younger age group of women. A physiologic replacement dose
of estradiol in combination with a cyclic progestin is preferred [6]. A dose of
100 mg/day, delivered by skin patch, achieves physiologic, mid-follicular phase
estradiol levels in these women. Medroxyprogesterone acetate 10 mg/day for
12 days each month should be taken to induce monthly withdrawal bleeds and to
transform the endometrium fully to a secretory phase when given in conjunction
with a full replacement dose of estrogen [116, 117]. If a menses does not occur,
a pregnancy test should be obtained, and the hormones stopped if positive.
Monthly progestin administration reduces the risk of endometrial hyperplasia,
and with long-term administration, the development of endometrial carcinoma.
The endometrial effects of oral micronized progesterone have not been adequately
evaluated at the dose of estrogen recommended as replacement for these young
women [118].
Decisions regarding androgen replacement therapies are even more difficult, and
there is a need for more research before such treatment can be recommended.
Similar to treatment with estrogen and progestin, specific studies on younger
patients with POI are lacking, and applying findings from older patients with a natural, rather than pathologic, cessation in ovarian function has problems [119–125].
All such therapies deserve special consideration and collaboration with specialists
when appropriate.
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Preventative Therapy
The dominant issue of infertility can preclude adequate focus on all the important
potential long-term adverse health consequences of diminished ovarian function.
Yet, the ovary is important as an endocrine organ as well as a reproductive organ.
A 59-year-old woman with natural menopause and a 19-year-old woman with POI
are different patients, although both have important health considerations. General
health counseling may partially be the same: exercise, good nutrition, smoking cessation, calcium and vitamin D supplementation, and good control of concomitant
medical illnesses. A bone density screening test is just as important in the young
woman with POI as it is in the older naturally occurring menopausal patient due to
the prevalence of osteopenia and, occasionally, osteoporosis [85, 89]. Whenever the
ovary ceases or significantly diminishes production of estrogen, progesterone, and
androgens, there is associated bone loss over time [10, 98, 126].
Since the advent of the Women’s Health Initiative and subsequent studies, there
has been great reluctance to utilize HT for preventative health. What is often unrecognized by patients is that nearly all studies on estrogen and progestin (and androgen replacement) therapy have been performed on women who are significantly
older (often much older than even 50 years of age), and naturally or surgically
menopausal. The applicability of these studies to women with POI is unknown.
Fear in young women with POI regarding enhanced cardiovascular risk, cancer, or
thrombosis with the use of HT may be completely irrelevant as women with normal
ovarian function in their 20s, 30s, and even 40s have hormones being produced
endogenously, and non-orally administered HT is simply replacing what would
otherwise be present. HT after the natural age of menopause, in considerably higher
dosages, and in the presence of concomitant thrombotic or significant medical
conditions, warrants individual and more specific consultation with medical
providers.
Finally, women with POI are at risk for developing other autoimmune and endocrine disorders [6, 13, 64, 70, 127] and, therefore, merit surveillance. Most commonly, POI-associated thyroid and adrenal disorders will emerge over time. The
current literature supports periodic screening for some autoimmune-associated
conditions as discussed above. Decisions about when to repeat testing if normal at
baseline as well as follow-up of slightly abnormal testing or antibodies predicting
future disorders are more complicated and need further research.

Back to the Vignette
The woman in the vignette illustrates one possible presentation of a woman with
POI. This particular patient scenario was chosen to highlight the vague and unanticipated symptoms in an otherwise healthy young woman. Many clinicians and
often the patient herself might attribute her secondary amenorrhea to stress or
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weight loss, or might only search for thyroid- or prolactin-associated disorders.
Such a patient could have previously been to several physicians who disregarded
some of her non-specific complaints and ignored the changes in her menstrual
cycle. Her progestin challenge test yields minimal to no information useful for
diagnosis, and may in fact delay her diagnosis. Once the diagnosis of POI is
confirmed by a second menopausal FSH test 1 month later, significant counseling
must be undertaken regarding all of the issues addressed in this chapter. She has
a significant family history for various autoimmune conditions and warrants a
thorough evaluation for any associated autoimmune disorders. Her smoking is
a well-established environmental factor that could further diminish her reproductive years, so counseling regarding cessation of smoking is important. Genetic
counseling with FMR1 testing and a karyotype is indicated, due to her POI
diagnosis, family history of mental retardation, and her small stature. Counseling
regarding her family plans should include an assessment of the overall likelihood
of a spontaneous conception (5–10%). She may elect to avoid advanced techniques
of reproduction for personal reasons and search out other solutions for becoming a
parent, or she may request immediate ART. The clinician should help guide her
through these decisions with appropriate outcome information and avoid being
judgmental. Her desire for fertility and psychologic needs (sexual health, infertility,
and the emotional impact of the diagnosis) are extremely important, and require
time, a sensitive physician, and a multidisciplinary approach.
Having guided the patient through the initial diagnosis and work-up, the physician has a responsibility to consider long-term health implications of a diagnosis of
POI. All of these things warrant time, patience, discussion, and will likely take
place over numerous office visits. Appropriate referrals to subspecialists should be
considered as issues are identified. Hopefully, as awareness and treatment options
(such as genetic, immunoassay, fertility preservation, and medical therapies)
continue to improve, patients, such as the one described here, will find their search
for answers more easily navigated and the likelihood of fertility more promising.
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Chapter 6

Hyperprolactinemia and Pituitary Causes
of Amenorrhea
Pouneh Fazeli and Lisa B. Nachtigall

Introduction
Pituitary causes of amenorrhea constitute approximately 18% of cases of secondary
amenorrhea but only approximately 7% of cases of primary amenorrhea [1]. The
most common pituitary cause of amenorrhea is hyperprolactinemia constituting
80% of all pituitary causes of secondary amenorrhea and approximately 15% of
cases of secondary amenorrhea due to any cause [2]. In this chapter, we review the
causes, clinical presentation, diagnostic evaluation, and current treatment strategies
for amenorrhea due to hyperprolactinemia and other pituitary disorders. We present
an illustrative case of secondary amenorrhea due to a pituitary cause.

Case
The patient is a 33-year-old woman with a history of running competitively
beginning at the age of 12 years. She had her first menstrual period at the age of 15
years and then was oligoamenorrheic until the age of 18 years when she was started
on oral contraceptives. She stopped running competitively after graduating from
college but continued to run 7 miles daily, 6 days per week. At the age of 32 years,
she stopped the oral contraceptive pill in order to attempt to become pregnant. Three
months after discontinuing the oral contraceptive pill, she remained amenorrheic and
her gynecologist initiated a work-up and asked that she decrease her activity level.
History was notable for no other past medical history, and current medications
included only a pre-natal vitamin. Physical examination was notable for a BMI of
20.5 kg/m2. She appeared non-Cushingoid and non-acromegalic. Visual fields were
intact to confrontation. Laboratory studies demonstrated a negative HCG, normal
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Table 6.1 Case
History
33-year-old woman presenting with amenorrhea
Competitive runner since the age of 12 years
Menarche at 15 years of age
Oligoamenorrhea until 18 years old when started oral contraceptives
Stopped oral contraceptives at age 32 years
Amenorrhea >3 months after stopping oral contraceptives
Physical examination
BMI: 20.5 kg/m2
Non-Cushingoid, non-acromegalic appearing
Visual fields intact to confrontation
Laboratory studies
Prolactin: 45 ng/ml (normal range: 0–20 ng/ml)
Serum HCG: undetectable
TSH: 1.3 mIU/L (normal range: 0.5–5 mIU/L)
Free T4: 1.2 ng/dl (normal range: 0.8–1.8 ng/dl)
LH: 5 U/L
FSH: 3 U/L
Estradiol: 30 pg/ml (normal range: Follicular phase: <20–145 pg/ml
Mid-cycle peak: 112–443 pg/ml
Luteal phase: <20–241 pg/ml
Post-menopausal: <59 pg/ml)

thyroid function studies, a slightly elevated prolactin level, low-normal FSH and
LH, and a low estradiol level of 30 pg/ml (Table 6.1).

Causes of Hyperprolactinemia
The most common cause of hyperprolactinemia is a lactotroph-secreting adenoma
[2]. There are other causes of an elevated prolactin level which can also lead to the
development of the sequelae of hyperprolactinemia. A non-adenomatous cause of
hyperprolactinemia will rarely lead to a prolactin level greater than 200–300 ng/ml
[3] (Table 6.2). Extremely elevated prolactin levels generally indicate the presence
of a lactotroph adenoma.

Physiologic Causes
Pregnancy
Pregnancy is a common physiologic cause of both amenorrhea and hyperprolactinemia. Prolactin levels increase progressively during pregnancy and are the
highest at the time of delivery [4]. Prolactin levels have been shown to be as high
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Table 6.2 Causes of hyperprolactinemia
Physiologic causes
Pregnancy
Nipple stimulation
Macroprolactinemia
Stress
Medicationsa
Antipsychotics
Haloperidol
Phenothiazines
Risperidone
Olanzapine
Molindone
Gastric motility agents
Metoclopramide
Domperidone
Cimetidine
Antihypertensives
Methyldopa
Verapamil
Reserpine
Pathophysiologic causes
Lactotroph adenoma
Mass effect/stalk interruption
Trauma (chest wall/CNS)
Primary hypothyroidism
Chronic renal failure
a
This list is a summary of common medications associated with
hyperprolactinemia and does not include all medications associated with hyperprolactinemia

as nearly 600 ng/ml at the time of delivery [4]; therefore, women with amenorrhea
and hyperprolactinemia should be evaluated for pregnancy prior to any other diagnostic work-up. Within the first 72 h post-partum, the prolactin levels drop precipitously unless a woman is nursing, since the prolactin levels will increase in response
to suckling [4].
Nipple Stimulation
Nipple stimulation can cause a rise in serum prolactin levels but usually only during
the first 6 weeks of lactation [4]). This is likely due to the fact that estradiol levels
fall precipitously in the post-partum period and, therefore, the lactotroph hypertrophy subsides, diminishing the rise in the prolactin level post-suckling. Therefore, in
women who choose to breast feed, prolactin levels should not be checked until at
least 6 weeks post-partum. In non-lactating women, nipple stimulation has not been
shown to lead to significant increases in serum prolactin levels [5].

86

P. Fazeli and L.B. Nachtigall

Macroprolactinemia
Prolactin circulates in multiple forms. The predominant form is a 23-kD form but
rare individuals may have other forms of prolactin, with much higher molecular
masses, which predominate. These individuals may have elevated levels of a 150-kD
form of prolactin, referred to as big prolactin or macroprolactin [6]. This form of
prolactin is thought to be a macromolecule consisting of the 23-kD form of prolactin
and an immunoglobulin [6], and has been shown to be cleared from the circulation
more slowly, which is likely the cause of the elevated prolactin levels [7].
Macroprolactinemia has historically been considered an asymptomatic condition. Individuals with macroprolactinemia may still experience amenorrhea or
galactorrhea, although much less frequently compared to individuals with true
hyperprolactinemia [8, 9]. A polyethylene glycol (PEG) precipitation test can be
used to determine whether an individual’s hyperprolactinemia is due to macroprolactinemia [10]. Macroprolactinemia must be considered in the differential diagnosis for hyperprolactinemia in patients with high serum prolactin concentrations who
do not exhibit clinical signs of hyperprolactinemia.

Medications
Psychiatric Medications
Antipsychotics
As dopamine suppresses the production of prolactin, any medications that block
dopamine receptors may increase prolactin levels. Such medications include antipsychotic medications including haloperidol (a typical antipsychotic) and risperidone
(an atypical antipsychotic), as well as many others (see Table 6.2). Antipsychotics
have been shown to be associated with higher prolactin levels in women compared
to men [11, 12]. Although both acute and chronic therapy with antipsychotic agents
has been shown to increase prolactin levels, acute therapy tends to be associated
with a greater elevation [11]; therefore, prolactin levels should likely not be checked
in the first 4 weeks of treatment. Risperidone, an atypical antipsychotic agent, has
been shown to be associated with significantly greater prolactin levels when compared to the typical antipsychotic haloperidol, but generally the newer atypical
agents are thought to induce less of an increase in prolactin levels compared to the
typical agents [12, 13].

Antidepressants
Selective serotonin reuptake inhibitors (SSRIs), specifically fluoxetine, have been
shown to increase prolactin levels only minimally [14], whereas less commonly
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used antidepressants, such as the tricyclics, have only rarely been associated with
hyperprolactinemia [13].
Other Medications
Gastric motility agents that block dopamine receptors, for example, metoclopramide and domperidone, also raise prolactin levels [13]. Antihypertensive drugs
that block dopamine synthesis, such as methyldopa, have also been shown to raise
prolactin levels as quickly as 2–6 h after oral administration [15]. Verapamil is the
only calcium-channel blocker that has been shown to increase prolactin levels
[16]; the mechanism is thought to be due to decreased hypothalamic production of
dopamine [17].
Pharmacologic doses of estradiol have been shown to increase prolactin secretion [18]. Estradiol is thought to increase prolactin levels by stimulating lactotroph cell proliferation, likely through a mechanism involving the transforming
growth factor-β isoforms [19]. Supra-physiologic levels of estradiol, as occur during pregnancy or with assisted reproductive technologies such as ovulation induction or in vitro fertilization, may cause lactotroph cell hyperplasia leading to
hyperprolactinemia. Yet oral contraceptive pills are not typically thought to cause
hyperprolactinemia [13].

Pathophysiologic Causes
Lactotroph Adenoma
Lactotroph adenomas are responsible for 80% of amenorrhea due to a pituitary
cause [2]. Lactotroph adenomas are the most common hyper-secreting pituitary adenomas and are almost always benign but very rarely they can be
malignant and metastasize extra-cranially [20]. Prolactin secretion is typically
proportional to the size of the adenoma in well-differentiated adenomas and
can be very high – in fact, levels on the order of 104 ng/ml have been measured
[21]. Poorly differentiated lactotroph adenomas may be large but secrete less
prolactin than expected based on their size.
Mass Effect/Trauma
The pituitary gland is connected to the median eminence of the hypothalamus via
a stalk. Dopamine, produced in the hypothalamus, suppresses the production of
prolactin in the pituitary gland. Any compression or interference of the stalk, for
example, by a mass or trauma, can lead to an interruption of the flow of dopamine
into the pituitary gland and subsequent hyperprolactinemia.
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Traumatic injury to the chest wall can lead to hyperprolactinemia [22]. The
mechanism is thought to be due to neurogenic stimulation as intercostal nerve blockade was found to reduce serum prolactin levels in a patient with elevated prolactin
levels after a traumatic burn injury to the chest wall [22]. Traumatic brain injury can
also result in hyperprolactinemia [23] even 12 months after the initial trauma [24].

Primary Hypothyroidism
Thyrotropin releasing hormone, secreted by the hypothalamus, can stimulate pituitary lactotroph cells to secrete prolactin in individuals with hypothyroidism [25].
Primary hypothyroidism can also cause enlargement of the pituitary gland due to
thyrotroph hyperplasia and possibly lactotroph hyperplasia. Therefore, primary
hypothyroidism can be associated with an enlarged pituitary gland, hyperprolactinemia, and all of its sequelae including amenorrhea and evaluation of an individual with hyperprolactinemia should always include a TSH level. Treatment for
the hypothyroidism should result in resolution of the pituitary enlargement and
hyperprolactinemia [26].

Chronic Renal Failure
Individuals with chronic renal failure, particularly those receiving hemodialysis,
may have elevated prolactin levels [27]. The mechanism by which chronic renal
failure leads to hyperprolactinemia appears to be one of both decreased responsiveness of the pituitary to dopamine suppression and therefore increased secretion, and
decreased clearance [27].

Clinical Findings in Hyperprolactinemia
Reproductive Dysfunction
Hyperprolactinemia can cause hypogonadotropic hypogonadism. Therefore,
common clinical findings in women with hyperprolactinemia include menstrual
irregularities, typically oligoamenorrhea or amenorrhea [28]. One mechanism by
which elevated prolactin levels decrease gonadotropin levels is thought to be mediated by inhibition of gonadotropin releasing hormone (GnRH) secretion from the
hypothalamus by corticotrophin releasing factor, the secretion of which is thought
to be stimulated by hyperprolactinemia [29].
Women with hyperprolactinemia who have regular ovulatory cycles may still
have difficulty achieving a pregnancy. Infertility in the setting of ovulatory
cycles may be due to a shortened luteal phase [30, 31]. Any woman with
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h yperprolactinemia and otherwise unexplained infertility may benefit from a
trial of treatment for hyperprolactinemia prior to initiating more aggressive
treatments for infertility.

Galactorrhea
Individuals with hyperprolactinemia may experience galactorrhea [28]. The galactorrhea may be spontaneous or may only be expressible in nature [28]. Galactorrhea
is less frequently a symptom of hyperprolactinemia compared to oligoamenorrhea
or amenorrhea [28], and importantly is a frequent finding in individuals without
hyperprolactinemia [3], particularly in parous women.

Bone Loss
Other findings in hyperprolactinemia include bone loss, which has been shown to
be primarily due to hypo-estrogenemia [32]. Treatment of hyperprolactinemia has
been shown to improve bone mineral densities in women with hyperprolactinemia
[32]. Also, individuals with elevated prolactin levels with regular menstrual cycles
have been found to have bone mineral densities comparable to those of women with
normal prolactin levels and regular menstrual cycles [32].

CNS Disturbances
New visual problems, particularly new peripheral field cuts, are a worrisome sign and
may indicate a rapidly expanding tumor or a tumor which is impinging on the optic
chiasm. These individuals should be imaged with a pituitary-protocol MRI and have
visual field testing immediately. Headaches may also be associated with pituitary adenomas and may be a sign of rapid tumor expansion. Rarely, hyperprolactinemia may
cause headaches independently of tumor mass [33]. Dopamine agonist therapy may
relieve headaches, especially migraine-type, associated with hyperprolactinemia [34].

Treatment of Hyperprolactinmeia
If there is an underlying cause of hyperprolactinemia, such as a medication, the
offending agent should be stopped or changed if this is possible without significant
risk to the patient. If this is not possible, then treatment is indicated if the individual
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is symptomatic (reproductive dysfunction or galactorrhea); treatment with a
dopamine agonist (cabergoline or bromocriptine) may be initiated if there is no
contraindication. If the individual is on a dopamine-blocking agent for psychiatric
illness, then a dopamine agonist may exacerbate the underlying psychiatric disorder
and in that case dopamine agonists should be avoided. In these cases, oral contraceptives will protect against the harmful consequences of amenorrhea on bone
mineral density (Table 6.3).
Microprolactinomas that are not associated with hypogonadism, menstrual
irregularity, infertility, or disruptive galactorrhea do not require treatment but
should be observed with a pituitary-protocol MRI. Treatment should be initiated if
tumor growth occurs. Growing or symptomatic microprolactinomas should be
treated with dopamine agonists unless contraindicated or if acute visual field cuts
mandate urgent surgical intervention. If compressive symptoms are noted or a
dopamine-agonist is contraindicated, such as in the case of an individual with psychiatric illness on dopamine blocking agents, then surgery is the treatment of
choice. Surgery may also be indicated in individuals who are intolerant of dopamine agonist therapy or who do not respond to dopamine agonist therapy, such as
patients with predominantly cystic tumors.
There are two dopamine agonists currently used in the treatment of hyperprolactinemia: bromocriptine and cabergoline. Cabergoline has been shown to achieve
normal prolactin levels and ovulatory cycles or pregnancy more often than bromocriptine and has been associated with fewer side effects than bromocriptine therapy [35]. Yet in women attempting to conceive, bromocriptine therapy is preferred
because of greater experience with the use of bromocriptine during pregnancy [36].
Also, there has been recent data demonstrating an increased incidence of cardiac

Table 6.3 Indications for treatment of hyperprolactinemia
Indications for medical therapy
Macroadenoma
Hypogonadism
Reproductive dysfunction
Amenorrhea
Infertility
Acne and/or hirsutisma
Bothersome galactorrheaa
Headaches (controversial)a
Indications for surgical therapy
Optic nerve compression
Intolerance of dopamine agonists
Dopamine agonists ineffectiveb
Predominantly cystic macroadenomab
Apoplexy or hemorrhage within tumor
Patients on psychiatric medicationsb
a
Relative indication
b
If tumor mass is a concern
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valve regurgitation in individuals taking high doses of cabergoline for the treatment
of Parkinson’s disease [37, 38]. In patients using cabergoline for hyperprolactinemia,
clinically significant valvular disease has not been demonstrated, although an
increased incidence of aortic valve calcification has been shown [37], and recent
cross-sectional, observational studies and a meta-analysis have demonstrated an
increased incidence of clinically insignificant, mild to moderate tricuspid regurgitation [39–41]. Yet a number of studies have also demonstrated no difference in the
prevalence of valvular regurgitation when comparing hyperprolactinemic patients
treated with cabergoline to controls [42–44]. Although no clinically significant valvular disease has been demonstrated in patients receiving cabergoline for hyperprolactinemia, the potential risk of valvular dysfunction should be discussed with the
patient prior to initiating dopamine agonist therapy. Once a pregnancy has been confirmed, we recommend that the dopamine agonist be stopped.
Women with hyperprolactinemia and regular ovulatory cycles may still be infertile
due to a luteal phase defect [30, 31]. Administration of bromocriptine in these women
may help lengthen the luteal phase and may result in achievement of a pregnancy.

Other Pituitary Causes of Amenorrhea
Non-Lactotroph Adenomas and Sellar Masses
While the most common cause of pituitary-associated amenorrhea is a lactotrophsecreting adenoma, other pituitary adenomas can also cause amenorrhea. Cushing’s
disease and acromegaly are the result of hyper-functioning pituitary adenomas of the
corticotroph and somatotroph cells of the pituitary, respectively. Amenorrhea is a
common finding in Cushing’s disease, usually due to increased circulating androgens
made by the adrenal gland. In acromegaly, amenorrhea may result from hyperprolactinemia, either due to concomitant production of prolactin by the tumor or stalk
compression, compression of the pituitary gonadotrophs, or hyperandrogenism.
Therefore, Cushing’s and acromegaly should be considered in any individual presenting with amenorrhea and clinical evidence of either cortisol or growth hormone
excess, respectively. However, in individuals presenting with primary or secondary
amenorrhea, these diagnoses are rare. In a series of 252 patients presenting with
primary amenorrhea, Cushing’s accounted for one case [1]. Similarly, in a series of
262 individuals presenting with secondary amenorrhea, Cushing’s accounted for two
of those cases [2]. However, it is possible that these small numbers represent underreporting and/or failure to diagnose these diseases when present.
Any pituitary adenoma, especially those ³1 cm in size (macroadenomas), can
cause amenorrhea due to mass effect on the gonadotrophs or due to stalk compression. Therefore, in individuals with amenorrhea of unknown cause who do not have
an elevated serum FSH, a pituitary-protocol MRI should be part of the initial diagnostic work-up. Similarly, any sellar mass, including craniopharyngiomas and
meningiomas, can cause amenorrhea through mass effect or interruption of the stalk
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Table 6.4 Differential diagnosis for sellar masses
Adenomas
Hyperfunctioning
   Prolactinomas
   Corticotroph adenomas (cause of Cushing’s disease)
   Somatotroph adenomas (cause of acromegaly)
   Somatomammotroph adenomas (adenoma which co-secretes prolactin
    and growth hormone)
   Thyrotroph adenomas (excess TSH secretion)
   Pleurihormonal adenomas (rare)
Non-functioning
Craniopharyngioma
Chordoma
Germ cell tumor
Granular cell tumor
Metastatic disease
Meningioma
Primary lymphoma
Sarcoma
Schwannoma
Vascular tumor/aneurysms/AV fistula of cavernous sinus
Cysts
Rathke’s cleft
Dermoid
 Epidermoid
Infections/Infiltrative disorders
Hemochromatosis
Hypophysitis
   Lymphocytic
   Granulomatous
   Xanthomatous
Langerhans cell histiocytosis
Sarcoidosis
Giant cell granuloma
Infections/abscess

(Table 6.4). Craniopharyngiomas may be associated with diabetes insipidus and,
therefore, should be considered in the differential diagnosis of an individual presenting with amenorrhea and diabetes insipidus. In adults with craniopharyngiomas,
CT scan of the sellar area usually demonstrates calcifications within the tumor.

Sheehan’s Syndrome
The pituitary gland derives its blood supply from both systemic and hypothalamic
sources. The inferior hypophyseal arterial branches comprise the systemic
circulation, although the predominant supply to the anterior pituitary is from the
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h ypothalamic-portal circulation. The hypothalamic-portal circulation is derived
from the superior hypophyseal arteries which branch from the internal carotid arteries. During pregnancy, increased levels of estrogen can potentiate lactotroph cell
growth [19]. The increased size of the pituitary can cause compression of the superior hypophyseal artery and can make it very sensitive to sudden changes in blood
supply or hypotension [45]. Therefore, cases of massive postpartum hemorrhage
requiring multiple transfusions can result in ischemic necrosis of the pituitary gland,
causing postpartum hypopituitarism referred to as Sheehan’s syndrome. Postpartum
hemorrhage is a rare complication of births in the developed world and therefore
Sheehan’s syndrome is most commonly seen in developing countries [46, 47].
Sheehan’s typically presents months to years after delivery and the most common presenting symptoms of Sheehan’s syndrome include inability to lactate and
failure to resume menses, although an acute presentation with severe pituitary
hypo-functioning resulting in death can also occur [45]. Therefore, clinicians must
remain alert to this possibility, particularly in women who have had deliveries complicated by >500 ml of blood loss or the requirement for blood transfusions.
Treatment for Sheehan’s consists of replacing pituitary hormone deficiencies.

Infiltrative and Infectious Causes
Lymphocytic Hypophysitis
Lymphocytic hypophysitis is an inflammatory condition that affects the pituitary
gland. It affects predominantly females (8.5:1) and tends to occur during the latter
stages of pregnancy or the postpartum period [48]. A case series of 16 histologically proven cases of lymphocytic hypophysitis found that 71% of the cases were
associated with pregnancy [48]. Of all patients studied, 63% had anterior pituitary
hypo-functioning and 19% had posterior pituitary dysfunction in the form of diabetes insipidus [48]. This cause of hypopituitarism should be high on the differential
diagnosis of individuals presenting with both anterior and posterior pituitary dysfunction, who are pregnant or postpartum. These patients commonly present with
symptoms of an expanding sellar mass with headaches and visual field defects,
although this is not always the case and patients may present with associated autoimmune dysfunction, such as autoimmune thyroid disease [48]. This condition can
be lethal if not detected early as 3/16 patients in the case series died as a result of
undiagnosed hypopituitarism [48]. Compressive symptoms usually require surgical
intervention, and high-dose corticosteroid treatment has been shown to be effective
in some patients [49], although its efficacy has not yet been proven.
Hereditary Hemochromatosis
Hereditary hemochromatosis is a cause of gonadal insufficiency in men due to
damage caused to either the testes or the pituitary gonadotroph cells by excessive
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amounts of iron [50]. In women, hypogonadism is rarely seen [50] but must still be
kept on the differential diagnosis, particularly in individuals with a family history
of hemochromatosis.

Other
Rarer causes of pituitary-associated amenorrhea include sarcoidosis and tuberculosis.
In sarcoidosis, granulomas may infiltrate the pituitary gland resulting in amenorrhea
due to destruction of pituitary gonadotroph cells, but more commonly sarcoidosis
results in granulomatous infiltration of the hypothalamus, resulting in amenorrhea
due to decreased synthesis of GnRH by the hypothalamus [51]. Individuals with
sarcoidosis and hypopituitarism may also have diabetes insipidus [51] and, therefore,
this should be considered in the differential diagnosis of individuals presenting with
amenorrhea and diabetes insipidus. Tuberculous meningitis in childhood has also
been associated with amenorrhea. A study of 49 patients with a childhood history of
tuberculous meningitis found that 10% had pituitary dysfunction in the form of
gonadotropin deficiency [52].
Langerhans cell histiocytosis is a disease in which Langerhans cells, a form of
dendritic cell, inappropriately proliferate and infiltrate various regions of the body
including the hypothalamic-pituitary axis. The most common pituitary dysfunction
noted in Langerhans cell histiocytosis is diabetes insipidus but anterior pituitary
deficiencies, including gonadal dysfunction, have also been reported [53].
Other infiltrating and infectious diseases may infiltrate the hypothalamic-
pituitary axis and cause gonadal dysfunction resulting in amenorrhea. Similarly,
metastatic disease can also rarely infiltrate the pituitary gland and result in amenorrhea. Infiltrating disorders are commonly associated with diabetes insipidus and,
therefore, these disorders should always be considered in the differential diagnosis
of an individual presenting with both amenorrhea and diabetes insipidus.

