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Preface

We are delighted to announce the publication of another important issue in the 
International Society of Gynecological Endocrinology series.

This volume 4 presents important clinical and scientific data on subjects of major 
clinical and physiological interest, namely adolescent gynecology, presented by 
international opinion leaders during the ISGRE Summer School organized in 
Montpellier, France.

The adolescent girl is no longer a child, but not yet an adult and, for this reason, 
the management of adolescent endocrinology and gynecological diseases is quite 
specific.

Pediatric and adolescent gynecology is now a well recognized field of medicine 
and surgery, at the crossroads of most of the specific problems of developmental and 
reproductive issues. This specific area has always been of particular interest to phy-
sicians in the interface of pediatrics, gynecology, and endocrinology.

This volume presents new clinical and scientific data and includes topics of great 
interest, including anomalies of pubertal development, and other subjects of direct 
clinical relevance, such as disorders of menstrual cycles, sexuality, contraception, 
and pregnancy in adolescents.

This is a very well balanced edition. We are convinced that this new addition to 
the series will prove of great value to all pediatricians, gynecologists, endocrinolo-
gists, psychiatrics, surgeons, and public health specialists concerned with adoles-
cent gynecology.

Montpellier, France Charles Sultan
Pisa, Italy Andrea R. Genazzani
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1Dimorphism of Human Brain: The Basis 
of the Gender Differences

Andrea R. Genazzani, Andrea Giannini, 
and Tommaso Simoncini

For mammals, sexual differentiation starts at conception when a fetus inherits a 
couple of heterologous (XY) or homologous (XX) sex chromosomes. Until the 
sixth week of gestation embryonal gonadal development is bi-potential, than, 
according to genetic sex, embryonal gonads differentiate in testes or ovaries. In 
presence of Y chromosome, fetus will develop testes; hormonal products of the 
testes, mainly testosterone, then induce the male phenotype by early permanent 
programming or organizational effects and later transient acute or activational 
effects, which disappear after withdrawal of the hormones. In the absence of Y chro-
mosome, the fetus develops ovaries, and in the absence of male-like levels of testos-
terone, the female phenotype emerges. The activating effects of ovarian hormones 
together with endocrine and exogenous influences enhance female characteristics at 
puberty and beyond determining phenotyping sex [1].

Several studies affirm that gonadal determination may be controlled by various 
genes, such as gene Sex-determining Region Y (SRY) on short arm of Y chromo-
some (Yp11) involved in gonadal differentiation to testes. SRY codes for a protein 
containing sequence High Motility Group box (HMG) which is transient expressed 
in cells planned to become Sertoli cells. Moreover, gonadal determination seems to 
be influenced by genes, in particular, Wilm’s tumor-related gene-1 (WT-1) and ste-
roidogenic factor-1 (SF-1). Mutations of these genes in both male and female sexes 
are involved in the pathogenesis of agenesis and dysgenesis gonadal syndrome. It is 
evident that primordial gonads are inclined to an intrinsic development to female 
gonads and only the presence of genetic factors on Y chromosome or activated by 
developing testes are able to masculinize. Currently only one gene coded on X chro-
mosome (Xp21.3), dosage-sensitive sex reversal-adrenal hypoplasia congenital on 
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the X chromosome (DAX-1) seems to prevent possible gonadal evolution to testes 
in female mammals [2].

Sex chromosomes play a direct role in establishing sex differences throughout 
the body including the brain, thus some differences depend on chromosomal consti-
tution and are gonadal independent. Nonetheless, increasing evidences suggest that 
for the large majority of neural sex differences, the modifications in gonadal hor-
mones seem to play a dominant role. Sex differences in the central nervous system 
(CNS), probably may develop to direct actions of gonadal steroids which can deter-
mine neural tissue differentiation, moreover, sexual differentiation of CNS occur 
later than gonadal differentiation thus both processes can be independently influ-
enced [3].

Steroid hormones synthesized by the gonads and adrenal glands easily cross the 
blood–brain and the blood–nerve barriers and rapidly accumulate within the ner-
vous tissues, except for their conjugated forms such as the steroid sulfates, which 
cannot easily enter the brain. Neurons and glial cells possess enzymes necessary 
for progesterone, testosterone, dehydroepiandrosterone (DHEA), and estradiol 
metabolism (aromatase, 5-alpha reductase (5a-R), mainly in neurons, 3-alpha- 
hydroxysteroid dehydrogenase (3a-HSD), mainly in type 1 astrocytes). The activi-
ties of these steroid-metabolizing enzymes are strongly influenced by the 
differentiation process of the precursor stem cells into terminally differentiated 
CNS cells. Neurons and glial cells coordinately metabolize steroid hormones, thus 
forming a functional unit; as both the endocrine glands and the local metabolism 
contribute to the pool of steroids present in the nervous tissues and the sex and age-
dependent changes in circulating levels of steroid hormones may reflect changes in 
brain levels. While steroid-metabolizing enzymes induce the CNS to be able to 
modify circulating steroids, the CNS is also able to synthesize steroids from choles-
terol, at least in part, independently of peripheral steroidogenic glands secretion 
leading to the production of a series of potent steroidal compounds. These brain-
produced steroids have been named “neurosteroids”, and have been found to exert 
important regulatory actions on neurons and glial cells [4] (Fig. 1.1).

The so called “neurosteroids” influence the neurobiology of sexual function act-
ing by genomic or non-genomic effects. Genomic actions of neurosteroids are car-
ried out directly interacting with their receptors at nuclear membrane level or 
indirectly throughout their effects on neuropeptides (oxytocin, beta-endorphin, 
etc.), neurotransmitters (dopamine, serotonin), and neurosteroids metabolites 
(mainly allopregnanolone). Non-genomic actions are mediated through integrate or 
associated membrane receptors and the activation of intracellular cascades of events 
determining rapid neuronal and pituitary activation via biochemical pathways of 
AMPc and MAP-kinases; thus resulting in a modulation of Ca2+ channels and 
exerting neuroprotective effects in contrast to neurotoxins and oxidative stress [5].

Estrogens have long been known to play a crucial role on coordinating many 
neuroendocrine events that control sexual development, sexual behavior, and repro-
duction. 17-β-estradiol is the primary biologically active form of estrogen in mam-
mals which is critical for sexual differentiation of the brain, indeed it organizes 
neural circuits and regulates apoptosis of neurons leading to long-term differences 
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in the male and the female brain. In addition to its role in development, estradiol 
prevents neuronal cell death in a variety of brain injury models, modulates learning 
and memory, and promotes the formation of synapses as well as cellular apoptosis. 
The physiological effects resulting from estradiol actions in target tissues are medi-
ated primarily by two intracellular receptors ERα and ERβ. Both estrogen receptors 
together with progesterone receptors A and B (PR-A, PR-B) and androgens recep-
tors (ARs) are observed in neurons and glia in the brain and are expressed through-
out the brain with distinct patterns in different brain regions and with different levels 
of expression in males and females during development and in adulthood. 
Consequently, sexual dimorphism of human brain seems to be characterized by 
functional and structural differences. Functional differences are determined by hor-
monal and enzymatic actions or pathway modulating masculinization or feminiza-
tion of different regions of CNS, while structural differences are determined by 
different distribution of ERs, ARs, PRs, enzymatic isoforms, and neuronal popula-
tion in different cerebral areas [6].

Relating to functional differences, as previously mentioned, 17-β-estradiol is a 
crucial biologically active form of steroid in mammals involved in sexual differen-
tiation of the brain, nonetheless, several experimental and pre-clinical data sug-
gested that testosterone (T), acting on the brain, seems to regulate reproductive 
function, sexuality, and emotional behaviors in both sexes in a different gender- 
related fashion. In addition, T exerts analgesic and anxiolytic properties, affects 
mood and cognition, and promotes synaptic plasticity in the rat model. T also pre-
vents neuronal death in different experimental models of neurodegeneration, and 
decreased T levels in plasma may represent a risk factor for the development of 
neurodegenerative diseases in humans. T brain effects may be directed or modu-
lated by its metabolites, therefore, T can be aromatized to estrogen or metabolized 

Fig. 1.1 Brain sexual differentiation is a multisignaling process presenting sex steroids as key 
modulators in different steps

1 Dimorphism of Human Brain: The Basis of the Gender Differences
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to dihydrotestosterone (DHT) by 5a-reductase (5a-R), and DHT can be further 
reduced by 3-hydroxysteroid dehydrogenase (3-HSD) to 3-androstanediol (3-diol), 
a neurosteroid Gamma-Aminobutyric Acid-Aergic (GABA-A) agonist with anxio-
lytic properties. These two enzymatic pathways, aromatase and 5a-R-3HSD, are 
widely distributed in CNS, affecting reproductive (i.e., hypothalamus) and non- 
reproductive function (i.e., hippocampus, cortex) of gonadal steroids [7].

Interestingly, DHEA and its sulfate metabolite DHEA-S may act on CNS dif-
ferentiation directly, by modulating several activities in different neuronal popula-
tions or as substrate for the conversion in T and DHT in such CNS target regions of 
androgens and estrogens. In this view, it is remarkable to highlight that brain DHEA 
and DHEA-S concentrations are 5–6 times higher than peripheral concentrations 
and several pre-clinical studies demonstrated the presence of steroidal precursors 
such as cholesterol and lipid derivates in mammalian brain. The effects of DHEA 
and DHEA-S on CNS are mediated by direct interaction with GABA-A receptors, 
thus blocking Cl- channels in a dose-dependent manner and resulting in increased 
neuronal excitability. Experimental data also suggested putative effects of DHEA 
on N-methyl-D-aspartate (NMDA) and sigma (λ) receptors. DHEA administration 
to gonadectomized rats increased concentrations of neurosteroids not related to 
DHEA metabolism such as allopregnanolone (3-hydroxy-5-pregnan-20-one) (AP), 
in the hippocampus, in the hypothalamus, in pituitary, and in peripheral circulation 
and improved mnemonic ability, thus suggesting neurotrophic effects on neurons 
and glia cells. Moreover, gonadectomy reduced synaptic density on dendritic spines 
and CA1 pyramidal neurons in both male and female rats while T and DHT admin-
istrations are able to reestablish that. In this view, it has been hypothesized that the 
preservation of physiologic synaptic density may be an androgen-dependent pro-
cess which can be elicited with different gender-specific mechanisms since that in 
male rats, contrary to female rats, it is not necessary synthesis of intermediate estro-
gens. Moreover, the ability to restore hippocampal synaptic density is not directly 
related to androgenic potency since that it has been demonstrated that DHEA and 
DHT stimulation activity on dendritic density are similar [8].

Estrogens can also increase the activity of the enzymatic pathway (5a-R)—3- 
hydroxysteroid- oxidoreductase, which converts progesterone into 
5- dihydroprogesterone and AP, respectively. Progesterone and synthetic progestins 
can affect brain and peripheral content of AP divergently, both in humans and in 
experimental animals, suggesting distinct hormonal effects on the enzymatic path-
ways involved in the synthesis and release of these neurosteroids [9]. AP is a neuros-
teroid produced by the central nervous system, adrenals, and ovaries. AP is a 3-, 
5- reduced metabolite of progesterone by the complex 5a-R-3HSD. It is a potent 
endogenous steroid that rapidly affects the excitability of neurons and glia cells 
through direct modulation of the GABA-A receptors activity. AP exerts neurophar-
macological properties with hypnotic/ sedative, anxiolytic, anesthetic, analgesic, 
and anticonvulsive function [10]. In addition, AP exhibit neurotrophic/neuroprotec-
tive actions, reducing cell death, gliosis, and functional deficits after traumatic brain 
injury in rats and in experimental models of Alzheimer’s disease, enhancing myelin-
ation/remyelination process. Interestingly, several experimental studies suggest that 
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AP positively affects all aspects of sociosexual activities, enhancing exploratory, 
antianxiety, social, and sexual function [11].

Genazzani and collaborators, in experimental work on male and female gonadec-
tomized rats model, studied the effects of the administration of subcutaneous T at the 
dose of 10–100 μg/kg/day for female rats, and 1–5 mg/kg/day for male rats, or DHT 
at the doses of 1–10 and 100 μg/kg/day for females, and 0, 1–1 and 5 mg/kg/day for 
males, or E2V (0.05 mg/Kg/day). Ovariectomy (OVX) and orchidectomy (OCX) 
induced a significant decrease in AP in frontal and parietal lobe, hippocampus, hypo-
thalamus, anterior pituitary, as well as in serum. In OVX rats, T replacement, as well 
as E2V, significantly increased AP content in all brain areas and in peripheral circula-
tion, whereas in OCX, T and E2V did not actively result in influencing AP concentra-
tion in frontal and parietal lobe, while it produced a significant rise in AP levels in the 
hippocampus, hypothalamus, anterior pituitary, and serum. Conversely, DHT 
replacement had no effect on AP levels anywhere or at any administered dose, either 
in males or in female rats. The author concluded that gender difference and T therapy 
may affect brain AP synthesis/release during the reproductive aging. This effect 
becomes particularly evident in the brain of OVX animals, where the content of this 
specific neurosteroid is much more responsive than male animals to testosterone 
replacement. Moreover, it has been suggested that T administration should be, at 
least in part, dependent on a gender difference in the aromatase activity; therefore, a 
sexually dimorphic activity of aromatase is widely described during the fetal and 
postnatal life, and also, the expression and the activity of this enzyme were dimorphi-
cally affected by gonadectomy and by T replacement, supporting the hypothesis of 
differential enzymatic regulation also for neurosteroidogenesis [12].

The same group, focusing the attention on the homeostasis of CNS and the role of 
neurosteroids in the hormonal setting, investigated the gender response of endogenous 
opioid system to hormonal changes. The endogenous opioid system modulates 
responses to stress, learning and memory acquisition; it is involved in emotional regu-
lation, pain mechanisms, and the reward system, and it is altered in various pathologi-
cal states. β-endorphin (β-END) is the endogenous opiate that has received the most 
attention. It has been speculated that β-END may play a key role in the mechanism of 
sexual arousal and pleasure in both sexes and its effects seems to be inversely dose-
related therefore, the administration of low physiological dose of opiate have facilita-
tive effects and high dose exhibit inhibitory effects. Similarly, the administration of 
naloxone at low doses to women was able to enhance pleasure during orgasm while 
higher doses show contrary effects, reducing sexual arousal and orgasmic pleasure. In 
addition, the administration of exogenous opiates can induce an intense feeling of 
pleasure which has been associated to orgasm, followed by a state of relaxation and 
calm. Gonadal steroids are increasingly recognized as crucial factors modulating the 
endogenous opioid system in both sexes, suggesting the presence of additional hor-
mone-related, neurobiological mechanisms for gender difference in brain function. 
The administration of above-mentioned doses of T, DHT, and E2V to male and female 
gonadectomized rats showed relevant results. T administration to OVX rats exerted a 
powerful impact on the endogenous endorphin system; therefore, it enhanced β-END 
concentration not only at hypothalamic level but also in several hypothalamic 
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structures, affecting the activity of endorphinergic neurons in the hippocampus as well 
as in the frontal and parietal lobes. In contrast, the endorphin content of these hypo-
thalamic structures was not affected in male rats by orchidectomy or by any steroid 
replacement therapy; thus suggesting that the cerebral structures receiving the endor-
phinergic peptide exhibit a sex-based difference in opioid system sensitivity to gonadal 
hormones. Since the effect of estrogen treatment was the same for both sexes, the 
physiological basis for this sex difference in β-END sensitivity to T therapy might 
depend, at least in part, on a sex difference in aromatase activity; the authors con-
cluded that sexually dimorphic aromatase activity characterized fetal and postnatal 
life and this study highlighted that the expression and the activity of the enzyme were 
dimorphically affected by castration and T replacement [13].

As previously mentioned, structural differences are determined by different dis-
tribution of ERs, ARs, PRs, enzymatic isoforms, and neuronal population in differ-
ent cerebral areas. In particular, ERα and ERβ are expressed in the amygdala, the 
hippocampus, in different areas of cerebral cortex, in the cerebellum, and in the 
hypothalamus where estrogen may determine structural and behavioral sex-specific 
characteristics.

Two brain regions that show robust estradiol-induced organizational changes are 
the preoptic area (POA) and medial basal hypothalamus (MBH), both of which are 
critical for sexual behavior. Estradiol-induced organizational changes are perhaps best 
exemplified within the POA, an area containing the medial preoptic nucleus (MPN), 
the sexually dimorphic nucleus of the preoptic area (SDN-POA), and the anteroven-
tral periventricular nucleus (AVPV). The MPN is critical to the control of male sexual 
behavior and the SDN-POA is a sub-region within this nucleus that has been impli-
cated in partner preference [14]. The AVPV is important for gonadotropin secretion 
and is believed to be the source of control of the LH surge essential for ovulation in 
adult females [15]. In the perinatal male brain, estradiol derived from testosterone 
stimulates opposing events in the SDN and AVPV, protecting neurons within the 
SDN-POA from apoptosis by enhancing NMDA receptor expression, while provok-
ing expression of proapoptotic proteins such as TRIP, Bad, and Bax to induce apopto-
sis in the AVPV [16, 17]. In addition to modulating cell death, estradiol also mediates 
sex differences in synaptic patterning in the MPN by inducing synthesis of the cyclo-
oxygenase enzymes, COX-1 and COX-2, thereby increasing the production of prosta-
glandin-E2 [18]. Acting via the EP2 and EP4 receptors, PGE2 activates protein kinase 
A and allows for glutamate-induced activation of AMPA receptors and formation of 
dendritic spines, the postsynaptic contact points for excitatory synapses [19]. 
Ultimately, the increased production of PGE2 in the male brain results in a two to 
three times higher density of dendritic spine synapses compared to females, and inter-
estingly, this higher spine density positively correlates with the degree of masculiniza-
tion of sexual behavior [20]. Thus, three key cellular responses, cell survival, cell 
death, and synaptogenesis, are all mediated by estradiol within one brain region, the 
preoptic area. The divergent effects of estradiol are mediated via the estrogen receptor 
(ER), in particular the ERα isoform. In addition to exerting organizational effects on 
the physiology of the POA, estradiol also induces permanent changes in synaptic con-
nectivity in the MBH. The ventromedial nucleus of the hypothalamus (VMN) is a key 
region for regulating female sexual behavior. Within the VMN, male neurons have 
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twice the number of dendritic spines and more dendritic branches than females as a 
result of neonatal hormone exposure. Estradiol produces sex differences in synaptic 
organization in this region by rapid activation of PI3-kinase which enhances gluta-
mate release from presynaptic cells, thus provoking dendritic spine outgrowth from 
postsynaptic neurons. Here, too, the ERα isoform is the critical mediator of estradiol 
action, although the initiating steps in the signal transduction cascade appear to begin 
at the membrane via rapid activation of PI3 kinase, and more interestingly, the require-
ment for ER is restricted to the presynaptic membrane despite the induction of changes 
in neuronal morphology within the postsynaptic neuron. The enduring organizational 
changes produced by estradiol within the neonatal brain enable circulating gonadal 
hormones in the adult to activate sexually differentiated brain regions, such as the 
POA and the MBH, in a sex-specific manner. Thus, in adulthood, estrogens and pro-
gesterone act on a female brain to regulate pulsatile LH release and induce estrous 
cyclicity and female sexual receptivity, whereas testosterone reaches a masculinized 
adult brain to activate male sexual behavior [19].

As a concluding remark, some sex differences may cause differences in function, 
in other cases sex differences exist to ensure that function is similar in males and 
females. In other words, some sex differences compensate for physiological differ-
ences that if left unchecked may be maladaptive. Sex differences that perform a 
compensatory role may become evident when the system is perturbed. A specific 
example comes from looking at something as apparently basic as cell death pro-
grams in neurons. In response to hypoxia, or other conditions mimicking stroke, 
neurons die in both sexes of rats and mice [21].

A sex difference in a physiological process is one of nature’s ways of demon-
strating how that process can be modulated. Sex differences in the vulnerability to a 
disease may similarly reveal factors that are protective in one sex, thereby suggest-
ing strategies to prevent or ameliorate that disease. This is especially true for many 
neurodevelopmental disorders, where “sex” explains more of the variance than any 
other known contributing factor. In humans, some treatments are known to be more 
effective in one sex than the other, and optimal drug doses for men and women may 
differ. We ignore these things at our peril and we believe that ignoring sex differ-
ences in the brain, however they arise, compromises best practices in biology and 
medicine, in some cases with substantiated negative health effects [22].

A deeper understanding of these mechanisms will ultimately lead to our under-
standing of the molecular mechanisms underlying differences in the male and 
female brain, and importantly, differences in how the male and female brain may be 
able to respond to neuronal insults encountered with injury, neurodegeneration, and 
normal aging.
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2Management of Disorders of Sex 
Development

Charles Sultan, Laura Gaspari, Nicolas Kalfa, 
and Françoise Paris

Malformations of the external genitalia, formerly referred to as ambiguous genitalia, 
are today categorized as disorders of sex differentiation (DSD) [1]. They are second-
ary to the undervirilization of the 46,XY fetus or the excessive masculinization of the 
46,XX fetus. These malformations are usually discovered in the neonatal period dur-
ing the systematic examination of the newborn’s external genital organs. However, 
they can also be detected during prenatal ultrasonography. These situations are 
extremely distressful for the families, and optimal management is therefore impera-
tive so that the sex of rearing can be determined as quickly as possible. DSD manage-
ment is thus the response to a medical emergency. It requires a multidisciplinary 
team that should include a pediatric endocrinologist, pediatric urological surgeon, 
geneticist, and psychologist. The clinical, biological, and genetic investigations, 
along with imaging studies and surgical and psychological management, should sug-
gest the better choice of sex orientation or at least the less onerous one.

2.1  Diagnosis of the Disorders of Sex Differentiation (DSD)

2.1.1  Clinical Diagnosis of DSD

A scrupulous clinical examination will permit the diagnosis of a DSD (Fig. 2.1) and 
will also determine whether it has occurred in a context of malformation. The geni-
tal bud, genital ridges (scrotum in boys and labia majora in girls), and urogenital 
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sinus (closed in boys and open in girls) should be very carefully examined. It is 
important to determine whether the family has had other cases of DSD or neonatal 
salt-wasting.

In some cases, the external genitalia are “ambiguous” and are associated with:

A genital bud that is midway between a penis and a clitoris
Genital ridges that are incompletely fused (forked scrotum)
The urethral opening on the underside of the penis (hypospadias) or a single peri-

neal orifice at the base of the genital bud, between the genital ridges
Gonads that are impalpable or palpable in the inguinal position

In other cases, the malformation is less clear-cut and attention should be 
focused on:

Bilateral cryptorchidism
Posterior hypospadias
Cryptorchidism associated with hypospadias
Micropenis (<2.5 cm)
Clitoral hypertrophy
A nonvisible vaginal orifice with posterior fusion of the genital ridges in a newborn 

with female phenotype

General examination 

for dysmorphic 

features

+

Family history

+ 

Examination of the 

external genitalia

One palpable gonad

• 46,XY DSD

= abnormal gonadal 

determination

• Mixed gonadal 

dysgenesis

• Ovotestis DSD
PGF2α, PGE2

No palpable gonad

• 46,XX DSD

= CAH

• 46,XY DSD

= bilateral 
cryptorchidism 

(anorchia)

Two palpable gonads

• 46,XY DSD

= testicular 
dysgenesis

= impaired T 
biosynthesis

= Androgen 
resistance

Fig. 2.1 Clinical orien-
tation for DSD
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Palpation of a uni- or bilateral mass in the inguinal position or in the labia majora
The degree of the DSD should be evaluated according to the Prader classification 

(Stage I to V) (Table 2.1).

2.1.2  Genetic Investigations

The presence of the SRY gene should be determined with PCR and the results 
should be ready within 24 h. This will determine whether the case is an underviril-
ization of a 46,XY fetus or the excessive virilization of a 46,XX fetus. It is essential 
to determine the karyotype, as this will enable the diagnosis of chromosomal abnor-
malities like 45X/46,XY mosaicism. However, this type of diagnosis will take from 
a couple of days to several weeks.

2.1.3  Hormonal Investigations

The hormone work-up should be performed between 6 and 36 h after birth. The fol-
lowing measurements are crucial: 17-hydroxyprogesterone (17-OHP), testosterone 
(T), and anti-Mullerian hormone (AMH). If possible, follicle-stimulating hormone 
(FSH), luteinizing hormone (LH), and delta4androstenedione (Δ4A) measurements 
should be associated.

High 17-OHP suggests congenital adrenal hyperplasia (CAH), which is usually 
due to a deficiency in 21-hydroxylase that results in a 46,XY DSD.

The values of T and AMH are crucial for evaluating DSD with the 46,XY 
karyotype. The T, FSH, and LH levels should be reevaluated during the minipu-
berty (days 15–90), which is the period of activation of the hypothalamic-pitu-
itary-gonadal axis. During other periods, T and its precursors should be evaluated 
after the human chorionic gonadotropin (hCG) stimulation test. Most often the 

Table 2.1 The Prader scores

Stage 0

  Normal female external genitalia

Stage 1

  Female external genitalia with clitoromegaly

Stage 2

  Clitoromegaly with partial labial fusion forming a funnel-shaped urogenital sinus

Stage 3

  Increased phallic enlargement. Complete labioscrotal fusion forming a urogenital sinus with 
a single opening

Stage 4

  Complete scrotal fusion with urogenital opening at the base or on the shaft of the phallus

Stage 5

  Normal male external genitalia

2 Management of Disorders of Sex Development
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long test is used (1500 UI 1d/2 × 7). All these investigations should be able to dif-
ferentiate 46,XY DSD secondary to insufficient androgen production (gonadal 
dysgenesis or defective androgen synthesis) from those secondary to androgen 
resistance associated with normal T production.

2.1.4  Imaging

Fetal ultrasonography sometimes reveals a uterus. Genitography can show evidence 
of Mullerian derivatives. Urogenital endoscopy under general anesthesia can be 
used to specify the implantation height of the Mullerian cavity when it is present.

2.2  Causes of DSD

According to the 2006 consensus statement of the european society for paediatric 
endocrinology (ESPE) [1] (Table 2.2), we differentiate between 46,XX DSD, 46,XY 
DSD, DSD with ovotestis, and DSD associated with chromosome abnormalities.

2.2.1  46,XX DSD

46,XX DSD is due to the masculinization of the 46,XX fetus because of excessive 
exposure to androgens during intrauterine life, whether of endogenous or exoge-
nous origin. It may also be due to abnormal ovarian determination.

2.2.1.1  Fetal Hyperandrogenism
In the great majority of cases (75 %), the 46,XX fetus has been overexposed to fetal 
androgens in the context of congenital adrenal hyperplasia (CAH). The excessive 
adrenal androgens produced upstream of an enzymatic block are peripherally con-
verted to T and dihydrotestosterone (DHT) and cause fetal virilization (Fig. 2.2).

DHT deficiency is the most frequent (90–95 %) of the enzymatic blocks, account-
ing for 1/14,000 births. Systematic screening with blotting paper is performed on the 
third day of life. A salt-wasting condition with hyponatremia may be associated with 

Table 2.2 Comparison between the old and new DSD classification (ESPE Consensus 2006)

Previous classification New classification

Sexual ambiguities Disorders of Sexual Development (DSD)

MPH (Male Pseudohermaphrodisms) 46,XY DSD

FPH (Female Pseudohermaphrodisms) 46,XX DSD

True Hermaphroditism Ovotestis, DSD

46,XX male 46,XX testicular DSD

45,X0, 46,XX Klinefelter Syndrome 
47,XXY

DSD with chromosomic abnormalities

C. Sultan et al.
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the virilization because of aldosterone and glucocorticoid defects downstream of the 
enzymatic block. The elevated plasma 17-OHP is generally >50 ng/ml. Treatment 
with glucocorticoids and mineralocorticoids should be undertaken as soon as possi-
ble. Molecular study of the CYP21A2 gene will confirm the diagnosis, since this 
disorder is recessively transmitted [2]. The sex of rearing of these newborns is almost 
always female; however, given the excessive androgen exposure during fetal life and 
the evidence of disturbed gender identification in adulthood, some authors have 
questioned systematic female orientation in the case of highly virilized CAH [3].

Other forms of CAH can be encountered, though these are rarer. The 11-beta- 
hydroxylase block is seen in 5 % of the cases. No salt-wasting occurs. The diagnosis 
is based on simultaneously elevated S-component and desoxycorticosterone (DOC), 
and a ratio of Δ4/17-OHP >1 is highly suggestive. Study of the CYP11B1 gene will 
confirm the diagnosis since transmission is autosomal recessive [4]. Careful substi-
tutive therapy with glucocorticoids should be undertaken. The 3-beta- hydroxysteroid 
dehydrogenase block is rare (1 %). It associates salt-wasting and moderate viriliza-
tion. During hormonal investigations, high 17-OH pregnenolone is evident and 
moderately elevated 17-OHP is also frequently noted, probably due to the effect of 
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the hepatic 3ß HSD. An HSD3B2 gene abnormality will confirm the diagnosis, 
since transmission is recessive [5]. Substitutive therapy with gluco- and mineralo-
corticoids should be prescribed.

More rarely, the virilization of the 46,XX fetus may be caused by a lipoid adrenal 
hyperplasia secondary to a mutation of the StAR gene, which codes for the steroido-
genic acute regulatory protein (StAR). Transmission is autosomal recessive. The 
StAR protein is involved in the cholesterol transport in mitochondria, which is the 
first step in adrenal and gonadal steroidogenesis. Lipoid adrenal hyperplasia is thus 
characterized by a major deficit in adrenal and gonadal steroidogenesis, evidenced 
by severe adrenal insufficiency and a female phenotype in both 46,XX and 46,XY 
fetuses. However, less severe forms – characterized by adrenal insufficiency but less 
pronounced undervirilization – have recently been reported [6].

The P450-oxidoreductase (POR) deficit is a possible etiology of 46,XY DSD, as 
well as 46,XX DSD [7]. These forms are dealt with more extensively in the chapter 
on 46,XY DSD.

2.2.1.2  Exogenous Hyperandrogenism
This type of fetal hyperandrogenism may be secondary to placental aromatase gene 
mutation, which is recessively transmitted. This abnormality is rare and is charac-
terized by maternal virilization in the third trimester of pregnancy with spontaneous 
regression after delivery [8]. Another cause of exogenous androgens is one of the 
rare ovarian tumors, such as luteoma of pregnancy or maternal adrenal tumors [9].

2.2.1.3  Abnormalities in Gonadal Determination
Abnormalities in gonadal determination lead to 46,XX testicular DSD, and affected 
individuals were formerly termed XX males. These patients may present genital 
abnormalities during the neonatal period or a normal male phenotype. In the latter 
case, the diagnosis is made in adult life, frequently because of infertility. Since about 
10 % of patients are SRY negative, other genes are probably involved in testis deter-
mination. It has been hypothesized that these abnormalities are secondary to either an 
underexpression of ovary-determining genes or an overexpression of testis- 
determining genes [10], and both hypotheses have been reinforced by evidence [11]. 
Moreover, Camerino et al. reported an RSPO1 gene mutation in the family of a 46,XX 
patient with male phenotype associated with palmoplantar hyperkeratosis [11].

Regarding the potential role of the testis-determining genes, the overexpression 
of the Sox9 gene—which has its major role during testicular development—was 
reported in a 46,XX man [12, 13].

2.2.2  46,XY DSD

46,XY DSD refers to the case of 46,XY newborns with undermasculinization. One 
or both gonads are usually palpated at birth. The hormonal levels of T, AMH, FSH, 
and LH, as well as the presence of Mullerian derivatives at pelvic ultrasonography, 
will differentiate gonadal dysgenesis (associated with insufficient gonadal secretion 
of T and AMH) from T production defects or T insensitivity.

C. Sultan et al.
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2.2.2.1  Gonadal Dysgenesis
Gonadal dysgenesis is a defect in testis determination characterized by a variable 
alteration in Leydig and Sertoli cell function. This disorder may be secondary to 
mutations in any of the several genes taking part in the differentiation process of the 
primitive gonad to a testis.

SRY Gene Abnormalities
SRY gene abnormalities express with a clinical picture of 46,XY sex reversal with 
female phenotype. If gonads are not palpated at birth, it is probable that the diagnosis 
will be made in the pubertal period in the context of primitive amenorrhea associated 
with pubertal delay. However, some patients may present partial pubertal develop-
ment, often caused by an association with a secreting gonadoblastoma [14]. This pic-
ture of 46,XY sex reversal is associated with a SRY gene mutation in 20 % of the cases.

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

Some cases of gonadal dysgenesis have been linked to SF1 gene mutation. This 
gene is involved in the development of male gonads and the adrenal glands [15]. 
The phenotype is variable, from severe expression [16] with isolated clitoral hyper-
trophy to moderate expression with hypospadias or isolated micropenis [17]. 
Adrenal insufficiency may be associated but is not systematically observed [18].

In some patients, the gonadal dysgenesis is associated with renal dysfunction. In 
these cases, the diagnosis of Drash syndrome—defined as Wilms tumor associated 
with renal insufficiency—or Frasier syndrome—which is proteinuria secondary to 
focal glomerular sclerosis—may be made. Both syndromes are due to WT1 gene 
abnormalities that are nevertheless quite specific for each syndrome. In particular, 
heterozygous mutations in the open reading frame have been associated with Drash 
syndrome [19], while intron mutations leading to splicing abnormalities have been 
found in Frasier patients [20].

Sox9 gene abnormalities have been reported. Sox9 is a key gene in early male 
sex determination [15]. Several mutations have been identified in patients with 
severe skeletal malformations like campomelic dysplasia, associated in some cases 
with sex reversal and gonadal dysgenesis [21–23].

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

A linkage study recently identified an MAP3K1 mutation in two families with 
several cases of 46,XY DSD, thus indicating another player in male sex determina-
tion [24].

In addition, duplications in the short arm of the X chromosome [dosage sensitive 
sex reversal (DSS) locus, DAX1 gene] have been reported in several cases of gonadal 
dysgenesis. A DSS locus duplication was found in 46,XY DSD patients with female 
phenotype (46,XY complete dysgenesis). Both the DAX1 (DSS-AHC critical region 
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on X chromosome, gene 1) and NR0B1 (nuclear receptor 0B1) genes have been identi-
fied in this locus. The NR0B1 gene belongs to the nuclear receptor family and, through 
its linkage with other transcription factors such as SF1, it has an “anti-testis” effect 
during the process of male sex determination, proportional to the gene dosage. Thus, 
the overexpression of the DAX gene, as in the case of duplication in a 46,XY patient, 
may contrast with normal testis differentiation, leading to gonadal dysgenesis [25].