Iatrogenic and Other Causes of Pituitary-Associated
Amenorrhea
Surgery
Surgical treatment of a pituitary adenoma is a rare cause of hypogonadism [54],
although most reports in the literature [55] likely reflect the rates of hypopituitarism
for individuals undergoing surgery in the hands of a dedicated pituitary surgeon. As
the rates of post-surgical complications have been shown to be higher in individuals
undergoing pituitary surgery by surgeons with lower surgical volumes [56], the
rates of post-surgical hypogonadism may be higher in individuals who have undergone pituitary surgery by a less-experienced surgeon.
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Radiation
Pituitary dysfunction resulting in amenorrhea is a well-known complication of
radiation therapy directed at the pituitary gland [54]. A series of 35 male patients
were followed for a mean of 4.2 years after radiotherapy and 67% developed
gonadal dysfunction if they had surgery followed by radiation compared to 50%
who were treated with radiation alone [54]. Individuals who have undergone radiotherapy to the pituitary gland should be monitored closely for the development of
pituitary dysfunction with long-term serial biochemical testing.
Radiation therapy for non-pituitary brain tumors has also been associated with
hypothalamic-pituitary dysfunction, hyperprolactinemia, and gonadotropin deficiency [57]. Hypopituitarism has been shown to be positively correlated with time
since the radiation therapy and with the dose of radiation, whereas hyperprolactinemia and hypogonadism are associated only with the dose of radiation therapy [58].
Therefore, both patients who have undergone radiation therapy for pituitary tumors
and those who have undergone radiation for non-pituitary brain tumors should be
closely followed for subsequent pituitary dysfunction.

Traumatic Brain Injury and Subarachnoid Hemorrhage
Traumatic brain injury and subarachnoid hemorrhage can cause pituitary dysfunction and amenorrhea. Individuals with traumatic brain injury associated with a
coma are more likely to be affected by pituitary dysfunction, especially those who
are comatose for days to weeks, but even individuals with a mild head injury can
develop hypogonadism [59]. Importantly, even if hypopituitarism is not demonstrated immediately after trauma, it has been shown to present even one year after
the injury; therefore, patients with a history of traumatic brain injury should be
carefully monitored [24].

Genetic Causes
Recently, mutations in transcription factors involved in the cellular proliferation
and differentiation of the pituitary gland have been shown to be the cause of anterior pituitary dysfunction and, therefore, should be on the differential diagnosis for
primary amenorrhea. Typically mutations in these transcription factors are associated with other clinical findings that will be a clue to the diagnosis. For example,
HESX1 mutations are associated with septo-optic dysplasia as well as pituitary
hormone deficiencies and SOX2 mutations may be associated with sensorineural
hearing loss, esophageal atresia, and learning difficulties in addition to hypogonadotropic hypogonadism [60]. LHX3 mutations and PROP1 mutations have also
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been associated with gonadotropin deficiency, and GLI2 and SOX3 mutations
have been associated with hypopituitarism [60]. The inheritance pattern of these
genes is variable and ranges from recessive, dominant, X-linked to de novo [60].

Diagnostic Evaluation
History
A thorough history of duration of amenorrhea, pregnancy, changes in weight,
changes in terminal hair growth, headache, visual changes, increases in shoe size or
ring size, galactorrhea, history of renal disease, and medication history should be
obtained from each patient. In adolescents and young women, growth curves may
be useful, and in patients with primary amenorrhea, a history of pubertal development should be reviewed. Patients with polycystic ovary syndrome (PCOS) are
likely to have had normal breast development, whereas patients with genetic hypopituitarism will usually not report a history of spontaneous breast development.
Pregnancy is a common cause of amenorrhea and physiologic hyperprolactinemia. Weight gain and terminal hair growth are common findings in Cushing’s disease as well as other causes of amenorrhea including PCOS. Headache and visual
changes can be found in individuals with pituitary tumors and may signal tumor
growth. Changes in shoe and ring size are common signs of acromegaly.
Galactorrhea is a common symptom of hyperprolactinemia, and renal disease and
medications (as discussed above) can cause hyperprolactinemia and subsequent
menstrual disturbances.

Physical Examination
Physical examination findings that are helpful in determining a pituitary cause of
amenorrhea include a Cushingoid or acromegalic body habitus. Individuals with
Cushing’s may have disproportionate centripetal obesity (obese abdomen and thin
extremities due to muscle atrophy), supraclavicular fullness, a posterior cervical hump,
and thin skin which often manifests as easy bruising and violaceous striae on the abdomen, flank, axilla, or thighs. Individuals with acromegaly may demonstrate evidence
of soft tissue growth including acral changes, large lips and/or nose, frontal skull bossing, widening of the spaces between teeth, and a pronounced jaw and underbite.
In any woman with primary or secondary amenorrhea, we recommend that a
prolactin level be checked as part of the work-up. If the value is <50 ng/ml but is
elevated above the normal range, we repeat the measurement to ensure that the elevation is chronic and not due to a transient cause, such as nipple stimulation in a lactating
woman, stress [61], recent sexual intercourse [62], or carbohydrate intake [63].
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In individuals with any degree of prolactin elevation, pituitary-dedicated MRI
imaging is indicated. Individuals with even slightly elevated prolactin levels may have
large, non-functioning pituitary adenomas that compress the stalk, thereby causing
the prolactin elevation, or their prolactin level may be underestimated secondary to
the Hook effect. The Hook effect occurs in the setting of large amounts of antigen
(in this case prolactin) saturating both antibodies present in the immunoradiometric
sandwich assay: the antibody capturing the antigen and the signaling antibody. When
both the capturing and signaling antibody are saturated by the high levels of prolactin,
they are not able to sandwich together and give a falsely low prolactin value. Thus,
women with macroadenomas (adenomas ³1 cm) and normal or only mildly elevated
prolactin levels should have a prolactin level checked after dilution of the serum sample
in order to ensure that a large, well-functioning prolactinoma is not being missed.

Case Correlation
The patient had a pituitary-protocol MRI performed which demonstrated a 3-mm
hypo-dense lesion on the right side of the pituitary gland, consistent with a pituitary
adenoma. The patient was interested in becoming pregnant. She was subsequently
started on low dose bromocriptine (1.25 mg po daily). Her menstrual periods resumed
within 6 weeks. A follow-up prolactin level was found to be at our goal of mid-normal
range in women attempting to achieve a pregnancy. Within 12 weeks of initiating
bromocriptine therapy, a pregnancy was confirmed and the bromocriptine was
stopped. As microprolactinomas rarely grow during pregnancy [64], typically patients
may be observed for any signs or symptoms that might indicate tumor growth during
the pregnancy. If she develops symptoms consistent with tumor growth including
headache or visual symptoms, a visual field examination and, if necessary, a noncontrast pituitary-protocol MRI can be performed. The incidence of tumor growth
during pregnancy is higher in women with macroprolactinoma (³1 cm) [64] and
therefore in this group of patients, baseline visual field testing prior to pregnancy and
during each trimester is recommended. In our patient, we will repeat endocrine testing
at least 6 weeks after delivery. This patient illustrates the importance of checking a
prolactin level and performing pituitary imaging even when many aspects of the initial
presentation are suggestive of hypothalamic amenorrhea due to exercise.
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Chapter 7

Amenorrhea Associated With the Female
Athlete Triad: Etiology, Diagnosis,
and Treatment
M.J. De Souza and R.J. Toombs

Introduction
The Female Athlete Triad [1, 2] is a syndrome of interrelated conditions that
involves disordered eating, low bone mass, and amenorrhea in physically active
women and female athletes. This condition was first described by the American
College of Sports Medicine in 1997 [1] and is associated with significant health
risks. The condition is most common in women involved in sports that emphasize
leanness, such as cross country running, gymnastics, and figure skating [2, 3];
however, this condition also impacts recreationally physically active women [4].
Inadequate nutrition precedes the clinical sequelae of amenorrhea and low bone
mass. Nutritional deficits are typically associated with internal and external pressures on these women to maintain a low body weight, and most often present as
disordered eating [5–7]. The etiology of amenorrhea in exercising women is
secondary to inadequate caloric intake in the face of high exercise-related energy
expenditure, resulting in a net energy deficit. The energy deficit, in turn, stimulates compensatory mechanisms such as weight loss and energy conservation
that translate to hypothalamic suppression of ovarian function and amenorrhea
[6, 8, 9].
In the past two decades, much has been learned about symptoms, risk factors,
causes, and treatment strategies for the Female Athlete Triad, and particularly
amenorrhea, although only limited clinical guidelines are available to date [2, 10].
The only clinical recommendation for the prevention and treatment of amenorrhea
in physically active women and athletes is to increase caloric intake and/or reduce
exercise energy expenditure [10]. No specific dietary guidelines exist to date, and
the rationale for reducing training when caloric intake is already high is likely an
excessively conservative approach, since exercise per se does not play a causal role
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in the etiology of athletic amenorrhea [8, 11]. This chapter describes the most recent
scientific findings about the relationship between energy balance and menstrual
regularity, and provides clinicians with a practical approach to the diagnosis and
treatment of these problems commonly observed in physically active adolescent and
adult women and female athletes.

A New Model
The Female Athlete Triad was first identified over 10 years ago by the American
College of Sports Medicine [1]. Recently, the emergence of a new model for understanding the Female Athlete Triad has greatly advanced our understanding of the
condition [2]. Originally, the three components of the Triad were presented as clinical
endpoints that included disordered eating, low bone mass, and amenorrhea [1].
The components of the Female Athlete Triad are known to be interrelated since
energy deficiency associated with disordered eating plays a causal role in the
development of menstrual disturbances [9, 11, 12], and both energy deficiency and
a low estrogen environment associated with amenorrhea play a causal role in initiating bone loss [13–15]. In the new Triad model [2] described in Fig. 7.1, these
interrelationships are reaffirmed; however, each component of the Female Athlete
Triad is represented as a continuum of severity from health to disease. At the
“healthy” end of the continuum of each Triad component are optimal energy availability, the presence of normal ovulatory menstrual cycles, and optimal bone
health [2]. At the “unhealthy” end of the continuum of each Triad component are

Healthy Energy Status
Restrictive Eating/
High Drive for Thinness

Disordered Eating/
Energy Deficiency

Healthy
Menstrual Cycles

Healthy Bones
Low BMD

LPD, Anovulation
Oligomenorrhea
Osteoporosis

Amenorrhea

Fig. 7.1 The continuum of the Female Athlete Triad beginning with healthy energy, menstrual,
and bone health status at one end of the continuum and the unhealthy outcomes of the Triad at the
other end of the Triad continuum, including disordered eating, amenorrhea, and osteoporosis.
BMD bone mineral density; LPD luteal phase defect. Modified and reprinted with permission
from Nattiv et al. [2]
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the clinical outcomes associated with each, including energy deficiency, with or
 ithout disordered eating, abnormal menstrual cycles, functional hypothalamic
w
amenorrhea, and bone loss [2].
Key points that are highlighted by the new model of the Female Athlete Triad
are that many athletes may not present with more severe conditions at the
extremes of the continuums, but rather may display intermediate, or “subclinical,”
presentations of one or more of the conditions, and, most importantly, that progression along the three continuums can occur at different rates. For example, an
athlete may show signs of restrictive eating but may not meet the clinical criteria
for an eating disorder. She may also display subtle menstrual disturbances, such
as a change in menstrual cycle length, anovulation, or luteal phase defects, but
may not yet have developed amenorrhea. Likewise, she may be losing bone mass
but may not yet have dropped below her age-matched normal range for bone
mineral density (BMD). While the conditions represented by each continuum can
present independent of the other two, it is more likely that, because of the clear
associations among the three conditions, an athlete suffering from one element
of the Female Athlete Triad is also suffering from the others even if only in a
subclinical manner. Thus, it is important to understand that an athlete may present at different stages on each continuum and has the capacity to change stages
on each continuum at varying rates. For example, changes can occur daily when
considering energy status, monthly when considering the time course necessary
for energetic changes to impact menstrual function, and annually when considering the time course necessary for energetic and menstrual changes to impact bone
health [2].

The Prevalence of Athletic Amenorrhea
The prevalence of amenorrhea has been reported to range from 6 to 43% in runners
[16–21], 1–21% in both high school [22] and collegiate athletes across a wide
assortment of sports [3, 23], and as high as 69% in ballet dancers [24]. Of course,
the prevalence of amenorrhea in athletes and physically active women grossly
exceeds the 2–5% observed in the general population of sedentary college-aged
women [25–27].
It is important to note that adolescent athletes are likely to experience a higher
prevalence of menstrual cycle disturbances and amenorrhea; Baker et al. [28] demonstrated that adolescent runners experienced a significantly higher prevalence of
amenorrhea than their adult counterparts (67% vs. 9%). Primary amenorrhea and
delayed menarche have also been reported in many adolescent athletes, particularly
gymnasts, ballet dancers, runners, divers, and cheerleaders [3, 29–31]. Primary
amenorrhea and delayed menarche in adolescent athletes are often solely attributed
to exercise training without appropriate regard for social self-selection factors
known to influence the timing of pubertal maturation, particularly in sports like
gymnastics and ballet [30, 32].
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The Etiology of Athletic Amenorrhea
Primary amenorrhea has recently been defined as the failure to achieve menarche
by age 15 in the presence of normal development of secondary sex characteristics
[33]. The definition of secondary amenorrhea in the exercise literature has varied,
but should be defined conservatively as no menses for 90 days or 3 months, or less
than 5 menses in 12 months [6]. Oligomenorrhea is defined as the presence of
irregular and inconsistent cycle intervals of 36–90 days [6], although care must be
taken to exclude other causes of oligomenorrhea, particularly polycystic ovarian
syndrome [34]. Indeed, it is certainly not surprising that many athletes bring their
preexisting condition of polycystic ovarian syndrome to the athletic environment.
In athletes, the amenorrhea is hypothalamic in origin, characterized by decreased
gonadotropin-releasing hormone (GnRH) pulsatility and, as a result, suppressed
levels of circulating gonadotropins and ovarian steroids; however, the responsiveness of the pituitary gland to GnRH remains unaltered [35]. Amenorrhea is associated with an extreme deficiency in estrogen, while less severe perturbations of
menstrual function, such as oligomenorrhea and anovulation, have less severe deficits in estrogen, as assessed by daily urinary measurements of ovarian steroids
when calculated as an area under the curve [4, 36]. Figure 7.2 demonstrates the
examples of the estrogen exposure associated with varying menstrual perturbations
in exercising women, contrasted with ovulatory cycles in both sedentary and exercising women when assessed by the daily excretion of urinary estrone and pregnanediol glucuronides.

Physiological Considerations
The significance of energy deficiency as a cause of Female Athlete Triad-related
menstrual disturbances and bone loss is now more apparent than ever. Indeed, we
have suggested that these menstrual disturbances should be referred to as energyrelated menstrual disturbances [37]. Research has well established that one of the
primary causes of Triad-related health problems is a chronic energy deficiency
[6, 9, 11]. In other words, the amount of calories an athlete or physically active
woman consumes is simply not adequate to meet the energetic demands of her daily
exercise training energy expenditure, a concept often referred to as low energy availability [2]. When the volume of energy is inadequate to meet energetic demands, the
body repartitions energy away from reproduction and growth and toward other more
essential energy-consuming processes such as thermoregulation, cell maintenance,
and locomotion [38]. The reliance of reproductive function on nutritional factors,
such as food availability and energy balance, is also well established in nonwesternized
subsistence communities who are impacted by seasonal food availability and high
energy expenditures during harvests [39–41]. Energy deficiency in these cases occurs
because there is a negative balance between food intake resulting from seasonal
availability in food and energy expenditure associated with work in the fields,
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Fig. 7.2 Representative menstrual cycles of exercising women with varying menstrual disturbances
and the corresponding estrogen exposure (c, d, e) contrasted to ovulatory cycles and the associated
estrogen exposure of both a sedentary woman (a) and an exercising woman (b). Note the suppressed
estrogen exposure associated with anovulatory and amenorrheic menstrual status. *E1G and PdG for
SedOv cycle was adjusted based on creatinine excretion; E1G and PdG for all other cycles are corrected for hydration based on specific gravity. SedOv Sedentary Ovulatory; ExOv Exercising
Ovulatory; ExLPD Exercising Luteal Phase Deficient; ExAnov Exercising Anovulatory; ExAmen
Exercising Amenorrheic; E1G estrone-1-glucoronide; PdG pregnanediol glucoronide; AUC area
under the curve

or travel from one remote location to another [39, 40]. Irrespective of the cause of
the energy deficiency, a relative chronic energy drain persists, a concept first published by Michelle Warren in 1980 [42], that results in reproductive suppression.
Energy deficiency is often associated with weight loss in a metabolic environment
that favors energy conservation. An environment of energy conservation involves a
decrease in resting energy expenditure (REE), suppression of total triiodothyronine
(TT3), insulin-like growth factor-1 (IGF-1) and leptin concentrations, and elevated
ghrelin and cortisol concentrations [36, 43–46] (see Fig. 7.3). Suppression of REE
has been well documented in amenorrheic, exercising women concomitant with the
abovementioned alterations in metabolic hormonal profiles consistent with nutritional restriction [13, 36, 47, 48]. Additional evidence for the relationship between
energy deficiency and energy-related menstrual disturbances comes from the results
of cross-sectional studies of metabolic hormones and substrates in exercising

106

M.J. De Souza and R.J. Toombs

Fig. 7.3 The metabolic and hormonal alterations that are associated with a hypometabolic and
amenorrheic environment in exercising women. Metabolic hormones and gut peptides are characteristically altered secondary to an energy deficient environment and gonadotropin and ovarian
steroids are characteristically suppressed secondary to an estrogen-deficient environment. TT3
total triiodothyronine; IGF-1 insulin-like growth factor-1; IGFB1 insulin-like growth factor binding protein-1; PYY peptide YY; LH luteinizing hormone; FSH follicle-stimulating hormone

women with subtle menstrual disturbances such as luteal phase defects and anovulation that illustrate similar, but less severe, adaptive changes than those observed in
amenorrheic, exercising women [36, 45, 49].
It is noteworthy that a low body weight is not always a reliable indicator of
chronic energy deficiency nor is a stable body weight a reliable indicator of energy
balance [50]. The metabolic adaptations that act to conserve energy and reduce
energy expenditure and body weight can also, in some cases, result in weight
stability, albeit at a lower set point that may present as a restoration in energy balance
with ongoing chronic alterations indicative of an energy-conserved metabolic and
endocrine environment [50]. To forecast the presence of an energy deficiency in our
laboratory [12, 13, 36], we have successfully utilized the ratio of REE (as measured
in the laboratory) to the Harris–Benedict [51] predicted REE (measured REE/predicted REE). Since the majority of published reports [52–54] of REE in underweight
women utilized the Harris–Benedict equation [51] to predict REE, we reasoned that
this equation was likely to be useful for our purposes. We further observed that in
clinical models of starvation, such as anorexia nervosa [52–54], a reduced ratio of
measured REE to predicted REE by the Harris–Benedict equation [51] is often in the
range of 60–80%. As such, we operationally defined energy deficiency in exercising
women as a ratio of measured REE to predicted REE of less than 90% and energy
replete as a ratio of measured REE to predicted REE of greater than 90% [12, 13, 36].
We have successfully utilized this strategy in several published papers to date, and it
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is consistently corroborated by metabolic hormone (TT3 and ghrelin concentrations)
data, indicative of adaptations to an energy-deficient state [12, 13, 36].
Elegant short-term experiments by Loucks and colleagues [11, 55–57] manipulating both dietary intake and energy expenditure have consistently demonstrated a
strong relationship between low energy availability, suppressed metabolic hormones and suppression of the GnRH pulse generator. The design of the Loucks
et al. [11] experiments involved having subjects expend 15 kcal/kg lean body mass
(LBM) per day during supervised exercise sessions for 5 days at 70% of aerobic
capacity while consuming a standardized diet intended to set energy availability at a
balanced level of 45 kcal/kg LBM/day or at mild, moderate, and severe levels of
energy restriction of 30, 20, 10 kcal/kg LBM/day, respectively [11]. At all levels of
restriction, metabolic hormones, including TT3, IGF-1, insulin, leptin, and cortisol,
were altered in an incremental manner with these effects most dramatic at the
severe level of energy restriction of 10 kcal/kg LBM/day [11]. Similarly, LH pulsatility was most dramatically impacted at the severe level of energy restriction, but
suppression of LH pulsatility was also noted even at mild (30 kcal/kg LBM/day)
and modest (20 kcal/kg LBM/day) levels of energy restriction [11].
Convincing evidence for a causal relationship between low energy availability
and menstrual cyclicity was provided by the prospective training studies in monkeys elegantly executed by Williams et al. [8, 9]. Williams et al. [8, 9] demonstrated
two key relationships, (1) that amenorrhea could be induced in exercising monkeys
and that the onset of the amenorrhea was related to the volume of calories restricted
during the exercise training, and (2) that the amenorrhea could be reversed by
increasing food intake without any moderation of the daily exercise training. The
authors point out that the resumption of ovulatory cycles in the amenorrheic monkeys had a dose-dependent relationship with the volume of energy available such
that the monkeys that ate the most calories recovered ovulatory function in the
shortest time period [9]. It is also noteworthy that in this study, a key marker of
energy balance, TT3, was significantly related to both the induction and reversal of
amenorrhea providing additional evidence to support the premise that suppression
of reproductive function is linked with adaptive energy conservation when there is
an imbalance created by inadequate caloric intake in the face of increased exercise
energy expenditure [8, 9].

Psychological Considerations
As previously described, energy deficiency occurs when there is a negative balance
between food intake and exercise energy expenditure. Because an athlete’s energy
supply can be purposely manipulated, it warrants a special comment. It is clear that
in many cases of the Female Athlete Triad, there is some form of disordered eating
behavior that contributes to the energy deficiency [2, 7, 23, 58]. The disordered
eating presents in a variety of ways, but most often as a high drive for thinness (DT)
or as a purposeful dietary restriction of caloric intake [2, 7, 23]. The incidence of

108

M.J. De Souza and R.J. Toombs

disordered eating behaviors in physically active women and athletes is reportedly
as high as 62%, particularly in esthetic or lean build sports like gymnastics, ballet,
and cross country running [59]; whereas, the prevalence of the more severe, clinical
eating disorders (anorexia and bulimia) was reportedly ~2–3% in a group of over
400 collegiate athletes [3]. These disordered eating behaviors, of course, can cause
a chronic energy deficiency. Women with a high DT demonstrate a preoccupation
with body weight and body shape, and a fear of gaining weight [58, 60, 61].
Numerous reports support a strong relationship between disordered eating, DT, and
amenorrhea in exercising women [2, 7, 12, 16, 23, 58]. Indeed, in our previous
work, we demonstrated that a high DT was associated with energy deficiency as
indicated by significant relationships between REE and metabolic hormones such
as TT3 and ghrelin [12]. Figure 7.4 demonstrates the aforementioned relationships.
From a physiological standpoint, a high DT promotes the conscious restriction
of food intake and/or the excessive participation in exercise; thus, this particular
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Fig. 7.4 The relationships between drive for thinness (DT) and metabolism in sedentary and
exercising women grouped according to DT score on the Eating Disorder Inventory. (a) Resting
energy expenditure (REE) adjusted for fat-free mass (FFM) among three groups of women categorized by exercise status and DT score to include (1) a sedentary group with a normal DT score,
(2) an exercising group with a normal DT score, and (3) an exercising group with a high DT score.
(b) The ratio of actual REE to predicted REE among the three groups. (c, d) The concentrations
of total triidothyronine (TT3) and ghrelin among the three groups. Note the suppressed ratio of
measured REE/predicted REE suggestive of an energy deficiency; these data are corroborated by
suppressed TT3 and elevated ghrelin concentrations. ap <0.05 ExHigh-DT vs. SedNormal-DT and
ExNormal-DT. bp <0.05 ExNormal-DT vs. SedNormal-DT. SedNormal-DT Sedentary Normal-DT;
ExNormal-DT Exercising Normal DT; ExHigh-DT Exercising High-DT. Reprinted with permission
from De Souza et al. [12]
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disordered eating attitude is likely associated with the development of an energy
deficit as we have demonstrated in our work [12].
DT is also related to the conscious restriction of food intake, often referred to as
cognitive dietary restraint [37]. Cognitive dietary restraint refers to the chronic
effort to achieve or maintain a desired body weight by consciously restricting food
intake [62]. It has also been associated with compromised reproductive function to
include amenorrhea and decreased bone mass [37, 63, 64]. In our own laboratory,
we have recently demonstrated that high cognitive dietary restraint scores are associated with reduced lumbar spine and total body BMD in physically active women
such that the highest cognitive dietary restraint scores are related to the lowest BMD
values and the most severe menstrual disturbances such as amenorrhea [37].
It is also noteworthy to remember that some athletes and physically active
women can experience an energy deficiency in the absence of disordered eating;
that is, even if they are not consciously restricting their food intake, these individuals may simply not eat enough food to fuel their exercise energy expenditure.
A busy class schedule, travel, stress, and other factors can hinder female athletes
from maintaining an adequate diet for training. Thus, some athletes who do not
present with disordered eating symptoms or behaviors are often overlooked in discussions of the Female Athlete Triad. Likewise, it is important to remember that
some athletes may present with a clinical eating disorder of anorexia or bulimia
nervosa and warrant specialized intervention strategies with trained clinicians.