Last, a chromobox homolog 2 (CBX2) gene mutation was recently identified in a 
newborn with complete female phenotype but a 46,XY karyotype, which had been deter-
mined in the prenatal period because of concerns about maternal age. This testis differen-
tiation abnormality nevertheless differed from the previously presented cases of gonadal 
dysgenesis in that ovaries with primordial follicles were detected [26]. A mutation in the 
CBX2 gene, which is known for activating SF1 transcription, was identified in this patient. 
The CBX2 gene thus seems to actively repress ovarian development in 46,XY gonads.

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

Defect in 3-Beta-Hydroxysteroid Dehydrogenase
This defect is associated with a variable but insufficient virilization of the 46,XY 
fetus, ranging from a female phenotype to minor forms of DSD, such as isolated 
micropenis or salt-wasting conditions. The biological and genetic investigations are 
the same as for 46,XX DSD.

Defect of 17-Alpha-Hydroxylase
The phenotype in cases of a 17-alpha-hydroxylase defect may also be extremely 
variable. In some individuals, the diagnosis is made only in the pubertal period 
because of pubertal delay or stagnation associated with gynecomastia. A DOC 
excess causes hypertension during puberty. The plasma levels of pregnenolone, pro-
gesterone, and corticosterone are elevated, which contrasts with the low values of T 
and D4 that are unresponsive to stimulation. The genetic abnormality concerns the 
CYP17 gene with recessive transmission.

Defect of 17-Beta-Hydroxysteroid Reductase
This is a rare testicular block that causes a deficit in testicular T production. The 
phenotype is more frequently female at birth. The diagnosis is based on a striking 
elevation in plasma D4 contrasting with a low T level. The mutation involves the 
17ß-HSD type 3 gene, which is expressed only in testis, and its transmission is 
recessive. Virilization occurs at puberty associated with gynecomastia.

P450-Oxydoreductase (POR) Deficit
A POR deficit may cause 46,XY DSD as well as 46,XX DSD [7]. The cyto-
chrome P450 oxydoreductase protein enables the electron transport from NADPH 
to P450 cytochromes localized in microsomes. Several cytochromes take part in 
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cholesterol biosynthesis, while three are involved in steroid biosynthesis: 
P450C17 (17a- hydroxylase/17,20 lyase), P450C21 (21-hydroxylase), and 
P450CYP19 (aromatase). Transmission of POR gene mutations is autosomal 
recessive, and the study of several of these mutations has provided greater insight 
into DSD in association with combined deficits in 21-OH and 17-OH in cases 
where molecular analysis of CYP21 and CYP17 was normal. In addition to DSD, 
several patients present craniofacial malformations, suggestive of Antley-Bixler 
syndrome. The great variability in the phenotype and endocrine findings makes 
this diagnosis very difficult. This may be due in part to the varying degrees of the 
enzymatic defects and to the differences in the ability of each mutation to alter 
enzyme function [27].

Leydig Cell Agenesis or Hypoplasia
This is a rare form of 46,XY DSD, first identified in a patient with female phenotype 
associated with the 46,XY karyotype. She presented primary amenorrhea and no breast 
development at puberty, associated with low T at baseline and after hCG stimulation test-
ing. The discrepancy between increased LH and normal FSH levels is generally evoca-
tive. This condition is determined by a homozygous or double heterozygous inactivating 
mutation of the LH receptor gene. Since the identification of these genetic abnormalities, 
the phenotypic expression has expanded to include conditions that range from ambigu-
ous genitalia to partial forms such as hypospadias or isolated micropenis [28].

2.2.2.3  Androgen-Resistance Disorders
The androgen-resistance disorders are characterized by normal/high T and AMH 
production, in contrast to undermasculinization. These disorders are classified as 
46,XY DSD, which was previously termed male pseudohermaphroditism with nor-
mal or high T.

Androgen Insensitivity (AI)
Androgen insensitivity represents more than 50 % of 46,XY DSD in our experience 
and is caused by a T receptor abnormality. Clinically, a gonad is palpable in the 
inguinal region in the majority of cases. AI is due to a recessive X-linked mutation 
that alters the androgen receptor (AR) gene and leads to variable degrees of 
undervirilization.

Regardless of the initial condition, testes are present and functional, despite 
cryptorchidism. They secrete T and AMH, and there are thus no Mullerian deriva-
tives, such as uterus, Fallopian tubes or the upper part of the vagina [29]. The AI 
conditions are classically distinguished by two forms: complete androgen insensi-
tivity (CAI), which is typically monomorphic, and partial androgen insensitivity 
(PAI), which is conversely far more heterogeneous, with phenotypes varying from 
Prader scores of I to V (Table 2.1).

CAI leads to the most severe phenotype of a normal female newborn. The diag-
nosis is often made only in the pubertal period, when primary amenorrhea associ-
ated with normal breast development and sparse axillary and pubic hair suggests 
this diagnosis. This adolescent also presents no acne, which is a further sign of no 
androgen action on target tissues.
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Conversely, PAI is a quite variable condition, with phenotypes expressing all 
degrees of lost AR function. The range is extremely wide, with the most severe 
forms characterized by female external genitalia with moderate clitoral hypertrophy 
to the least severe forms like isolated micropenis [30] or male sterility with no exter-
nal genital malformation, which is the so-called minimal androgen insensitivity 
syndrome (MAIS). Between these two extreme conditions, there are all degrees of 
undervirilization, most frequently with one or both gonads palpable. It is important 
to note that almost all patients develop gynecomastia in the pubertal period.

The endocrine investigations performed in neonatal PAI patients show normal or 
high plasma T and AMH, along with a high LH level. Conversely, in CAI patients, 
the T and LH levels are not always increased. In addition, the LH and T peak level 
observed around the sixth week of life in normal boys may be absent. The absence 
of Mullerian derivatives during echography or genitography is an important diag-
nostic element. An AR gene mutation will confirm this diagnosis. Choosing the sex 
of rearing at birth is relatively straightforward for CAI patients, who are always 
raised as females. Conversely, the choice of gender orientation for PAI patients is 
more difficult and needs to take into account the technical difficulties of virilizing 
these patients during the pubertal period. It is also important to note the absence of 
correlation between genotype and phenotype for several AR gene mutations, which 
may, moreover, express with variable phenotypes within the same family. Since 
most mutations are transmitted, it is important to screen all women to facilitate pre-
natal diagnosis.

5aR Deficiency
In the case of 5aR deficiency, T is not converted to dihydrotestosterone (DHT), 
which is responsible for external genital virilization. The phenotype is usually 
female, but it may assume all degrees of undervirilization. Clitoral hypertrophy and 
the association of hypospadias and micropenis were the most frequently reported 
findings in a recent study enrolling a large cohort of patients with a 5aR defect [31]. 
If the diagnosis was not made in the neonatal period, it is usually made at puberty 
because of amenorrhea, absence of breast development, striking virilization associ-
ated with hirsutism, clitoral hypertrophy, significant muscle development, and a 
masculinization in behavior. The virilization is due to the presence of an isoenzyme 
expressed after puberty. The hormonal investigations usually reveal an increased T/
DHT ratio >10. However, 5aR defects have also been identified in patients with a 
normal T/DHT ratio. The diagnosis of a 5aR deficit should always be considered for 
a 46,XY DSD patient with increased T and AMH plasma values, regardless of the 
T/DHT ratio. The molecular abnormality concerns the gene coding for 5aR2. This 
enzyme is expressed in genital skin and prostate during fetal life and transmission is 
autosomal recessive; conversely, the 5aR1 enzyme expressed at puberty remains 
functional in skin. There is high genotype/phenotype variability, as in androgen 
insensitivity. In severe forms, the gender orientation is often female; conversely, this 
choice is more difficult in less severe cases. Sex behavior, male identity, pubertal 
virilization, and preserved fertility in some men with the 5aR mutation [32] provide 
arguments for male orientation [1].
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MALD1 Gene Mutations
CXorf6 or mastermind-like domain containing 1 (MAMLD1) is a new gene discov-
ered during a study on myotubular myopathy (MTM1 gene). This muscle disease is 
associated with genital malformations, since the MAMLD1 gene, which is near 
MTM1, is deleted. MAMLD1 is temporarily expressed in fetal gonad and may thus 
take part in fetal steroidogenesis. Mutations in this gene are associated with severe 
forms of hypospadias in a context of DSD [33]; however, this mutation has been 
also identified in patients with isolated hypospadias and elevated plasma T [34].

46,XY DSD and the Environment
In some cases of 46,XY DSD with elevated plasma T, no genetic abnormality is identi-
fied, leading to the diagnosis of “idiopathic” 46,XY DSD. In these cases, it is important 
to investigate the parental domestic and occupational exposure to environmental endo-
crine disrupting chemicals (EDCs) in order to identify possible fetal contamination.

Over the past 30 years, several studies have reported the undervirilization of wild 
animals, as well as an increasing trend in the prevalence of external genital malfor-
mations in male newborns. This trend includes isolated hypospadias [35, 36], crypt-
orchidism [37], and the association of two or more external genital malformations 
[38]. Several EDCs are known to present anti-androgenic and/or estrogenic activity, 
which has led to the suspicion that these chemicals may interfere with male sex dif-
ferentiation during fetal life [39]. Moreover, many epidemiological studies have rein-
forced the EDC hypothesis by evidencing an elevated prevalence of these 
malformations in especially polluted areas [40, 41], and others have demonstrated an 
augmented concentration of EDCs in the mothers’ milk of 46,XY DSD newborns 
[42]. In addition, animal studies have demonstrated the potentiating effect of an EDC 
mixture [43]. It is thus probable that the environment plays an important role in this 
increasing trend of external genital malformations [38–44]. We found increased 
estrogenic bioactivity in three 46,XY patients who were apparently exposed to EDCs 
during fetal life [45]. However, a geographic variation in the prevalence of these 
external genital malformations has also been noted, with a sharp north/south gradient 
in Europe, which has raised the suspicion of a genetic susceptibility to EDCs [38]. In 
addition to DSD, the incidence of testis cancer has increased parallel to the decline 
in male fertility. Based on all this evidence, Skakkebaek et al. hypothesized in 2001 
that the increasing trend in external genital malformations in males, the decline in 
spermatogenesis, and the rise in testis cancer have a common origin: fetal exposure 
to EDCs, or the so-called testicular dysgenesis syndrome [46].

2.2.3  Ovotesticular DSD

True hermaphroditism is now called ovotesticular DSD, following the ESPE consen-
sus statement of 2006 [1]. This denomination has the advantage of referring directly 
to the pathology, which is characterized by the coexistence of testicular and ovarian 
tissue. The clinical phenotype depends on the predominant tissue and may thus 
express any degree of DSD. It has also been reported that several virilized patients 
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were diagnosed only in the pubertal period because of gynecomastia and growth stag-
nation [47]. Diagnosis is based on the histological examination of a gonadal biopsy 
sample, which generally shows the presence of an ovotestis or ovarian tissue on one 
side and testicular tissue in the contralateral side. The ovarian tissue is normal; con-
versely, the testicular tissue is normal in the neonatal period but becomes dysgenetic 
with age [48]. The karyotype is 46,XX in the majority of these patients, as the SRY 
gene is found in only 30 % of cases, and the 46,XY karyotype is more rarely seen. In 
much rarer cases, 46,XX/46,XY mosaicism is observed. Female orientation is fre-
quently recommended because of the presence of uterus in 75 % of patients and the 
differentiated ovarian tissue. In addition to DSD management, surgery can preserve 
the gonadal tissue according to the choice of gender orientation [48].

2.2.4  DSD Caused by Chromosomal Abnormalities

Mixed gonadal dysgenesis is among the chromosomal abnormalities that cause 
DSD; the karyotype is 45,X0/46,XY. This genetic condition leads to DSD of vari-
able degrees, frequently with an asymmetry characterized by one palpable gonad in 
the inguinal or scrotal region and the other gonad, generally a streak, in the abdomi-
nal region. The presence of Mullerian derivatives, usually on one side only, is con-
firmed by genitography. The choice of gender orientation may be male or female, 
depending on the virilization of the external and internal genitalia and the presence 
of Mullerian derivatives. When female gender is chosen, a gonadectomy is gener-
ally performed to eliminate the high risk of gonadoblastoma. When male gender is 
chosen, the gonads are surgically lowered and fixed in the scrotum to facilitate 
screening for gonadoblastoma.

In this classification, we find also the Klinefelter syndromes, whose karyotype is 
47,XXY. The phenotype is more usually male and the diagnosis is generally made 
at adolescence because of pubertal delay or stagnation associated to gynecomastia 
and low testis volume. Much more rarely, this syndrome is associated with a mild 
defect of virilization such as micropenis or cryptorchidism [49].

2.3  Elements for Gender Declaration

The choice of gender orientation should always involve a multidisciplinary team 
and the decision must be made very carefully. Although the orientation of highly 
virilized 46,XX DSD is today under discussion, the choice of gender orientation for 
46,XY DSD remains an extremely difficult step. The presence of testicular tissue is 
not an essential factor; conversely, the surgical possibilities and the potential for 
virilization under treatment at puberty are key factors for orientation:

In testicular dysgenesis: female orientation is standard if vaginoplasty can easily be 
performed.

In testicular T synthesis abnormality: female orientation is advised, since the pos-
sibility of performing a masculinizing genitoplasty is low.

C. Sultan et al.
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In androgen resistance: female orientation is indisputable in newborns with com-
plete androgen resistance; conversely, in partial forms the female orientation 
should be considered because of the risk of insufficient virilization at puberty.

In 5α-reductase deficiency: theoretically, the orientation should be toward male 
gender since pubertal virilization will enable subnormal penile development, 
normal pubic hair, and male identity.

In the rare ovotestis DSD: female orientation is most often adopted.

 Conclusions
In conclusion, scrupulous clinical examination and hormonal imaging, genetic, 
and molecular investigations all lead to the confirmation of DSD diagnosis 
(Fig. 2.3).

The families should be informed in a calm and balanced manner of the treat-
ment options and their respective difficulties.

A multidisciplinary team should be involved in all diagnostic investigations, 
treatment, and follow-up.
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3Central Precocious Puberty: 
From Diagnosis to Treatment

Juliane Léger and Jean-Claude Carel

3.1  Introduction

Precocious puberty (PP) is defined as the onset of clinical signs of puberty before 
the age of 8 years in girls and 9.5 years in boys. However, the onset of puberty may 
be subject to the effects of environmental (secular trends, adoption, absence of the 
father, and possible exposure to estrogenic endocrine-disrupting chemicals), nutri-
tional (body mass index), and constitutional (genetics, ethnicity) factors [1–4], with 
implications for the definition of precocious puberty. PP may be caused by central 
or peripheral mechanisms [1].

Premature sexual maturation is a frequent cause for referral. Clinical evaluation 
is generally sufficient to reassure the patients and their families, but premature sex-
ual maturation may reveal severe conditions and thorough evaluation is therefore 
required to identify its cause and potential for progression, so that appropriate treat-
ment can be proposed. The clinical expression of precocious puberty is polymor-
phic. In addition to progressive central PP, with a progressive deterioration of adult 
height prognosis in the absence of treatment, there are very slowly progressive 
forms which do not modify predicted final height [5–7]. The heterogeneity of 
precocious puberty, in terms of its clinical presentation and definition, can be 
explained by the gradual nature of the transition to puberty. Indeed, the pulsatile 
secretion of LH begins before the onset of clinical signs of puberty, and an increase 
in the amplitude of the LH peaks is the key biological sign of pubertal maturation 
of the gonadotrophic pituitary axis. GnRH stimulation tests indirectly reveal 
pulsatile endogenous GnRH secretion, as this secretion determines the response 
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to exogenous GnRH. The available data indicate that there is no clear boundary 
between prepubertal and pubertal status, accounting for the frequency of “marginal” 
forms of precocious puberty.

3.2  Etiologies and Mechanisms Underlying Premature 
Sexual Development

Central precocious puberty (CPP), which is much more common in girls than in 
boys [8], results from premature reactivation of the hypothalamo-pituitary-gonadal 
axis and pulsatile GnRH secretion with a hormonal pattern similar to that of normal 
puberty. Premature sexual development results from the action of sex steroids or 
compounds with sex steroid activity on target organs. CPP may be due to hypotha-
lamic lesions, but is idiopathic in most cases, particularly in girls (Table 3.1) [1]. 
Recent studies have implicated the inactivation of Makorin ring finger 3 (MKRN3) 
genes in “idiopathic” CPP [9, 10]. MKRN3 is an imprinted gene located on the long 
arm of chromosome 15, with a potentially inhibitory effect on GnRH secretion. 
MKRN3 gene defects have been identified as a cause of paternally transmitted 
familial CPP, but such defects do not underlie maternally transmitted CPP and are 
rarely involved in sporadic forms [11].

It is also important to recognize that most cases of premature sexual maturation 
correspond to benign variants of normal development that can occur throughout 
childhood. They can mimic precocious puberty but do not lead to long term conse-
quences and are usually benign. This is particularly true in girls below the age of 
2–3 where the condition is known as premature thelarche. Similarly in older girls, 
at least 50 % of cases of premature sexual maturation will regress or stop progress-
ing and no treatment is necessary [5, 6]. Although the mechanism underlying these 
cases of non-progressive precocious puberty is unknown, the gonadotropic axis is 
not activated. Premature thelarche probably represents an exaggerated form of the 
physiological early gonadotropin surge that is delayed in girls relative to boys.

3.3  Consequences of Precocious Puberty

Progressive premature sexual maturation can have consequences on growth and 
psychosocial development. Growth velocity is accelerated as compared to normal 
values for age and bone age is advanced in most cases. The acceleration of bone 
maturation can lead to premature fusion of the growth plate and short stature. 
Several studies have assessed adult height in individuals with a history of preco-
cious puberty. In older published series of untreated patients, mean heights ranged 
from 151 to 156 cm in boys and 150 to 154 cm in girls, corresponding to a loss of 
about 20 cm in boys and 12 cm in girls relative to normal adult height [12]. However, 
these numbers correspond to historical series of patients with severe early onset 
precocious puberty which are not representative of the majority of patients seen in 
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Table 3.1 Clinical characteristics of the various forms of central precocious puberty

Cause Symptoms and signs Evaluation

Due to a CNS lesion

Hypothalamic hamartoma May be associated with 
gelastic (laughing attacks), 
focal or tonic-clonic seizures.

MRI: Mass in the floor of the 
third ventricle iso-intense to 
normal tissue without contrast 
enhancement.

Or other hypothalamic 
tumors:
•  Glioma involving the 

hypothalamus and/or 
the optic chiasm

•  Astrocytoma
•  Ependymoma
•  Pinealoma
•  Germ cell tumors

May include headache, visual 
changes, cognitive changes, 
symptoms/signs of anterior or 
posterior pituitary deficiency 
(e.g., decreased growth 
velocity, polyuria/polydipsia), 
fatigue, visual field defects.
If CNS tumor (glioma) 
associated with 
neurofibromatosis, may have 
other features of 
neurofibromatosis (cutaneous 
neurofibromas, café au lait 
spots, Lisch nodules, etc.)

MRI: contrast-enhanced  
mass that may involve the  
optic pathways (chiasm,  
nerve, tract) or the 
hypothalamus (astrocytoma, 
glioma) or that may involve the 
hypothalamus and pituitary 
stalk (germ cell tumor). May 
have evidence of intracranial 
hypertension.
May have signs of anterior or 
posterior pituitary deficiency 
(e.g., hypernatremia).
If germ cell tumor:  
ßhCG detectable in  
blood or CSF

Cerebral malformations 
involving the 
hypothalamus:
•  Suprasellar arachnoid 

cyst
•  Hydrocephalus
•  Septo optic dysplasia
•  Myelomeningocele
•  Ectopic 

neurohypophysis

May have neurodevelopmental 
deficits, macrocrania, visual 
impairment, nystagmus, 
obesity, polyuria/polydipsia, 
decreased growth velocity.

May have signs of anterior or 
posterior pituitary deficiency 
(e.g., hypernatremia) or 
hyperprolactinemia.

Acquired injury:
•  Cranial irradiation
•  Head trauma
•  Infections
•  Perinatal insults

Relevant history.
Symptoms and signs of 
anterior or posterior pituitary 
deficiency may be present.

MRI may reveal condition- 
specific sequelae or may be 
normal.

Idiopathic – No CNS 
lesion

≈92 % of girls and ≈ 50 % of 
boys.
History of familial precocious 
puberty or adoption may be 
present.

No hypothalamic abnormality on 
the head MRI. The anterior 
pituitary may be enlarged.
MKRN 3 gene evaluation if 
paternally transmitted

Secondary to early 
exposure to sex steroids

After cure of any cause of 
gonadotropin- 
independent precocious 
puberty.

Relevant history.
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the clinic today. Height loss due to precocious puberty is inversely correlated with 
the age at pubertal onset, and currently treated patients tend to have later onset of 
puberty than those in historical series [12].

Parents often seek treatment in girls because they fear early menarche [13]. 
However, there are little data to predict the age of menarche following early onset 
of puberty [14]. In the general population, the time from breast development to 
menarche is longer for children with an earlier onset of puberty, ranging from a 
mean of 2.8 years when breast development begins at age 9–1.4 years when breast 
development begins at age 12 [15].

In the general population, early puberty timing has been shown to be associated 
with several health outcomes in adult life with higher risks for cardiovascular dis-
ease and type 2 diabetes in both women and men [16]. However, there are no long 
term data on these aspects in case of precocious puberty.

Adverse psychosocial outcomes are also a concern, but the available data spe-
cific to patients with precocious puberty have serious limitations [17]. In the general 
population, a higher proportion of early-maturing adolescents engage in exploratory 
behaviors (sexual intercourse, legal and illegal substance use) and at an earlier age, 
than adolescents maturing within the normal age range or later [18, 19]. In addition, 
the risk for sexual abuse seems to be higher in girls or women with early sexual 
maturation [20]. However, the relevance of these findings to precocious puberty is 
unclear, and they should not be used to justify intervention.

3.4  Evaluation of the Child with Premature Sexual 
Development

The evaluation of patients with premature sexual development should address sev-
eral questions: (1) Is sexual development really occurring outside the normal tem-
poral range? (2) What is the underlying mechanism and is it associated with a risk 
of a serious condition, such as an intracranial lesion? (3) Is pubertal development 
likely to progress, and (4) Would this impair the child’s normal physical and psy-
chosocial development?

3.4.1  Clinical Diagnosis

Precocious puberty manifests as the progressive appearance of secondary sexual 
characteristics – breast development, pubic hair and menarche in girls, enlargement 
of testicular volume (testicular volume greater than 4 ml or testicular length greater 
than 25 mm) and the penis, and pubic hair development in boys [21, 22] – together 
with an acceleration of height velocity and bone maturation, which is frequently 
very advanced (by more than 2 years relative to chronological age). However, a 
single sign may remain the only sign for long periods, making diagnosis difficult, 
particularly in girls, in which isolated breast development may precede the appear-
ance of pubic hair or the increase in growth velocity and bone maturation by several 
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months. However, in some children, the increase in height velocity precedes the 
appearance of secondary sexual characteristics [23].

The clinical evaluation should guide the diagnosis and discussions about the 
most appropriate management.

The interview is used to specify the age at onset and rate of progression of puber-
tal signs, to investigate neonatal parameters (gestational age, birth measurements) 
and whether the child was adopted, together with any evidence suggesting a possi-
ble central nervous disorder, such as headache, visual disturbances or neurological 
signs (gelastic attacks), or pituitary deficiency, such as asthenia, polyuria- polydipsia, 
and the existence of a known chronic disease or history of cerebral radiotherapy. 
The evaluation also includes the height and pubertal age of parents and siblings, and 
family history of early or advanced puberty.

The physical examination assesses height, and height velocity (growth curve), 
weight and body mass index, pubertal stage and, in girls, the estrogenization of the 
vulva, skin lesions suggestive of neurofibromatosis or McCune Albright syndrome, 
neurological signs (large head circumference with macrocephaly, nystagmus, visual 
change or visual field defects, neurodevelopmental deficit), symptoms or signs of 
anterior or posterior pituitary deficiency (low growth velocity, polyuria/polydipsia, 
fatigue) and to assess the neuropsychological status of the child, which remains the 
major concern of the child and parents seeking help for early puberty. It is also 
important to recognize clinically the benign variants of precocious pubertal devel-
opment, usually involving the isolated and non-progressive development of second-
ary sexual characteristics (breasts or pubic hair), normal growth velocity or slight 
increase in growth velocity, and little or no bone age advancement.

Following this assessment, watchful waiting or complementary explorations may 
be chosen as the most appropriate course of action. If watchful waiting is decided 
upon, then careful re-evaluation of progression is required 3–6 months later, to 
assess the rate of progression of puberty and any changes in growth.

Additional testing is generally recommended in all boys with precocious puber-
tal development, in girls with precocious Tanner 3 breast stage or higher and in girls 
with precocious B2 stage and additional criteria, such as increased growth velocity, 
or symptoms or signs suggestive of central nervous system dysfunction or of periph-
eral precocious puberty.

These tests include the assessment of bone age (which is usually advanced in 
patients with progressive precocious puberty), hormonal determinations, pelvic or 
testicular (if peripheral PP is suspected) ultrasound scans, and brain magnetic reso-
nance imaging (MRI).

3.4.2  Biological Diagnosis

The biological diagnosis of precocious puberty is based on the evaluation of sex 
steroid secretion and its mechanisms. The diagnosis of central precocious puberty is 
based on pubertal serum gonadotrophin concentrations, with the demonstration of 
an activation of gonadotropin secretion [24].
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Sex Steroid Determinations In boys, testosterone is a good marker of testicular 
maturation, provided it is assessed with a sensitive method. RIA(Radioimmunoassay) 
is generally used in practice. In girls, estradiol determination is uninformative, 
because half the girls displaying central precocious puberty have estradiol levels 
within the normal range of values in prepubescent girls. Very sensitive methods are 
required, and only RIA methods meet this requirement. The increase in estradiol 
concentration is also highly variable, due to the fluctuation, and sometimes intermit-
tent secretion of this hormone. Very high estradiol levels are generally indicative of 
ovarian disease (peripheral PP due to cysts or tumors). Estrogenic impregnation is 
best assessed by pelvic ultrasound scans, on which the estrogenization of the uterus 
and ovaries may be visible [25].

Gonadotrophin Determinations Basal gonadotropin levels are informative, and 
are generally significantly higher in children with PP than in prepubertal children 
[26]. However, basal serum LH concentration is much more sensitive than basal 
FSH concentration and is the key to diagnosis. Ultrasensitive assays should be used 
to determine serum LH concentration. Prepubertal LH concentrations are <0.1 IU/L, 
so LH assays should have a detection limit close to 0.1 IU/L [27–29].

The response to GnRH stimulation is considered the gold standard for the diag-
nosis of central precocious puberty. Stimulation tests involving a single injection of 
LHRH analogs can also be used [30, 31]. The major problem is defining the deci-
sion threshold. In both sexes, a central cause of precocious puberty is demonstrated 
an increase in pituitary gonadotropin levels. Indeed, the underlying mechanism of 
early central puberty is linked to premature activation of the hypothalamic- pituitary- 
gonadal axis, with the onset of pulsatile LH secretion and an increase in the secre-
tion of pituitary gonadotropins both in basal conditions and after stimulation with 
LHRH. Before the onset of puberty, the FSH peak is greater than the LH surge. 
During and after puberty, the LH surge predominates. In cases of central precocious 
puberty, basal serum LH concentration usually is ≥0.3 IU/L and serum LH concen-
tration after stimulation is ≥5 IU/L [1, 32]. FSH is less informative than LH, because 
FSH levels vary little during pubertal development. However, the stimulated LH/FSH 
ratio may make it easier to distinguish between progressive precocious puberty (with 
an LH/FSH ratio >0.66) and non-progressive variants not requiring GnRHa therapy.

3.4.3  Place of Imaging in the Evaluation of Precocious Puberty

Pelvic ultrasound scans can be used to assess the degree of estrogenic impregnation 
of the internal genitalia in girls, through measurements of size and morphological 
criteria. A uterine length ≥35 mm is the first sign of estrogen exposure. Morphological 
features are also important, as the prepubertal state is marked by a tubular uterus, 
which becomes more pearl-like in shape during the course of puberty, with a bulg-
ing fundus. Measurements of uterine volume increase the reliability of the examina-
tion (prepubertal ≤2 ml). Endometrial thickening on an endometrial ultrasound scan 
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provides a second line of evidence. Ovary size and the number of follicles are not 
criteria for the assessment of pubertal development [25, 31, 33]. Testicular ultra-
sound should be performed if the testicles differ in volume or if peripheral preco-
cious puberty is suspected, to facilitate the detection of Leydig cell tumors, which 
are generally not palpable.

Neuroimaging is essential in the etiological evaluation in progressive central pre-
cocious puberty. Magnetic resonance imaging (MRI) is the examination of choice 
in the study of the brain and of the hypothalamic-pituitary region, for the detection 
of hypothalamic lesions. The prevalence of such lesions is higher in boys (30–80 % 
of cases) than in girls (8–33 %) and is much lower when puberty starts after the age 
of 6 years in girls, this population accounting for the majority of cases. It has been 
suggested that an algorithm based on age and estradiol levels could replace MRI, 
but such an approach has not been clearly validated [34–36].

At the end of this analysis, the diagnostic approach should help to determine the 
progressive or non-progressive nature of pubertal precocity (Table 3.2) and to dif-
ferentiate between the etiologies of central or peripheral precocious puberty.

Indeed, many girls with idiopathic precocious puberty display very slow pro-
gressive puberty, or even regressive puberty, with little change to predicted adult 

Table 3.2 Differentiation between true precocious puberty and slowly progressive forms

Progressive precocious 
puberty

Slowly progressive 
precocious puberty

Clinical Pubertal stage Passage from one stage to 
another in 3–6 months

Spontaneous regression 
or stabilization of 
pubertal signs

Growth velocity Accelerated: > 6 cm/year Normal for age

Bone age Typically advanced, 
variable, at least 2 years

Variable, but usually 
within 1 year of 
chronological age

Predicted adult height Below-target height or 
decreasing on serial 
determinations

Within target height 
range

Pelvic 
ultrasound 
scan

Uterus Length > 34 mm or 
volume > 2 ml

Length ≤ 34 mm or 
volume ≤ 2 ml

Pearl-shaped uterus Prepubertal, tubular 
uterus

Endometrial thickening 
(endometrial ultrasound 
scan)

Ovaries Not very informative Not very informative

Hormonal 
evaluation

Estradiol (RIA ++) Not very informative, 
usually measurable

Not detectable or close 
to the detection limit

LH peak after 
stimulation with GnRH

In the pubertal 
zone ≥ 5 IU/L

In the prepubertal range

Basal LH determination Useful if value is high 
(≥3 IU/L) and frankly in 
the pubertal range

No definitive value

3 Central Precocious Puberty: From Diagnosis to Treatment



32

height and a normal final height close to their parental target height [5, 6]. 
Therapeutic abstention is the most appropriate approach in most of these cases, 
because puberty progresses slowly, with menarche occurring, on average, 5.5 years 
after the onset of clinical signs of puberty, and patient reaching a normal final height 
relative to parental target height. However, in some cases (about one third of sub-
jects), predicted adult stature may decrease during the progression of puberty, in 
parallel with the emergence of evident biological signs of estrogenization and a 
highly progressive form of central PP. Thus, children for whom no treatment is justi-
fied at the initial assessment should undergo systematic clinical assessment, at least 
until the age of 9 years, to facilitate the identification of girls subsequently requiring 
treatment to block central precocious puberty.

3.4.4  The Normal Variants of Puberty

The distinction between early puberty and normal puberty is not clear-cut. There are 
several variants of normal puberty, which may pose problems for differential diag-
nosis, particularly as they have a high prevalence [37–39].

Premature thelarche is isolated breast development before the age of 8 years. 
There are two peaks in the frequency of premature thelarche: the neonatal period, 
which is marked by gonadotropin activation, this peak potentially lasting for 2–3 
years, and the prepubertal period [33]. Premature thelarche differs from early 
puberty in the absence of any other aspect of sexual development, usually with a 
lack of scalability of breast development and no acceleration of height velocity or 
significant advance in bone maturation (≥2 years). Uterine ultrasound scans provide 
a simple means of checking that there is no change in the uterus. No further explora-
tion or treatment is required and the outcome is the persistence of moderate breast 
development (in two thirds of cases) or regression. However, isolated premature 
breast development may precede the onset of central precocious puberty, which 
should not be ignored if patients develop other pubertal signs and an acceleration of 
height velocity.

Premature pubarche is the appearance of pubic hair before the age of 8 years in 
girls and 9 years in boys. It may be accompanied by clinical signs of hyperan-
drogenism: acne, axillary hair, accelerated growth rate. It corresponds to adrenal 
maturation (adrenarche) and is not a differential diagnosis for central precocious 
puberty. Possible differential diagnoses to be systematically excluded include adre-
nal tumors and congenital adrenal hyperplasia [40, 41].

Slowly Progressive Forms of Precocious Puberty Such forms present clinically 
as early puberty with the development of secondary sexual characteristics and a mod-
erate advance in bone age. On ultrasound scans, the uterus may show very early 
estrogen impregnation. However, the response to GnRH is of the prepubertal type. 
The mechanism underlying these cases of non-progressive precocious puberty is 
unknown, but the gonadotropic axis is not activated. Studies monitoring these benign 
variants of precocious puberty have shown that treatment with GnRH agonists is not 
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appropriate because there tends to be either a total regression of pubertal signs or a 
slow progression towards puberty [5, 6]. Table 3.2 provides elements guiding dif-
ferentiation between slowly progressive and progressive forms of central precocious 
puberty.