Bone Health Considerations
Suppression of reproductive function is associated with stress fractures, loss of
BMD, the failure to achieve peak bone mass, and osteoporosis [13]. There are
numerous reports of significantly lower BMD values on the order of 2–6% at the
spine, hip, and total body among amenorrheic athletes when compared to their
regularly menstruating counterparts [13, 16, 65–68]. In fact, Christo et al. [68]
reported that 38 and 19% of amenorrheic athletes had lumbar and hip BMD
Z-scores, respectively, at least one standard deviation below that of an age-matched
sedentary population. It is important to note that BMD in exercising women should
actually be higher than that observed in a reference population of sedentary women.
The current recommendations for appropriate BMD criteria to diagnose low BMD
or osteoporosis in athletes utilize the guideline published for premenopausal
women by the International Society for Clinical Densitometry [69]. These criteria
utilize a Z-score of −2.0 or lower to diagnose low BMD, and when a secondary risk
factor is also present, such as hypogonadism or nutritional deficiency, a diagnosis
of osteoporosis may be applied [69]. The prevalence of osteopenia in amenorrheic
athletes is estimated to range from 1.4 to 50% [16, 65, 70–72]. The prevalence of
osteoporosis is lower [16, 72]. Stress fractures are two to four times more common
in athletes and physically active women with amenorrhea than their physically
active counterparts who are menstruating [2, 73].
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A closer look at the negative alterations that occur in the bones of female athletes
via peripheral quantitative computed tomography reveals that trabecular BMD as
well as cortical thickness are common targets of amenorrhea-associated bone loss
in athletes. In a comparison of two samples of elite, retired gymnasts, Ducher et al.
[74] observed that those athletes with a history of amenorrhea had significantly
reduced trabecular density at the distal radius and tibia and significantly lower bone
strength at the distal radius when compared to the eumenorrheic, retired gymnasts.
Additionally, cortical thickness was significantly greater and medullary area significantly smaller at the proximal radius of the gymnasts without a history of amenorrhea, providing support for the role of estrogen in endocortical apposition [74].
Moreover, Misra et al. [75, 76] has reported that the low bone mass observed in
energy-deficient amenorrheic women may be the consequence of light trabecular
and thin cortical bones [75]. In a sample of 34 anorexic adolescents, Misra et al.
[75] reported significantly decreased lumbar bone mineral content (BMC) adjusted
for bone area (BA) when compared to controls but no significant differences were
observed between anorexics and controls in lumbar BA adjusted for height, indicating that the significantly lower BMD of the lumbar spine, composed primarily of
trabecular bone, was due to light and undermineralized rather than thin bones. In
contrast, no significant differences were reported for whole body BMC adjusted for
BA between anorexic women and controls; however, whole body BA adjusted for
height was significantly decreased among the anorexic subjects, indicating that at
sites of primarily cortical bone, hormonal and nutritional deficiencies lead to thin
but poorly mineralized bone [75].
It has generally been accepted that chronic hypoestrogenism is the major cause
of bone loss in exercising women. However, the effects of food restriction and
energy deficiency on BMD represent an estrogen-independent mechanism for bone
loss that involves some of the metabolic-related hormones altered with exerciseassociated amenorrhea (see Fig. 7.5). These hormones, i.e., IGF-1 and leptin, play
an important role in modulating bone turnover and BMD in these women. Evidence
that these factors can impact bone in exercising women with exercise-associated
amenorrhea includes several observations that oral contraceptive use in these
women and other energy deficient models like anorexia does not unequivocally lead
to appropriate recovery of BMD [14, 77, 78]. Therefore, additional factors other
than simply estrogen deficiency must be taken into account.
Thus, the mechanism underlying the bone loss observed in amenorrheic athletes
is twofold, including both hormonal and nutritional components (see Fig. 7.5) [13,
14]. Bone is an active tissue, undergoing cycles of resorption and formation. In the
face of both an estrogen and energy deficiency, an uncoupling of bone turnover
occurs, creating the unfavorable environment of increased bone resorption and
decreased bone formation, ultimately resulting in bone loss [13]. As demonstrated
by Ihle and Loucks [15], the decrease in estrogen that occurs with a reduction in
energy availability coincides with an increase in markers of bone resorption, providing support for the role of estrogen in suppressing the bone-resorbing effects of
osteoclasts. De Souza et al. [13] also demonstrated that in estrogen-deficient exercising women, urinary C-terminal telopeptide concentrations are elevated. Likewise,
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Fig. 7.5 The mechanism for bone loss in exercising amenorrheic women. The combination of a
high energy expenditure and a low energy intake suppresses circulating concentrations of certain
ovarian steroids and metabolic markers, all of which have an impact on bone metabolism, leading
to the uncoupling of bone turnover and subsequent bone loss. TT3 triiodothyronine; IGF-1 insulinlike growth factor-1

markers of bone formation appear to be sensitive to alterations in the nutritional and
metabolic environment [13, 15]. Ihle and Loucks [15] observed that the decrease in
metabolic indicators of nutritional status, namely, insulin, TT3, and IGF-1, coincided with decreases in bone formation markers. De Souza et al. [13] also reported
a significant reduction in osteocalcin and type I procollagen carboxy-terminal propeptide, markers of bone formation, in an environment that was energy deficient but
estrogen replete in exercising women.
Recently, the role of leptin, an adipocyte-derived hormone, in modulating the bone
loss observed in amenorrheic women has been intensely studied [79]. Several investigators have reported reduced leptin levels in women with amenorrhea, associated
with both anorexia and exercise [13, 80, 81], and the absence of the diurnal rhythm
of leptin in amenorrheic athletes [82]. In our own laboratory [13], we have demonstrated that leptin was significantly related to markers of bone formation, i.e., osteocalcin and type I procollagen carboxy-terminal propeptide, in exercising women with
an energy deficiency. Miller et al. [80] observed significantly reduced leptin in
amenorrheic, anorexic women when compared to eumenorrheic, anorexic women,
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s uggesting that leptin exerts a permissive influence on hypothalamic function.
Additionally, through central and peripheral mechanisms, leptin exerts both antiosteogenic and osteogenic effects on bone mass [83]. Leptin receptors are present at the
level of the hypothalamus; the binding of leptin to these receptors initiates the cascade that results in an increase in cortical bone but a decrease in cancellous bone [83].
Leptin also directly stimulates bone formation at the level of bone cells by stimulating
osteoblastic differentiation via leptin receptors present on osteoblasts [83]. However,
it has recently been suggested that leptin does not act via the hypothalamus, but rather
leptin may regulate bone by inhibiting serotonin synthesis and release in the brainstem, which in turn acts on the hypothalamus via specific serotonin receptors [84].

Diagnosis and Treatment
The optimal occasion to screen for Triad-related disorders, including amenorrhea
in athletes, is during the preparticipation physical exam. Recently, the Female
Athlete Triad Coalition has published a strategy for the preparticipation exam, and
this reference can be located at http://www.femaleathletetriad.org/for-professionals/
information-for-physicians/.
Athletes and physically active women presenting with primary or secondary
amenorrhea require evaluation, to first rule out pregnancy as well as other underlying endocrinopathies. Since amenorrhea in an athlete is secondary to hypothalamic
suppression of the ovarian axis [85], no single blood test or evaluation can confirm
such a diagnosis. Indeed the diagnosis of functional hypothalamic amenorrhea secondary to energy deficiency in athletes is a diagnosis of exclusion. An algorithm for
the athlete presenting with secondary amenorrhea can be viewed in Fig. 7.6.
Endocrinopathies that must be ruled out include (1) pregnancy, (2) pituitary causes
such as prolactinomas, (3) adrenal causes such as adult-onset adrenal hyperplasia
and Cushing’s disease, (4) thyroid disease, (5) ovarian tumors, (6) gonadotropin
mutations, (7) hypothalamic causes, (8) premature ovarian failure, and (9) polycystic
ovarian syndrome [86]. Other less common causes of amenorrhea exist in a small
percentage of cases [86]. The most common causes of amenorrhea are usually identified following a thorough medical history, physical examination, and evaluation of
follicle stimulating hormone (FSH), thyroid stimulating hormone (TSH), and prolactin [86]. Readers are referred to the ASRM guidelines [86] for the appropriate
algorithms for a more detailed differential diagnosis and interpretation of blood
work. If the athlete demonstrates any physical evidence of androgen excess (i.e.,
hirsutism, acne, androgenic alopecia) or polycystic ovaries, additional laboratory
testing that may be useful includes free testosterone and dihydroepiandrosterone
sulfate (DHEA-S). A serum estradiol and a progesterone challenge test may be useful to assess the degree of hypoestrogenism [86].
Other diagnostic tests that may be useful for an amenorrheic athlete include a
BMD assessment of the anteroposterior spine (L1-L4) and of the total hip, since
bone loss or the failure to achieve peak bone mass must be suspected in these
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Fig. 7.6 Algorithm for the diagnosis of functional hypothalamic amenorrhea (FHA) among athletes presenting with secondary amenorrhea. A thorough physical exam and evaluation of hormone
concentrations are necessary to rule out underlying endocrinopathies. FSH follicle-stimulating
hormone; LH luteinizing hormone; TSH thyroid stimulating hormone; HCG human chorionic
gonadotropin; DHEA-SO4 dihydroepiandrosterone sulfate; PCOS polycystic ovarian syndrome;
AP anteroposterior

women secondary to energy deficiency and hypoestrogenism [13, 14]. The diagnosis of low BMD in these women should be based on the lowest Z-score observed at
these sites [69], and, when athletes are of adolescent age (less than age 20), the
diagnosis should be determined from a BMD test of both the total body and the
anteroposterior spine. It is most helpful to obtain age-matched controls, particularly
in younger women.
Due to the multifaceted nature of exercise-associated amenorrhea, clinicians
utilize various treatment strategies, each aimed at addressing an underlying cause or
a consequence of the hypothalamic amenorrhea. Few treatment guidelines for amenorrheic athletes are published, but the overwhelming approach recommended is
increased food intake and weight restoration, which are likely the best strategies for
the resumption of menses and improved bone health [10, 87, 88]. Clinicians must
be patient when using this strategy [89–91] and may find it beneficial to enlist the
assistance of a registered dietician with demonstrated expertise in the determination
of exercise energy expenditure needs. It is important to recall that in monkey studies
conducted by Williams et al. [8, 9], the resumption of menses occurred the fastest
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in the monkeys that ate the most calories during the refeeding paradigm. The assessment of exercise energy expenditure is an essential component of an appropriate
refeeding strategy in these exercising women and must be maintained until the goal
of resumption of menses has been achieved. In our own laboratory, we are conducting an ongoing 12-month randomized controlled trial to determine the effectiveness
of increased energy intake to reverse amenorrhea as well as improve energy and
bone marker status in women with exercise-associated amenorrhea; this project is
referred to as REFUEL. Preliminary data in five exercising women with amenorrhea
demonstrate that an energy prescription of 20–40% above energy expenditure needs
averaged 536 calories/day and resulted in the resumption of menses in 3/5 subjects
within 4 months and 4/5 subjects within 6 months [92]. Interestingly, we also
observed significant changes in metabolic markers that promoted a pro- bone health
environment to include decreased ghrelin and increased concentrations of markers
of bone formation [92]. Small studies [93–95] of the effects of weight gain on the
resumption of menses are reported in the literature, and these results are displayed
in Table 7.1. Athletes should also be required to meet the dietary guidelines of
1,000–1,500 mg calcium and 400–800 IU Vitamin D3 intake, either in their daily
diet or with supplementation, particularly those athletes who reside at northern latitude and have limited exposure to sunlight.
In some cases, of course, athletes may be noncompliant, particularly those
involved in sports which emphasize leanness and in competitive athletes; in these
women, it may be necessary to decrease the duration or intensity of training. It may
also be helpful, in some cases, to involve a clinical psychologist to help the athlete
cope with body image issues or disordered eating behaviors when present. Indeed,
cognitive behavioral therapy has been demonstrated to be more beneficial
than nutritional counseling alone in some women with hypothalamic amenorrhea
with disordered eating behaviors [96] and may likely benefit the athlete struggling with disordered eating behaviors, body image disturbances, and the prescription of increased energy intake.
Because the etiology of bone loss among amenorrheic women is founded upon
both a nutritional and hormonal deficiency, weight gain and subsequent resumption
of menses have provided hopeful results for the recovery of at least some bone
mass. There are a few case studies [97, 98] and small sample size studies [93–95]
examining the BMD outcome in amenorrheic athletes who have increased energy
intake for the purpose of restoration of menses and improving BMD. In those
reports [93–95, 97–101], BMD is positively impacted by ~1–10%, but to date,
reports have demonstrated only limited potential to normalize bone mass to that of
eumenorrheic, physically active controls. Table 7.1 summarizes these data.
Similar studies have been performed in the anorexic population; among those
studies that have included both weight gain and the resumption of menses, increases
in BMD have been reported of similar magnitude (1–10%) in those who have recovered menses; whereas, continual decreases in BMD were observed in those who did
not recover menses [75, 80, 102]. Weight gain independent of the resumption of
menses has shown to have a positive effect on BMD as well as restore the coupling
of bone formation and resorption [75, 103–106]. It appears that BMD can be

12 years

8 years

Case
Zanker et al. [97]

Fredericson and Kent, [98]

↑BMI 5.5 kg/m2

8.1 kg

OC and hormone
therapy
OC therapy

25.5% ( spine)19.5% (hip)

16.9% (proximal femur)

Table 7.1 Effects of weight gain and resumption of menses on bone mineral density (BMD) among women with exercise-associated amenorrhea
BMD % change
Menses resumed
Study
Duration
Weight gain
(# of subjects)
Resumed
Did not resume
Observational
Drinkwater et al. [94]
15.5 months
↑1.9 kg
7 of 9
6.3% (spine)
−3.4% (spine)
Keen and Drinkwater [93]
8.1 years
None
8 of 11
No change
Warren et al. [95]
2 years
Not reported
7 of 19
17.5% (spine)
4.0% (spine)
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increased if both mechanisms that underlie bone loss – hormonal and metabolic –
are addressed. However, it is essential to understand that despite some recovery of
bone, normalization of BMD is unlikely. It is very interesting to note the recent
evidence that increased caloric intake leading to weight gain and the resumption of
menses was associated with an increase in BMC adjusted for BA at the spine and,
at the level of the whole body, an increase in BA adjusted for height was noted,
indicating that both nutritional and hormonal recovery may improve the mineralization of trabecular bone and the growth of cortical bone [75].
For many clinicians, the administration of sex steroids has been a convenient
alternative to the recommendation of changes in energy intake or expenditure, but
the outcomes, particularly related to bone health, have been equivocal, at best, and
are not recommended as the first line of therapeutic options (see Table 7.2). Clearly,
an oral contraceptive strategy does nothing to restore fertility in these women. Due
to estrogen’s role in preserving bone [107] and the hypoestrogenic nature of amenorrhea, oral contraceptive or estrogen therapy has, however, been perceived as a logical strategy to reverse amenorrheic-associated bone loss. The primary problem with
this line of thinking is that the bone loss is primarily secondary to energy deficiency,
that when exacerbated, results in hypoestrogenism [13]. Thus, oral contraceptive
therapy fails to address the root cause of the problem; that is, energy deficiency.
As displayed in Table 7.2, the results of several hormonal interventions in exercising
amenorrheic women have been confounding [31, 77, 108–110], indicating that oral
contraceptive or estrogen therapy may halt the progression of further bone loss and
increase BMD slightly but may not completely restore bone mass to that observed
in a young, healthy age-matched population [87]. Although significant increases of
~1–9% in bone mass were observed in some studies [77, 109, 110], these improvements in BMD were often site-specific or minimal. Other investigators have reported
nonsignificant improvements or no changes in BMD following the oral contraceptive therapy [31, 108]. Bolton et al. [106] have suggested that one reason for the
failure of oral contraceptive therapy to yield more positive results to BMD may be
because this therapeutic strategy tends to disproportionally suppress bone formation
relative to resorption. Another explanation is that oral contraceptive therapy does
nothing to reverse the energy deficient environment of suppressed bone formation
and, given the data by Bolton et al. [106], may even exacerbate the problem.
In view of the pivotal role of leptin in the regulation of both reproduction and
bone turnover [111], recombinant leptin has been administered as a possible treatment for women with hypothalamic amenorrhea associated with exercise or nutritional deficiency [79]. Welt et al. [79] observed an increase in follicular size and the
initiation of ovulatory cycles (three of eight subjects) as well as increased levels of
luteinizing hormone, estradiol, IGF-1, and bone formation markers following 2–3
months of administration. Two key issues of concern with this therapeutic option is
that these improvements were observed in the face of a commensurate loss of body
weight and body fat as well as a reduction in hunger and food intake, findings
clearly undesirable in an already underweight population of women.
The peptide IGF-1 is also an important link between nutritional status and growth;
its presence at normal levels not only indicates nutritional stability, but also mediates

Table 7.2 Effects of hormonal therapy on bone mineral density (BMD) among women with exercise-associated amenorrhea
BMD % change in Tx group
Study
Sample
Treatment
Duration
TB
LS
Hip
12-month
2.7%
9.4%
19.0%
Hergenroeder et al. [77]
• Ethinyl estradiol (0.035 mg)
n = 15
intervention
• Norethindrone (0.5–1.0 mg) or
Medroxyprogesterone (10 mg)
Castelo-Branco et al. [99]
n = 64
• Ethinyl estradiol (0.02–0.03 mg)
12-month
2.4–2.5%
• Desogestrel (0.15 mg)
intervention
Rickenlund et al. [109]
n = 13
• Ethinyl estradiol (0.03 mg)
10-month
1.8%
1.0%
• Levonorgestrel (0.15 mg)
intervention
De Crée et al. [101]
n=7
• Ethinyl estradiol (0.05 mg)
8-month cohort
9.5%
• Cyproterone acetate (2 mg)
8.0%
Cumming [100]
n=8
• Conjugated estrogen (0.0625 mg) or 24-month
• Transdermal estradiol (0.05 mg)
retrospective
observational
No change
No change
9.3-month
Gibson et al. [108]
n = 34
• Estriol (1 mg) and Estradiol
intervention
(2 mg) 12 days
• Estriol (1 mg), Estradiol (2 mg),
and Norethisterone acetate
(1 mg) 10 days
• Estriol (0.5 mg) and Estradiol
(1 mg) 6 days
Warren et al. [31]
n = 55
• Premarin (0.625)
24-month
5.6%
• Provera (10 mg)
intervention
Warren et al. [110]
• Ethinyl estradiol (0.035 ng)
10-month
1.5%
No change
n = 27
• Norgestimate (0.180–0.250 mg)
intervention
TB total body; LS lumbar spine; FN femoral neck
No change

4.1%

FN
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anabolic effects on bone [112]. IGF-1 levels are often reduced in amenorrheic athletes
[46, 113] and anorexic women [114–116]. Grinspoon et al. [114, 115] administered
recombinant human IGF-1 (rhIGF-1) combined with either a placebo or an oral contraceptive to osteopenic, anorexic women. Based on the results of this study
[114, 115], it was concluded that a combined treatment of both an anabolic agent such
as rhIGF-1 and an antiresorptive agent such as oral contraceptives, but not either treatment alone, may promote an increase in BMD of ~2% among women with anorexiaassociated amenorrhea and perhaps also among women with exercise-associated
amenorrhea, although not tested to date. As such, this strategy offers only limited
potential and requires further investigation as a long-term therapeutic option.
Limited available data suggest that current clinician practices for the treatment
of amenorrhea among athletes are changing. Based on a survey administered to 159
physicians of the American Medical Society for Sports Medicine in 1995 [117],
92% reported that they administered sex steroids to treat amenorrheic athletes.
Interestingly, calcium supplementation closely followed sex steroid supplementation with up to 87% of the respondents indicating this therapy was also a recommended treatment strategy [117]. Only about 50% of the respondents utilized
therapies targeted to the root of the problem, such as increased caloric intake
(64%), decreased exercise (57%), and weight gain (43%). More recently, in 2007,
Carlson et al. [118] administered a similar survey to 126 clinicians, reporting once
again that calcium supplementation seemed to be the preferred method of treatment
with 69% of respondents recommending this therapy to more than 75% of patients
with athletic amenorrhea. In contrast, however, the administration of sex steroid
therapy appeared to decline in use with only 14% of respondents primarily prescribing this therapy [118]. Instead, when compared to the percentage of clinicians
in this study who preferentially prescribed sex steroids, a greater percentage of
clinicians recommended increased caloric intake (48%), increased body weight
(37%), or a reduction in exercise energy expenditure (28%) to greater than 75% of
amenorrheic athletes [118]. Thus, this more recent report suggests that clinicians’
preferences for treatment have evolved to prefer strategies that involve increased
caloric intake and weight gain rather than sacrificing some components of the
athlete’s exercise training or masking the problem with hormone therapy. Physical
therapists and athletic trainers often approach the problem from an educational
perspective, offering information regarding changes in diet and training and, when
necessary, providing referrals to physicians or dieticians [119].

Conclusions
The Female Athlete Triad is a serious medical condition that signals the presence
of an energy deficiency that may be secondary to disordered eating, and is associated with menstrual disturbances and either premature bone loss or the failure to
achieve peak bone mass. The etiology of menstrual disturbances associated with the
Triad is causally linked to energy deficiency, and as such, there is no justification
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to fear that exercise itself is unhealthy for women. Indeed, physically active women
and athletes have much to gain from physical activity and exercise but must be
careful to meet their energetic requirements and include this issue in their training
regime. As such, undernutrition plays a key role in triggering Triad-related problems; on the other hand, this means good nutrition is key to preventing the condition. While the conditions represented by each continuum can present independent
of the other two conditions, it is more likely that, because of the clear associations
among the three conditions, an athlete suffering from one element of the Female
Athlete Triad is also suffering from the others, even if only in a subclinical manner.
Thus, it is important to understand that an athlete may present at different stages on
each continuum and has the capacity to change stages on each continuum at varying
rates. For example, changes can occur daily when considering energy status,
monthly when considering the time course necessary for energetic changes to
impact menstrual function, and annually when considering the time course necessary for energetic and menstrual changes to impact bone health [2].
The nutritional etiology of the Triad warrants emphasis, and treatment strategies
should be focused on improving nutritional status in these physically active women
and athletes. The best approach recommended is increased food intake and weight
restoration, which are likely the best strategies for the resumption of menses and
improved bone health [10, 87, 88]. Clinicians must be patient when using this
strategy [89–91] and may find it beneficial to enlist the assistance of a registered
dietician with demonstrated expertise in the determination of exercise energy
expenditure needs. For good reason then, as described in the text of this chapter,
most educational efforts aimed at preventing Female Athlete Triad-related problems and amenorrhea in athletes should focus on nutrition and eating behaviors.
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Chapter 8

The Role of Body Weight in Menstrual
Disturbances and Amenorrhea
Alex J. Polotsky and Nanette Santoro

Low Body Weight and Menstrual Disturbances
In normal weight women, a 10–15% reduction from ideal body weight (IBW) is
associated with amenorrhea [1, 2]. There is considerable interindividual variation in
the menstrual cycle manifestations that may occur in association with low body
weight. It is likely that the key element involved in eating disorders or low weight
related amenorrhea is stress. It appears that the adaptation to the chronic stress
involved in food restriction plays a major role. Additives to the low body weight are
excessive exercise and a somewhat “driven” personality style. These attributes lead
to chronic activation of the adrenocorticotrophic axis and elevated cortisol and corticotrophin releasing factor (CRF) [3]. The end result is functional hypothalamic
amenorrhea (FHA), although less severe conditions appear to exist. For example,
women who undergo rapid, intense exercise training, and mild dietary restriction
will develop a luteal phase defect cycle phenotype, with lengthening of the menstrual cycle, but eventual folliculogenesis and ovulation (albeit with low levels of
luteal progesterone secretion and a shortened luteal phase [4]). In many clinical
scenarios, it is impossible to separate the relative contributions of body weight, body
fat, perceived stress, and exercise to the amenorrhea or menstrual disturbances. This
chapter focuses primarily on body weight and body fat as determinants of normal
reproductive function.

Case 1
Your next patient is L.G., a 21-year-old college student, who has not had any
menstrual bleeding for the last 6 months. She admits to “issues” with eating in the
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past but denies any active food restriction or excessive exercise. Her weight is
99 pounds; height is 5 ft. 2 in. A pregnancy test is negative.
Eating Disorders – Definition
Body mass below 15% of IBW is one of the diagnostic criteria for anorexia nervosa
as defined by the DSM-IV [5]. While the concept of IBW originally came from
actuarial life insurance tables and represents the presumably healthiest body mass
for given weight [6], BMI) is the most practical and widely acceptable way to assess
the degree of deviation from normal, as it is indexed to height and thus the normal
BMI range is the same for adults of any size. BMI is easily calculated as the ratio of
the body mass in kilograms and square of height in meters. A voluntary BMI threshold below 17.5 kg/m2 is one of the defining characteristics of anorexia nervosa based
upon the ICD-10 diagnostic criteria [7]. Other mandatory diagnostic criteria include
distorted body image, menstrual dysfunction and fear of weight gain (Table 8.1).
Whereas, DSM-IV defines two additional eating disorders such as bulimia nervosa
and “eating disorder not otherwise specified,” anorexia is the only entity that is
associated with abnormally low body weight and menstrual dysfunction.
Epidemiology of Eating Disorders and Weight-Related Amenorrhea
It has been estimated that up to 1% of the population suffers from restrictive eating
disorders [8]. However, the true prevalence of these conditions is probably underestimated as the data are notoriously fraught with methodological problems related
to the changing diagnostic criteria and inherent difficulties of self-report [9]. These
disorders can take several forms, and appear to have varying relationships to amenorrhea. Common features of eating disorders include an array of attitudes about
food, fear of certain foods (because they are believed to cause fatness), body image
distortion, and fear of fatness.
The long-term sequelae of FHA and, more broadly, amenorrhea caused by low
body weight are only recently beginning to be recognized. Data from the Women’s
Ischemia Syndrome Evaluation (WISE) study revealed that women with FHA had
a 69% prevalence of coronary heart disease as compared to 29% in those without
this condition [10]. This profoundly detrimental impact of menstrual irregularities

Table 8.1 DSM-IV diagnostic criteria for anorexia nervosa
Failure to maintain body weight around a minimally normal age- and height-adjusted weight
(i.e., body weight less than 85% of that expected for age and height)
Fear of gaining weight or becoming fat, even if inconsistent with current weight
Distorted body image
Absence of three or more spontaneous consecutive menstrual cycles in postmenarcheal females
Adapted from American Psychiatric Association [5]
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on overall health is not well appreciated by patients and practitioners alike. More
effort is needed to understand the mechanisms underlying the pathophysiology of
this association as well as increasing the public awareness of this entity and some
potential remedies designed to reverse the pathological chain of events.
Clinical Presentation
The clinical appearance of women with anorexia nervosa includes the following
features: lanugo hair; orange-tinted skin (due to elevated circulating carotenoids), a
low resting pulse rate, often in the 50s or even 40s (bpm); brittle nails, thinning hair,
and an absence of the patient’s concern about her emaciated state. Such patients
often come to the office accompanied by a concerned relative, usually a parent, and
appear to lack an understanding of the fact that they are a cause of concern. The
clinical history typically consists of an initial attempt at voluntary weight loss that
has now become uncontrollable. The patient is frequently in denial of her behaviors,
but family members will often describe extreme food restriction, with consumption
of as little as 400 calories a day. To make matters worse, many such women will
exercise compulsively out of a worry that they will become overweight if there are
any lapses in their vigilance. If queried about their appearance, women in the throes
of anorexia nervosa fail to recognize that they are excessively and even dangerously
thin. They will express a belief that their body size is “normal” or even a little bit
overweight. More savvy patients, who may wish to avoid confrontation, will sometimes conceal this striking body image distortion.
Hypothalamic–pituitary function in anorexia nervosa is similar to that observed
in any state of starvation, involuntary or voluntary. It is helpful to conceptualize it
as a reaction to the lack of nutrient availability. Thyroid hormone is typically low,
with elevated reverse T3, to reduce the metabolic rate. TSH, however, remains in
the normal range. Luteinizing hormone (LH) and follicle-stimulating hormone
(FSH) are often abnormally low, although they may be within the normal range, due
to their inherent pulsatility. Estradiol is typically undetectable. Unlike patients with
panhypopituitarism, the somatotrophic and adrenocorticotrophic axes are constitutively activated in women with anorexia. Dynamic pituitary testing is rarely necessary, as the diagnosis is often obvious based on the constellation of signs, symptoms
and behaviors.
Women with bulimia are less likely to be underweight and may manifest some,
but not all of the features of anorectics. Additional clinical signs of bulimia include
erosion of tooth enamel from self-induced vomiting and esophageal damage.
Pathophysiology
Classically, anovulation associated with abnormally low body mass has been linked
with WHO anovulation Class I or hypogonadotropic hypogonadism [11]. The
mechanisms for impairment of the hypothalamic discharge of GnRH in these cases
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have been partially elucidated. Caloric restriction or intensive physical activity that
exceeds intake produces a reduction in central neural drive of the GnRH pulse
generator [2, 12] that is tightly associated with reductions in circulating plasma
glucose [13] and increased R (“reverse”)T3 [14]. In animal models, hypoglycemia
rapidly induces GnRH inhibition, but this inhibition is much more easily elicited in
men than in women [15]. Up to 72 h of starvation in normal weight women has not
been shown to induce changes in the hypothalamic GnRH pulse generator, as
assessed by the measurement of peripheral LH secretion [16]. However, a recently
developed animal model of chronic stress [17] provides insight into the combination of mechanisms that contribute to hypothalamic amenorrhea and suggests that
both a combination of stressors and an inherent vulnerability to such stressors are
necessary to induce menstrual disturbances. In this model, cynomologus monkeys
are subjected to mild caloric restriction that does not result in weight loss but
reduces the metabolic rate (20% reduction in daily chow). In addition, to mimic the
extra energy expenditure in many women with hypothalamic amenorrhea and
anorexia nervosa, the animals are trained to run on treadmills for a specified period
of time each day. Finally, to create chronic psychogenic stress, the animals are
subjected to frequent changes of their cage location, such that unfamiliar animals
often surround them. This latter series of experiments highlights in an elegant fashion that the combination of stressors and the susceptibility of the individual help
create the amenorrheic phenotype. In the case of restrictive eating, the primary
stress may be low body weight and body fat, but the additional components of
psychic stress and further energy drainage through exercise are also often present.
Leptin deficiency has been shown to play an important role in hypothalamic
amenorrhea. Welt et al. [18] administered recombinant leptin to women with
FHA and was able to restore gonadotropin pulsatility (8/8 women) and menstrual
cyclicity (3/8 women) along with restoration of normal free T3 and T4. Thus, the
low leptin levels in women with weight-loss associated amenorrhea or menstrual
disturbances appear to provide the metabolic communication to the central
hypothalamic–pituitary axis that reproduction should be switched off, due to a
lack of available nutrients. Although the aforementioned experiment provides
great insight into the pathophysiology and mechanisms responsible for hypothalamic amenorrhea, leptin does not constitute a credible treatment for the disorder,
as its provision of a satiety signal leads to further weight loss if given over a
prolonged period of time.
Diagnostic Workup
Women suspected of restrictive eating disorders should undergo a thorough
evaluation to exclude other alternative etiologies that may account for extreme
thinness. Hyperthyroidism, malabsorption from ulcerative colitis, Crohn’s disease, or celiac disease can be ruled out by clinical history, physical examination,
and laboratory testing as appropriate. As prudent for any evaluation of secondary
amenorrhea, pregnancy must be excluded.
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A major goal of the laboratory evaluation of a woman with anorexia nervosa is
to rule out a potentially life-threatening emergency. The tragic case of Terry
Schiavo was thrust in the public arena because of her family’s end-of-life issues.
However, little attention was paid to the fact that the patient had reportedly suffered
a cardiac arrest due to hypokalemia that was caused by an eating disorder [19]. This
underscores the need to evaluate women with anorexia nervosa for electrolyte
imbalances. An individual with a potentially life-threatening eating disorder may
present to a primary care doctor for the treatment of menstrual irregularity and be
reluctant to disclose her eating habits. Sadly, this appears to be exactly what transpired in Ms. Schiavo’s case and subsequently led to a $1 million settlement [20].
Once the diagnosis is established, the evaluation for associated comorbidities
should be considered. Specifically, the measurement of bone density with dual
X-ray absorptiometry may reveal important clinical information useful for the treatment and counseling [21].
Therapeutic Algorithms
Overcoming restrictive eating disorders should involve an approach directed at
behavioral modification (Fig. 8.1). It is not sufficient to correct the sex steroid deficiency, although in some cases it may serve as a temporizing measure [22]. The
long-term consequences of continuing to live in a state of chronic stress is likely
related to the increased risk of heart disease in women with hypothalamic amenorrhea. Moreover, the bone density losses that such women often display may be
related to chronic activation of their HPA axis and may not be amenable to estrogen

Fig. 8.1 Evaluation of amenorrhea in women with low body mass
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replacement alone. Since eating disorders are often initially detected in the teenage
years, cognitive behavioral therapy is recommended to lead to permanent change
and true healing [23]. Hospitalization may become necessary if out-patient management fails to correct electrolyte imbalance and/or other serious medical or psychiatric complication are present [24]. Among outpatient measures, antidepressants
have been found to be more efficacious for patients suffering from bulimia [25]. For
anorexia nervosa, American Psychiatric Association recommends antidepressants
solely for the prevention of relapse in weight restored patients or psychiatric
comorbidities [26].