3.4.5  Psychosocial Aspects

Psychosocial aspects of early puberty are the major concern of patients and families 
seeking help for early puberty, whereas doctors generally focus on etiological 
aspects and height prognosis. Psychological assessment usually reveals a normal 
IQ. Patients tend to be rather solitary, with high scores for isolation, and a tendency 
to become depressed. They are mostly concerned about their appearance, whereas 
parents are generally worried about the onset of periods. Little is known about the 
long-term psychosocial consequences of early puberty or about the psychosocial 
integration of patients treated for precocious puberty [13, 42].

3.5  Management of Central Precocious Puberty

3.5.1  GnRH Agonists

GnRH agonists are generally indicated in progressive central precocious puberty, 
with the aim to restore genetic growth potential and to stabilize or regress pubertal 
symptoms. GnRH agonists continuously stimulate the pituitary gonadotrophs, lead-
ing to desensitization and decreases in LH release and, to a lesser extent, FSH 
release [43]. Several GnRH agonists are available in various depot forms and the 
approval for use of the various formulations varies with countries. Despite nearly 30 
years of use of GnRH agonists in precocious puberty, there are still ongoing ques-
tions on their optimal use and an international consensus statement has summarized 
the available information and the areas of uncertainty as of 2007 [17].

GnRH agonist treatments should be followed by experienced clinicians and 
result in the regression or stabilization of pubertal symptoms, decrease of growth 
velocity, and bone age advancement [17]. GnRHa-injection dates should be recorded 
and adherence with the dosing interval monitored. A suppressed LH response to the 
stimulation by GnRH, GnRH agonist, or after an injection of the depot preparation 
(which contains a fraction of free GnRH agonist) is indicative of biochemical effi-
cacy of the treatment but is not recommended routinely. Progression of breast or 
testicular development usually indicates poor compliance, treatment failure, or 
incorrect diagnosis and requires further evaluation.

There are no randomized controlled trials assessing long term outcomes of the 
treatment of central precocious puberty with GnRH agonists and height outcome 
have been mostly evaluated. Among approximately 400 girls treated until a mean 
age of 11 years, the mean adult height was about 160 cm and mean gains over pre-
dicted height varied from 3 to 10 cm [12]. Individual height gains were very 
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variable, but were calculated using predicted height, which is itself poorly reliable. 
Factors affecting height outcome include initial patient characteristics (lower height 
if bone age is markedly advanced and shorter predicted height at initiation of treat-
ment) and, in some series, duration of treatment (higher height gains in patients 
starting treatment at a younger age and with longer durations of treatment). No 
height gain benefit has been shown in girls treated after the age of 9 years.

Other outcomes to consider include bone mineral density, risk of obesity and 
metabolic disorders, and psychosocial outcomes. Bone mineral density may decrease 
during GnRH agonist therapy. However, subsequent bone mass accrual is preserved, 
and peak bone mass does not seem to be negatively affected by treatment [17]. There 
has been concern that GnRH agonists use may affect BMI. However, childhood obe-
sity is associated with earlier pubertal development in girls, and early sexual matura-
tion is associated with increased prevalence of overweight and obesity. Altogether, 
the available data indicate that long-term GnRH agonist treatment does not seem to 
cause or aggravate obesity or have repercussions for body composition, bone mineral 
density, fertility, and metabolic or cancer comorbidities. General health status is not 
different as compared to women with normal puberty [44–46]. The development of 
polycystic ovarian syndrome remains controversial [47–50] and further studies are 
still required to assess the potential risk of premature ovarian dysfunction. Data con-
cerning psychosocial outcomes are scarce and there is little evidence to show whether 
treatment with GnRH agonists are associated with improved psychological outcome 
[13, 46]. Studies of this aspect are required.

Although tolerance to GnRH agonist treatment is generally considered good, it 
may be associated with headaches and menopausal symptoms such as hot flushes. 
Local complications (3–13 %) such as sterile abscesses may result in a loss of effi-
cacy and anaphylaxis has been described [51].

The optimal time to stop treatment has not been established and factors that 
could influence the decision to stop GnRH agonists include aiming at maximizing 
height, synchronizing puberty with peers, ameliorating psychological distress, or 
facilitating care of the developmentally delayed child. However, data only permit 
analysis of factors that affect adult height. Several variables can be used to decide 
on when to stop treatment including chronological age, duration of therapy, bone 
age, height, target height, growth velocity. However these variables are closely 
interrelated and cannot be considered independently. In addition, retrospective anal-
yses suggest that continuing treatment beyond the age of 11 years is associated with 
no further gains [52]. Therefore, it is reasonable to consider these parameters and 
informed parent and patient preferences, with the goal of menarche occurring near 
the population norms [17]. Pubertal manifestations generally reappear within 
months of GnRH agonist treatment being stopped, with a mean time to menarche of 
16 months [53]. Long-term fertility has not been fully evaluated, but preliminary 
observations are reassuring [46, 53].

The addition of growth hormone [54] or oxandrolone [55] when growth velocity 
decreases or if height prognosis appears to be unsatisfactory has been proposed, but data 
are limited on the efficacy and safety of these drugs in children with precocious puberty.
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3.5.2  Management of Causal Lesions

When precocious puberty is caused by a hypothalamic lesion (e.g., mass or mal-
formation), management of the causal lesion generally has no effect on the course 
of pubertal development. Hypothalamic hamartomas should not be treated by sur-
gery for the management of precocious puberty. Precocious puberty associated 
with the presence of a hypothalamic lesion may progress to gonadotropin 
deficiency.

 Conclusion

Knowledge of the different clinical forms of precocious puberty is essential to 
determine whether there is a tumor (intracranial) or other disease, and the indica-
tions for treatment or an abstention from treatment.
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4Management of Peripheral Precocious 
Puberty in Girls

Charles Sultan, Laura Gaspari, Nicolas Kalfa, 
and Françoise Paris

The premature appearance of secondary sexual characteristics like breast develop-
ment and pubic hair is upsetting and prompts many families to consult endocrinolo-
gists. Yet the management of precocious puberty is not always straightforward [1], 
especially given the unusually wide range of clinical expression: most presentations 
of precocious puberty are peripheral precocious puberty (PPP).

• Ten to twenty percent of all cases are instances of central precocious puberty 
(CPP). The course of its development needs to be carefully assessed and a central 
tumor must be eliminated. In its typical form, CPP progresses rapidly and the 
accelerated bone maturation leads to early fusion of the bone plates, thus com-
promising final adult height. Other clinical presentations have been identified 
and will be discussed further on.

• In 50–60 % of the cases, only one secondary sexual characteristic shows prema-
ture development and the diagnosis is premature thelarche (breast development), 
premature pubarche (appearance of pubic hair). In these cases, the etiology 
should be sought, and clinical, biological, and radiographic management is 
devoted to preventing the precocious onset of puberty.
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• The development of secondary sexual characteristics has an ovarian cause, with 
an autonomous hyperproduction of estrogens causing precocious pseudopuberty 
independently of gonadotropin activation. In more and more cases, it has become 
evident that the hyperestrogenism may have an exogenous origin such as envi-
ronmental chemical pollutants in the air, water, and food chain. These xenoestro-
gens have a chemical structure that mimics the actions of natural estrogens by 
stimulating the activity of target tissues.

In all cases, the initial step is to evaluate the level of estrogen secretion, in 
terms of both its impact on target organs (breasts, growth rate, bone maturation, 
etc.) and its course over time. A good understanding of the various ways that 
precocious puberty clinically presents in girls is vital for the decision on thera-
peutic management, as the optimal treatment is often not evident during the ini-
tial evaluation.

4.1  Evaluation of the Pubertal Stage

One of the first steps in diagnosis is the estimation of pubertal stage. The Tanner 
stages have been the reference for many years, as they are very well codified 
(Table 4.1). In routine clinical practice, this relatively precise staging is comple-
mented by examination of the sesamoid bone of the hand. This marker of bone 
maturation appears towards 11 years and signals the start of puberty.

The Tanner stages have been the reference for generations of pediatric endocri-
nologists. In an American study of a very large cohort of girls examined between the 
ages of 3 and 11 years, most of the girls appeared to enter puberty at a younger age 
(9.9 years for B2 and 10.5 years for P2). This drop in the age of puberty onset was 
most evident in black girls. The authors attributed their findings to the impact of 
environmental factors (chemical pollution). The findings that most of the girls enter-
ing puberty at the youngest ages (between 6 and 8 years) do not present with short 
adult height and that the duration of puberty (tempo) is inversely linked to the age 
of onset (timing) should be considered as relevant to clinical practice, especially to 
any decision about therapeutic management.

These works as a whole have done much to elucidate the development of second-
ary sexual characteristics and the normal course of puberty in girls.

Table 4.1 Mean ages for 
normal pubertal development 
stages in girls, based on Tanner 
stages for breast development 
(B) and pubic hair (P)

Pubertal stage Age (years)

Breast buds (B2) 10.1

Sparse pubic hair growth (P2) 11.2

Darker, coarser pubic hair growth (P3) 12.2

Growth spurt 12.2

Menarche 12.7

Adult pubic hair in type and quantity (P5) 14

Mature breast (B5) 14
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The activation of the gonadotropic axis is marked by a peak in LH above 5 μUI/
ml and an LH/FSH ratio above 1 during LHRH testing. Conversely, to the assertions 
of other groups, we do not accept the basal values of LH (whatever the standard 
used) as a marker of pubertal onset.

The measurement of plasma estradiol by radioimmunology is not a reliable 
method to evaluate the onset of puberty because of its low specificity and high fluc-
tuations. Only the analysis of the biological activity of estrogens using ultrasensitive 
methods is able to provide useful information on pubertal onset [2].

Last, pelvic ultrasonography with measurement of the uterus should be system-
atically performed: onset of puberty shows an increase in ovarian volume (>1.5 cm3) 
and uterine size with length exceeding 3.5 cm. The finding of an increased diameter 
of the uterine fundus and a uterine vacuity line reflects significant estrogenization.

Clinical, biological, anthropometric, and radiographic evaluations are all helpful 
in distinguishing normal puberty from precocious puberty, which may have impor-
tant clinical, psychological, and therapeutic implications.

4.2  Clinical Expression of Peripheral Precocious Puberty

Precocious puberty is eight times more frequent in girls than in boys [3]. Premature 
breast development, pubic hair, and growth acceleration should prompt several 
questions (Table 4.2), the answers to which will provide clues as to the best adapted 
treatment strategy.

 1. Did puberty clinically begin before 8 years?
 2. What has been the progression of the clinical symptoms?
 3. Are there biological or radiographic signs of exaggerated maturation?
 4. How is predicted adult height affected?
 5. What are the psychological consequences?
 6. Is the hormonal secretion gonadotropin-dependent or -independent?
 7. In the case of central gonadotropin activation, is it due to a tumor or is it 

idiopathic?

Premature thelarche is the most common clinical expression of PPP. Premature 
thelarche refers to isolated breast development in girls between 2 and 7 years, which 
differs from the genital crisis of the newborn whose breast development (associated 
with strong estrogenization and even milk production) may last for the first 18 

Table 4.2 Clinical forms of 
peripheral precocious puberty

  Peripheral precocious puberty: precocious pseudopuberty

   Ovarian autonomy

    McCune-Albright syndrome, ovarian cyst

    Granulosa cell tumor

   Adrenal tumor (feminizing)

   Environmental pollution (pesticides)
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months of life. This premature breast development is bilateral in half the cases, 
unilateral, or, less frequently, asymmetric. Volume varies: 60 % at B2, 30 % at B3, 
and 10 % at B4. The breast is often tender and palpation is sometimes painful. There 
is no discharge.

In persistent or marked forms of thelarche, the hormonal work-up should be 
limited to the LHRH test to confirm a predominant FSH response [4]. Bone matura-
tion is rarely accelerated. The progression is characterized by fluctuations over 
time: spontaneous remission, persistence, and aggravation of breast volume, which 
should evoke the possibility of puberty onset. In this case, pelvic ultrasound can 
provide useful information.

When estrogen secretion is patent (simultaneous increase in uterine volume), 
contamination by products with estrogen-like activity should be considered and 
sought (soy-rich foods, environmental pesticides, etc.). In its usual form, premature 
thelarche requires no treatment.

Peripheral precocious or precocious pseudopuberty is not characterized by the 
premature activation of the gonadotropic axis: it is caused by an abnormally high 
production of estrogens and, more rarely, androgens because of a “tumor” on the 
ovary or adrenal glands. It is iso- or heterosexual depending on the whether the 
excess steroid hormone strengthens or transforms the child’s phenotype.

4.2.1  Peripheral Precocious Puberty Caused by Ovarian 
Autonomy

The considerable progress in determining the molecular mechanisms of hormone 
transduction signals has greatly contributed to our understanding of the physiopa-
thology and clinical expression of peripheral precocious puberty caused by ovarian 
autonomy. This progress may one day culminate in a specific treatment for this rare 
but incapacitating disorder. Heterosexual precocious pseudopuberty secondary to a 
virilizing adrenal or ovarian tumor is much rarer.

4.2.1.1  McCune-Albright Syndrome
McCune-Albright syndrome (MAS) is a sporadic disorder characterized by the clas-
sic triad of precocious puberty, fibrous bone dysplasia, and café-au-lait spots [5]. 
Diverse endocrine abnormalities can also be associated: somatotrophic pituitary 
adenomas, hypothyroid goiter, and adrenal hyperplasia.

Precocious Puberty
MAS affects girls almost exclusively and is characterized by its extreme preco-
ciousness and the gravity of the immediate clinical picture: isolated menstruation as 
early as the first months or first years of life. The full clinical picture will develop 
later, with breast enlargement and pubic hair. The often voluminous ovarian cysts 
discovered by ultrasound are cyclic and are difficult to treat: cystectomy or ovariec-
tomy is often necessary when all other treatments fail. The acceleration of growth 
velocity is considerable (+2, +3 SD) and constant, on the order of 9–10 cm per year. 
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Bone maturation is also accelerated and will thus compromise the prognosis for 
final adult height.

The biological work-up will show very high plasma estradiol associated with 
dramatically low plasma gonadotropins and no response to GnRH stimulation. This 
indicates LH/FSH-independent precocious puberty and situates this type of preco-
cious puberty within the context of the ovarian-autonomous syndromes.

Café-au-lait Spots
The café-au-lait spots of MAS are hyperpigmented, typically light brown or brown, 
with irregular borders (“coast of Maine”) that distinguish them from the smooth- 
bordered spots observed in neurofibromatosis. The spots are usually unilaterally 
distributed, on the same side as the bone lesions. When associated with precocious 
puberty, they are an essential diagnostic element.

Fibrous Bone Dysplasia
Fibrous bone dysplasia is the third element in the classic triad. This bone abnormal-
ity may remain silent for many years, only to be revealed by a spontaneous fracture 
or on the occasion of a slight injury. X-rays reveal pseudocysts of the bone cortex 
that rapidly invade the entire skeleton.

Other Endocrine Pathologies
Other endocrine pathologies are seen to varying degrees: hyperthyroidism, acro-
megaly, gigantism, hypercorticism, hyperprolactinemia, and hyperparathyroidism. 
These types of endocrine hyperfunctioning are also caused by autonomous hor-
monal hyperproduction.

Molecular Bases of McCune-Albright Syndrome
The specific location of the skin lesions and the sporadic character of MAS (no 
documented cases of hereditary transmission) suggest that this disorder is due to a 
somatic mutation that occurs early in development. The result is a mosaic distribu-
tion of abnormal cells. The appearance and the severity of the bone, skin, and endo-
crine abnormalities thus depends on the number of cells carrying the mutation.

Moreover, the diverse endocrine hyperfunctioning syndromes observed in the 
course of MAS have in common the presence and activation of cells that respond to 
extracellular signaling by activation of the adenyl cyclase system. The hypothesis of 
local hyperproduction of cyclic adenosine monophosphate (AMPc) was confirmed 
several years ago: MAS is caused by a genetic abnormality that causes a constitutive 
activation of adenyl cyclase. The evidence of activating Gαs mutations in various 
tissues of MAS patients further supports this mechanism.

4.2.1.2  Granulosa Cell Tumors
Although rare (10 % of the ovarian tumors in children), granulosa tumors are 
expressed in early childhood by strong estrogen secretion that results in marked 
breast development, accelerated growth velocity, and by menstruation. These ovar-
ian tumors are discovered in a wide variety of circumstances:
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• Endocrine disturbances
 – The hormonal activity of the tumor explains why 80–90 % of the girls under 

8 years present isosexual precocious pseudopuberty. This pubertal advance 
induced by the estrogen secretion of the tumor cells is independent of the low 
levels of GnRH and prepubertal gonadotropins. On clinical examination, 
breast development is frequently noted but this is variable; metrorrhagia, 
accelerated growth velocity, and sometimes advanced bone age are also noted. 
The preoperative plasma estrogen concentration is almost always elevated. 
Virilization with precocious pubarche, acnea, hirsutism, and rarely clitoro-
megaly is related to aromatase deficiency inside the tumor.

 – Endocrine symptoms may also be present in cases of ovarian granulose cells 
in the post pubertal period. Symptoms are more difficult to detect, such meno- 
metrorragia and hyperandrogenism.

 – Precocity of diagnosis and an early recognition of endocrine signs from ovar-
ian granulosa cell tumors significantly improve its prognosis with a lower risk 
of peritoneal extension.