Obesity and Menstrual Disturbances
Case 2
Your next patient is B.G, a 34-year-old nulligravida, who has been trying to get
pregnant for the past 2 years. She does not have any significant past medical or
surgical history. Her husband’s semen analysis is normal. Hysterosalpingogram
reveals bilaterally patent fallopian tubes. Her weight is 205; height is 5 ft. 2 in. She
reports infrequent menstrual periods (3–4 per year); menstrual irregularity seems to
have started after she gained about 100 pounds in college. She denies any excessive
hair growth, has a normal ovarian appearance on ultrasound and does not have any
biochemical evidence of hyperandrogenism. A pregnancy test is negative.

Defining Excess Body Mass
The World Health Organization (WHO) categorizes body mass by BMI into the
following categories [27]:
•
•
•
•
•
•

Underweight – less than 18.5 kg/m2
Normal weight – 18.5–24.9 kg/m2
Overweight – 25.0–29.9 kg/m2
Class I obesity – 30.0–34.9 kg/m2
Class II obesity – 35.0–39.9 kg/m2
Class III obesity – greater than 40 kg/m2. This category is also sometimes
referred to as severe, extreme, or morbid

Epidemiology of Obesity and Menstrual Dysregulation
The obesity epidemic in the United Sates is advancing at an ever-accelerating pace.
Currently, 32% of U.S. adults are obese as defined by a BMI of greater than 30 kg/m2,
according to the latest National Health and Nutrition Examination Survey [28].
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It is estimated that by 2015, 75% of U.S. adults will be overweight or obese (BMI of
greater than 25 kg/m2) and 41% will be obese [29]. Female adult obesity is associated
with a variety of reproductive disturbances, including menstrual cycle irregularities,
anovulation and a higher risk of obstetrical complications [30]. Recent data from
the Study of Women’s Health Across the Nation (SWAN) indicate that increasing
high school BMI is consistently and independently associated with reduced lifetime
parity [31]. The relative risk of ovulatory infertility is tripled in women with BMI of
greater than 27 kg/m2 compared to women with a normal BMI [32]. When compared
with normal weight women, spontaneous abortion rates are higher in obese patients
who conceive via either natural or assisted conception [33, 34]. Detrimental effects of
obesity on performance in assisted reproductive technology are manifested by higher
cycle cancellation, greater requirement for exogenous gonadotropins, and lower birth
rates [35, 36]. Menstrual cycle irregularities are significantly more common with
increasing body mass, a phenomenon that is often, but not exclusively, ascribed to
anovulation [37].
Traditionally, reproductive effects of female adult obesity were attributed to
increases in anovulation, amenorrhea, and hyperandrogenism [38]. Most of the
existing body of literature concerning obesity and reproduction involves women
with polycystic ovary syndrome (PCOS), a condition characterized by hyperandrogenemia and oligomenorrhea and, frequently, accompanying obesity [39–41].
In obese women without PCOS, an influence of adiposity on reproductive outcomes has only recently attracted investigative attention. Obesity is detrimental
to fertility even in women who are ovulatory. Obesity prolongs the time to pregnancy and is associated with decreased fecundity in women with regular menstrual cycles [42–44]. An increase in waist-hip ratio of as little as 0.1 U was
associated with a 30% decrease in the per cycle probability of conception in
presumably reproductively normal women undergoing donor sperm insemination
[45]. In a cohort of over 3,000 subfertile couples in whom the female partner was
confirmed to be ovulatory, the probability of spontaneous conception declined
with a BMI over 29 kg/m2 [46]. Multivariable analysis from the same study indicated that an increase in BMI by 1 unit resulted in a 4% reduction in the likelihood of conception [46].

Clinical Presentation
A typical presentation for obesity-related menstrual irregularity is a woman in her
30s who has been steadily gaining weight since adolescence. It is not uncommon
that obesity is the only abnormal finding in an otherwise healthy individual. Prior
conceptions and live births may have been attained, depending on the reproductive
choice exercised by the patient. While long-standing hirsutism and oligoamenorrhea may be coincident with obesity and suggest the diagnosis of PCOS, the
absence of such signs and symptoms may be indicative of so-called simple or nonsyndromic obesity [47].
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Pathophysiology
Decreased central reproductive drive has been demonstrated in regularly cycling
obese women. In the 1970s, when radioimmunoassay became widely available and
was used to study day to day reproductive hormone secretion across the human
menstrual cycle, obesity was first reported to be associated with long (>14 day)
follicular phases and decreased serum gonadotropins and luteal progesterone [48].
In 1986, Grenman et al. examined the reproductive hormonal profile of a group of
25 obese women, and reported lower SHBG, estradiol, androstenedione, and LH in
obese compared to normal weight women [49]. Notably, 24 of the 25 obese women
reported were cycling regularly. In a large, community-based sample of midlife
women from the SWAN study, increasing body size was associated with a greater
prevalence of irregular and long menstrual cycles [50]. The latter study, a detailed
evaluation of daily hormone patterns from 836 ovulatory cycles, indicated that
overweight women (BMI >25 kg/m2) excreted significantly less urinary LH, FSH,
and luteal progesterone metabolites; the association was weight dependent, with
women in higher weight centiles excreting progressively less hormone. This relative hypogonadism of obesity may be potentially explained by either central (hypothalamic or pituitary) or peripheral (corpus luteum) defects within the
hypothalamic–pituitary–ovarian (HPO) axis. In the studies of ovulatory, morbidly
obese women indicate a significant reduction in LH pulse amplitude yet no change
in LH pulse frequency compared to normal weight controls [51]. After bariatric
surgery induced weight loss, a partial recovery of hypogonadotropic hypogonadism
was observed [52].
While there are several potential molecules (reviewed in [53]) that communicate
metabolic signals to the HPO axis, leptin has been studied most extensively. Leptin,
initially described as a satiety factor [54], conveys an afferent signal to the CNS on
the body’s fat status – a long-term indicator of nutrient availability. In humans,
leptin levels are markedly elevated in obesity [55] and pregnancy [56], and are
higher in women than in men [57]. The actions of leptin on the HPO axis are
thought to have differential effects on the central and peripheral components of the
reproductive system. In the CNS, leptin has been shown to modulate GnRH pulse
frequency in vitro [58]. It does not act directly on GnRH neurons, but rather via
indirect mechanisms through interneurons secreting hypothalamic neuropeptides,
such as neuropeptide Y, galanin-like protein, MSH, and endogenous opioids
(reviewed in [59]). In humans, leptin may interrupt normal oocyte maturation [60]
and has been correlated with poor implantation potential [61]. The dual low-leptin/
high-leptin mechanism has been proposed to take into account the complex nature
of leptin-HPG axis interactions [62]. According to this theory, the predominant
effect of leptin’s action on the HPG axis is determined by its concentration,
whereby low leptin exerts a negative influence centrally and elevated leptin yields
a negative effect peripherally at the gonadal and/or embryo level.
In 1970, Frisch and Revelle noted a direct relationship between body weight and
age at the onset of puberty and concluded that a critical amount of body fat was
needed for the onset of puberty [63]. While the original concept was based on the
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notion that a critical amount of body fatness is needed for menarche, it is not clear
whether the degree of fatness causes menarche or whether an increase in body fat
is the consequence of the onset of puberty, and the two findings may be coincidentally and independently related to endocrine or genetic factors. The exciting discovery of leptin as an indicator of fat mass gave rise to a speculation that it may
represent the missing link in the Frisch hypothesis and thus serve as a trigger of
pubertal development.
Leptin administration results in the reversal of pubertal arrest in leptin-deficient
mice [64]. When given to normal prepubertal animals, leptin hastens sexual development as manifested by the advancement of vaginal opening [65]. Cheung et al.
assessed the temporal sequence of pubertal events in rodents [66, 67] and showed
that a rise in serum leptin did not precede pubertal development in rats. Similarly,
the expression of leptin mRNA receptor in the hypothalamic of female mouse did
not increase with pubertal development. Finally, the administration of leptin to
starved animals advanced estrus as compared to food-restricted untreated controls,
but first estrus occurred at the same time as mice fed ad libitum. Taken together,
these results imply that leptin appears to provide a necessary input of adequacy of
energy stores to the brain, and is capable of authorizing but not initiating progression to puberty. Thus, both animal and human data support the notion that leptin is
necessary but not sufficient metabolic signal for the reproductive axis.
Diagnostic Workup
It is prudent to exclude other causes for menstrual irregularities before assigning
the cause to obesity per se. Evaluation should be targeted to common etiologies,
such as premature ovarian insufficiency, PCOS, prolactin, and thyroid abnormalities. Once the diagnosis is confirmed, attention should be paid to proper counseling.
It is important to exercise care in avoiding punitive attitudes toward obesity that
may discourage the patient and hinder compliance. Patients should be educated on
the increased risk obesity poses for congenital anomalies, including neural tube
defects and cardiovascular anomalies [68] as well spontaneous abortion [69] and
obstetrical complications such as gestational diabetes, cesarean section, preeclampsia,
and fetal macrosomia [70].
Therapeutic Algorithms
While exogenous gonadotropins and assisted reproductive technologies are the efficient ways to achieve ovulation and conception in many women, the first line of
therapy should be directed at the root of the problem, i.e., large body mass, rather
than its consequences (Fig. 8.2). Several investigators have addressed the beneficial
effects of weight loss on fertility [71–73]. Few of these studies included long-term
follow-up or large numbers of subjects, yet it seems reasonable to support even modest
weight reduction in the obese due to the indisputable benefits for overall health.
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Fig. 8.2 Evaluation of amenorrhea in women with high body mass

The precise amount of the recommended weight loss that may result in the reversal
of menstrual irregularities is unknown and is likely subject to wide intrapersonal
variance. However, some studies suggest that as little as 5% weight loss may lead
to an increased likelihood of conception. One uncontrolled study of a diet and exercise program in infertile women found that approximately 6% weight loss over
36 months resulted in pregnancy in 29 out of 37 subjects [72]. A recent systematic
review of pregnancies after bariatric surgery revealed a decrease in prenatal complications and improved neonatal outcomes [74]. While bariatric surgery is understandably limited to the more extreme excesses of body mass, the decreased perinatal
morbidity of women who lose weight prior to conception deserves further scientific
scrutiny. More research is needed on the effects of modest weight reduction on fertility,
as obesity represents one of the few modifiable factors that may be amenable to
conservative management.
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Chapter 9

Natural and Surgical Menopause
Sara Morelli and Gerson Weiss

Women outnumber men among older adults. In 2002, 33 million women in the US
civilian population were aged 55 years and older, with a gender ratio of 81 men per 100
women [1]. By 2030, more than 1.2 billion women in the world will be at least 50 years
old [2]. This increasing proportion of the female population will be experiencing the
menopausal transition with its accompanying physiology and pathophysiology.
Aging of the female reproductive axis occurs much earlier than aging of other organ
systems, generally at a time when a woman is otherwise healthy. Females are born
with a fixed number of oocytes (approximately 1–2 million) arrested in prophase I of
meiosis. The basis of female reproductive aging is the gradual loss of these oocytes
through atresia (beginning in utero and continuing throughout life) and ovulation (during the reproductive years), as well as a diminished sensitivity of the hypothalamicpituitary axis to estrogen [3]. The median age at onset of irregular menstruation
associated with the menopausal transition is 47.5 years, with a median age at final
menstrual period (FMP) of 51.3 years [4]. Ethnic differences in the age at menopause
have been reported. When compared with Caucasian women, Hispanic and African–
American women experience menopause at an earlier age [5, 6], whereas Chinese
American and Japanese American women have a later completion of the transition [6].
Lifestyle and social factors play a role in the timing of menopause; cigarette smoking
has been shown to advance menopause by as much as 2 years [4, 6], and lower socioeconomic status (SES) has been associated with earlier menopause [6].

Defining the menopausal transition
Given the wide age range (41–57 years) over which reproductive senescence occurs
in normal women [7], and that chronological age is a poor indicator of reproductive
aging, defining the menopausal transition has presented a challenge to clinicians as
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well as the scientific community. The World Health Organization (WHO) presently
defines the perimenopause as the “period immediately before the menopause (when
the endocrinological, biological, and clinical features of approaching menopause
commence) and the first year after menopause” [8]. According to the Massachusetts
Women’s Health Study, one of the largest longitudinal studies that investigated a
method for defining perimenopause based on self-reported data in 1,550 women
over 5 years, the two findings that best define the perimenopause are increased
menstrual irregularity and 3–11 months of amenorrhea [9].
These definitions still do not clearly define the commencement and natural history of the perimenopause. In 2001, participants of the Stages of Reproductive
Aging Workshop (STRAW) convened in order “to address the absence of a relevant
staging system for female reproductive aging and to discuss the confusing current
nomenclature for the perimenopause” [7]. The workshop’s aim was to develop a
general staging system for healthy women. The proposed criteria were deemed
unsuitable for application in cigarette smokers, women at extremes of body weight
(BMI <18 kg/m2 or >30 kg/m2), heavy aerobic exercisers (>10 h/week), women
with chronic menstrual cycle irregularity, women with previous hysterectomy, or
those with abnormal uterine or ovarian anatomy (e.g., fibroids, endometriomas).
As defined by STRAW, reproductive and postreproductive life are divided into
seven stages (Fig. 9.1), with the menopausal transition accounting for two of those
stages. The stages are anchored around the FMP, defined as the last period preceding 12 months of amenorrhea. They are primarily based on the characteristics of the
menstrual cycle and secondarily on follicular phase follicle stimulating hormone
(FSH) levels. Stages −5 to −3 span the reproductive years; stages −2 and −1 make
up the menopausal transition; and stages +1 and +2 are early and late postmenopause. The age range and duration of each of these stages vary. In fact, not everyone
transitions through the described sequence.
There is no clear delineation between the early, peak, and late reproductive
stages (stages −5 to −3). An elevated FSH level (defined as an early follicular phase
Final Menstrual Period
( FMP)
Stages:

-5

-4

-3

Reproductive

Terminology :
Early

Late

Peak

-2

-1

0

Menopausal
Transition

+2

Postmenopause

Late*

Early

+1
Early*

Late

Perimenopasue

Menstrua l
Cycles:

Endocrine:

Variable

Variable

variable
to
regular

normal FSH

regular

variable
cycle length
(>7 days
different
from normal
FSH

*Stages most likely to be characterized by vasomotor symptoms

_ 2 skipped
>
cycles and
an interval of
amenorrhea
(>_ 60days )

a

b

1
yr

4 yrs

Amen x 12 mos

Duration
of Stage:

until
demise
none

FSH

FSH
elevated
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level that exceeds 2 SDs of the mean level for a sample of normal women of peak
reproductive age [25–30 years], often defined by clinicians as ³10 mIU/mL) is the
first measurable sign of reproductive aging and characterizes stage −3. According
to STRAW, a single elevated FSH level is sufficient to categorize a woman as stage
−3 and does not require repeating. However, there is significant intercycle variability in early follicular phase FSH levels, and a normal level in a 40- to 45-year-old
woman may warrant a second measurement. The early follicular phase serum estradiol (E2) level in the late reproductive stage may be either normal or elevated.
Elevated E2 levels may lower FSH levels due to negative feedback at the level of
the pituitary; thus, FSH levels cannot be interpreted if E2 is over 80 pg/ml.
The early menopausal transition (stage −2) is characterized by more variable
menstrual cycles, whereby the intermenstrual interval changes by seven days or
more. The late menopausal transition (stage −1) is characterized by two or more
skipped menstrual cycles and at least one intermenstrual interval of at least 60 days
in length. Stage 0 is marked by the FMP, followed by 12 months of amenorrhea.
STRAW was the first to recognize that subtle changes in the menstrual cycle
are important early markers of the menopausal transition. However, in 2005, Gracia
et al. [10] proposed a stricter staging system to distinguish among women with even
more subtle changes in cycle length. This system (PENN-5, Penn Ovarian Aging
Study) incorporates an additional stage termed the “late premenopause,” and redefines the early and late menopausal transition (Table 9.1). The authors used a difference in mean serum reproductive hormone values obtained during the early follicular
phase (cycle day 4) to validate their definitions of menopausal status. Significant differences in FSH (8.7 vs. 9.4 mIU/mL, p = 0.04) and inhibin B (44.9 vs. 39.0 pg/mL,
p = 0.003) were detected between the premenopausal and late premenopausal stages,
respectively, as well as between the late premenopausal and early transition stages.
Thus, women with only one cycle length change of ³7 days were distinguished from
women with two or more cycle length changes, supporting the notion that early and
subtle changes in cycle length reflect significant underlying hormonal changes among
women in the earliest phases of the menopausal transition. Of note, differences in
Table 9.1 Menopausal status definitions
STRAW definition
Premenopause
Regular cycles, with
(Stages –5 to –3)
no change in cycle
length
Early Transition
1 cycle length change
(Stage –2)
(³7 days)

PENN-5 definition
Premenopause

Late Premenopause
Early Transition

Regular cycles, with
no change in cycle
length
1 cycle length change
(³7 days)
³2 cycle length changes
(³7 days)
3–11 months of
amenorrhea
³12 months of
amenorrhea

Late Transition
2–11 months of
Late Transition
(Stage –1)
amenorrhea
Postmenopause
Postmenopause
³12 months of
Transition
amenorrhea
(Stage +1, +2)
Adapted from Gracia et al. [10], Defining menopause status: creation of a new definition to identify the early changes of the menopausal trasition. Menopause 2005.
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luteinizing hormone (LH) and E2 levels between the earliest stages did not reach
statistical significance. A more in depth review of reproductive hormonal patterns
characterizing the menopausal transition will follow later in the chapter.

Ovarian follicular depletion is the primary driver
of the menopausal transition
Follicle numbers as well as ovarian volume decrease over the course of reproductive aging. The declining number of primordial follicles over time may be
reflected by a decreased size of the antral follicle cohort from which the monthly
ovulatory follicle is selected. The number of antral follicles (between 2 and
10 mm on transvaginal ultrasound) has been reported to decrease progressively in
women over an age range of 25–46 years [11]. In this study, the antral follicle
count measured in the early follicular phase exhibited a mean yearly decline of
4.8% prior to age 37 years, and accelerated to a yearly decline rate of 11.7%
thereafter. Additional studies utilizing transvaginal ultrasonography in the early
follicular phase confirm the finding of reduced antral follicle counts in older
reproductive-aged [12] and menopausal [13] women.
Histologic evidence for accelerated follicular depletion with reproductive aging
was provided by a 1987 study by Richardson et al. [14] in which primordial follicle
numbers were counted in one ovary obtained from each of 17 healthy women aged
45–55 years undergoing elective total abdominal hysterectomy with salpingooophorectomy. Women were divided into three groups: (1) premenopausal (regular
menstrual cycles, n = 6), (2) women undergoing the menopausal transition (defined
as the presence of irregular menses with intervals of less than 3 or more than 6
weeks for at least 1 year with or without hot flashes, n = 7), and (3) postmenopausal
(>1 year since last menses, n = 4). The mean ages of the three groups were similar.
The mean number of primordial follicles in premenopausal women was tenfold
higher than that in women undergoing the menopausal transition (1,392 ± 355 vs.
142 ± 72, respectively). Follicles were virtually absent in the four postmenopausal
ovaries examined; one primordial follicle was identified in one ovary. The data
illustrated the dramatic acceleration of follicular depletion which occurs in the last
decade of the reproductive years, and “support the view that declining follicular
reserve is the immediate cause of both the perimenopausal and menopausal transitions” [14]. However, compelling evidence for independent effects of reproductive
aging on the hypothalamic-pituitary-gonadal axis (beyond its release from the
negative feedback of ovarian steroids and inhibin due to follicular depletion) exists
and will be discussed later in the chapter.
Mullerian inhibiting substance (MIS), also known as anti-mullerian hormone
(AMH), is a product of the granulosa cells of primary, secondary, and antral follicles, and is not involved in negative feedback regulation of gonadotropin secretion.
It has gained recent attention as a marker of the primordial follicle pool and a predictor for the occurrence of the menopausal transition. The observation that serum
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MIS declines detectably over time in younger women still having regular menstrual
cycles (prior to the detection of changes in FSH or antral follicle count) illustrates
the potential advantage of MIS as an early predictor of declining ovarian reserve
[15]. Limitations of its measurement, however, include the inadequate sensitivity of
currently available assays to permit accurate assessment of MIS in the years immediately preceding menopause. As women progress to the later stages of the transition, levels of MIS become too low to be detectable [16], and MIS cannot be
detected in postmenopausal women [15].

Endocrine changes in the menopausal transition
In 1975, Sherman and Korenman [17] were among the first to describe endocrine
changes occurring with advanced reproductive age. The authors collected daily blood
samples during several cycles from regularly cycling women (aged 40–41 years,
46–51 years, and a control group aged 18–30 years). The shortest cycle length was
observed in the oldest group (mean cycle length 23.5 days in 46- to 51-year olds vs.
30 days in the control group), the shortening being due to a shorter interval between
the onset of menses and the LH peak. The authors observed lower serum E2 levels
and higher FSH levels throughout the menstrual cycle in the oldest group, “despite the
attainment of levels of E2 that might be expected to suppress its secretion, while LH
remained indistinguishable from normal” [17]. The finding of a monotropic rise in
FSH (but not LH) secretion in the oldest age group led the authors to hypothesize that
an ovarian hormone must exist which exerts negative feedback inhibition specifically
on FSH secretion by the pituitary, and that this hormone decreases in the late reproductive years due to diminished ovarian follicle number. This hormone was later
characterized as inhibin [18].
In the 1980s, Metcalf et al. [19–22] carried out a longitudinal study of weekly
hormone secretion in older (median age 42 years) and younger (median age 33 years)
women which illustrated the unpredictable hormonal patterns of those undergoing
the menopausal transition. In 31 women in the early transition according to STRAW
criteria, median cycle length was 29 days (range 18–260 days) with only 52% of
cycles being ovulatory. Notably, ovulatory cycles were noted at all stages of the
menopausal transition. The authors noted both persistently low and persistently
increased urinary estrogen excretion, as well as the sporadic appearance of persistently high FSH and LH levels sometimes associated with high estrogen levels.
As stated by the authors, “menstrual cycles in perimenopausal women…are richly
varied. Unpredictability is the norm, in marked contrast to the regular succession of
ovulatory cycles observed in premenopausal women” [20]. Eight women (aged
44–55 years) were followed during the 6 months following the FMP and exhibited
hormonal patterns which were indistinguishable from those observed in the long
anovulatory cycles of the menopausal transition. In contrast, older postmenopausal
women (aged 57–67 years) exhibited consistently high gonadotropin and low estrogen levels consistent with ovarian failure.
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In a similar effort to characterize endocrine features of the perimenopause,
Santoro et al. [23] collected daily urinary samples for 12 months on 6 cycling women
aged 47 years or older as well as daily samples for a single cycle on 15 women aged
43–47 years. The authors compared menstrual and hormonal patterns in these perimenopausal women to those in midreproductive (aged 19–38 years) and postmenopausal women (aged 54–79 years). Similar to the findings of Sherman and Korenman
[17], these authors also demonstrated shorter cycles in perimenopausal women when
compared with midreproductive-aged women due to a shortened follicular phase. In
contrast, however, overall estrone (E1) conjugate excretion was greater in perimenopausal than in midreproductive-aged women during both follicular and luteal phases.
Although others have similarly demonstrated prolonged episodes of unopposed
estrogen secretion in women approaching menopause [24], this study was the first to
demonstrate significant hyperestrogenemia in ovulatory perimenopausal cycles, a
finding that is consistent with the clinical findings of endometrial hyperplasia, enlarging leiomyomata, and dysfunctional bleeding that becomes more prevalent during the
perimenopause. These authors also demonstrated elevated gonadotropins (particularly
FSH), most pronounced in the early follicular phase, and diminished pregnanediol
excretion in the luteal phase of perimenopausal women when compared with that in
midreproductive-aged women. Postmenopausal women were found to have tonically
elevated LH and FSH and persistently low E1 conjugate excretion. Periods of hypergonadotropic hypoestrogenism were similarly found in some perimenopausal
women, becoming more common with proximity to the FMP. In addition to hypergonadotropic hypogonadism, however, perimenopausal cycles can manifest other
types of patterns. Elevated gonadotropins with normal estrogen excretion, indicating
a failure of negative feedback of estrogen on the hypothalamic-pituitary axis, and
failure of estrogen’s biphasic, positive feedback on the hypothalamic-pituitary axis
have been described [3].
Although the menopausal transition is characterized by menstrual irregularity
with interspersed ovulatory and anovulatory cycles, elongated cycles become more
frequent and longer in duration as menopause approaches [25]. Miro et al. [26]
undertook a study of urinary hormonal profiles during 289 elongated cycles of 34
women undergoing the menopausal transition, STRAW stages −2 to −1. These
authors described the concept of estrogen take-off (ETO), a measure of onset of
ovarian response to FSH during the follicular phase, defined as time between cycle
day 1 and the start of first sustained rise in urinary estrone 3-glucuronide (E1G).
The authors demonstrated that elongation of the menstrual cycle is fundamentally
the result of a delay in ovarian response (longer ETO), and that this was due to a
temporary lack of responsiveness to FSH rather than inadequate FSH stimulus from
the pituitary, as they reported an association between longer ETO and higher FSH
levels. Similar to the findings of Santoro et al. [23], the authors demonstrated a
decline in luteal progesterone synthesis, which correlated with increasing ETO.
In the SWAN (Study of Women’s Health Across the Nation, a multiethnic observational cohort study of the menopausal transition in 3,302 women aged 42–52 years
at seven US sites) study, examination of luteal progesterone excretion over time
indicated a progressive decrease [27].
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Several studies have investigated ethnic differences in serum FSH and E2 in
women undergoing the menopausal transition. A cross-sectional analysis of early
follicular serum E2 and FSH concentrations in early perimenopausal patients in the
SWAN study reported higher serum FSH levels in African–American and Hispanic
women compared with that in Caucasians, but no ethnic differences in E2 levels
after adjustment for other factors such as BMI [28]. FSH differences with comparable E2 levels suggest ethnic differences in the pituitary-ovarian relationship during
the menopausal transition. A subsequent longitudinal study on SWAN participants
evaluated early follicular serum E2 and FSH during three consecutive annual visits
[29]. Similar patterns in the decline of E2 and the increase in FSH were found across
ethnic groups, but hormone levels differed by race/ethnicity. Consistent with the
prior study, African–American women had higher FSH levels but similar E2 levels
when compared with Caucasians, whereas Chinese and Japanese women had lower
E2 levels but comparable FSH levels. These ethnic differences in E2 and FSH were
independent of menopausal status and were indeed suggestive of ethnic differences
in the pituitary-ovarian axis.
Markers of ovarian reserve also appear to vary with BMI. A cross-sectional
study of 36 women aged 40–52 years found that mean AMH levels (but not FSH,
E2, or antral follicle counts) were significantly lower in obese women (BMI
³30 kg/m2) compared with those in normal weight women (BMI <25 kg/m2) [30].
However, Randolph et al. found in a larger longitudinal cohort study [29] that
increasing BMI was associated with increasing E2 and decreasing FSH levels in
late perimenopausal and postmenopausal women.

Inhibin and reproductive aging
Inhibin is a dimeric glycoprotein composed of an a (alpha)-subunit and a b (beta)
A-subunit (inhibin A) or b (beta) B-subunit (inhibin B). During the normal menstrual cycle, inhibin B (a product of antral follicle granulosa cells) is highest in the
early to midfollicular phase and decreases in the late follicular phase [31]. Inhibin
A is a product of the preovulatory follicle and corpus luteum, and is thus highest in
the late follicular and midluteal phases [31]. Production of ovarian inhibin B (and
E2) is stimulated by the gonadotropins, and during the follicular phase, inhibin B
appears to be the major negative regulator of FSH secretion. The fall in inhibin B in
late reproductive age has been shown to trigger the monotropic rise in follicular
phase FSH [32].
To evaluate the role of inhibin in reproductive aging, MacNaughton et al. [33]
studied serum levels of immunoreactive inhibin in regularly cycling women aged
21–49 years during the early follicular (cycle days 4–7) and midluteal phases (3–12
days prior to menses). Mean follicular phase levels of immunoreactive inhibin were
significantly lower in the oldest age group than those in the younger age groups
(128 U/l in the 45–49 years age group vs. 239, 235, and 207 U/l in the 20–29,
30–39, and 40–44 years age groups, respectively (p < 0.05)), while mean FSH levels
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were significantly higher in the oldest age group. Conversely, the authors found no
difference in E2 levels between the oldest and youngest age groups, and LH levels
did not differ significantly with age. These results illustrated the concept of differential feedback. The authors postulated that decreasing inhibin levels with age
reflected diminished folliculogenesis with approaching menopause.
The availability of assays specific for the inhibin dimers allowed subsequent
investigations into the role of each in the endocrinology of the menopausal transition. Klein et al. [34] studied follicular phase secretion of inhibin A and B in older
(aged 40–45 years) and younger (aged 20–25 years) ovulatory women and demonstrated that the monotropic rise in FSH seen in older ovulatory women was associated with a decrease in follicular phase levels of inhibin B but not inhibin A. Burger
et al. [32] demonstrated similar findings in women undergoing the menopausal
transition. These authors studied serum immunoreactive inhibin, inhibin A, inhibin
B, FSH, and E2 levels from the follicular phase (or at random in those with
>3 months of amenorrhea) of women aged 48–59 years. Women were divided into
four menopausal stages (stage 1, premenopausal; stage 2, early perimenopausal
[reported change in menstrual cycle frequency in the preceding year with a bleed
in the preceding 3 months); stage 3, late perimenopausal [no menses in the preceding 3–11 months]; and stage 4, postmenopausal). FSH rose progressively and
immunoreactive inhibin fell progressively with menopausal status, each demonstrating a significant change between early and late perimenopause. The authors
demonstrated a significant decline in inhibin B (from 48 to 13.5 ng/l, p < 0.05) at
early perimenopause, which preceded a decline in inhibin A and E2 at late perimenopause (52% and 71% decline from premenopausal levels, p < 0.05 for both)
(Fig. 9.2). Thus, the authors demonstrated that falling inhibin B levels (reflecting a
decrease in the size of the primary and early antral follicles) are the important factor
in allowing the rise in FSH in older regularly cycling women, whereas inhibin
A levels are preserved until late in the menopausal transition. It is important to keep
in mind, however, that these hormone measurements have all been made in the
early follicular phase of the menstrual cycle, and thus inhibin A levels do not truly
reflect maximal secretion of this hormone, as it is primarily a product of the dominant follicle and corpus luteum.
Muttukrishna et al. [35] compared daily serum hormone levels drawn throughout the menstrual cycle in young cycling women (aged 25–32 years) with those of
older cycling women (aged 40–50 years) who were subdivided by early follicular
phase FSH levels (FSH <8 vs. FSH >8). Young and older women with normal FSH
levels exhibited similar patterns of inhibins A and B throughout the cycle. However,
older women with elevated basal FSH levels had significantly lower concentrations
of inhibin A prior to the LH surge and in the mid-luteal phase, and lower concen
trations of inhibin B in the early follicular phase than older women with normal
basal FSH levels. The authors concluded that the rise in early follicular phase
serum FSH in older women was associated with decreased early follicular phase
inhibin B levels, but postulated that lower luteal phase inhibin A levels may also
contribute to the rise in early follicular phase FSH levels in women of advanced
reproductive age.
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Fig. 9.2 Geometric mean levels (with lower 95% confidence intervals) of (a) FSH, (b) IR-INH,
(c) INH-A, (d) INH-B, and (e) E2 as a function of menopausal status. Menopausal stages as given
in text. Values with the same superscript (asterisk or dagger) are not statistically different; values
with differing superscripts are different, p < 0.05. Reprinted from Burger et al. [32], Fig. 1

Similarly, Santoro et al. [36] and Welt et al. [37] demonstrated lower luteal
inhibin A levels in older (aged 43–47 years) vs. younger (aged 19–38 years) cycling
women (668 ± 72 vs. 1152 ± 216 total pg, respectively, p = 0.03) and concluded that
lack of negative feedback by both inhibin A and inhibin B may contribute to the FSH
rise associated with reproductive aging. These authors and others [38] also demonstrated that activin A levels were significantly elevated throughout the cycle in older
women when compared with younger women (21 ± 2 vs. 11 ± 1 total nanogram,
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p < 0.005), and postulated that activin A may also play an endocrine role in maintaining
elevated FSH in older reproductive-aged women. Activin A, a homodimer of the
inhibin A b (beta)-subunits, appears capable of direct stimulation of pituitary FSH
secretion [39].
Collectively, these studies illustrate that it is primarily a decrease in inhibin B
(a reflection of the diminishing ovarian follicular pool) that is the major peptide
feedback factor causing a monotropic rise in FSH with advancing reproductive age.
However, a decrease in inhibin A after ovulation, manifested later in the menopausal transition, may also be contributory.

Alterations in the hypothalamic-pituitary-ovarian (HPO)
axis with reproductive aging
The onset of menopause in humans is related not only to oocyte depletion and ovarian failure, but also to alterations in hypothalamic-pituitary feedback. In 1978, Van
Look et al. [40] reported that women of reproductive age with anovulatory dysfunctional uterine bleeding failed to exhibit a normal LH response to an exogenous
E2 challenge, supporting the hypothesis that the pathophysiologic defect in these
women may be a decrease of hypothalamic sensitivity to positive feedback. The
subsequent findings of the Daily Hormone Study (DHS) [3, 41], a substudy of
SWAN, supported this notion in its examination of women experiencing anovulatory cycles during the menopausal transition. The authors measured daily urinary
LH, FSH, E1 conjugates, and the progesterone urinary metabolite pregnanediol
glucuronide (Pdg) over the course of one menstrual cycle ending in bleeding (or up
to 50 days in the absence of a menstrual period). In some women, a rise in estrogen
followed by an LH surge was observed; however, the absence of ovulation in these
cycles (as documented by a lack of threefold increase in Pdg concentrations above
a nadir for at least 3 days) indicated a defect at the ovarian level. However, the
authors also reported frequent anovulatory cycles in perimenopausal women in
which estrogen peaks were equivalent to those that result in LH surges in younger
women, yet no LH surges occurred (Fig. 9.3). This finding suggests unresponsiveness of the hypothalamic-pituitary axis to an estrogen peak in older perimenopausal women (failure of “positive feedback”). In other anovulatory cycles,
follicular phase estrogen levels similar to those in younger women did not lower
LH secretion as occurs in cycles of younger women, indicating decreased negative
feedback of estrogen on LH secretion. Collectively, the authors’ findings supported
the hypothesis that “there is a relative hypothalamic-pituitary insensitivity to estrogen in aging women” [3] with failure of both positive and negative feedback
mechanisms.
Although gonadotropins are higher in perimenopausal women than in premenopausal women, levels decline with advancing age after menopause. In contrast,
GnRH secretion appears to increase with age in postmenopausal women [42],

9 Natural and Surgical Menopause

151

Fig. 9.3 Daily urinary E1c levels in anovulatory older reproductive-age women with estrogen
increases. Comparison of E1c levels (estrone conjugates) in women who had an LH surge (left
panel) vs. those who did not (right panel). E1c levels (mean (SEM)) for women with both estrogen
increases and LH surges are shown here, where day 0 is the day of maximum E1c. Reprinted from
Weiss et al. [3], Fig. 2

which suggests that the pituitary is less responsive to GnRH in older compared with
younger postmenopausal women. Gill et al. [42] studied 13 young (aged 45–55
years) and 11 old (70–80 years) postmenopausal women in an effort to investigate
the effect of age (and gonadal steroid feedback with administration of exogenous
estrogen or estrogen plus progesterone) on GnRH secretion by the hypothalamus in
postmenopausal women. At baseline, mean LH and FSH levels were significantly
lower in older compared with younger postmenopausal women. Percent inhibition
of LH following administration of a fixed, submaximal dose of a GnRH antagonist
decreased with age, implying an increase in endogenous GnRH secretion with age.
With estrogen and progesterone treatment, mean FSH and LH levels decreased
significantly and to a similar degree in both young and old postmenopausal women,
implying that responsiveness to gonadal steroid negative feedback at the hypothalamus is maintained with aging. This differs from the previously described findings
of the DHS [3] in which a lack of estrogen-negative feedback on LH secretion was
seen in a subset of women. This may be explained by the shorter duration of estrogen exposure during the menstrual cycles of women in the DHS compared with that
used in the protocol used by Gill et al. [42].

Symptoms of the menopausal transition
Whereas some women may experience few or no symptoms during the menopausal
transition, many experience a variety of troublesome and sometimes disabling
symptoms. These include hot flashes, night sweats, vaginal dryness and painful
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intercourse, sleep problems, mood and cognitive problems, somatic symptoms,
urinary incontinence, bleeding problems, sexual dysfunction, and overall decreased
quality of life [43]. Although commonly attributed to menopause, it is a challenge
to discern whether these symptoms are truly associated with the hormonal changes
of the menopausal transition rather than with aging in general. A 2005 report from
the National Institutes of Health highlighted the paucity of scientific data on menopausal symptoms and concluded that although considerable evidence supports the
association of vasomotor symptoms, vaginal dryness, and sleep disturbances with
menopausal status, there is less information about whether other symptoms such as
mood changes, cognitive dysfunction, urinary incontinence, sexual dysfunction,
neuromuscular complaints, and overall quality of life are associated with menopausal stage [43].
The Penn Ovarian Aging Study studied 404 women of a mean age of 42.3 years
spanning all stages of the menopausal transition over 9 years of follow-up [43]. After
adjustment for various risk factors for menopausal symptoms such as age, race, BMI,
smoking, and history of depression, the authors found that menopausal stage was
significantly associated with hot flashes, aches, joint pain, stiffness, and depressed
mood. The risk of hot flashes increased throughout the menopausal transition and
was greatest in the postmenopausal group (OR 2.87, 95% CI 1.76–4.87, p < 0.001).
The risk of depression was greatest in the late premenopausal stage (STRAW −3),
and depressed mood decreased postmenopause. There was no significant association
of menopausal stage with poor sleep, decreased libido, or vaginal dryness. Perceived
stress was significantly associated with all menopausal symptoms. Others have
found a similar association with perceived stress, as well as an overall increase in
symptom reporting in women of low SES [45].
Increased FSH levels, decreased levels of inhibin B, and within-woman fluctuations of E2 (all measured during early follicular phase) were significantly and
independently associated with menopausal symptoms.
A follow-up study of the same cohort of women [46] assessed headache, irritability, mood swings, anxiety, and concentration difficulties over the menopausal
transition. Of these symptoms, only headache was associated with menopausal
stage, and significantly decreased after menopause. Mean FSH levels were inversely
associated with mood swings and mean testosterone levels were associated with
irritability (p value for both <0.01), indicating a decrease in symptoms as hormone
levels increased around menopause. Again, perceived stress independently correlated with all symptoms in the study.
A longitudinal Australian population-based study of 438 women aged 45–55
years followed over 7 years [47] found that the symptoms that were specifically
related to hormonal changes during the menopausal transition were vasomotor
symptoms, vaginal dryness, and breast tenderness. Hot flashes, night sweats, and
vaginal dryness increased and breast tenderness decreased concurrent with the significant drop in E2 levels and rise in FSH levels found in the late menopausal transition. Difficulty in sleeping did not appear to be a direct effect of menopausal
hormonal changes, but was predicted by hot flashes and psychosocial factors such
as depression.
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Hot flashes
Hot flashes and night sweats (collectively known as vasomotor symptoms) are
reported with high frequency (up to 80%) in women during the menopausal transition [43]. They manifest as a transient sensation of heat with or without objective
signs of skin vasodilation accompanied by variable degrees of flushing, sweating,
palpitations, anxiety, irritability, and even panic [48]. The timing of their appearance in relation to the FMP varies by study; whereas one group reported an acceleration in prevalence of hot flashes during the menopausal transition to peak at
about the time of the FMP [4], others have reported the greatest frequency 3 months
or more after the FMP [49]. A prospective longitudinal study of 57 Norwegian
women undergoing the menopausal transition reported a peak prevalence of hot
flashes during the first year following the FMP [50]. Some report that these symptoms generally subside within 1 year [51], whereas others have reported a mean
duration of approximately 5 years in both estrogen users and non-users [52].
A number of longitudinal cohort studies including both SWAN [41, 53] and the
Penn Ovarian Aging Study [44, 54] have found that African–American women are
more likely than white women to report hot flashes. A population-based study of
women aged 45–54 years [54] also revealed that African–American women were
more likely than Caucasian women to report any hot flashes (RR = 2.08), severe hot
flashes (RR = 2.19), and hot flashes for more than 5 years (RR = 1.61). The reasons
for this are unknown, but may be due to racial differences in a number of risk factors for hot flashes, including high BMI, current smoking, less than 12 drinks in the
past year, and lower estrogen levels [55]. Indeed, obesity and smoking have been
reported to increase the risk for hot flashes [56–59].
The physiologic mechanism for the initiation of flashes is not entirely understood. A growing body of evidence supports the hypothesis that flashes result from
a physiologic response to a marked narrowing of hypothalamic thermoregulatory
set point or neutral zone, which increases the sensation of intense heat in response
to internal and environmental triggers (Fig. 9.4). The exact trigger that induces this
change in the hypothalamic thermoregulatory set point during menopause is not
completely understood.
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Fig. 9.4 Small core body temperature (Tc) elevations that act within a reduced thermoneutral zone
trigger hot flashes in symptomatic postmenopausal women. Reprinted from Freedman [69], Fig. 3
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The withdrawal (or decrease in levels) of estrogen, rather than hypoestrogenism
per se, appears to precipitate menopausal flashes [47, 49]. However, estrogen withdrawal alone does not explain the cause of vasomotor symptoms, as evidenced by
the observation that there is no significant correlation between plasma hormone
levels and the occurrence of vasomotor symptoms [60]. Furthermore, 73% of
women experience vasomotor symptoms prior to menopause, which may occur
during both ovulatory and anovulatory cycles [61]. Data from the SWAN study
revealed that most of the premenopausal women experiencing vasomotor symptoms had estrogen secretion that was similar in quantity to or higher than the estrogen secretion of younger women, and revealed no relationship between hot flashes
and ambient hormones [61].
A temporal relationship between pulsatile release of LH and initiation of menopausal flashes has been clearly demonstrated [62] (Fig. 9.5). However, it is not LH
release by the pituitary itself which directly causes the flashes, as demonstrated by
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Fig. 9.5 Pattern of pulsatile LH release and associated menopausal flash episodes. Arrows indicate flash onset. Each part illustrates a separate 8- to 10-h study in which blood samples were
obtained at 15-min intervals. Note that each flash is synchronized with an LH pulse. Reprinted
from Casper et al. [61], Fig. 1
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the presence of menopausal flashes in hypophysectomized women [63]. Furthermore,
studies in which a GnRH agonist was administered to menopausal women with
frequent hot flashes demonstrated the complete suppression of LH and FSH pulses,
but no changes in frequency or severity of flash episodes [64]. Thus, a hypothalamic
mechanism likely initiates both the pulsatile release of LH and flash episodes [62].
A study of serum levels of pituitary hormones during severe menopausal flashes
demonstrated a significant rise in growth hormone, LH, and ACTH but not prolactin, TSH, or FSH [65]. Given that norepinephrine is the neurotransmitter believed
to be the predominant hypothalamic stimulus of pituitary growth hormone [66],
pulsatile LH release [67], and heat dissipation [68], the authors hypothesized that
increased hypothalamic norepinephrine activity due to ovarian failure is the “neuroendocrine link between estrogen deficiency and cyclic activation of adjacent
thermoregulatory neurons” [65].
Estrogen withdrawal may also be correlated with a decline in circulating levels
of serotonin, another neurotransmitter that appears to play a central role in the
pathophysiology of hot flashes [69]. This decline may increase the sensitivity of
hypothalamic serotonin (5-HT2A) receptors and may also contribute to a narrowing
of the thermoregulatory neutral zone [70]. Similarly, animal studies report that
increased CNS levels of norepinephrine are associated with a narrowing of the
thermoregulatory neutral zone [71]. Thus, instability in both serotonin and norepinephrine levels during menopause (as a result of estrogen withdrawal) appears to
contribute to increased risk of hot flashes.
Estrogen, by itself or with progestins, is the most consistently effective therapy
for the treatment of vasomotor symptoms [43]. Concerns regarding the use of
hormone therapy arose from the findings of the Women’s Health Initiative (WHI)
[72, 73], a large prospective randomized study designed to evaluate the effect of
hormone therapy on the incidence of cardiovascular disease and other adverse outcomes. Although this trial was not designed to evaluate the efficacy of hormone
therapy in the treatment of menopausal symptoms, excluded perimenopausal
women, and thus was not carried out on a study population representative of most
who seek hormone therapy for menopausal symptoms, data from the WHI have
been widely interpreted as demonstrating an unfavorable risk-to-benefit ratio for
hormone therapy – regardless of its timing or indication. This is a most unfortunate
outcome of the study, as the presence of menopausal symptoms tips the risk-tobenefit ratio for hormone therapy in a favorable direction for many, if not most
women, favoring its short-term use.
Hormone therapy (combined conjugated equine estrogen (CEE) 0.625 mg/day
plus medroxyprogesterone acetate (MPA) 2.5 mg/day) was not found to reduce the
incidence of cardiovascular disease after 5.2 years of follow-up [73], at which time
the estrogen–progestin trial was terminated. Whereas an increased risk of breast
cancer was reported with estrogen–progestin therapy (HR 1.24, p < 0.001) [74], the
use of 0.625 mg/day CEE alone in women with previous hysterectomy revealed no
increased risk of breast cancer [75]. An increased risk of stroke (12 additional
strokes per 10,000 person-years), however, was reported in the estrogen-only arm
[75]. Other known risks of hormonal therapy include a twofold to threefold
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increased risk of venous thromboembolism and an increased risk of gall bladder
disease [76].
Absolute contraindications for hormone therapy include undiagnosed vaginal
bleeding, active thromboembolic disease, and active breast cancer [76]. The risks
of hormone therapy in those without absolute contraindications must be balanced
against the benefits, which include excellent control of vasomotor symptoms,
treatment of genitourinary atrophy, and preservation of bone health. In assessing
the patient for potential hormone therapy vs. nonhormonal options, one must consider factors such as personal history, family history, social history, and current
medication use. Thromboembolic risk, cancer (including breast cancer) risk, cardiovascular health (including blood pressure, lipid profile, and tobacco use), bone
density, vaginal health, urinary symptoms, and sexual function must all be taken
into account.
In women with intact uteri, the use of estrogens with either cyclic or continuous
progestins has been shown to relieve vasomotor symptoms and vaginal atrophy
[77, 78]. The Postmenopausal Estrogen/Progestin Interventions Trial [77], a randomized, double-blind, placebo-controlled trial conducted in 875 postmenopausal
women, evaluated the effect of 0.625 mg CEE alone or in combination with
(1) 10 mg MPA given cyclically, (2) 2.5 mg MPA daily, or (3) 200 mg micronized
progesterone given cyclically. At both 1 and 3 years of treatment, all treatment
groups demonstrated a statistically significant protective effect against vasomotor
symptoms compared with placebo. Women with more severe vasomotor symptoms
at baseline experienced a greater treatment effect. Breast discomfort was significantly more common in those treated with progestins.
The Women’s Health, Osteoporosis, Progestin, Estrogen (HOPE) study, a randomized, double-blind, placebo-controlled trial conducted in 2,673 postmenopausal
women, demonstrated that lower doses of CEE with daily MPA (lowest dose
0.3 mg CEE with 1.5 mg MPA) provide significant relief in vasomotor symptoms
and vaginal atrophy above placebo and as effectively as commonly prescribed
doses (0.625 mg CEE/2.5 mg MPA) [78]. These lower doses also confer endometrial protection comparable to that of standard dose regimens [79], with higher rates
of amenorrhea [80] and more favorable changes in lipids, lipoproteins, and hemostatic factors, with minimal changes in carbohydrate metabolism [81] after 1–2
years of therapy.
A randomized, double-blind, placebo-controlled study of the lowest doses of
transdermal estrogen available (0.023 mg/day 17b-estradiol and 0.0075 mg/day
levonorgestrel or 0.014 mg/day 17b-estradiol alone) revealed a significant reduction in frequency of moderate and severe hot flashes after 12 weeks of treatment
[82]. After 2 years of therapy, use of the 0.014 mg/day 17b-estradiol patch alone in
women with intact uteri revealed similar rates of endometrial hyperplasia, endometrial proliferation, and vaginal bleeding when compared to placebo [83], with significant increase in bone mineral density (BMD) above placebo [84].
Although not generalizable to short-term treatment of a younger perimenopausal
population, the results of the WHI dramatically increased the interest of patients
and healthcare practitioners in nonhormonal therapies for menopausal symptoms.
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Centrally acting agents that have been studied include the selective serotonin
reuptake inhibitors (SSRIs), serotonin-norepinephrine reuptake inhibitors (SNRIs),
clonidine, and gabapentin.
A double-blind, randomized, cross-over trial of the SSRI fluoxetine for the treatment of hot flashes evaluated 81 women with a history of, or increased risk of,
breast cancer, experiencing at least 14 hot flashes per week [85]. The women were
randomized to 20 mg/day of fluoxetine vs. placebo for 4 weeks, followed by a
second 4-week period in which the patients were crossed over to the alternative
treatment arm. The study demonstrated no significant difference in hot flash scores
(frequency × severity) by the end of the first treatment period (50% decrease in
score in the fluoxetine arm vs. 36% decrease in the placebo arm), although the
cross-over analysis demonstrated a significantly greater improvement in score with
fluoxetine (p = 0.02). However, the study did not adjust for confounding factors
such as age or use of tamoxifen during the study period, a medication commonly
associated with hot flashes as a side effect.
A randomized, double-blind, placebo-controlled trial evaluated the efficacy of
controlled-release paroxetine (12.5 mg/day, 25.0 mg/day, or placebo) in the treatment of menopausal hot flashes in 165 women [86]. After 6 weeks of treatment,
median hot flash composite scores (severity × frequency) were reduced by 62.2%
in those taking 12.5 mg/day and 64.6% in those taking 25.0 mg/day, compared with
37.8% for those in the placebo group. This treatment difference remained after
adjustment for age, breast cancer history, or antiestrogen use. A subsequent randomized, double-blind, placebo-controlled, cross-over trial demonstrated the efficacy of paroxetine (at doses of 10–20 mg) in the treatment of menopausal hot
flashes [87] compared with placebo. The variability in results of studies evaluating
different SSRIs may be related to the selectivity of different agents in this class for
the serotonin vs. the norepinephrine transporter. Paroxetine is the SSRI with the
highest activity at the norepinephrine transporter, whereas fluoxetine has a much
lower affinity for the norepinephrine transporter [88].
Of the SNRIs, venlafaxine has been the most widely studied, and its efficacy in the
management of menopausal hot flashes has been demonstrated in several randomized
control trials [89, 90]. A recent randomized, double-blind, placebo-controlled trial
[86] randomized 80 postmenopausal women with at least 14 hot flashes per week to
receive extended release venlafaxine (37.5 mg/day for one week followed by 75 mg/
day for 11 weeks) or placebo. Those receiving venlafaxine experienced a 51% reduction in patient-perceived hot flash scores, compared to a 15% reduction in the placebo
group (p < 0.001). Commonly observed side effects in the treatment group included
dry mouth, sleeplessness, and decreased appetite.
Among the centrally acting agents studied for the treatment of vasomotor symptoms, desvenlafaxine, the active metabolite of venlafaxine, has been assessed in the
largest randomized controlled trials to date [91]. A recent double-blind, placebocontrolled trial randomized 567 postmenopausal women experiencing at least 50
hot flashes per week to receive desvenlafaxine (100 or 150 mg/day) or placebo [92].
Patients randomized to desvenlafaxine experienced a significantly greater decrease
in number of moderate to severe hot flashes after 12 weeks of therapy, despite the
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large placebo effect observed (60 and 66% decrease in 100 mg and 150 mg groups,
respectively, compared with 47% decrease in placebo group, p £ 0.002). This effect
persisted at 26 weeks of therapy only in the 150 mg/day group. However, side
effects were common (primarily nausea and dizziness), and the discontinuation rate
due to side effects was 29%, most commonly during the first week of therapy.
Gabapentin is an anticonvulsant that has demonstrated superior efficacy to placebo in the treatment of vasomotor symptoms in all placebo-controlled trials [91].
Its mechanism of action in the treatment of hot flashes is unclear. A double-blind,
placebo-controlled trial randomized 197 postmenopausal women with at least 14 hot
flashes per week to receive gabapentin 900 mg/day or placebo for 4 weeks [93]. Hot
flash scores decreased by 51% in the gabapentin group compared with 26% in the
placebo group (p < 0.001). Reported side effects included dizziness, unsteadiness,
and drowsiness which decreased to baseline levels by the fourth week. Another
randomized placebo-controlled trial assessed gabapentin (titrated to 2,400 mg/day)
in comparison with conjugated estrogens (0.625 mg/day) for 12 weeks [94].
Gabapentin and estrogen were similarly effective in reducing hot flash composite
score at 12 weeks, and each had a significantly superior treatment effect when compared
with placebo.
The a2-adrenergic receptor agonist clonidine has been used for treatment of hot
flashes, but small trials of short duration have demonstrated modest efficacy at best
[91]. Doses ranged from 0.5 to 1.5 mg/day, and common side effects such as dizziness and dry mouth make this drug difficult to tolerate and contribute to high discontinuation rates. This option should be reserved only for patients who cannot
tolerate other nonhormonal options.

Urogenital symptoms
Vaginal dryness is reported by many perimenopausal women and becomes increasingly more common throughout the menopausal transition. Symptoms related to
vaginal atrophy include itching, discomfort, and painful intercourse. Estimates of
the prevalence of vaginal dryness range from 7 to 39% in perimenopause, and from
17 to 30% in postmenopause [43]. In addition, urinary symptoms are reported in as
many as 36–39% of menopausal women [43]. If vaginal lubricants do not adequately alleviate mild dryness and dyspareunia, estrogen therapy may be needed.
Oral estrogens with or without progestins as well as a variety of vaginal estrogen
preparations are beneficial in the treatment of urogenital atrophy. A variety of
options for local estrogen therapy are available and include creams, pessaries, tablets, and the E2-releasing ring. A recent meta-analysis of 19 randomized clinical
trials comparing the safety and efficacy of different estrogenic preparations revealed
significant improvement above placebo in vaginal symptoms in users of the cream
(CEE), E2-releasing ring, and E2 tablets [95]. One trial found significant side
effects (uterine bleeding, breast pain, and perineal pain) following cream administration when compared to tablets. There were no significant differences between
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treatment groups in endometrial hyperplasia or increasing endometrial thickness
(>5 mm). As a treatment choice, women preferred the E2-releasing vaginal ring for
ease of use, comfort of product, and overall satisfaction.