In most patients, the levels of inhibin and AMH are elevated and return to normal 
post-surgery. The level of inhibin is correlated with tumor extension and eventual 
relapse. If the estradiol level is initially high, this too can be useful for follow-up. 
However, its interest is limited because [1] 30 % of granulosa tumors are nonsecret-
ing [2], its level depends on the surrounding theca cells and is thus variable, and [3] 
physiological puberty can interfere with measurement.

• During emergency surgery (10 % of the cases) for acute abdominal pain and 
vomiting that are mistakenly diagnosed as acute appendicitis. These symptoms 
are due to torsion of the ovary or more rarely tumor rupture.

• An abdominal-pelvic mass that may be quite voluminous. This mass is frequently 
asymptomatic and it is discovered by the parents. It may also cause compression 
of the urinary tract (lumbar pain, colic nephritic, urinary infection) or the intes-
tine (constipation, incomplete occlusion syndrome).

• As a fortuitous discovery during surgical intervention for other reasons, such are 
inguinal hernia repair, or as calcifications or ossifications of abdominal X-rays.

• By discovery of an ovarian cyst during prenatal diagnosis, which is an excep-
tional situation.

Surgery is the treatment of choice for a granulosa cell tumor. A careful preopera-
tive evaluation is necessary to preserve fertility and future hormonal functioning. 
Staging includes peritoneal cytology and exploration of the abdominal cavity. 
Limited tumors can be treated by salpingo ovariectomy, as the rate of relapse is mini-
mal. For bilateral tumor, a conservative treatment of the contralateral ovary should be 
discussed. In stages with extraovarian extension, chemotherapy is recommended. 
Follow up includes careful clinical, hormonal, and ultrasonographic evaluation.

Due to its excellent prognosis and the often complete recovery after initial surgery, 
juvenile ovarian granulosa cell tumors (OGCT) has usually been considered as benign 
condition. Survival of the patients with stage Ia tumors is around 90 %, the overall 
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survival in the whole group approximating 85 %. However, the minority of the tumors 
that have spread within the abdomen or recurred after initial therapy have a much 
poorer prognosis and OGCT should be considered an ovarian cancer of good progno-
sis rather than a benign condition. It is still not possible to identify those patients who 
will relapse in the future, and the mechanism of this relapse remains to be elucidated. 
Nevertheless, molecular biology has identified two markers of prognosis:

• Mutations of the Gs alpha protein – a protein included in the transduction of the 
FSH signal – have been found in hot spot position 201 in 30 % of patients’ DNAs 
[6]. The oncologic stages were significantly different according to the gsp onco-
gene status. Patients with a hyperactivated Gαs exhibited a significantly more 
advanced tumor (P < 0.05). Gsp oncogene is indeed implicated in cell prolifera-
tion level and cell invasion capacity.

• Another prognostic factor of OGCT could be the level of the differentiation of 
the tumoral cell. One of the earliest differentiating genes of granulosa cell in the 
fetus is FOXL2. FOXL2, a forkhead transcription factor, is a regulatory element 
of the organogenesis of the mammalian ovary. The patients with no or reduced 
expression of FOXL2 in their tumor exhibit significantly more advanced onco-
logic staging. All patients requiring complementary treatment (chemotherapy or 
complementary surgery) showed reduced FOXL2 expression in the tumor [7]. 
The extinction of this gene implicated in granulosa cell differentiation is compat-
ible with an uncontrolled proliferation of these cells.

4.2.1.3  Ovarian Cysts
Functional nonneoplastic ovarian cysts and masses are frequent in peripubertal girls 
and are generally follicular or luteal in origin [8].

Ovarian cysts are mostly unilateral, unilocular, and simple with the size varying 
between 2 and 5 cm in diameter.

Rapid prepubertal breast development is usual followed by metrorrhagia in some 
cases. Pelvic US is mandatory.

If the cyst is anechogenic, the patient should be monitored for a period of 3–6 
months. If there is any clinical or sonographic change, surgery can be discussed.

4.2.2  Feminizing Tumors of the Adrenal Gland

Feminizing tumors of the adrenal gland are relatively rare causes of precocious 
pseudopuberty.

4.2.3  Precocious Pseudopuberty and Environmental Pollution

Increasing attention should be given to precocious pseudopuberty secondary to 
environmental contamination by chemical products such as pesticides, herbicides, 
and fungicides. Endocrine disruptors with the capacity to mimic estrogens are able 
to generate estrogen secretion, resulting in simple thelarche to true central PP.
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A decline in the age of pubertal onset and a rise in the prevalence of precocious 
puberty in girls (PP) (pubertal development before 8 years in girls) have been widely 
documented throughout the world [9, 10]. A better understanding of the “endocrine 
disrupting” activities of many environmental pollutants, particularly estrogen- mimetic 
compounds, has prompted the medical and research communities to consider their 
role in the increased prevalence of PP.

Environmental endocrine disruptors (EEDs) are able to disrupt the endocrine sys-
tem at various levels, affecting, for example, the hypothalamic-pituitary axis, ste-
roidogenesis, and the binding of steroid nuclear receptors; they therefore theoretically 
have the ability to interfere with the course of physiological puberty. Most notably, 
EEDs can mimic estrogen activity, which is why they are called “xenoestrogens” 
[11]. The acceleration in the incidence of PP cases and greater knowledge of the 
“endocrine disrupting” activities of EEDs have prompted the scientific community to 
hypothesize their role in the increased prevalence of pubertal precocity [12, 13].

Endocrine disruptors may be natural or synthetic and are listed below.

Phyto and mycoestrogens
Pesticides
Plastics
Synthetic Estrogens (OCP)
Cosmetics
Dioxin

Over the last 20 years, we have developed an ultrasensitive assay for EED in 
patient blood.

We have been able to demonstrate the role of EED contamination in a 4-month- 
old girl with precocious puberty seen in our pediatric endocrinology clinic, as we 
found very high concentrations of lindane and DDT in the child, her mother, and 
soil samples taken from their home to confirm our results [14]. In addition, we 
recently observed that premature thelarche can sometimes be associated with 
prenatal or postnatal exposure to EEDs, in a study we conducted in a group of 
young girls in whom we identified an abnormally high ultrasensitive estrogenic 
activity [15].

Over the last years, we have clearly observed an advance in the age of pubertal 
onset and it is ongoing. In addition, a rise in the incidence of PP has been reported 
in France as well as in many countries. Studies conducted in animals and humans 
support the role of EEDs in peripheral precocious puberty. It is however evident that 
a central action of EED cannot be excluded. This interaction of EED with the Kiss 
neurons may also contribute to the increase prevalence of central PP in girls. Beyond 
their impact on pubertal development, the relationships among the duration of estro-
gen exposure, the pervasiveness of EEDs, and the rising incidence of breast cancer 
appear to be generally acknowledged, which underlines—if need be—the impor-
tance of this issue for public health.
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Fig. 4.1 Decision tree for peripheral precocious puberty
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 Conclusion
In girls, the prevalence of precocious puberty is rapidly increasing all over the 
world. PPP may be due to ovarian autonomous hyperactivity that should be iden-
tified and specifically treated (Fig 4.1). However, the role of EED seems pre-
dominant and raises a key question of a health and economic problem.
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5Premature Pubarche

Charles Sultan, Laura Gaspari, Nicolas Kalfa, 
and Françoise Paris

Pubertal maturation involves two associated processes: adrenarche due to adrenal 
androgen production and gonadarche linked to the reactivation of the hypothalamus- 
pituitary- gonadal axis.

5.1  Definition

Premature pubarche (PP) is characterized by the presence of pubic hair developing 
in girls younger than 8 years [1].

It is referred to as premature or exaggerated adrenarche and is considered a 
benign condition of normal development, occurring in 4–10 % of prepubertal girls. 
However, other causes of androgen excess should be considered and ruled out:

• Precocious puberty
• Enzymatic defects of adrenal steroidogenesis (late onset of 21-hydroxylase 

deficiency)
• Adrenal tumors
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5.2  Adrenarche

Adrenarche is the maturation of the adrenal zona reticularis, a physiological process 
unique to higher primates. In humans it occurs before pubertal onset at a mean age of 6 
years, and the result is an increase in adrenal androgens: Dehydroepiandrosterone 
(DHEA) and dehydroepiandrosterone sulfate (DHEAS) (Fig. 5.1). Unconjugated DHEA 
can be converted directly to androgens (to Δ4-androstenedione → testosterone), whereas 
the conversion of DHEAS to androgens first requires cleavage of the sulfate group [2].

The mechanism of adrenarche onset remains unknown, although the implication 
of leptin, IGF1, and ACTH has been conjectured. In addition, MC-2 receptor, 
CYP19, IGF1, and AR gene polymorphisms have been reported to be associated 
with PP in some cases.

The physiological role of adrenarche in the pubertal maturational process has 
never been elucidated.

5.3  Clinical Features

The consequences of exposure to androgen excess in prepubertal girls are:

• Development of pubic hair
• Development of axillary hair
• Acne
• Oily skin/hair
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• Adult body odor
• Mood swings and/or behavioral changes

In a recent work, R. Voutilanen reported that 63 girls with PP presented the fol-
lowing characteristics: 89 % adult-type body odor, 70 % oily hair, 56 % acne, 48 % 
pubic hair, 38 % axillary hair, and 12 % acanthosis nigricans. In 20–50 % of these 
girls, higher than normal childhood weight was observed. Moreover, a bone age 
advance of 1–2 years was noted. Although some of these girls presented earlier 
menarche, normal adult target height was reached [3].

5.4  Evaluation of Girls with PP

The diagnosis of PP is based on the exclusion of other causes of pubertal hyperan-
drogenism. The focus should be on the age at the onset of signs, the tempo of their 
changes, and recent acceleration of growth. Examination of the girl should include 
pubertal staging, a search for other signs of hyperandrogenism, and the evaluation 
of BMI. Laboratory assessment is limited to the measurement of basal serum 17-OH 
progesterone, DHEAS, Δ4-androstenedione, and testosterone. An adrenocortico-
tropic hormone (ACTH) stimulation test must be performed if the basal 17-OH 
progesterone level is found to be above 2 ng/dL. A bone age evaluation is systemati-
cally carried out: in most cases, a 1–2 year advance in bone age is found.

Abdominal MRI should be considered when an adrenal androgen-secreting 
tumor is suspected.

A definitive algorithm for the evaluation of PP cannot be recommended. We 
nevertheless propose the following decision tree (REF. Sultan PAG), which has usu-
ally been helpful in our clinical experience (Fig. 5.1).

5.5  Differential Diagnosis

PP must be distinguished from a number of pathological conditions:

• Precocious puberty
• Non-classical congenital adrenal hyperplasia (NC-CAH), due to 21-OH gene 

mutation
• Virilizing adrenal tumors
• Exogenous androgen exposure

5.5.1  Precocious Puberty

PP may be a marker for the early onset of puberty: idiopathic central precocious 
puberty may present with pubic and/or axillary hair [4]. Bone age and growth veloc-
ity are accelerated and plasma androgens are abnormally elevated for age (Fig. 5.2d).
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5.5.2  Non-classical Congenital Adrenal Hyperplasia (NC-CAH)

NC-CAH is usually related to 21-OH deficiency [5]. In this condition, NC-CAH has 
an extremely variable presentation. In prepubertal girls, the presenting signs include: 
PP, cystic acne, accelerated growth, and advanced bone age (Fig. 5.2b).

NC-CAH has been found in 1–30 % of girls with PP. This wide range is likely 
related to ethnic differences. The biological diagnosis of NC-CAH is suspected 
when early morning basal 17-OH progesterone is above 200 ng/dL and when an 
increase in 17-OH progesterone above 1200 ng/dL is found after the ACTH stimula-
tion test [6].

In our experience [7] with a cohort of 40 girls with PP, 24 % of them presented a 
molecular defect within the 21-OH gene.

5.5.3  Virilizing Adrenal Tumors

Virilizing tumors are rare but not exceptional (Fig. 5.2c): we recently had the oppor-
tunity to manage two very young girls referred to our clinic for PP without exagger-
ated symptoms of virilization. MRI was performed because abdominal palpation 
revealed an abdominal mass [8]. In both cases, an adrenocortical carcinoma was 
diagnosed and surgically removed.

5.5.4  Exogenous Androgen Exposure

Exogenous androgen exposure occurs exceptionally through creams or gels con-
taining testosterone.

Growth velocity Growth velocity Growth velocity Growth velocity

Very early PP + Breast development

+ axillary hair+ Clitroridal hyperthrophy

+/- hirsutism

Isolated public hair

+/- Axillary hair

No virilization

Public hair

Clitoridal hyperthrophy

BA  =  CA

DHEAS DHEAS,  T

T, 17OHP 17OHP

BA

DHEAS, T T, DHEAS, 170HP

Pelvic US = U height > 35mm

17OHP, A4

BA BA

LH, LHRH test

CPP

Abdominal MRI

CORTICOSURRENALOMA

NC - CAHPP

a b c d

Fig. 5.2 Clinical presentation of pre pubertal hyperandrogenism
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5.6  Management

There are few recommendations for the management of PP [9] (Fig. 5.3):

• If there is unusual weight gain, fasting measures of glycemic and insulin levels 
are recommended.

• If rapid pubertal progress occurs, laboratory and imaging assessment must be 
performed.

Premature pubarche

Clinical examination:
signs of

hyperandrogenism ?

Growth velocity
+

Bone age

“simple”
premature
pubarche

hormone work-up
∑ T, 17OHP, DHEAS

∑ Synacthen test

Monitor
progression:

∑ central
precocious
puberty ?

∑ adolescent
PCOS ?

normal
high

adrenal
ultrasound

mass

adrenal
tumor

congenital adrenal
hyperplasia
(late onset)

± N

normal acceleration

Fig. 5.3 Decision tree for premature pubarche
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• In the majority of cases, when clinical and laboratory findings are consistent with 
idiopathic PP, these girls may be followed at 6-month intervals till menarche.

• The girls should be followed at least yearly after menarche, since they are con-
sidered to be at high risk for further adolescent polycystic ovary syndrome 
(PCOS) essentially for those who had a low birth weight and a prepubertal 
weight gain [10].

Table 5.1 Grading of hypothalamic 
amenorrhea on the basis of the 
progestogen, clomiphene, and  
Gn-RH tests, respectively

1 Clomiphene positive with 
bleeding following

 1a Normal luteal phase

 1b Insufficient luteal phase

 1c Anovulatory cycle

2 Progestogen positive

Clomiphene negative

3 Progestogen negative with 
pituitary response to 100 μg of 
Gn-RH i.v.

 3a “Adult response”

 3b “Prepubertal response”

 3c No response

From Leyendecker, G., Wildt, L. and Plotz, E.J. et al. [11].

 Conclusions
• PP is a frequent condition in girls, particularly in the Mediterranean area.
• The prevalence of PP is increasing, likely due to the recent higher incidence 

of obesity among prepubertal girls.
• Clinical and laboratory investigations are useful for distinguishing early adre-

nal maturation from the first signs of persistent hyperandrogenism.
• Extended longitudinal studies are necessary to confirm the link between early 

onset of androgen excess, insulin resistance, and PCOS.
• PP is not always a benign condition.
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6Maturation of the Hypothalamic- 
Pituitary- Ovarian Axis and the Onset 
of Puberty

Françoise Paris, Laura Gaspari, and Charles Sultan

6.1  Introduction

Puberty is an essential life event, the period in which somatic and sexual maturation 
and reproductive capacity are achieved [36]. Far from being a punctual event, it is 
the culmination of a complex series of maturational events that start in utero, are 
reactivated in the neonatal period, and progress throughout the entire span of child-
hood [34]. Although the age of puberty onset is in great part genetically determined 
[17], the downward trends reported by several authors have led to the hypothesis of 
an interaction between genes and the environment [3, 22, 36]. Puberty has indeed 
come to be regarded as a biological sensor, and the changes in its timing, which 
have been detected in recent years in several wildlife species and human popula-
tions, suggest that it may serve as a potential biomarker for negative environmental 
influences on reproduction. Yet this issue is still contested by some, and an evalua-
tion of worldwide epidemiological data is therefore needed to either confirm or 
invalidate this reported trend. In this short review, we focus on the major neuroen-
docrine factors involved in puberty onset, as well as its modulation by metabolic 
signals or epigenetic mechanisms (Fig. 6.1).
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6.2  Neuronal Control of Puberty: Essential Roles of GnRH 
and Kisspeptin (KP) Neurons

During puberty onset, GnRH pulsatility increases in both amplitude and frequency 
and stimulates the gonadotroph cells of the anterior pituitary gland. This increases 
the secretion of FSH and LH, which in turn stimulates the secretion of sex steroids: 

HypothalamusInhibitory

Kiss1

NKB

Excitatory

GnRH

Glia

Pituitary

LH

FSH

WAT

Ovary

E2 /P

+

+

-

+/-

Leptin

GnRH

Fig. 6.1 Hypothalamic-pituitary-gonadal (HPG) axis and puberty according to [49]. Hypothalamic 
GnRH neurons receive trans-synaptic inhibitory and excitatory inputs that modulate the pulsatile 
release of GnRH. This neuropeptide drives the secretion of FSH and LH from the anterior pituitary, 
which in turn stimulates the secretion of gonadal sex steroids. These steroids have both negative 
and positive feedback effects for estradiol (E2) or only negative one for testosterone (T). Leptin 
produced by the white adipose tissue (WAT) is involved in the metabolic regulation of HPG
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testosterone by the Leydig cells of the testis and androstenedione by the thecal cells 
of the ovarian follicles, which is then converted into estrogen by the aromatase 
enzyme in granulosa cells [4]. The increase in sex steroids stimulates the somato-
troph axis, causing growth acceleration, progressive growth plate maturation, and 
the development of secondary sexual characteristics, all of which lead to the clinical 
expression of pubertal development. This key role of GnRH neurons has been 
clearly demonstrated by the clinical model of Kallmann’s hypogonadotropic hypo-
gonadism due to a migration defect of GnRH neurons [43]. Nevertheless, pubertal 
changes in pulsatile GnRH secretion are induced by modifications in the axo- 
dentritic inputs to the GnRH neuronal network [24, 35]. Puberty may thus be the 
end point in the hierarchical activation/inactivation of excitatory and inhibitory 
GnRH regulators [35].