Bone
The rate of bone remodeling is increased in older adults. Osteoporosis occurs when
the rate of resorption exceeds the rate of formation, and is defined by a Working
Group of the World Health Organization as a BMD (T-score) that is 2.5 SD below
the mean peak value in young adults [96]. Common risk factors for osteoporosis in
postmenopausal women include thin habitus, physical inactivity, cigarette smoking,
alcohol abuse, low calcium intake, little sunlight exposure, early menopause, and
first-degree relative with low-trauma fracture [97]. Other risk factors include the use
of certain medications (e.g., excessive thyroxine, heparin, phenytoin, and glucocorticoids) as well as endocrinopathies (primary hyperparathyroidism, thyrotoxicosis,
and Cushing’s syndrome), hematologic diseases (multiple myeloma, lymphoma, and
leukemia), and malabsorption syndromes (celiac disease and Crohn’s disease) [97].
Treatment of osteoporotic postmenopausal women with antiresorptive therapy
increases BMD of the lumbar spine by 5–10% after 2–3 years, after which bone
density changes very little. This change is associated with a decrease in the fracture
rate of approximately 50% [97]. Although the response to medication is usually
evaluated by serial measurements of BMD, the aim of treatment is to prevent fractures, which is the key end point of clinical trials of osteoporosis therapy. There are
a number of therapeutic options that prevent further fractures in postmenopausal
women with osteoporosis [97].
Trials evaluating calcium and vitamin D supplementation reveal variable efficacy in the prevention of fractures in postmenopausal women. A Dutch study of
1,278 men and women aged 70 years and older who were treated with vitamin D
(400 IU/day) or placebo for 3.5 years revealed no difference in rates of hip fracture
[98]. However, in a French study of 3,270 institutionalized elderly women (mean
age 84 years) who were treated with calcium (1,200 mg/day) and vitamin D
(800 IU/day) for 3 years, the risk of hip fractures was 30% lower than the risk in
the placebo group [99]. Similarly, in a US study of 389 community-dwelling
women and men aged over 65 years who were treated with calcium (500 mg/day)
and vitamin D (700 IU/day) for 3 years, the rate of nonvertebral fractures was
decreased (RR 0.4, p = 0.03), despite only a modest increase in BMD, evident primarily after the first year of therapy [100]. Possible explanations for the differences
between these studies include differences in the population studied (the French
women had lower dietary calcium intakes), dose of vitamin D, and coadministration of calcium.
A number of randomized, controlled trials report that estrogen or estrogen/progestin combinations prevent bone loss; on average, compared with placebo,
increases in BMD of between 3 and 10% are observed, depending on the bone
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measured, the age of the participants, and the duration of therapy [101]. However,
randomized, controlled trials of hormone replacement therapy with fracture reduction as the primary outcome are lacking, and information about the effect of
estrogen-replacement therapy on risk of fracture in postmenopausal women is thus
limited [97]. Due to the lack of antifracture efficacy data from randomized trials,
the US Food and Drug Administration has withdrawn CEEs as an approved treatment for osteoporosis [102]. A meta-analysis of 22 randomized trials of HRT with
fracture data, which included a number of unpublished studies, reported a 33%
reduction in nonvertebral fractures (p = 0.03) when women started therapy before
age 60 years [103]. This effect, however, was reduced to 12% (p = 0.22) in women
starting therapy after 60 years of age. Considering that most women starting therapy for prevention/treatment of osteoporosis (and those at the highest risk of fracture) are older than 60 years, estrogen is no longer considered the first-line therapy
for the prevention and treatment of postmenopausal osteoporosis.
Bisphosphonates are a useful treatment option for the treatment of postmenopausal osteoporosis and have been evaluated (both alone and in combination with
HRT) for their efficacy in the prevention of bone loss in postmenopausal women
with low BMD. Their exact mechanism of action is uncertain, but their net effect
is increased osteoclast cell death, thereby decreasing bone resorption. Alendronate
is given at a dose of 10 mg/day for the treatment of postmenopausal osteoporosis,
or 5 mg/day for the prevention of osteoporosis. A recent meta-analysis of six
randomized, placebo-controlled, double-blind trials evaluating the efficacy of
alendronate (5–20 mg/day, range 1–4.5 years of therapy) in the prevention of hip
fractures in postmenopausal women [104] revealed an overall risk reduction of
hip fracture of 45% (p = 0.007) in patients with a T-score of less than or equal to
−2.0 or with a vertebral fracture. In patients with osteoporosis (WHO criteria), the
overall risk reduction was 55% (p = 0.0008).
A randomized, placebo-controlled trial to evaluate the effects of alendronate
(10 mg/day) and CEE (0.625 mg/day), in combination and separately, on BMD in
hysterectomized postmenopausal osteoporotic women [105] revealed a significantly
greater increase in BMD after 2 years of therapy at both the lumbar spine and femoral neck in the combination group above that seen in either the CEE or alendronate
group. The effects on BMD of alendronate alone did not differ significantly from
those of CEE alone at any site, and a significant increase in BMD at all sites was
seen for all treatment groups above that of placebo group. Fracture risk was not
assessed in this study. In contrast, a 1 year randomized, placebo-controlled trial
evaluating CEE (0.625 mg/day, ±cyclic or daily medroxyprogesterone acetate (up
to 5 mg/day) depending on hysterectomy status) alone or in combination with risedronate (5 mg/day) in postmenopausal women [106] revealed significant increases
in lumbar spine BMD in both treatment groups, but no difference between treatment
groups was seen. Important differences between these two studies include the duration of therapy as well as the patient population studied (the population in the former study had substantially lower BMD and more years since menopause than the
population in the latter). Thus, although bisphosphonates alone appear to be effective in increasing BMD and decreasing fracture rate [97], a clear and consistent
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benefit of combination therapy (bisphosphonates + HRT) above either treatment
alone remains to be demonstrated. The optimal duration of bisphosphonate therapy
is not known. It should be noted that alendronate has been associated with esophagitis, and should be taken with a glass of water while upright before breakfast in order
to maximize absorption while minimizing the risk of esophagitis [93].
Raloxifene is a nonsteroidal selective estrogen receptor modulator (SERM) that
has estrogen-agonist effects on bone. It inhibits bone resorption in postmenopausal
women without stimulating the breast or endometrium, leading to an increase in
BMD and a reduction in markers of bone turnover [107]. The multiple outcomes of
raloxifene (MORE) trial [108] studied the effects of raloxifene in 7,705 postmenopausal women with osteoporosis, in which the women were randomized to receive
raloxifene 60 or 120 mg/day or placebo, as well as calcium and vitamin D supplementation. After 4 years, the cumulative relative risks for one or more new vertebral
fractures were 0.64 (95% CI 0.53−0.76) with the 60 mg dose and 0.57 (95% CI
0.48−0.69) with the 120 mg dose. For both doses, BMD at the lumbar spine and
femoral neck was significantly increased over that of placebo after 4 years
(p < 0.001), and decreases in biochemical markers of bone turnover were significantly greater in both raloxifene groups when compared with that in the placebo
group (p < 0.001). Notably, the nonvertebral fracture risk was not significantly reduced.
A meta-analysis of seven clinical studies evaluating the anti-vertebral fracture
efficacy of raloxifene in postmenopausal women (after 1–3 years of treatment)
confirmed the findings of the MORE trial, reporting an overall 40% reduction in
vertebral fracture in patients treated with 60 mg/day, and a 49% reduction in vertebral
fracture in patients treated with 120 or 150 mg/day [109]. The more recently published raloxifene use for the heart (RUTH) trial [110] also reported a significantly
reduced risk of clinical vertebral (but not nonvertebral) fractures in women randomized to 60 mg/day of raloxifene vs. placebo (HR 0.65, 95% CI 0.47−0.89), but these
women were not selected on the basis of osteoporosis. Collectively, the data support
the use of raloxifene in postmenopausal women with predominantly spinal osteoporosis, but the drug’s major limitations are the adverse effects associated with its
estrogenic actions. In particular, the MORE trial [108] revealed a significantly
increased risk of deep venous thrombosis in women receiving raloxifene compared
with placebo (RR 2.76, 95% CI 1.30−5.86).

Surgical Menopause
Approximately 600,000 hysterectomies are performed each year in USA [111], and
50–60% of hysterectomy procedures involve oophorectomy [112]. The theoretical
benefits of prophylactic oophorectomy at the time of hysterectomy include the
prevention of ovarian cancer and fewer reoperations for ovarian pathology.
Common indications for bilateral oophorectomy at the time of hysterectomy
include familial breast–ovarian cancer syndromes, severe endometriosis, bilateral
tubo-ovarian abscesses, and ovarian, endometrial, or fallopian tube cancers. If a
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woman has not yet experienced natural menopause, surgical menopause happens
immediately upon removal of the ovaries. However, hysterectomy alone is associated with earlier menopause. The mean age of ovarian failure in women who have
had hysterectomy is reported to be 45.4 ± 4.0 years, significantly lower than the
mean age of 49.5 ± 4.0 years in women without hysterectomy in one series
(p < 0.001) [113]. This may be explained by damage to the ovarian artery at the time
of hysterectomy, or misclassification of oophorectomized women as women with
intact ovaries.
With bilateral oophorectomy, the decline in circulating E2 is abrupt as opposed
to gradual. Accordingly, the prevalence and severity of symptoms differ significantly in women who experience natural vs. surgical menopause [114]. The abrupt
decline in E2 after surgical menopause is associated with more frequent and severe
symptoms [43, 112]. These symptoms include hot flashes, sexual dysfunction,
depression, and vaginal dryness [43, 115]. In one study, moderate to severe hot
flashes (defined as episodes that affected a women’s capacity to function) were
experienced by hysterectomized women 1.7 times more often than their naturally
menopausal counterparts [115].
Conflicting data exist as to whether or not the postmenopausal ovary is a major
androgen-producing gland. Several reports suggest that the postmenopausal ovaries
are an important source of androgens, including studies which demonstrated higher
androgen levels in the ovarian veins than peripheral veins of postmenopausal
women [116, 117]. The primary estrogen produced after menopause is E1, derived
principally from peripheral aromatization of adrenal and ovarian androstenedione,
resulting in low circulating levels of estrogen in naturally menopausal women. The
reported decline in androgens seen with surgical menopause is sustained throughout
the menopausal period, as demonstrated in a study by Laughlin et al. [118] which
demonstrated that plasma testosterone levels were 40% lower in oophorectomized
women than that in intact postmenopausal women, independent of time since
surgery. In contrast, an apparent return to premenopausal testosterone levels was
demonstrated in intact women, some evaluated >20 years after natural menopause.
In distinct contrast to these studies, Couzinet et al. reported that circulating
androgens in postmenopausal women are of adrenal rather than ovarian origin by
demonstrating very low plasma androgen levels in postmenopausal women with
adrenal insufficiency, and similar levels between oophorectomized and nonoophorectomized postmenopausal women with normal adrenal function [119]. Several
studies have also demonstrated absent to low expression of steroidogenic enzymes
necessary for androgen biosynthesis (P450cc, 3b-hydroxysteroid dehydrogenase,
P450c17) in the postmenopausal ovary [119, 120], supporting the hypothesis that
the postmenopausal ovary is not a major androgen-producing gland.
In women who have undergone oophorectomy, some studies report that oral or
transdermal testosterone improves sexual function and psychological well-being;
however, these studies did not demonstrate any benefit of testosterone in the treatment of vaginal dryness, sleep disturbances, or mood [43, 121]. The consequences of
the lower testosterone levels many years after oophorectomy for the health and wellbeing of aging women remain unknown. Furthermore, high doses (approximately
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300 mg/day) are necessary to improve libido and sex drive. This dosage results in
elevated circulating levels, which may produce unwanted androgenic side effects
such as hirsutism, acne, and weight gain. The decision to institute androgen therapy
must be weighed against these potential side effects; additionally, the long-term risks
of taking testosterone have not been studied in this population [43]. Hormone therapy
(estrogen with or without androgens) should be discussed preoperatively, as the
menopausal symptoms associated with acute hypoestrogenism after surgical castration are generally much more severe than those associated with natural menopause.
A number of studies report an association of oophorectomy with an increased
risk of cardiovascular disease (CVD) as well as mortality from all causes. In a
recent cohort study including 1,274 women who had unilateral oophorectomy and
1,091 women who underwent bilateral oophorectomy with a median follow-up
period of 25 years [122], women with bilateral oophorectomy before age 45 years
experienced an increased mortality associated with CVD compared with agematched women without oophorectomy (HR 1.44; 95% CI, 1.01–2.05). Within this
age group, mortality was further increased in women who were not treated with
estrogen through age 45 years or longer (HR 1.84; 95% CI, 1.27–2.68) but not in
women treated with estrogen. Unilateral oophorectomy was not associated with
increased cardiovascular mortality. Limitations of this study include its use of a
predominantly white cohort as well as lack of data regarding risk factors for CVD
(e.g., smoking status, adiposity, cholesterol and blood pressure measurements, and
SES) in either the study cohort or control group. A recent meta-analysis [123]
revealed that although natural menopause did not influence the rate of CVD (RR
1.14; 95% CI, 0.86–1.51), bilateral oophorectomy even around the age of 50 years
increased CVD risk (RR 2.62; 95% CI, 2.05–3.35). Furthermore, bilateral
oophorectomy prior to the age of 50 years increased the risk substantially (RR 4.55;
95% CI, 2.56–8.10). Data from the Nurses’ Health Study [124] revealed that over
24 years of follow-up, when compared with ovarian conservation, bilateral
oophorectomy at the time of hysterectomy (after adjustment for CVD risk factors)
was associated with an increased risk of death from CVD (HR 1.28; 95% CI,
1.00–1.64) as well as an increased risk of all-cause mortality (HR 1.12; 95% CI,
1.03–1.21). Those who had never used estrogen therapy and underwent oophorectomy before age 50 years had a higher risk of CVD (HR 1.98, 95% CI 1.18–3.32).
Although further studies are necessary, cardiovascular protection linked to ovarian
conservation in younger women should prompt reconsideration of routine prophylactic oophorectomy in women not at high risk of developing ovarian cancer.

Summary
Worldwide, an increasing proportion of women are experiencing the menopausal
transition. It is thus imperative that providers of women’s health care achieve an
adequate understanding of the diagnosis of the menopausal transition and proper
management of menopause-related health issues. Although not all women will
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progress through a predicted sequence, use of the recently proposed STRAW criteria may be helpful in counseling the perimenopausal woman regarding her expected
course. Measurement of serum FSH levels (with concomitant E2 measurement) is
helpful in determining a woman’s menopausal status, although normal values may
be encountered during advanced reproductive age. Measurements of serum inhibin
and possibly AMH may prove clinically useful with further study.
The use of estrogen in the peri- and postmenopausal woman requires careful
consideration of her personal history, family history, and comorbidities. This chapter has provided a review of nonhormonal options available for the treatment of
vasomotor symptoms as well as postmenopausal osteoporosis. Finally, recent data
indicating an association between surgical menopause and increased cardiovascular
and all-cause mortality prompt the gynecologist to reconsider routine prophylactic
oophorectomy at the time of hysterectomy for benign disease.
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Chapter 10

Clinical Implications of Prolonged
Hypothalamic Amenorrhea
Tammy L. Loucks and Sarah L. Berga

Case Scenario
History – A 26-year-old woman presents to the office with concerns about irregular
menstrual periods. The patient reports normal developmental milestones, including
menarche at age 13, and regular monthly periods until age 19. Her periods became
irregular during college. The physician who saw her attributed the irregular cycles to the
stress of college and prescribed oral contraceptive pills (OCPs) to regulate her cycles. The
patient did not like the side effects from the OCPs, and so she stopped taking the pill after
about 6 months. She reports no more than two episodes of very light vaginal bleeding per
year in the past 3 years. She reports regular exercise and that she follows a heart-healthy
diet. However, she often skips meals or grabs a piece of fruit for lunch because she is too
busy and forgets to eat. She is concerned that her amenorrhea may be impacting her longterm health and in particular her bones. Her mother (age 58) was recently diagnosed with
osteopenia and the patient has had two stress fractures in the last 4 years.
The patient reports that she regularly exercises to relieve stress. She began running in college while in an honors program with double major in political science
and French literature. She is now enrolled in a JD program and is considering criminal law. She has friends, dates, is on good terms with family, and has no reports of
abuse. She reports feeling overwhelmed and that she often says no to social functions because she has too much work and not enough time. She has always been at
the top of her class and has always gotten nearly straight A’s.
On physical examination, the patient is 5¢8² tall and 130 pounds (BMI 21.7 kg/m2)
and is a nonsmoker. She is Tanner stage 5 for escutcheon and breasts, has a normal
gynecoid habitus, and is not hirsute. Her sense of smell is intact. There is no acanthosis nigricans, no abdominal striae, and no areas of hyper- or hypopigmentation.
The patient’s visual fields are normal to confrontation. There are no focal lateralizing
neurological findings. She sustained a minor concussion 6 months ago while playing
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volleyball and an MRI obtained during her ER consult was normal. However, the
amenorrhea began before the head injury. You suspect that the patient has functional
hypothalamic amenorrhea (FHA).

Baseline Biochemical Evaluation
Urine bhCG
LH
FSH
E2
P4
Prl
TSH
T4
Androstenedione
Total testosterone

Systeme International d’Unites (SI)

Conventional (CI)

Negative
1.2 IU/L (0.8–26)
1.5 IU/L (1.4–9.6)
80.8 pmol/L (70–220)
0.8 nmol/L (6–64)
5 mg/L (2–15)
2.3 mU/L (0.5–5)
70.8 nmol/L (64–154)
3.8 nmol/L (3.5–7)
1.0 nmol/L (<3.5)

1.2 mIU (0.8–26)
1.5 mIU/L (1.4–9.6)
22 pg/mL (20–60)
0.25 ng/mL (2–20)
5 ng/mL (2–15)
2.3 mU/mL (0.5–5)
5.5 mg/dL (5–12)
1.10 ng/mL (1–2)
0.29 ng/mL (<1 ng/mL)

You offer the patient an opportunity to participate in a study of talk therapy and stress
management for women with hypothalamic amenorrhea. The patient consents to participate and is enrolled in the 20 week program. Eight months later, the patient returns
and reports that she has had regular menstrual bleeding pattern for 3 of the past 4
months. Her weight has not changed, and she continues to run 10–12 miles each
week. With the help of nutrition counseling, she eats more regularly and no longer
skips breakfast and plans a break in her day to eat lunch. She also had an opportunity
to do a volunteer rotation with a nonprofit human rights foundation and feels less
overwhelmed than before. The law school she attends has an excellent international
human rights program, and she has changed her focus to this domain of law. She
reports that she is now spending more time with friends and enjoys a busy social life
and that she has also recently started a new relationship. Her last menstrual cycle was
about 23 days ago, and the interval between cycles has been about 30 days.

Followup Biochemical Evaluation
Urine bhCG
LH
FSH
E2
P4
Prl
TSH
T4
Androstenedione
Total testosterone

Systeme International d’Unites (SI)

Conventional (CI)

Negative
3.0 IU/L (0.8–26)
4.0 IU/L (1.4–9.6)
367.1 pmol/L (70–220)
40.0 nmol/L (6–64)
8 mg/L (2–15)
4.0 mU/L (0.5–5)
96.5 nmol/L (64–154)
4.4 nmol/L (3.5–7.0 nmol/L)
0.9 nmol/L (<3.5 nmol/L)

–
3 mIU/L (0.8–26)
4 mIU/L (1.4–9.6)
100 pg/mL (20–60)
12.6 ng/mL (2–20)
8 ng/mL (2–15)
4 mU/mL (0.5–5)
7.5 mg/dL (5–12)
1.25 ng/dL (1–2)
0.26 ng/mL (<1 ng/mL)
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You inform the patient that her biochemical evaluation indicates ovulation. You
recommend a follow-up in 3 months or sooner should she decide that she needs a
reliable form of hormonal contraception.

Overview
Secondary amenorrhea, or the cessation of menses unrelated to pregnancy in a
previously eumenorrheic woman, may be the only overt indication of reproductive
compromise. Frequently, amenorrhea has as its cause unrecognized metabolic and/or
psychogenic stress. Reproductive “alignment” occurs when physiological responses
elicited by the external milieu modulate reproductive processes. If the internal or
external milieu is stressful, the biological systems mediating reproductive alignment
act to halt or compromise gametogenesis or fertilization and effect relative reproductive quiescence until the stress ameliorates. Determinants and mediators of reproductive alignment are many and because factors interact, the independent impact of any
one factor may be minimal and difficult to discern [1]. Indeed, a constellation of
factors determines whether reproduction is favored or impaired. Stress-induced
reproductive compromise is a diagnosis of exclusion. There are many organic, as
opposed to functional, conditions that manifest as anovulation or amenorrhea.
Congenital and anatomic causes, such as vaginal agenesis or other Muellerian abnormalities, must be excluded. Idiopathic hypothalamic hypogonadism due to Kallman’s
syndrome is difficult to exclude unless there is anosmia. A careful evaluation is mandated to exclude organic brain, hypothalamic, pituitary, thyroidal, adrenal, or ovarian
etiologies. Common organic etiologies include pituitary adenomas, ovarian failure,
polycystic ovary syndrome (PCOS), and hypothyroidism. However, the most common cause of hypothalamic hypogonadism with amenorrhea is likely stress. This is
important to recognize because stress-induced anovulation is theoretically reversible
with appropriate intervention.
Stress may be the underlying cause in the majority of cases of secondary amenorrhea, yet it remains one of the most underappreciated causes of infertility in both
women and in men. A clinically recognizable presentation of stress-induced hypothalamic hypogonadism in women is FHA. FHA affects roughly 5% of women
of reproductive age but less severe forms of hypothalamic hypogonadism are far
more common and occult (i.e., luteal insufficiency with eumenorrhea) and often
only recognized clinically when fertility is desired [2]. Women with FHA typically
have both subclinical metabolic compromise and psychogenic stress that interacts
synergistically to compromise reproductive function. Neuroendocrine concomitants of FHA include activation of the hypothalamic–pituitary–adrenal (HPA) axis
with resultant increased cortisol secretion and suppression of the hypothalamic–
pituitary–thyroidal (HPT) axis with relatively decreased thyroxine release in the
face of normal levels of thyroid stimulating hormone (TSH). Psychosocial correlates of FHA include unrealistic expectations of self and others, poor problemsolving skills, and cognitive distortions related to food and body image that do not
meet criteria for an eating disorder. Women with FHA rarely meet criteria for
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depression or a bonafide syndromal psychiatric disorder. However, they typically
report a higher need for social approval which generally reflects an external locus
of control. Having an external locus of control heightens psychosocial stressors.
Additionally, women with FHA report high degrees of perfectionistism, which may
manifest behaviorally as excessive exercise, high achievement or good grades, and/
or rigid dietary habits with imbalanced nutrient content or insufficient energy intake
relative to expenditure [3–5].
Epidemiological data looking at long-term health of women with FHA are limited in part because most women are not given a concrete diagnosis before initiating
treatment with oral contraceptives to regulate menstrual cycles or undergoing fertility procedures when pregnancy is desired. Because women with FHA do not display the same degree of undernutrition as women with anorexia nervosa and they
do not meet criteria for depression, it is difficult to gauge the acute and chronic
health risks of having untreated FHA by extrapolation from other similar conditions
[6]. However, there is evidence to suggest direct negative health effects, including
increased risk for osteoporosis, neurodegenerative diseases, and cardiovascular
disease (CVD) in women with FHA. In addition, women with FHA who become
pregnant are at increased risk for poorer pregnancy outcomes, including intrauterine growth restriction, preterm labor and low birth weight, and possibly congenital
birth defects. Taken together, these observations support the notion that unresolved
and untreated FHA and even less clinically obvious forms of hypothalamic hypogonadism may heighten acute and chronic health risk to the individual and through
epigenetic mechanisms during gestation to future generations.
The conventional therapeutic options offered to women with FHA are oral contraceptives when fertility is not desired and ovulation induction or assisted reproductive interventions when fertility is sought. The rationale for these interventions
is based on the view that FHA represents an isolated compromise of reproductive
function and that only the reproductive manifestations need to be treated. Herein,
we present evidence that challenges this perspective. We highlight the nonreproductive health consequences of stress-induced reproductive compromise in women
and discuss nonpharmacological approaches, particularly cognitive behavior therapy (CBT), to ameliorate stress, restore fertility, and improve overall health.

Neuroendocrinology of FHA
Functional hypothalamic hypogonadism is present in about 35% of women seeking
clinical evaluation of secondary amenorrhea [7]. The proximate cause of FHA is
reduced in central GnRH drive. When sufficient in duration and magnitude, reduced
GnRH drive results in anovulation and amenorrhea. Because decrements in central
GnRH–LH/FSH drive exist on a continuum and vary from day to day [8], it follows
that the associated ovarian compromise exists as a spectrum and manifests as
amenorrhea, polymenorrhea, oligomenorrhea, or luteal insufficiency with preserved menstrual interval. The more occult forms of hypothalamic hypogonadism
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Fig. 10.1 Representation of the spectrum of presentation of functional hypothalamic hypogonadism. Adapted from Berga and Loucks [9]

are estimated to be much more common [2] and likely come to clinical attention
when fertility is compromised, see Fig. 10.1 [9].
The purpose of the hypothalamus is to generate an “endocrine action plan” to
preserve the organism in the face of challenge. Acutely, stress elicits homeostatic
responses designed to restore hormonal equilibrium. When stressed chronically, the
resultant adaptive hormonal alterations preserve the individual by conserving
metabolic expenditure by limiting reproductive function and by dampening basal
metabolic rate. Chronic adaptive responses are termed “allostatic.” Women with
stress-induced anovulation or FHA show what might be termed neuroendocrine
allostasis. Specifically, there is reduced GnRH drive in the face of reduced ovarian
secretion of estradiol and progesterone, feedback resistance to the inhibition of
corticotrophin-releasing hormone (CRH) release despite increased cortisol in both
the circulation and cerebrospinal fluid [10], and lack of a rise in TSH levels despite
a decline in thyronine and thyroxine levels. Using a monkey model of stressinduced reproductive compromise, we recently found enhanced sensitivity to the
feedback suppression of the pituitary to estradiol [11].
The primary mediators of the stress response are the hypothalamic CRH and
the locus coruleus-noradrenergic (LC-NE) neuronal networks and their respective
effector systems, the pituitary–adrenal axis, and the autonomic pathways [12].
These systems are linked in a positive feedback loop so that activation of one

176

T.L. Loucks and S.L. Berga

system activates the other. There are innumerable animal studies demonstrating
that the activation of the HPA axis using a variety of stress paradigms induces
reproductive compromise. However, only a few studies have been performed to
elucidate the mechanisms mediating the disruption of GnRH drive. The evidence
that exists supports that hypothalamic GnRH secretion is influenced by both central and peripheral factors and putative regulators include CRH, b-endorphin,
dopamine, vasopressin, neuropeptide Y, g-aminobutyric acid (GABA), and serotonin. For a more extensive review of the neuroendocrine pathways regulating
GnRH drive, please refer to Berga and Loucks [13] and Berga and Yen [14].
Evidence supporting the concept that stress impairs ovarian function in women
is derived from the consistent demonstration that women with hypogonadotropic
hypogonadism not due to defined organic conditions have higher cortisol levels
than eumenorrheic, ovulatory women [15–17]. Increased cortisol levels are evident
in both the systemic [15, 18] and central [10] compartments. Further, the association between increased cortisol and functional hypothalamic hypogonadism holds
in women with athletic amenorrhea [19, 20]. In their study, Loucks et al. found that
eumenorrheic athletes had lower luteal progesterone secretion, fewer LH pulses in
a day, and higher cortisol levels compared to eumenorrheic sedentary women.
Furthermore, anovulatory amenorrheic athletes had the fewest LH pulses in a day
and the highest cortisol levels despite comparable levels of exertion and fitness.
In addition to the activation of the HPA axis, women with FHA also display
changes in the thyroidal axis. Specifically, women with FHA present with decrements in thyronine and thyroxine, yet TSH levels are preserved [15, 18, 21]. This
presentation suggests an altered hypothalamic set point akin to what is seen in
hospitalized patients who develop what is referred to as “sick euthyroid syndrome.”
[15] As was the case of HPA activation, athletic women who have reproductive
compromise display hypothalamic hypothyroidism [22]. To summarize, the hypothalamic response to chronic stress causes metabolic mobilization, activation of
the HPA axis, and hypothalamic hypothyroidism so as to reduce energy expenditure
by lowering basal metabolic rate and reducing the energy spent on reproductive
function.

Behavioral Correlates of FHA
Explicating the behaviors and psychosocial factors that promote and sustain the
neuroendocrine allostasis of functional hypothalamic hypogonadism has been one
of our primary research interests for more than two decades. We have characterized
the psychosocial correlates of women with FHA using a wide variety of standardized psychometric inventories and have found that certain characteristics, including
mild depressive symptoms, unrealistic expectations of self and others, maladaptive
concepts centering on body image, drive for thinness, perfectionism, and need for
social approval are more prevalent in women with FHA compared to ovulatory
eumenorrheic women and women with other forms of anovulation [3–5].
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Two contrasting schools of thought exist regarding the pathogenesis of FHA and
the reduction in GnRH/LH drive. One school attributes the disruption of GnRH
primarily to psychosocial stress and maladaptive cognitions engendering behaviors,
such as undereating and overexercising, that alone or in combination induce mild
chronic or intermittent energy deficiency [23]. The other school posits that FHA is
primarily caused by volitional energy restriction or expenditure [24]. When subjected prospectively to the combination of running and weight loss, many, but not
all women, developed transient anovulation [25]. Cameron et al. showed in monkeys that developed anovulation in response to running that caloric supplementation
restored ovulatory function [26]. In unselected eumenorrheic women, GnRH/LH
drive was resistant to the acute nutritional challenge of a 72 h fast [27] suggesting
that acute caloric restriction alone was not a potent stressor. However, in a study
that applied graded energy reductions in eumenorrheic women for a longer duration
of 5 days, Loucks and Thuma observed a 40% decline in LH pulse frequency with
a 75% reduction in energy availability. These same women displayed a compensatory increase in cortisol secretion and, at the highest level of energy restriction, the
cortisol levels increased 30% [28]. Although the increase in cortisol levels observed
in this group were comparable to that seen in women with FHA, the level of energy
restriction in the experimental paradigm was far greater than that reported by
women with FHA. What differs between the subjects in these studies and women
with FHA is the psychological compartment. Thus, FHA is more likely to develop
when there is both a psychosocial component and an energy deficiency [29]. To
look at interactions, we employed a monkey model in which we applied an isolated
energy challenge of exercising with mild calorie restriction, an isolated psychosocial challenge of moving to a new milieu, and then we combined both the metabolic
and psychosocial challenges. We found that neither metabolic nor psychosocial
challenge alone potently compromised menstrual cyclicity, whereas the combination elicited a marked impairment in most [1].
Another factor that differs between research subjects given an energy restriction
and women with FHA is that women with FHA “voluntarily” restrict food and calorie intake. The restricted or irregular nutritional intake common in FHA likely
indicates a disturbance in appetite and resistance to appetite signals. Ghrelin is a
potent orexigenic signal secreted by the cells lining the gastric fundus. Ghrelin
administration caused a negative energy balance that decreased GnRH/LH drive and
increased cortisol in female rhesus monkeys. Vulliemoz and colleagues used this
paradigm to assess the effects of CRH blockade on the effects of energetic challenge
caused by ghrelin administration. Astressin B, a CRH receptor antagonist, blocked
the reduction of GnRH/LH pulsatility and increased cortisol secretion when coadministered with ghrelin [30]. Interestingly, women with anorexia nervosa have elevated ghrelin levels elicited by chronic energy deprivation, yet they eat less when
given ghrelin exogenously [31], indicating “appetite allostasis” or resistance to
appetite signals. These results highlight the link between HPA activation and reproductive dysfunction and reinforce the concept that a combination of stressors more
potently activates the HPA axis with concomitant neuroendocrine, including reproductive, consequences. These results invalidate the false dichotomy fostered by the
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question whether reproductive compromise is due to energy deficit vs. psychogenic
challenge because in real life these types of stressors travel together [29].
The clinical significance of finding synergism between metabolic/energetic
imbalance and psychosocial challenge is that recovery from FHA requires amelioration of energetic imbalance, but not necessarily weight gain, as well as psychosocial support and cognitive restructuring. Further, if FHA is an allostatic state
attributable to psychophysiological and behavioral responses to stress that synergistically activate central neuroregulatory networks to concomitantly alter metabolism
and suppress the central reproductive axis (GnRH/LH drive), then the neuroendocrine concomitants should reverse when the interaction between energy insufficiency and psychosocial challenge is interrupted. Given that sustained decrements
in estradiol, increased cortisol, and subclinical hypothyroidism are likely to negatively impact long-term health for the individual and, through epigenetic mechanisms, fetal development if fertility is induced via reproductive technologies, we
sought to determine if FHA could be reversed.

Potential Health Implications of FHA
Increased HPA axis activity is triggered by a variety of different stressors such as
restraint or isolation stress, energy depletion, surgery, and psychosocial stress [32, 33].
When stress is defined as the anticipation of an adverse or dangerous situation that
exceeds individual coping capacities [34], the ability to delay reproduction until conditions are more favorable makes sense. A decrease in GnRH drive results in a corresponding reduction of pituitary secretion of the gonadotropins LH and FSH and thus
reduces the signals for follicle development and ovulation. Correspondingly, follicles
make less estradiol and progesterone, which reduces endometrial stimulation and
results in amenorrhea. When the HPA axis is chronically activated and results in FHA,
the associated estrogen deficiency carries negative health consequences for nonreproductive tissues and heightens the risk for osteoporosis, CVD, and psychiatric syndromes, Table 10.1.
Certainly, bone accretion is compromised in FHA [6], and bone accretion is not
readily restored by oral contraceptive use in this context [35–38]. The lack of
effectiveness is likely a consequence of chronic or intermittent catabolism and/or

Table 10.1 Putative health consequences associated with functional hypothalamic
hypogonadism
Systemic consequences
Reproductive consequences
Osteoporosis
Infertility
Psychiatric syndromes
Preterm labor
Neurodegenerative conditions
Intrauterine growth restriction
Cognitive impairment
Compromised fetal neurodevelopment
Cardiovascular disease (CVD)
Compromised parenting
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hypercortisolism blocking the positive effect of sex steroids upon bone accretion.
This topic is being addressed in greater detail in another section of this text, but
suffice it to say that bone accretion is only possible when an individual is in an
anabolic state and sex steroids alone will not reverse catabolism.
We recently found that CSF cortisol concentrations are significantly elevated in
women with FHA [10], and this observation raises concern of heightened risk for
neurodegenerative disease and dementia [39] as well as other potential health burdens [40, 41]. Further, premenopausal hypogonadism alone, independent of cause,
has been linked to an increased late-life risk of depression, Parkinson disease, and
dementia [42, 43]. In women with functional hypothalamic hypogonadism who
conceive, hypothyroxinemia carries a risk of poor fetal neurodevelopment [44, 45].
Further, maternal stress [46–48] and even brief undernutrition [49] increases the
risk of preterm delivery and intrauterine growth restriction. For comprehensive
reviews, please refer to Ditzen et al. [50]. What is less often appreciated is the
impact of chronic hypoestrogenism coupled with increased cortisol on the cardiovascular system in women with FHA.
CVD is the leading cause of death in women in the USA and more women die from
CVD than men. There are two forms of reproductive compromise that increase the risk
of CVD, PCOS, and FHA. PCOS is a complex chronic condition associated with
oligomenorrhea, hyperandrogenism, and metabolic syndrome, including dyslipidemia
and insulin resistance. Women with PCOS display increased risk factors for CVD that
are evident at younger age as compared to women with normal menstrual history [51],
and these risk factors appear to be associated with the endocrine milieu rather than the
appearance of polycystic ovaries on ultrasound evaluation [52]. Conversely, while
women with FHA do not have the metabolic syndrome phenotype, they have chronic
stress, undernutrition, and hypoestrogenism. Kaplan et al. have demonstrated that
monkeys with mild subclinical ovarian compromise related to social subordination
have an increased risk of CVD [2, 53]. The monkey model raises concern that women
with longstanding FHA may be at increased risk for premature or accelerated CVD.
Indeed, the Women’s Ischemia Syndrome Evaluation (WISE) study found a
significant association between premenopausal angiographic coronary artery disease (CAD) and hypothalamic hypogonadism [54]. On further analysis, it was
found that premenopausal women with both hypothalamic hypogonadism and diabetes had more extensive angiographic CAD than those with either diabetes or
hypothalamic hypogonadism alone [55]. Low levels of gonadotropins in this study
population argue against underlying PCOS as a contributor to the observed effect.
Endothelial function has also been shown to be compromised in women with exercise amenorrhea [56]. O’Donnell et al. recently showed that women athletes with
chronic hypoestrogenemia displayed impaired peripheral vascular function that was
combined with lower resting blood pressures and heart rate and reduced ischemic
responses to occlusion challenge compared to ovulatory exercising and ovulatory
sedentary women [57]. These observations substantiate the importance of cyclic
ovarian function as an indicator of overall health and wellbeing. When the internal
and external environments are sufficiently stressful so as to disrupt systems mediating reproductive alignment, acute and chronic health risks accrue to the individual
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and future generations. Approaches that address the whole patient, identify and
ameliorate stress, and promote balance are warranted as these will likely have the
greatest impact on overall health.

Treatment Considerations
As depicted in Fig. 10.1, most functional hypothalamic hypogonadism in women is
subclinical and may only come to clinical attention when there is unexplained
infertility or when the menstrual interval is markedly short, long, very irregular, or
absent. Similarly, luteal insufficiency due to decreased GnRH/LH drive may only
be detected when infertility results. Even then, it is difficult using standard office
techniques to document intermittent anovulation or luteal insufficiency. It is thus
reasonable to say that the more clinically evident the ovarian compromise, the
greater the hypothalamic challenge and the more profound the associated HPA,
HPT derangements, and sex steroid deprivation. The diagnosis of FHA can be made
only by the exclusion of all other organic forms of secondary anovulation, including PCOS, premature ovarian failure, hyperprolactinemia, organic adrenal and
thyroidal dysfunction, autoimmune enteropathies, and psychiatric causes.
As mentioned previously, FHA is more than an isolated disruption in central
GnRH/LH drive. There is direct evidence of HPA activation in the systemic [15, 18]
and central compartments [10] and allostatic adjustments in the thyroidal axis,
specifically normal TSH levels despite significantly lower T3 and T4 levels [15, 18,
21]. In women who were in the process of spontaneously recovering from FHA,
cortisol levels were comparable to eumenorrheic ovulatory women, but LH pulsatility was not fully restored, and TSH levels were markedly elevated in the face of
persistent reductions in T3 and T4 levels [18, 21]. We recently compared metabolic
variables in women who did and those who did not recover from FHA after a course
of CBT [58]. Taken together, these findings suggest that the thyroidal axis remains
restrained by an as yet uncharacterized factor(s) after HPA and HPO recovery or
recovers more slowly than the HPA and HPO axes.
The conventional therapy for women with FHA is oral contraceptives when
fertility is not desired and ovulation induction or assisted reproduction when it is.
These approaches address the symptoms of amenorrhea and infertility but do not
address the underlying allostatic adjustments of the adrenal and thyroidal axes.
Thus, women with FHA treated with hormone replacement remain at increased risk
for bone loss and cardiovascular effects related to chronic activation of the HPA,
hypothalamic hypothryroidism and hypoestrogenism [6, 35, 36, 59].
Alternatively, if a woman with functional hypothalamic hypogonadism is seeking
to become pregnant, ovulation induction can be accomplished technically with exogenous administration of pulsatile GnRH therapy [60, 61] or exogenous administration of gonadotropins. The obvious advantage of exogenous GnRH therapy is that it
diminishes the risk of ovarian hyperstimulation and multiple gestations associated
with gonadotropins; however, it is no longer available. Clominphene citrate may
not be an effective strategy because it has a hypothalamic site of action, and the
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h ypothalamus is not normoresponsive to estrogen feedback [11]. There also is some
concern that ovulation induction may place women with FHA at risk for premature
labor and intrauterine growth retardation [62]. The parenting skills of women with
FHA may be impaired because they are already overwhelmed and stressed prior to
pregnancy and delivery and thus their children may be at risk for poor psychosocial
development [63]. Further, children born to mothers with clinically occult autoimmune hypothyroidism had a mean full-scale intelligence quotient that was 7 points
lower than the control population [44]. The women with clinically occult hypothyroidism had a 30% reduction in thyroxine, which is roughly what is observed in
women with FHA. These findings are explained by the fact that maternal thyroxine
is the only source of fetal thyroxine in the first trimester and the predominant fetal
source in the second and third trimesters. Appropriate thyroxine is required for fetal
neurogenesis and even small decrements may induce neurodevelopmental deficits.
Increased maternal cortisol may also have independent effects upon fetal neurodevelopment and organogenesis. Recent evidence showed that severe stress such as
that associated with the unexpected death of a child increased the risk of congenital
anomalies of the cranial neural crest eightfold [47]. Further, stress and its endocrine
concomitants have been implicated as a cause of preterm delivery. It is not known if
the endocrine concomitants associated with FHA pose a similar risk, but this is
clearly a potential hazard if ovulation induction is undertaken before amelioration of
the allostatic changes in the adrenal and thyroidal axes.
Although psychopharmacologic approaches have not been well studied, they
probably could be used on an interim basis in special circumstances. The study of
Judd suggested that a short course of alprazolam might be effective in reducing HPA
activation and permitting hypothalamic–pituitary–ovarian recovery [64]. However,
this approach would not be the best for a woman hoping to conceive because of the
risk of fetal exposure to benzodiazepines. The optimal intervention is to interdict the
stress process so that the hypothalamus recovers and gonadal function resumes. An
integral goal of the treatment plan for women with functional hypothalamic hypogonadism is to help them identify and ameliorate the sources of psychogenic and
metabolic stress and to provide emotional support while coping mechanisms other
than nutrient restriction or exercising are learned. Nonpharmacologic interventions,
such as stress management, relaxation training, or psychoeducation, empower individuals by fostering self-care and competency. In this regard, nonpharmacologic
therapies have the potential to produce long-term benefits upon psychological, and
thereby, physical health. Behavioral therapies acknowledge the wisdom of the body
and recognize that FHA represents an endocrine adaptation that can be reversed
with appropriate psychogenic and behavioral modifications.
Given these considerations, we recently studied whether CBT aimed at ameliorating
problematic attitudes and behaviors would permit reproductive recovery in normal
weight women with FHA [65]. Women with FHA were randomized to observation vs.
CBT. CBT focused on attitudes rather than behaviors. The program consisted of 16
individual sessions over 20 weeks. Participants met with a trained master’s level clinician, a research dietitian, and a reproductive endocrinologist. The sessions occurred
in three overlapping stages intended to (1) define healthy eating and exercise patterns;
(2) identify stress-enhancing behaviors and guide the participant in developing strategies
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and problem solving skills to reduce stress; and (3) reinforce strategies and plans for
resolving stress and avoiding relapse once CBT concluded [65]. Women in both the
observation and CBT groups were followed for the return of menses for up to 8 weeks
following the intervention. Regardless of menstrual pattern, estradiol and progesterone
levels were monitored at weekly intervals for 4 weeks before and after observation vs.
CBT. About 88% of those who underwent CBT had evidence of ovulation, whereas
only 25% of those who were observed did. Figure 10.2 shows sex steroid secretion in a
woman treated with CBT who showed ovarian recovery contrasted with those in a
woman randomized to observation who did not have the recovery of ovarian function.

Fig. 10.2 Serum levels of ovarian hormones (estradiol open circle) and (progesterone filled square) and
episodes of vaginal bleeding (red filled circle) in a woman with functional hypothalamic amenorrhea
(FHA) who was observed and did not recover (top) compared to a woman with FHA who was treated
with cognitive behavior therapy (CBT) and recovered (lower). Adapted from Berga et al. (2003) [65]
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Interestingly, when it occurred, ovarian recovery was not associated with significant
weight gain. This does not mean that subjects did not alter food intake or energy expenditure, however. Once stress and undernutrition are reduced, the thyroidal axis may
increase basal metabolic rate, allowing greater food intake without weight gain.
Persistent HPA activation, which elevates CSF cortisol more than circulating
cortisol levels, [10] carries long-term health risks for the woman and, should she
conceive, for the fetus [46, 48]. Increased cortisol is one of the factors that suppresses the thyroidal axis. As the mother is the sole source of thyroxine for the fetus
during the first and the predominant source during the second and third trimester,
the clinician should consider that assisted reproduction presents an unrecognized
fetal risk because persistent hypothalamic hypothyroidism may compromise fetal
neurodevelopment [44, 45]. Further, psychosocial stress [46–48] and even brief
undernutrition [49] increases the risk of preterm delivery and intrauterine growth
restriction. In contrast, CBT offers a focused therapeutic option that avoids medical
risks and costs associated with ovulation induction and assisted reproduction while
at least partially reversing neuroendocrine allostasis. Since the effect of CBT
accrues with time while that of pharmacologic interventions does not, CBT should
be a mainstay of intervention for stress-related infertility and FHA even if it is not
the only therapy the patient receives.

Conclusion
While stress is generally categorized as psychogenic or metabolic, strictly speaking, these are not separable entities. Further, the impact of chronic stress is not
limited to the reproductive axis. Adjustments in other systems, specifically HPA
and HPT axes occur concomitantly. The health burden of chronic stress puts individuals at increased risk for osteoporosis, CVD, and mental health impairments
such as mood disorders, migraines, and insomnia. Thus, when evaluating the
patient with hypothalamic amenorrhea, consideration must be given to both longterm and short-term consequences. Behavioral treatments are directed toward amelioration of the underlying stress, are effective, and will likely have a greater
positive impact on overall health than pharmacologic approaches.
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Chapter 11

Long-Term Implications of Oophorectomy at
the Time of Hysterectomy for Benign Disease
Donna Shoupe and Jonathan S. Berek

Introduction
The National Center for Health Statistics report that in 2004, of the 617,000
hysterectomies performed in the USA, 73% also involved the surgical removal of
the ovaries. In the United States, by age 60, about 1/3 of women undergo a hysterectomy [1, 2]. Over the past decade, an average of 622,000 hysterectomies per year
have been performed, and it is now estimated that there are 22 million women in
the USA who have undergone this procedure [2]. According to the CDC, 52% of
all hysterectomies are performed in women aged 44 years of age or younger. Of
over 3 million hysterectomies performed between 1994 and 1999 in the USA,
slightly over 10% were done for a primary diagnosis of cancer (Table 11.1). It is
important to recognize the long-term implications of hysterectomy with and without oophorectomy and to counsel patients accordingly.

Arguments for and Against Oophorectomy
One of the main arguments in the USA for bilateral oophorectomy at the time of
hysterectomy for benign disease is to prevent the later development of ovarian
cancer. While the overall lifetime risk of ovarian cancer is 1.4% among the U.S.
women, the risk varies depending on the presence of risk factors. For white women
with three or more term pregnancies and 4 or more years of oral contraceptive use,
the risk of ovarian cancer by age 65 is only 0.3% compared to 1.6% among
nulliparous women with no prior oral contraceptive use [3]. Other arguments for
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Table 11.1 Estimated hysterectomy rates by age group and primary discharge diagnosis in the
United States 1994–1999
Age
Cancer
Hyperplasia Endometriosis Leiomyoma
Prolapse
Other
15–29
13,193
53,663
12,312
17,173
165,120
30–34
20,318
3,533
106,575
69,836
47,816
87,806
35–39
29,246
8,026
156,330
222,206
77,818
103,526
40–44
36,906
13,792
143,718
399,277
80,342
69,542
45–54
64,802
44,990
136,060
553,641
126,851
72,132
>55
192,596
49,990
34,488
103,805
241,165
59,024
Total
360,197
121,651
630,834
1,361,786
593,619
457,150
Adapted from ref. [98]

oophorectomy include decreasing the risk of subsequent ovarian pathology or
adnexal pain that might require additional surgery. The reoperation rate in hysterectomized women for adnexal pathology is reported to be between 0.895 and
5.5% [4–6].
The chief argument against routine oophorectomy is that premenopausal
oophorectomy leads to an abrupt decline in circulating estrogens and androgens,
often leading to severe menopausal symptoms, including hot flashes, sleep disturbance, mood alteration, vaginal dryness, and sexual problems. Most importantly,
oophorectomy has been associated with higher risks of coronary heart disease
(CHD), hip fracture, Parkinsonism, dementia, cognitive impairment, visual
declines, depression, and anxiety [7, 8]. There is growing concern that the benefit
of reducing a woman’s risk of ovarian cancer is outweighed by an increased risk of
these serious diseases [9–11]

Long-Term Risks of Hysterectomy
The average age at menopause in women who have had an extrafascial hysterectomy and preservation of the ovaries is 3.7 years earlier than in women who have
an intact uterus [12]. This is thought to be due to a decreased blood supply to the
ovaries after hysterectomy. Multiple studies have also documented lower androgen
levels [13–15] and higher rates of bone loss in older hysterectomized women compared to nonhysterectomized women [16, 17]. A limited number of women report
long-term adverse effects on sexual function after hysterectomy, including vaginal
shortening or symptoms related to a loss of support to the bladder and bowel.
However, improved sexual satisfaction and relief of bladder problems and improvements of bowel function are more commonly reported, especially in women with
pain, bleeding problems or bowel or urinary problems prior to surgery. The loss of
reproductive function may have emotional implications for a limited number of
women.
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Long-Term Risks of Oophorectomy in Premenopausal Women
Hot Flashes, Mood, and Quality of Life
Following bilateral oophorectomy in a premenopausal woman, the sudden loss of
estrogen often triggers severe menopausal symptoms such as hot flashes, mood
changes, headaches, reduced well-being, and sleep disturbances [18–21]. Within a
few years, other common problems associated with estrogen deficiency include
vaginal dryness, painful intercourse, loss of sex drive, bladder dysfunction, poor
sleep quality, and symptoms of depression also emerge [22–25]. The severity of
these symptoms and other estrogen deficiency-related problems are increased in
oophorectomized women compared to naturally menopausal women, occur at an
earlier age, and are usually more difficult to treat with hormonal therapy [21]. It is
reported that more than 90% of premenopausal women will have vasomotor symptoms following oophorectomy [26].

Urogenital Atrophy
The loss of estrogen support for the bladder and vagina results in changes in lubrication, pH, normal bacterial flora, and tissue structure. Short-term symptoms associated with estrogen deficiency include decreased vaginal lubrication, itching,
dryness, burning, and discharge. Long-term estrogen and possibly also androgen
deficiencies lead to thinning of the vaginal epithelium and shrinkage of the tissues.
Over time, these changes may result in fissures, ecchymoses, ulcerations, painful
intercourse, pruritis, chronic inflammation, and vaginal stenosis. Changes in the
urethral and bladder epithelium may cause a sensation of bladder pressure, urethral
discomfort, dysuria, incontinence, urinary frequency, and recurrent urinary tract
infections.
Oophorectomy, a predisposing factor leading to urogenital atrophy [26, 27] that
increased the incidence of urogential atrophy is reported in surgically menopausal
women compared to naturally menopausal women [26–28]. This may be related to
the low levels of androgens in oophorectomized women, as higher levels of androgens are reported to be protective [28].

Sexual Function
Oophorectomy in premenopausal women is often associated with a negative impact
on sexual function. There is strong evidence that sexual desire and motivation
in women are highly dependent on androgens [29, 30]. Additionally, androgens
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appear to impact on sexual sensation and orgasmic response. Studies report that
following prophylactic oophorectomy, women with a high risk of hereditary ovarian cancer have significantly lower menopause-specific quality of life scores. In one
study, 42–53% of the participants reported that their satisfaction with sexual functioning was moderately to extremely compromised [31]. In a similar study done in
846 high-risk women undergoing prophylactic oophorectomy, participants reported
significant postoperative declines in sexual functioning and other endocrine
problems [32].
Studies in normal risk women report no decline in sexual function following
hysterectomy alone, but dramatic reductions following hysterectomy with oophorectomy. These declines in sexual function were reversed following estrogen and
androgen therapy [22].

Central Nervous Effects: Cognitive Thought, Memory,
Depression, Parkinson’s Disease
Premenopausal oophorectomy is reported to have significant effects on CNS function and is associated with declines in cognitive thought, memory, energy level,
mood, and feelings of wellbeing [22, 25, 33–40]. Estrogen has been shown to be
neuroprotective in animals and cell culture, [35] suppressing inflammation, reducing oxidative stress, improving synapse formation, upregulating neurotrophic factors, facilitating regeneration of vascular endothelium, [41] protecting dopaminergic
neurons, reducing oxidative stress, and upregulating neurotrophic factors. Estrogen
may act as an antioxidant, and appears to increase choline acetyltransferase activity
and reduce deposition of amyloid [35, 42].
The Mayo Clinic Cohort Study followed women living in Minnesota who underwent either unilateral (n = 1,252) or bilateral oophorectomy (n = 1,075) for 25–30
years. These women were age matched to women (n = 2,368) who had not undergone
oophorectomy. The results of this study reported that women who underwent either
unilateral or bilateral oophorectomy prior to menopause and did not take hormone
therapy had an increased risk of parkinsonism (HR 1.68; 95% CI 1.06–2.67), cognitive impairment or dementia (HR = 1.46; 95% CI 1.13–1.90), and anxiety (HR = 2.29;
95% CI 1.13–3.95) or depression (HR = 1.54 95% CI 1.04–2.26). The risk of each of
these conditions increased with younger age at oophorectomy. The authors proposed
that ovarian hormones have a neuroprotective effect [10, 36, 37].

Osteoporosis and Hip Fracture
Both androgens and estrogens play important roles in normal bone metabolism as
estrogens and androgens inhibit bone resorption and androgens stimulate bone
formation [43]. Following oophorectomy in premenopausal women, increased bone
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turnover, and overall bone loss begins unless adequate hormone therapy is promptly
started. Oophorectomy is considered an important risk factor for the development
of osteoporosis and hip fracture [44]. After bilateral oophorectomy, women have
significantly lower levels of androgens and estrogens compared to those who are
naturally menopausal [14, 45–47]. Low levels of these hormones have been linked
to lower bone density and increased the risk of hip fracture and vertebral fractures
[14, 16, 48–52]. Unfortunately, hip and vertebral fractures are associated with
increased morbidity and mortality [53, 54].

Quality of Life: Lens Opacities, Body Mass
Increases in macular degeneration and lens opacities are linked with early menopause [55, 56]. Oophorectomy adversely affects skin, body composition, and central adiposity [57–61].

Cardiovascular Disease
Multiple observational studies report that women with surgical menopause have an
increased risk of cardiovascular morbidity and mortality compared to women with
natural menopause [7, 8, 62–70]. Data from the Nurses’ Health Study (NHS)
reported that oophorectomy between ages 40 and 44 doubled the risk of myocardial
infarction (RR 2.2 95% CI 1.2, 4.2) compared to that of women with intact ovaries
[7, 71]. Even after age 50, oophorectomy increases the risk of developing a first MI
compared to controls (RR 1.4, 95% CI 1.0–2.0) A published metaanalysis of observational studies found that oophorectomy doubled the risk of cardiovascular disease (RR 2.62 95% CI 2.05, 3.35) [8].
Other studies support the increased risk of cardiovascular disease following
oophorectomy. Data from the Women’s Health Initiative (WHI) showed that hysterectomy with oophorectomy was an independent predictor of increased
Framingham risk of myocardial infarction or coronary death [67]. Oophorectomy
has been shown to increase serum lipids [72, 73], reduce carotid artery blood flow,
[74] and have adverse effects on other atherosclerotic risk factors [75–77]. Women
having earlier menopause, as a result of bilateral oophorectomy, have more subclinical atherosclerosis compared to age-matched women who had natural menopause [78].
In a substudy of WHI placebo-controlled trial of conjugated estrogens, the
authors aimed to determine the associations between coronary artery calcium
(CAC) and hysterectomy, oophorectomy, and hormone therapy. CAC was measured
by computed tomography in participants 1.3 years after the trial was stopped.
Participants included 1,064 women with previous hysterectomy, aged 50–59 years
at baseline. The mean trial period was 7.4 years. Imaging was performed at a mean

192

D. Shoupe and J.S. Berek

of 1.3 years after the trial was stopped. The mean age was 55.1 years at randomization
and 64.8 years at CAC measurement. There was a significant interaction between
bilateral oophorectomy and prerandomization HT use for the presence of any CAC
(p = 0.05). When multivariable analyses were restricted to women who reported no
previous HT use, those with bilateral oophorectomy had an odds ratio of 2.0 (95%
CI: 1.2–3.4) for any CAC compared with women with no history of oophorectomy,
whereas among women with unilateral or partial oophorectomy, the odds of any
CAC was 1.7 (95% CI: 1.0–2.8). Among women with bilateral oophorectomy, HT
use within 5 years of oophorectomy was associated with a lower rate of CAC. The
authors concluded that factors related to oophorectomy and the lack of estrogen
treatment may be related to CHD [79].