Among the neuropeptide regulators of GnRH neurons, kisspeptin (KP) has been 
recognized as essential for the control of puberty onset [48]. KP is encoded by the 
Kiss1 gene and operates through the kisspeptin receptor (KissR), a G protein- 
coupled receptor also called Gpr54 . In rodents, two prominent populations of KP 
neurons have been reported in the arcuate nucleus (ARC) and the rostral periven-
tricular area of the third ventricle (RP3V) of the hypothalamus, whereas in other 
mammals including primates, KP neurons are significantly expressed in the ARC/
infundibular region [38]. In recent years, genetic endocrine disorders have proved 
useful for gaining a better understanding of physiological processes. With regard to 
puberty, inactive mutations of the Kiss1 gene or Gpr54 gene result in hypogonado-
tropic hypogonadism [12, 44]. Conversely, activating mutations of either of these 
genes lead to precocious puberty [46, 47].

Experimental data have also pointed to the key role of KP neurons in puberty 
onset. First, a rise in hypothalamic expression of the Kiss1 and Gpr54 genes has 
been reported during pubertal transition in rats [30]. Second, KP in mice elicits a 
better LH response in adults than in prepubertal mice, giving evidence of an increase 
in the sensitivity to the stimulatory effects of KP on GnRH/LH secretion [21]. The 
increase in the depolarizing KP action on GnRH neurons from juvenile to adult age 
reinforces the better Gpr54 signaling efficiency during the pubertal period [21]. 
Last, an elevation in the number of KP-positive neurons and their projections toward 
GnRH neurons has been also demonstrated at the time of puberty [11]. This mecha-
nism is more marked in female than in male mice, leading to the hypothesis of a 
sexual dimorphism in Kiss1 gene expression.

6.3  Roles of KP Partners in Pubertal Onset

In addition to the crucial role of KP in the control of puberty onset, other endocrine 
signals have been reported to modulate GnRH neuron activity by several groups.

Anatomical analyses have demonstrated that a high percentage of KP neurons 
co-expresses neurokinin B (NKB) and its receptor (NK3R) in the ARC [20, 32, 
49]. Since most of these neurons also express dynorphin-A (Dyn), they have 
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been termed KNDy neurons [25]. As for KP, pubertal disorders underline the role 
of NKB and its receptor in pubertal regulation. For example, Topoglu reported 
four human pedigrees with severe congenital gonadotrophin deficiency and 
pubertal failure that were homozygous for loss-of-function mutation in TAC3 
(encoding NKB) or TACR3 (encoding NK3R) [50]. These data, as well as the 
demonstration of an increase in TAC3 and TACR3 expression during puberty in 
mice [19], suggest that NKB is a central regulator of human gonadotropic func-
tion. Moreover, numerous experimental studies have reported a potent stimula-
tory action of the

NKB agonist senktide on LH secretion [18]. This stimulatory effect is never-
theless absent in Gpr54 null mice, suggesting that KP signaling may be a link 
between NKB and GnRH neurons [18]. In support of this hypothesis, experi-
mental data demonstrate the stimulatory action of the NKB agonist senktide on 
KP neurons, but not directly on GnRH neurons [31]. In parallel, it was demon-
strated that KNDy neurons express TACR3 gene, whereas GnRH do not [31]. 
All these data confirm that NKB activates GnRH neurons indirectly through 
kisspeptin [32].

Sex steroid levels are also involved in the regulation of pubertal onset. It is 
well known that sex steroids have both negative and positive feedback effects [4]. 
This has been corroborated by several clinical reports of central precocious 
puberty occurring during peripheral pubertal progression [37]. Recent works 
have underlined that the ARC hypothalamic area may be involved in the negative 
feedback of estrogens (E), whereas the rostral periventricular region of the hypo-
thalamus (AVPV) is involved in its positive feedback [24]. Comparisons of wild 
type and ERα knock-out mice revealed that both negative and positive estrogen 
feedback are mediated by ERα [10]. Nevertheless, ERβ, but not ERα, is expressed 
in GnRH neurons, raising a question about the link between E and GnRH neu-
rons [23]. A good candidate for this interaction would again be the KNDy neu-
rons. First, increased Kiss1 gene expression was reported in postmenopausal 
women and ovariectomized monkeys [41]. Conversely, estrogen replacement in 
the monkeys markedly reduced Kiss-1 gene expression [41]. Second, the abla-
tion of KNDy neurons prevents the rise of LH in ovariectomized mice [29]. 
Nevertheless, the positive feedback of E2 on the preovulatory LH surge is not 
fully understood, although it may involve estrogen- receptive histamine-contain-
ing neurons [16, 24].

6.4  Metabolic Control of Puberty

A substantial quantity of data points to the essential role of metabolic factors in the 
control of puberty. First, the concept of a critical fat mass – that is, the necessity of 
a minimal weight for normal puberty – emphasizes the role of leptin produced by 
adipose tissue [8]. In addition, leptin and leptin receptor deficiency in humans are 
known to be responsible for hypogonadotropic hypogonadism [14, 15], while 
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overweight and obese prepubertal girls present earlier puberty onset [2]. These data 
underline the important role of leptin in puberty. However, the normalization of 
mean leptin concentrations in the condition of negative energy balance failed to 
restore normal gonadotropin levels in female rats [51]. Moreover, pharmacological 
studies in humans and rodents with leptin deficiency have clearly demonstrated that 
leptin alone cannot trigger early puberty [9]. All these data suggest that rather than 
being a trigger, leptin plays a permissive role in puberty onset [40]. Other impacts 
of leptin at other levels of the hypothalamic-pituitary-gonadal (HPG) axis have also 
been considered. This principal central leptin action seems indirectly mediated 
since leptin receptor (LepR) mRNA was not found in GnRH neurons [39, 42]. It is 
currently unknown where leptin conducts its reproductive actions. Negative energy 
balance was reported to induce suppression of Kiss1 mRNA in pubertal rat hypo-
thalamus, whereas administration of KP increased both serum LH levels and hypo-
thalamic Kiss1 mRNA levels [6]. On the other hand, premature onset overweight in 
female rats increased Kiss1 gene expression [7]. Although these data stress the 
important role of leptin in GnRH pubertal activation via the KP neurons, one issue 
remains unresolved: does leptin have a direct or indirect action on the KP neurons? 
The above-cited works have demonstrated that leptin exerts both a direct and an 
indirect action on KP neurons. The detection of LepR mRNA in KP neurons of the 
ARC strengthens the assumption of direct leptin action on these neurons [5]. 
Nevertheless, not only congenital selective ablation of these LepR from KP neurons 
is compatible with preserved puberty and fertility [13], but LepR is also expressed 
in various hypothalamic area [28] underlying an indirect action of leptin via path-
ways that have yet to be identified.

6.5  Novel Mechanism in the Control of Puberty

As described above, substantial efforts have been made in the past decade to iden-
tify the factors involved in the initiation of puberty. This body of work has not only 
shown the major role of the KP/GPR54 system in pubertal development, but has 
also indicated that the initiation of puberty requires the involvement of many other 
genes such as TAC, TACR3, Lep, and LepR. A new concept of pubertal initiation is 
related to upstream mechanisms involving gene silencing (Fig. 6.2). These upstream 
mechanisms can also include epigenetic regulation [33]. Kiss1 gene was thus found 
to be repressed in the ARC before puberty by the polycomb group transcriptional 
silencing complex (EED and CBX7) [26]. DNA methylation of two key members 
of this complex lifted this repression at the initiation of puberty, which coincided 
with an increase in the expression of the Kiss1 gene. Further insight into pubertal 
regulation was recently provided by several cases of familial central precocious 
puberty due to MKRN3 mutations [1, 45]. MKRN3 is a maternally expressed gene 
that encodes the protein MKRN3, whose transcription decreases in mice during 
peripuberty. These humans as well as experimental data strongly suggest that 
MKRN3 represses the initiation of puberty during the juvenile pause [1].
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 Conclusion

Puberty is not a punctual phenomenon. It is the culmination of a general matu-
ration process that starts in fetal life, is reactivated in the neonatal period, and 
is finally expressed in adolescence. Pubertal timing is shaped by the dynamic 
interplay between gene load and the environment. Puberty has thus been 
regarded as a biological sensor, and downward trends in the timing of puberty, 
as have been detected in recent years in wildlife species and human popula-
tions, are considered as potential biomarkers for the suspected deterioration 
of the hypothalamic-pituitary- gonadal axis due to environmental influences. 
Our understanding of pubertal regulation has progressed greatly over the past 
decade, especially with the identification of novel neuropeptide pathways 
(Kiss, NKB, etc.) and molecular mechanisms (epigenetics, mRNA) involved 
in its regulation.
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7From Primary Hypergonadotropic 
Amenorrhea to “POI”: Aetiology 
and Therapy

Vincenzina Bruni, Sandra Bucciantini, 
and Simona Ambroggio

Ovarian function can cease precociously before menarche (primary hypergonado-
tropic amenorrhea) or can occur after a period of regular ovarian function, leading 
to the condition defined as “primary ovarian insufficiency.” Various terms have been 
used to define this deviation from healthy ovarian function including “premature 
ovarian failure” (POF); “premature ovarian dysfunction” and “occult or incipient 
ovarian failure” describe lesser forms of partial ovarian failure with raised serum 
FSH concentration but more or less regular menstrual cycles. The term “primary 
ovarian insufficiency” (POI), proposed by Albright in 1942 [1] describes a contin-
uum of impaired ovarian function rather than a dichotomous state based on the 
hypothesis that ovarian follicular activity might resume intermittently, even years 
after diagnosis, leading to pregnancy in some women. Thus, this term could be con-
sidered more appropriate than those used previously [2]. The term “early meno-
pause” is used commonly to refer to ovarian damage in 40–45 year-old women.

The common denominator of POI is amenorrhea lasting 4 or more months 
accompanied by serum FSH increase to menopausal level (usually over 30–40 IU, 
minimum three measurements done at least a month apart) and estradiol levels 
under 50 pg mL. It is estimated to affect approximately 1 % of women under 40 
years of age, 0.1 % of women under 30 years of age, and 0.01 % of women under 20 
years of age [3] but actually the prevalence is less certain [4]. Progress and improve-
ments in diagnosis and oncological treatments will certainly lead to an increase in 
the future of the number of recognized cases of POI [5].
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7.1  POI Pathophysiology

Although the cause of primary ovarian insufficiency is undefined in most cases, the 
disorder generally arises from dysfunction or depletion of ovarian follicles [6, 7]. In 
rare cases of follicular dysfunction, sufficient ovarian follicles are present but they 
do not function properly. For example, primary ovarian insufficiency can be caused 
by mutations in FSHR, which encodes the FSH receptor [8, 9]. Alternatively, 
destruction of primordial follicles by toxic agents, autoimmune response, activation 
of proapoptotic pathways, or accelerated follicular recruitment might result in pre-
mature depletion of the pool of primordial follicles.

7.2  POI Aetiology

Most cases of POF are idiopathic, with no identifiable etiology. However, diverse 
etiologies have been associated with POF, in particular genetic aberrations, autoim-
mune ovarian damage, iatrogenic factors, infectious agents, toxins, and environ-
mental factors [10].

7.2.1  Genetic Disorders

The various genetic mechanisms implicated in the pathogenesis of POF include 
reduced gene dosage and non-specific chromosome effects that impair meiosis. 
These can lead to premature ovarian failure by causing a decrease in the pool of 
primordial follicles, increased atresia of the ovarian follicles due to apoptosis, or 
lack of follicle maturation [10, 11].

Chromosomal abnormalities have been recognized as a cause of POF, but per-
centages vary widely among reported series. The numerous different karyotype 
anomalies responsible for precocious ovarian deficiency can be classified as 
follows.

7.2.2  X Chromosome Numerical Defects

The X chromosome has been known to play an essential role in the maintenance of 
ovarian development and function; therefore, females lacking an X chromosome or 
those showing an extra X chromosome are predisposed to develop POF [4]. The 
most frequent X chromosome anomaly is Turner’s Syndrome, with X monosomy 
(45,X) in 50 % of cases. In the remaining 50 % of cases, the karyotype presents 
either a two-long-armed X chromosome (isochromosome) or a ring shaped X chro-
mosome or mosaicism (45,X/46,XX). POF in these patients is due to accelerated 
follicular loss [12]. X monosomy without mosaicism is more typically found in 
primary amenorrhea, while mosaicism and other forms of association are also asso-
ciated with POF. Either haploinsufficiency of pivotal genes on the X chromosome 
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or non-specific meiotic impairment could explain the accelerated atresia of oocytes 
[4]. 47,XXX: the presence of three X chromosomes can lead to meiotic disturbance 
and ovarian failure, but the mechanism remains to be defined [13]. Patients pre-
sented different symptoms, such as genitourinary tract abnormalities, tall stature, 
epicanthus, and high incidence of autoimmune diseases [14].

7.2.3  X Chromosome Structural Abnormalities and X–Autosome 
Translocations

Women with structural abnormalities of the X chromosome have primary ovarian 
insufficiency. The most important of the numerous genes implicated in the mecha-
nisms of POF and located on the X chromosome is FMR1, involved in X fragile 
syndrome, a pleiotropic Mendelian disorder (when POF is part of the phenotypic 
spectrum). This dominant, hereditary disease with incomplete penetration is the most 
frequent cause of hereditary mental retardation with a prevalence of 1:8000 women. 
The gene is located on Xq27.3 and it has an expandable region composed of repeats 
of CGG nucleotide in 5’UTR position. A normal subject possesses fewer than 55 
repetitions of the CGG triplet. The syndrome depends on amplification of the site of 
repetition and involves the presence of more than 200 triplets; the clinical features 
include mental retardation, characteristic facial features with large ears and promi-
nent jaw, joint laxity, and behavioral abnormalities. Pre-mutation is characterized by 
the presence of an intermediate number of triplets, 55–200, with a 15–20 % risk of 
POF when there are between 80 and 100 triplets. In adult females pre- mutation may 
be associated with the neurological condition fragile X associated tremor/Ataxia 
Syndrome (FXTAS) which requires genetic consultation [4, 12, 14–16].

The FMR2 gene is located at Xq28, and the mechanisms generating disease 
(fragile X and mental retardation syndrome) are similar to those of FMR1. 
Furthermore, deletions in FMR2 have been described in women with POF [15].

A critical region on the X chromosome is specifically related to ovarian develop-
ment and function. This region extends from Xq13.3 to Xq27: deletion of the short 
or long arm of the X chromosome results in either early primary or secondary amen-
orrhea. Moreover, the site of deletion or translocation can influence POF typology 
with primary amenorrhea when the Xq13 region is involved or when the Xq25 or 
Xq26 is involved [4, 14].

Multiple genes on the X chromosome have been identified by X-autosomal 
translocations, including DIAPH (Xq22), XPNPEP2 (Xq25), DACH2 (Xq21.3), 
POF1B (Xq21.1), CHM (Xq21.1), PGRMCI (Xq24), COL4A6 (Xq22.3), NXF5 
(Xq22.1) [4]. Studies on X-autosome translocation have been significant in evidenc-
ing gene influence on autosomes and X-chromosome in the development of 
POF. The position of the X-autosome translocation is a feasible pathogenetic expla-
nation. In fact, genes transferred to the highly heterochromatic region of the X chro-
mosome tolerate epigenetic effects after a rearrangement which changes their 
chromatin structure: the result is lesser expression of genes associated with normal 
ovarian function and fertility [14, 17].
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7.2.4  Autosomal Rearrangements

Robertsonian and reciprocal autosomal translocation have been observed in spo-
radic cases of POF, but no specific autosomal regions are preferentially associated 
with ovarian deficit. It has been suggested that functional changes and interruptions 
in certain genes critical for ovarian function on acrocentric chromosome due to 
translocation could be possible causes of POF [14].

7.2.5  Single Genes Responsible for Non-syndromic POF

Many genes have emerged as POF candidates, but in non-syndromic POI only a 
minority have been proven unequivocally causative, with notable differences in fre-
quency among different populations [4].

Single genes associated with POF may be expressed on the X chromosome or 
autosomal genes. The genes expressed on chromosome X that are most frequently 
associated with POF are: BMP15 (Xp11.2), AR (Xq12), and FOXO4 (Xq13.1), as 
well as PGRMCI (Xq22-q24), POF1B (Xq21.2), DACH2 (Xq21.3), and FMRI 
(Xq27.3). Mutations in various autosomal genes have been associated with 
POF. However, genetic-linkage studies are difficult to do; the role of many mutations 
is unknown and they are not a common cause of primary ovarian insufficiency [18].