Long-Term Risks of Oophorectomy in Postmenopausal Women
Hormone Production in the Postmenopausal Ovary
During the reproductive years, ovarian follicles secrete relatively large amounts of
estrogens and androgens. During the menopausal transition, there is a loss of follicular activity and a resultant drop of estrogen, progesterone, and androgens. It is
believed that the postmenopausal ovarian stromal tissues continue to produce substantial amounts of androgens and remain an important source of androgens for the
remainder of a woman’s lifetime [45–47, 80–82]. The peripheral conversion of
these androgens to estrogens also provides low levels of circulating estrogens.
Postmenopausal women with intact ovaries have significantly higher levels of
plasma testosterone, androstenedione, and estrogens than oophorectomized women
[45–47, 80] (Table 11.2). The benefits of postmenopausal ovarian androgens on
bone and their derivatives and the consequences of their removal are well documented [45–48, 50–52].
In a cross-sectional study in 684 postmenopausal women ages 50–89 in a community-dwelling postmenopausal women, both total and bioavailable testosterone
levels were 40% lower (p < 0.001) in hysterectomized women with bilateral
oophorectomy compared to those in intact women. Women with ovarian conservation and hysterectomy had intermediate levels. Total estradiol levels tended to be

Table 11.2 Steroid hormone levels in natural vs. surgical menopause
Mean steroid levels in women (pg/mL)
Reproductive age (luteal phase)
Natural menopause
Estradiol
150
10–15
Testosterone
400
290
Progesterone
12,000–20,000
<100
Adapted from refs. [45–47]

Surgical menopause
10
110
<100
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lower (p = 0.095) in bilaterally oophorectomized women. Interestingly, among
intact women, total testosterone levels increased with age (p = 0.015) peaking in the
70s to premenopausal levels and there on remaining relatively stable. Among intact
women, total, but not bioavailable, testosterone levels increased with age (p = 0.015),
reaching premenopausal levels for the 70–79 decade with relatively stable levels
thereafter. The authors concluded that the postmenopausal ovary remains a critical
source of androgen throughout the lifespan of older women. They suggested that
reconsideration of prophylactic oophorectomy and further study of the effects of
androgen replacement after oophorectomy are needed [14].

Controversies on Postmenopausal Ovarian Enzyme Activity
Despite a large body of research studies demonstrating substantial production of
androgens from postmenopausal ovaries, [45–47, 80–84] controversy remains
regarding steroidogenic enzyme expression in the postmenopausal ovary. Investigators
have demonstrated gonadotropin binding sites in the postmenopausal ovary, [85, 86]
responsiveness to gonadotropins, [87] and decreases in serum androgen levels after
postmenopausal women are treated with GnRH agonists [88]. Studies in women
with endometrial hyperplasia or cancer, demonstrated by northern analysis that the
postmenopausal ovary possesses all the enzymes necessary for androgen synthesis
[89]. However, in a well-known study of ovarian steroidogenic enzymes by immunohistochemistry, the authors reported that the postmenopausal ovary lacked aromatase. They also reported that the enzymes necessary for ovarian androgen
synthesis were detected very weakly and were scattered in hilar cells [90].
Recently, more sensitive detection methods have been used to determine the
steroidogenic enzymes expressed in the human postmenopausal ovary. Real-time
RT-PCR detected the presence of steroidogenic acute regulatory protein transcripts,
cholesterol side-chain cleavage transcripts, 3b-hydroxysteroid dehydrogenease
type II transcripts but undetectable 17a-hydroxylase transcripts [91]. In another
study using microarray analysis and real-time RT-PCR, the authors reported that the
postmenopausal ovary retained the ability to produce androgens with a unique pattern of steroidogenic enzyme expression [92].

Osteoporosis and Hip Fracture
For many years, oophorectomy prior to age 45 or early menopause has been
considered an important risk factor for the development of osteoporosis and hip
fracture [50, 93]. Less well appreciated, however, are the studies linking oophorectomy done in older, postmenopausal women to osteoporosis risk. In a 16-year study
tracking 340 postmenopausal women, those elderly women undergoing an
oophorectomy for benign conditions had 54% more osteoporotic fractures than
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those with intact ovaries [50]. The authors’ findings support the hypothesis that
androgens produced by the postmenopausal ovary are important and protect against
fracture risk.
In a related study investigating the effect of oophorectomy in postmenopausal
women on bone metabolism, investigators measured serum and urinary markers of
bone resorption and bone density in 80 menopausal women divided into 4 groups
as follows: £3 years since natural menopause; ³3 years since natural menopause;
£3 years since oophorectomy; ³3 years since oophorectomy. Lumbar BMD was
lowest in the groups ³3 years since oophorectomy. Serum markers of bone resorption were significantly higher in the early postoophorectomy group compared to all
other groups. The authors concluded that women are at the greatest risk of bone
resorption during the first few years following oophorectomy and that bone loss following oophorectomy is greater than that seen following natural menopause [51].

Quality of Life
Removal of ovaries in postmenopausal women usually results in the minimal
change in estrogen levels and will rarely trigger the onset of hot flashes or other
estrogen deficiency symptoms. However, there is generally a substantial effect on
circulating androgen levels [46–48], and the impact of this change may not be
appreciated for many years. Androgens protect bone and muscle mass and affect
the distribution of muscle mass, percent body fat, and skin thickness. A lack of
these hormones, over many years, is believed to result in muscle loss, weakness,
increased body fat, and skin changes.

Examining the Effect of Oophorectomy on Overall Mortality
Several analyses have been done to look at the overall survival impact of oophorectomy. In one of these, a decision analysis was performed using survival information
from previously published observational studies. That analysis found that ovarian
conservation maximized the survival for healthy women aged 40–65 (without a
family history of ovarian cancer) who have a hysterectomy for benign disease.
Women having had a hysterectomy at age 55 or younger with ovarian conservation
had a 8.6% survival advantage over women with oophorectomy. There was never a
survival benefit for removing ovaries in any age group [9].
A study from the Mayo Clinic found that mortality was not increased overall in
women who underwent bilateral oophorectomy compared with referent women.
However, mortality was significantly higher in women who had prophylactic bilateral oophorectomy before the age of 45 years and had not received estrogen up to
the age of 45 years (HR 1.67, 95% CI 1.16–2.40). Specifically, mortality for neurological or mental disorders was significantly increased [10].
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In a third study, NHS cohort database was analyzed, which included 122,700
married registered nurses ages 30–55 years in 1976 when the initial questionnaires
were mailed. A total of 29,380 hysterectomized women were included in the analysis; 13,035 (44.4%) had a hysterectomy alone (ovarian conservation) and 16,345
(55.6%) with hysterectomy with bilateral oophorectomy. During the 24 years of
follow-up through 2002, nonfatal events and death due to the CHD, stroke, breast
cancer, epithelial ovarian cancer, lung cancer, colorectal cancer, hip fracture, pulmonary embolus, and death due to all causes were tabulated. Each outcome analysis was adjusted for multiple-related risk factors. Oophorectomy was associated
with an increased risk of CHD for all women (HR 1.17 95% CI 1.02, 1.35) and was
greater for women with oophorectomy before age 45 (HR 1.26 95% CI 1.04, 1.54).
Breast cancer was less frequent among all women with oophorectomy (HR 0.75
95% CI 0.68, 0.84), and the risk was lower among women having oophorectomy
before the age of 45 (HR 0.62 95% CI 0.53, 0.74). Oophorectomy was associated
with a very low risk of ovarian cancer (HR 0.04; 95% CI, 0.01–0.09) and a slight
reduction in total cancers (HR 0.90 95% CI 0.84, 0.96), but an increased risk of
lung cancer (HR 1.26; 95% CI, 1.02–1.56) [11].

Controversies on Hormone Replacement
For most of the studies, the long-term effects of oophorectomy are mitigated in
women taking hormone replacement therapy for extended periods of time. In the study
mentioned above, for oophorectomized women without hormone therapy, the risks of
stroke (HR 1.85 95% CI 1.09, 3.16) and lung cancer (HR 2.09 95% 1.01, 4.33) were
significantly higher. For women having oophorectomy before age 50 without hormone
therapy, the risk of incident CHD (HR 1.98 95% CI 1.18, 3.32) was higher and the
risk of death from all causes was higher (HR 1.40 95% CI 1.01, 1.96) [11].
These data, along with the many studies, supporting the use of hormone replacement in women appear to be at odds with the findings of WHI that reported an
absolute excess risk of 8 more strokes per 10,000 person-years attributable to estrogen plus progestin treatment [94]. However, the data above taken from the observational cohort of NHS, represent real life hormone use that typically begins at in
early menopause with the onset of hot flashes. In order to better define the risks of
starting hormone therapy in early menopause, several subsequent publications of
the WHI divided the study group into 10-year age groups based on age or years
since menopause. These studies reported that the age of initiation of therapy had a
profound effect on the risk of cardiovascular events. One of these studies, reported
that for women treated within 10 years since their menopause began, the hazard
ratio (HR) for CHD was 0.76 (95% confidence interval (CI), 0.50–1.16). For those
treated 10–19 years, the HR was 1.10 (95% CI, 0.84–1.45) and for 20 or more
years, the HR was 1.28 (95% CI, 1.03–1.58) (p for trend = 0.02) [95]. In another of
these studies, the authors found no increase risk of stroke if estrogen was started
between the ages of 50 and 59 [96].

196

D. Shoupe and J.S. Berek

Oophorectomy increased the risk of death from any cause (HR 1.12 95%
CI 1.03, 1.21). Analysis of cause-specific mortality found an increased risk of
death from CHD (HR 1.28, 95% CI 1.00, 1.64), lung cancer (HR 1.31, 95% CI
1.02, 1.68), and all cancers (HR 1.17, 95% CI 1.04, 1.32) and no overall difference in deaths from stroke, breast cancer, or colorectal cancer. While there
was a reduced risk of death from ovarian cancer (HR 0.06; 95% CI, 0.02–0.21),
during the 24 years of follow-up only 34 (0.7%) women died from ovarian
cancer. At no age did oophorectomy show an overall survival benefit [11].

These data together would support the concept that there is an optimum
therapeutic window for the initiation of estrogen therapy and that beginning
estrogen during this window allows for the most benefit and lowest risk and
may indeed offer substantial protection from cardiovascular disease [79, 97].

Conclusions
The purpose of prophylactic surgery is to provide a health benefit to patients. There is
growing evidence that oophorectomy in many, if not most, women is associated with
more risk than benefit (Table 11.3). Unless well-designed prospective, randomized
Table 11.3 Risks linked to oophorectomy
Body composition changes
Increase in adipose tissue and decreased muscle mass
Fat accumulation in central, abdominal area
Cardiovascular disease
Adverse effects on lipids and other risk factors
Increased rates of myocardial infarction
Accelerated atherosclerosis
Increased mortality
CNS
Short-term memory declines
Dementia
Decreased wellbeing
Parkinson’s disease
Len opacities and macular degeneration
Menopausal symptoms
Osteoporosis and fractures
Accelerated bone loss
Increased risk of hip and spinal fracture and associated morbidity and mortality
Sexual dysfunction and loss of desire
Skin changes
Loss of collagen, thinning, wrinkling
Urogenital atrophy
Bladder and vaginal symptoms
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studies can demonstrate clearly those women who will benefit, removing the ovaries
at the time of hysterectomy should be approached with caution. For women without
a genetic mutation or family history of ovarian cancer, current practice suggests that
prophylactic oophorectomy is generally not beneficial for women under age 40–45
but recommendations vary greatly for ages 45 and older. It is important that both
women and their healthcare providers consider the most reliable evidence regarding
the potential risks and benefits of prophylactic oophorectomy in order to make
appropriate decisions.
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Chapter 12

Ethnicity and Amenorrhea
Benjamin M. Lannon and Kim L. Thornton

Discussion preceding this chapter has addressed various physiological and
pathophysiological states that affect the menstrual cycle. This chapter focuses on
the role of race and/or ethnicity on menstrual physiology. Our discussion about the
impact of race and ethnicity on amenorrhea focuses on two factors: (1) the physiologic variations in the menstrual cycle among different racial and ethnic groups
and (2) variations in cultural attitudes and beliefs about the cessation of menses.
While these cultural differences may not always impose specific diagnostic or management dilemmas, awareness may be essential to the goal of providing comprehensive care to our diverse patient population.

Ethnic Variations in Menstrual Physiology
Menarche
Failure to recognize interracial variations in the onset of puberty can have a profound
effect on subsequent evaluation and management.
An analysis of the National Health and Nutrition Examination Survey (NHANES)
1999–2004, showed a significant decrease in age at menarche in women born in
1920’s compared to 1980’s across Mexican Americans, non-Hispanic Whites, and
African Americans [1]. While these data were based on retrospective self-reported
age at menarche, the trends are real.
While there may be an overall reduced age for menarche, the generational differences in pubertal onset are not the same across all racial and ethnic groups. Results from
the Pediatric Research in Office Settings (PROS) network study in 1997 suggested that
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black girls in particular had a mean age of menarche more than 6 months earlier than
white girls (12.16 vs. 12.88 years) [2]. A subsequent analysis of the data revealed that
increases in body mass index (BMI) may have accounted for the earlier onset of puberty
in white girls [3]. Unlike white girls, BMI alone did not completely explain the earlier
onset of the pubertal transition observed in black girls, leading the authors to speculate
that genetic factors such as leptin levels and environmental factors such as nutrition may
contribute to interracial differences in pubertal development [3].
Controversy exists regarding the validity of these findings, and the mechanisms
underlying racial and ethnic variations in pubertal/menarcheal onset [3]. Nonetheless,
these data can clearly impact the evaluation and referral of young girls from different racial and ethnic groups for presumed abnormal pubertal development.

Menstruation
In addition to differences in the timing of menarche, there are also variations in
specific menstrual patterns among various racial and ethnic groups. As we discuss
later in this chapter, these differences can influence perceived attitudes about menstruation and menstrual cyclicity and management approaches offered to and
selected by women from different racial and ethnic groups.
A study by Harlow and colleagues investigated the effect of ethnicity and/or race
on the duration, amount, and length of postmenarcheal bleeding [4, 5]. They
enrolled 125 African American and 123 European American girls between 12 and
14 years old living in North Carolina in a 2-year study of postmenarcheal bleeding
patterns. The participants kept menstrual calendars and records of weight, exercise,
and stress. Although they were twice as likely to have an episode of heavy bleeding,
African American girls reported a half day shorter mean duration of bleeding [4].
Although mean cycle length was similar in both groups, European American girls
had an increased cycle length variability and an increased probability of having a
cycle length more than 45 days [5]. These studies were limited by sample size and
applicability of results to other age groups. Nonetheless, they suggest that an association between race and variations in the pattern of menstrual cycle length exists.
Understanding these variations may help physicians counsel patients and their families about normal and abnormal menstruation patterns and management options.
The role of genetics and the exact biological mechanism giving rise to apparent
ethnic and/or racial differences in menstrual duration and flow and menstrual
cycle length are unknown. Additional studies are needed to characterize menstrual cycle phenotypes with hormonal profiles and their relation to ovulatory
function as a function of ethnicity and/or race.

Ovulation/Anovulation
Even after menarche, variations in ovulatory function and hormonal profiles among
various racial and ethnic groups continue to exist. It is important to recognize that
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these differences may alter the risk of developing other hormonally responsive
conditions such as fibroids, breast cancer, and endometrial neoplasia.
Haiman et al. investigated the effect of race and/or ethnicity on the rates of anovulation in groups of students in greater Los Angeles area [6]. They found a trend for
a greater frequency of anovulation in white women vs. African American and Latina
women. In addition, they noted differences in hormone profiles between the groups
with higher follicular phase estradiol (E2) and luteal phase E2 and progesterone
levels in African American compared to all other women. Likewise, Latina women
had elevated follicular phase E2 and luteal phase E2 and progesterone compared to
white women [6]. These differences may account for increased rates of fibroids and
invasive breast cancer and breast cancer mortality in African American women [7].
Understanding the role of race and ethnicity in hormonal and menstrual cycle
variations may provide a means to assess the risk for future morbidities. For example, Rieder et al., determined markers of insulin resistance and hyperandrogenemia
in an unselected group of Caribbean Hispanic and African American women aged
12–21 [8]. The women were grouped according to menstrual regularity and physical exam characteristics. They found that waist circumference, free androgen index,
and sex hormone binding globulin (SHBG) levels correlated best with ovulatory
and menstrual dysfunction and a hyperandrogenic phenotype. Identification of
these young women who are at risk of developing adult polycystic ovarian syndrome (PCOS) may afford an opportunity for intervention and subsequent minimization of the metabolic disruption that frequently plague women with PCOS [8].

Ovarian Insufficiency
Abnormal cessation of ovarian function has also been shown to vary by ethnic
group. While many aspects of primary ovarian insufficiency, also known as premature ovarian failure (POF), remain uncertain, there appear to be differences in the
prevalence and risk factors among ethnic and racial groups. In a study by Luborsky
and colleagues, a part of the Study of Women Across the Nation (SWAN), women
aged 40–55 were interviewed at seven sites in the US as part of a multiethnic longitudinal study [9]. The investigators defined POF as spontaneous cessation of
menses less than 40 years old with uncertain etiology. In this population, the highest reported rate of POF was in Black and Hispanic women (1.4%) followed by
Caucasian (1%) and then Chinese (0.5%) and Japanese (0.14%). Similar trends
were observed for women reporting early menopause (age 40–45) as well [9].
A multivariate subgroup analysis of factors associated with POF in African
American and Caucasian women suggested the use of female hormones (other than
oral contraceptives) was predictive of POF risk. Additionally, in Caucasian women,
osteoporosis, severe disability and smoking were significantly associated with POF.
While in African American women, higher BMI but not osteoporosis was associated
with POF [9].
Although this study was limited by retrospective self-reporting and a crosssectional design, it still provides some insight into how risk factors for POF vary

206

B.M. Lannon and K.L. Thornton

across ethnic groups as well as information about the overall prevalence of POF in
each group.

Menopausal Transition
One of the most studied areas of ethnic variations in amenorrhea is the change during
the menopausal transition. As described above, there are differences in hormonal
profiles in postmenarchal girls across various racial and ethnic groups. This finding
is consistent in women making the menopausal transition and is reflected in studies
that evaluate the role of the pituitary, adrenal, and ovarian axes.
Several analyses of the SWAN data have reported racial and ethnic differences
in hormone levels in pre- and perimenopausal women. Dehydroepiandrosterone
(DHEAS), testosterone (T), and E2 levels in serum collected from 3,029 women in
five racial and ethnic groups aged 42–54 for over 2 years suggested DHEAS levels
were highest in Chinese and Japanese women and lowest among African American
and Hispanics [10]. These differences persisted even after adjusting for age, smoking, and BMI with a multivariate analysis. In some women DHEAS levels exhibited
transient elevations, with the greatest increases in Chinese, Hispanic and Japanese
women and less for African American and Caucasians. Racial and ethnic changes
in T and E2 correlated with changes in DHEAS [10].
A second report from the SWAN study looked at a sub-cohort of 848 women of
whom daily urinary hormone levels were measured during the peri-menopausal
transition. They found that Chinese- and Japanese American women had lower
urinary estrogen conjugates. Other variables including FSH, LH, and progesterone
metabolites were not significantly different amongst various racial and ethnic
groups when adjusted for BMI [11].
The third analysis of the SWAN data by Randolph et al., looked at changes in E2
and FSH across the early menopausal transition. They found similarities in age-related
E2 reductions and FSH increases across racial and ethnic groups studied. They also
found that in Caucasians, FSH levels were lower than African American women, and
similar to Chinese and Japanese women. However, Chinese and Japanese women had
lower E2 levels, while the African American women were comparable to Caucasians.
These findings suggest that ethnic variations in hypothalamic-pituitary-ovarian communication and/or response [12].
The varied relationship between hormone profiles with age across ethnic groups
was also supported by data from a 4-year cohort study from the University of
Pennsylvania [13]. This study tracked E2, FSH, DHEAS, and T levels in 436 women,
equally divided between African American and Caucasian women and found African
American women demonstrated an age-related decrease of E2 and DHEAS as compared to Caucasians. Moreover, African American women had decreased E2 and
increased DHEAS with increasing BMI [13].
One of the most important concerns raised from all of this data is to what extent
do differences in hormone profiles influence racial differences in the rates of hormone
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sensitive breast cancer. This question was addressed in a subgroup analysis form the
Nurse Health Study II. This retrospective study included 116,671 nurses aged 25–42.
In a follow up 8–10 years from the initial survey, over 19,000 women submitted a
menstrual cycle timed blood sample. A subgroup of women was selected to submit
samples over several years. Ultimately, 111 Caucasian women were included and
matched with African American and Asian American women. E2, P, prolactin,
SHBG, insulin-like growth factor-1 (IGF-1), and insulin-like growth factor binding
protein-3 (IGFBP-3) were assayed and analyzed across racial and ethnic groups.
African American women had higher levels of E2 and IGF-1 and lower levels of
SHBG and IGFBP-3 as compared to Caucasian women. Asian Americans had higher
E2 and IGF-1 and lower SHBG as compared to Caucasians. There were no differences in P or prolactin across the groups [14].

Variations in Cultural Beliefs and Attitudes Toward
Normal and Abnormal Menstrual Cycles
Equally important to the biological differences, are the cultural beliefs and attitudes
that can impact the evaluation and subsequent treatment recommendations. A woman’s
perception of what is normal and abnormal menstrual function is dictated by a number
of factors. These beliefs can modestly affect her decision to seek treatment as well as
her choice of management.

Menstrual Symptoms
While a number of anthropologic studies have investigated cultural attitudes toward
menses, few have focused on symptom reporting. One such study from England
looked at women’s self-assessment of menses across three racial groups. A total of
153 women (48 Afro-Caribbean, 73 Caucasian, and 32 Asian) between the ages of
18 and 48 were enrolled in the study and administered standardized questionnaires
about mood, behavior, and menstrual symptoms over a monthly cycle [15]. While
intermenstrual symptoms were similar, Caucasian women reported significantly
more premenstrual and menstrual related symptoms compared to the other groups.
Symptoms reported were primarily attributed to psychological mood, body symptoms and pain categories, rather than mental performance or social behavior [15].
The authors propose that sociocultural mechanism account for racial differences;
Caucasian women perceive menstrual bleeding as an aversive event, thereby leading to increased vigilance and more complaints. While these theories are difficult
to substantiate, it is hard to deny that there are differences in the way different racial
groups report menstrual physiology and symptoms. It remains to be seen whether
menstrual cycle and symptom difference across racial groups reflect physiologic or
sociologic divergence. Nonetheless, it is important for the physician to recognize
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perceived or physiological differences in the menstrual cycle and symptoms can
ultimately affect a woman’s decision to seek treatment, the type of treatment that
she seeks, and whether she is compliant with treatment.

Contraceptive-Induced Amenorrhea
For women seeking treatment for menstrual cycle dysfunction, contraceptive methods are among the most commonly offered. One potential and possibly unintended
consequence of treatment is amenorrhea. For some women, this may be a desired
effect, while others prefer to maintain monthly menstrual bleeds. Edelman and colleagues assessed whether there were ethnic variations in women’s attitudes toward
contraceptive-induced amenorrhea [16]. This study surveyed 292 women with
mean age of 27 years in Atlanta, Georgia and Portland, Oregon. They found that
69% of participants welcomed amenorrhea and 58% preferred to have menses
every 3 months. However, significantly fewer black women would consider using
birth control to induce amenorrhea vs. white women (29 vs. 49%) [16]. The study
was limited by the sample size as well as several possible confounders that included
education level, geographic location, and prior use of contraception. As a result, the
author’s interpretation of their data was limited with regard to the relationship
between race and attitude toward amenorrhea. Nonetheless, in light of possible
existence of differences in cultural beliefs about menses, race and ethnicity should
be seriously considered and cultural attitudes discussed with the patient prior to
crafting management plans for menstrual cycle regulation.

Racial Differences in Hysterectomy
Another commonly offered treatment modality for menstrual dysfunction is hysterectomy. Whether racial differences in the decision to seek definitive treatment exist
is an area of active investigation. However, race and/or ethnicity may affect counseling received by patients regarding management options for menstrual dysfunction. These differences may reflect underlying disparities in access to healthcare
between groups or disparities in physician attitudes rather than differences in racial
and/or ethnic physiology or cultural attitudes.
Hysterectomy is the most frequently performed surgery on women in the US.
Epidemiological data has suggested that over the past decade, while overall hysterectomy rates have declined, there was an increase in its use for treatment of leiomyoma.
For women aged 40–44, there is a significant difference in the hysterectomy rate
among African American women [17]. Some have speculated that increased rates of
fibroids in African American women explain increased hysterectomy rates, however
definitive studies are needed.
Using SWAN data, Powell et al., investigated racial/ethnic differences in hysterectomy for benign conditions [17]. After adjusting for adjusted for age, education,
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fibroids, BMI, marital status, smoking, geography, and country of education,
Powell et al., found that race and ethnicity was associated with past hysterectomy.
Increased odds in African American (1.66) and Hispanic (1.64) women, and
decreased odds in Asian American (0.44) women compared to Caucasians were
specifically noted. The authors contend that the highest rates of hysterectomy
occurred in disadvantaged African American and Hispanic groups. More importantly, because the differences could not be explained by other factors, the authors
conclude that this could reflect health disparity resulting in the overuse of hysterectomy in this groups [17].
Interestingly, a recent analysis of the Coronary Artery Risk Development in
Young Adults (CARDIA) Women’s Study addressed the potential issue of health
disparity as well [18]. This cohort study included 1,863 black and white women in
the US from 2000 to 2002, 15 years after the baseline study. Again black women
were more likely (3.5 times) to undergo hysterectomy than white women. This
association was observed after the adjustment for age, educational status, perceived
barriers to medical care, BMI, PCOS, tubal ligation, age at menarche, depressive
symptoms and geographic location [18]. Further analysis of a subset of women in
whom fibroids were directly visualized by ultrasound revealed only a minimal
reduction in the difference between the two groups, implying that fibroids alone did
not explain the racial differences in hysterectomy. They speculate that while biologic factors may contribute to these racial disparities, there may be nonclinical
modifiers such as education about alternative treatments, cultural beliefs, communication issues, or other psychosocial factors.

Menopause
Just as ethnicity and race appears to modify how some women experience menstruation, attitudes about menopause and the climacteric are also effected by ethnicity
and race. A subgroup of the SWAN dataset analyzed attitudes toward menopause in
over 12,000 women aged 40–55 years. They were surveyed by telephone using
standardized questionnaires to assess whether they had positive or negative attitudes
about menopause [19]. The five racial and ethnic groups included were African
American, White, Chinese American, Japanese American, and Hispanic. All of the
groups tended to report a positive attitude toward menopause, while slightly more
positive in African American and less so in Chinese- and Japanese Americans.
Group attitudes did not vary significantly across the stages of menopause [19].
Another SWAN report studied symptom reporting across the groups [20]. They used
factor analysis to identify two consistent factors affecting menopausal women; vasomotor
symptoms (hot flashes and night sweats) and psychosomatic symptoms. In a regression
analysis, controlling for age, education, health, and economic strain, they found that
Caucasian women reported more psychosomatic symptoms than all other groups, while
African American women reported more vasomotor symptoms [20]. This suggests that
race and ethnicity may differentially affect the way menopause and the climacteric manifests and thus counseling and treatment may need to be tailored accordingly.
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Summary
In this chapter, we have discussed ethnic differences in amenorrhea, the menstrual
cycle and the menopause. These range from biologic variations in hormone profiles
and endocrine function, to complex cultural and psychosocial interactions. While
the majority of these studies may be limited by sample size, retrospective review,
or reporting biases, the overall theme is the same and suggests that the physical and
psychological experience of amenorrhea varies across different racial and ethnic
groups and that this could negatively impact the effectiveness of a “one size fits all”
approach to counseling, treatment, and healthcare policy.
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