7.2.6  Chromosomes with Autosomal Genes that Are Strong 
Candidates as a Cause of POF

Chromosome 1: FIGLA (1p13.3), a germ-cell specific transcription factor that plays a 
crucial role in the formation of the primordial follicle and coordinates expression of 
zona pellucida genes; TGFBR3 (1p33-p32); GPR3 (1p36-p35); WNT4 (1p36.23-
P35.1); MSH4 (1p31)

Chromosome 2: FSHR (2p21-p16); LHR (2p21); Inhibin alpha-INHA (2q35); 
Inhibin beta B–INHBB (2cen-q13)

Chromosome 5: GDF9 (5q31.1), expressed in oocytes
Chromosome 6: POU5FI (6p21.31); MSH5 (6p21.3); FOXO3 (6q21); CITED2 

(6q23.3), gene essential for early embryonic development; ESR1 (6q25.1), cod-
ing Estrogen Receptor alpha

Chromosome 7: NOBOX (7q35), an oocyte-specific homeobox gene that plays a 
critical role in early folliculogenesis; Inhibin beta A-INHBA (7p15-p13)

Chromosome 9: NR5AI (9q33), SF-I (9q33); SOLHLHI (9q34.3)
Chromosome 10: NANOSI (10q26.11); PTEN (10q23.3)
Chromosome 12: Anti-Mullerian hormone receptor type II-AMHR2 (12q13); 

CDKNIB (12p13.1-p12); KITLG (12q22)
Chromosome 13: SOLHLH2 (13q13.3); FOXOI (13q14.1), an important gene for 

granulosa cell function and follicle maturation
Chromosome 14: ESR2 (14q23.3), coding Estrogen Receptor 2 (ER beta)
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Chromosome 19: NANOS2 (19q13.32); NANOS3 (19p13.13)
Chromosome 20: SALL4 (20q13.2); SPOII (20q13.31)
Chromosome 22: DMCI (22q13.1) [4]

Protein and enzyme deficits implicated in steroid genesis are also responsible for 
deficiencies in estrogen production, notwithstanding the stimulation of FSH on 
granulosa cells. The steroidogenic acute regulatory protein (Star) regulates intrami-
tochondrial transport of cholesterol. Mutation of this protein causes congenital 
adrenal hyperplasia. Mutations of certain enzymes such as aromatase, 17–20 des-
molase, and 17alpha hydroxylase desmolase cholesterol cause POF [19].

7.2.7  Pleiotropic Single Gene Disorders in POF

The fragile X syndrome described above is the most frequent.
Other pathological syndromes associated with POF are:

• Galactosemia (GALT gene, at 9p13): Ovarian failure is a common long-term 
complication in girls with this disease. Pathogenesis involves excess galactose 
toxicity that impairs folliculogenesis, induces resistance to gonadotropins and 
accelerates follicular atresia. These patients present poor growth, poor intellec-
tual function, and neurological deficit (predominant ataxia) [4, 20].

• Blepharophimosis-ptosis-epicanthus syndrome (BPES) type I (FOXL2 gene, at 
3q23): BPES is associated with a characteristic facies (drooping upper eyelids 
with narrow horizontal eyelid openings, a fold of skin that runs upward and 
inward from the lower eyelids, and lateral displacement of the inner canthi) and 
premature ovarian failure. This is a pleiotropic autosomal dominant syndrome 
with an estimated de novo mutation rate of over 50 % [12].

• Polyendocrinopathy-candidiasis-ectodermal dystrophy (AIRE gene, at 21q22.3): 
The AIRE gene can lead to various multi-system abnormalities such as alopecia, 
vitiligo, keratopathy, malabsorption, hepatitis, mucocutaneous candidiasis, 
Addison’s disease, hypoparathyroidism, DM1, chronic atrophic gastritis, perni-
cious anemia, and autoimmune thyroid disorders. POF is common with onset 
usually in the third decade [4].

• Ovarian leukodystrophy (EIF2B2 gene, at 14q24.3; EIF2B4 gene, at 2p23.3; 
EIF2B5 gene, at 3q27.1): Ovarian failure may be associated with this genetic dis-
ease that is characterized by variable but progressive neurological degeneration [4].

• Carbohydrate-deficient glycoprotein syndrome type I (PMM2 gene, at 16p13): 
This genetic disorder may include also neurological abnormalities and ovarian 
failure [4].

• Perrault syndrome (HSD17B4 gene, at 5q21): An extremely rare pleiotropic 
autosomal recessive disorder characterized by progressive sensorineural deaf-
ness, ovarian failure, and sometimes neurological manifestations [4, 12].

• Proximal symphalangism and multiple synostose syndrome (NOG gene, at 
17q22): Ankylosis of the proximal interphalangeal joints and POF.
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• Bloom syndrome (BLM gene, on 15q26.1): In addition to POF, this disorder is 
characterized by early aging, short stature, and elevated rates of cancer

• Ataxia telangiectasia (ATM gene, at 11q22–q23): Progressive cerebellar degen-
eration with telangiectasia, immunodeficiency, recurrent infections, insulin- 
resistant diabetes, premature aging, high risk for epithelial cancer, radiosensitivity, 
and POF are characteristic features.

• Werner syndrome (WRN gene, at 8p12): Involves premature aging of the skin, 
bones, and vasculature with elevated rates of certain cancers (sarcoma) and POF.

• Rothumnd-Thomson syndrome (RECQL4 gene, at 8q24.3): Involves small stat-
ure, skeletal/dental anomalies, cutaneous rash, cataracts, premature aging, 
increased risk for cancer, and POF.

• Nijmegen breakage syndrome (NBN/NBS1 gene, at 8q21): Autosomal recessive 
disorder characterized by microcephaly, facial dysmorphia, growth retardation, 
immune deficiency, and predisposition to develop cancer [12].

A complete list of syndromes associated with POF is available on line at http://links.
lww.com/COOG/A25. [21]. However, since these conditions account for only about 
1 % of cases, genetic investigation is not routine in the absence of anamnestic and 
clinical findings indicative of POF.

7.2.8  Mitochondrial Genes Causing POF

Since the mature oocyte has the greatest number of mitochondria of any human cell 
perturbations of mitochondrial genes or nuclear gene affecting mitochondria are 
candidates for POF. Dysregulation of mitochondrial dynamics contributes to exces-
sive oxidative stress and initiation of apoptosis, accelerating follicle depletion. 
Perturbation of mitochondrial genes is known to be present in various syndromes 
involving POF, in particular:

• Progressive external ophthalmoplegia (POLG gene, at 15q25) with additional 
clinical features of proximal myopathy (progressive weakness of the motor mus-
cles of the eyeballs and upper lids), sensory ataxia, and Parkinsonism.

• Perrault syndrome (HARS 2 gene, at 5q31.3; LARS 2 gene, at 3p21.3; CLPP 
gene, at 19p13.3; C10orf2 gene, at 10q24): ovarian failure is one of the charac-
teristic features of Perrault syndrome in females (as specified above in the 
 paragraph on pleiotropic single gene disorders in POI), but the genes specified 
encode mitochondrial tRNA synthetase.

7.2.9  Other Genetic Syndromes

Primary or secondary ovarian failure is associated also with other genetic syn-
dromes, but the causative genes have not been individuated. It is important to 
remember that only a minority of genes have been proven to be unequivocally, via 
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functional validation, the cause of non-syndromic POF. The list includes BPMI5, 
PGRMCI, and FMR1 permutation on the X chromosome, GDF9, FIGLA, FSHR, 
NOBOX, NR5AI, NANOS3, and the recently discovered STAG3, SYCEI, MCM8, 
MCM9, HFMI on autosome genes. Note that only 1.5 % of the genome is protein- 
coding, and non-coding variants must be investigated more thoroughly. Perturbations 
could affect non-coding RNA (microRNA, long non-coding RNA), disruption or 
creation of alternative splicing or transcription factor-binding sites, and epigenetic 
modifications (DNA methylation, chromatin modification) [4] .

7.2.10  Autoimmunologic Causes

Abnormal self-recognition of the immune system may account for 4–30 % of 
cases of POF due to the exaggerated autoimmune reaction involved in atretic 
acceleration, oocyte wastage, and impaired folliculogenesis. The autoimmune 
attack can be general or partial; it may be reversible and even responsible for the 
fluctuating course of POI [22]. The presence of lymphocytic oophoritis, demon-
stration of ovarian or other organ-specific autoantibodies, and associated autoim-
mune disorders are evidence of autoimmune etiology in a context of general 
autoimmune dysregulation [10].

There appear to be three different types of autoimmune POI:

• Related to adrenal immunity where the closest association is with autoimmune 
polyendocrine syndrome autoimmune polyglandular syndromes (APS) type 1 
(candidiasis, hypoparathyroidism, hypoadrenalism, and possible comorbidities) 
and type 2 (hypoadrenalism and hypothyroidism with possible comorbidities)

• Associated with non-adrenal autoimmunity (related to thyroid disease, hypo-
parathyroidism, hypophysitis, DM1, rheumatoid arthritis, vitiligo, alopecia 
areata, celiac disease, Sjoegren’s syndrome, pernicious anemia, myasthenia gra-
vis, SLE, immune thrombocytopenic purpura, glomerulonephritis)

• Isolated idiopathic [23].

The closest association is with adrenal immunity in Autoimmune Polylgandular 
Syndromes (APS).

Type 1 APS is a rare autosomal recessive disorder characterized by multiple organ- 
specific autoimmunity secondary to a variety of autoantibodies directed against 
key intracellular enzymes; it includes oophoritis in 60 % of cases.

Type 2 APS is an autosomal dominant disorder that is associated with gonadal fail-
ure in 4 % of patients. Addison’s disease is present in both types of APS [10].

Adrenocortical and steroidogenic cell autoantibodies (SCA) are recognized as 
the best markers of autoimmune POF, but they are also commonly found in POI 
associated with autoimmune Addison’s disease [11, 23]. In fact, more than 60 % of 
cases of POI associated with APS have positive SCA directed against steroidogenic 
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cells or enzymes found in adrenal cortex, placenta, ovaries, and testicles, such as 
StC Ab, anti- CYP21 Ab, P450SccAb, CYP17A1Ab; the same autoantibodies are 
found in fewer than 10 % of cases of POF that do not present adrenal autoimmunity 
as well as in idiopathic POF. About 15–20 % of POI subjects present anti-TPO anti-
body, 3β-hydroxysteroid dehydrogenase autoantibodies, gonadotropin receptor 
autoantibodies, zona pellucida autoantibodies, and/or anti-oocyte cytoplasm anti-
bodies without SCA [11, 22, 23]. Circulating 21-hydroxylase antibodies may be 
immune markers of autoimmune adrenal insufficiency [24].

There have been several reports of antiovarian antibodies in POF, but their speci-
ficity and pathognomonic roles are questionable. Clinical or subclinical hypothy-
roidism is the disorder most commonly associated with POI, with TPO antibodies 
in 25–60 % of patients [22].

Abnormalities in T-lymphocytes, macrophages, and dendritic cells play an 
important role in autoimmune reactions, and, of specific interest to our topic, in the 
development of autoimmune lesions in POI, where they support the mechanism of 
the disease [25]. Autoimmune oophoritis is characterized by mononuclear inflam-
matory cell infiltrate in the teca cells of growing follicles; early stage follicles do not 
present lymphocytic inflammation. The infiltrate includes plasma and B and T cells 
and may also be found in perivascular and perineural regions [26]. Ovarian biopsy 
might be useful for detection of autoimmune oophoritis, but it is generally not rec-
ommended because it is an invasive procedure of uncertain clinical value [11]. 
Commercially available antiovarian antibody tests give unsatisfactory findings. 
Certain non-ovarian autoantibodies, in particular autoantibodies to steroid produc-
ing cells, may mediate autoimmune damage in POF, but the prognostic value is 
uncertain and few laboratories carry out the necessary tests [27]. It has been sug-
gested that a significant increase in CD8 density on T cells might be a reliable indi-
cator of immune system involvement in POI [28].

7.2.11  Iatrogenic Causes

Even when bilateral ovariectomy is not performed, pelvic surgery can cause early 
menopause, presumably due to damage to ovarian blood vessels or post surgical 
local inflammation. However, the risks of pelvic surgery are difficult to quantify and 
they are generally considered minimal except in subjects with endometriosis, espe-
cially in the presence of bilateral endometrial ovarian cysts [12, 29].

Chemotherapy can cause damage by impairing follicle maturation or primordial 
follicle depletion or both. The effects of chemotherapy on ovarian reserve depend 
on various factors, in particular patient age, substances used, and duration of treat-
ment [18, 27, 30]. Regarding age, the younger the patient is at the time of chemo-
therapy, the lower the risk of ovarian failure.

Anthracyclines, alkylating agents, cisplatin and derivatives, and antimetabolites 
are the most frequently used agents. Anthracyclines (i.e., doxorubicin) are cytotoxic 
antibiotics whose antineoplastic action is due to interaction with DNA. The mecha-
nism of ovarian damage caused by anthracycline appears to be follicular depletion 
by apoptosis associated with serious vascular toxicity [30].
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Cisplatin and its derivatives cause massive apoptosis of early follicles causing in 
turn ovarian dysfunction. Alkylating agents (e.g., cyclophosphamide) are the che-
motherapeutic agents most frequently associated with gonadal damage (up to 40 % 
of patients risk ovarian failure at childbearing age) because they destroy resting 
oocytes and possibly also the pregranulosa cells of primordial follicles. 
Cyclophosphamide triggers follicular atresia with vessel occlusion, focal corticoid 
fibrosis, and the disappearance of primordial follicles from fibrotic areas [30].

Antimetabolites instead cause less ovarian damage because they act on dividing 
cells.

Three risk categories have been established for certain chemotherapeutic agents 
based on their gonadotoxicity: various alkylating agents are classified as high risk; 
platinum agents, certain anthracycline antibiotics, and taxoids are medium-risk; and 
vinca plant alkaloids, some anthracycline antibiotics, and antimetabolites are low- 
risk [18] (Table 7.1).

Oocytes are very sensitive to radiation, and women exposed to total body and/or 
pelvic/abdominal irradiation are especially likely to suffer irreversible damage to 
the ovaries. The degree of risk depends on patients’ age at the time of exposure, 
dose, and site of treatment [12, 18, 30].

Ionizing radiation can cause direct DNA damage to ovarian follicles resulting 
in follicular atrophy and decreased ovarian follicular reserve. Oocyte radiosensiv-
ity presumably varies during the growth phase, and primordial follicles seem 
more radioresistant than maturing follicles [31]. One mathematical model used 
suggested that less than 2 Gy would destroy 50 % of immature oocytes. Another 
model used to predict estimated surviving follicles in relation to dose of ionizing 
radiation showed that the effective sterilizing dose is inversely related to age at 
time of treatment. Ovarian damage occurs immediately after treatment in 97.5 % 
of cases with the following sterilizing doses or doses of fractionated radiotherapy: 
20.3 Gy at birth, 18.4 Gy at 10 years, 16.5 Gy at 20 years, 14.3 Gy at 30 years, and 
1 Gy at 50 years [32].

7.2.12  Infectious Causes

Oophoritis due to mumps can cause POF, but in the majority of cases, ovarian func-
tion returns to normal following recovery [10, 27]. There have been various anec-
dotal reports of POF following other viral and microbic infections, such as 
tuberculosis, varicella, cytomegalovirus, malaria, and shigella [10, 12, 33]. HIV 

Table 7.1 Risk of POI related to intake of gonadotoxic drugs

POI risk level Gonadotoxic drugs

High Busulfan, chlorambucil, chlormethine, cyclophosphamide, ifosfamide, 
melphalan, procarbazine

Medium Adriamycin, carboplatin, cisplatin, docetaxel, doxorubicin, paclitaxel

Low Bleomycin, dactinomycin, 5-Fluoruracil, mercaptopurine, methotrexate, 
vinblastine, vincristine
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and/or even related antiretroviral therapy may have negative effects on ovarian func-
tion and fertility leading to POF [27, 34].

7.2.13  Environmental Toxins

People of all ages worldwide, but especially in developing countries, are exposed to 
increasing amounts of environmental chemicals that can influence fertility. Animal 
studies and human observations have individuated certain chemical substances that 
target ovarian cells:

• Phthalates – practically ubiquitous diesters, commonly used as plasticizers in 
flexible PVC products. They cause large follicle destruction.

• Methoxychlor – a pesticide, widely used against insects that attack fruit and 
vegetables. Methoxychlor can be metabolized and a variety of its metabolites 
cause follicle atresia and lack of corpus luteum.

• Dioxin – a product of waste incineration, forest fires, and volcanic eruptions. It 
has a direct toxic influence on ovarian function.

• Bisphenol-A – a chemical widely used in the production of polycarbonate plas-
tics and epoxy resins. It inhibits follicular growth and induces follicular atresia.

• Polycyclic aromatic hydrocarbons (PAH) – a class of several hundred com-
pounds ubiquitous in the environment as a result of various combustion pro-
cesses including automobile exhaust and cigarette smoking. Many PAHs and 
their metabolites are present in ground, surface, and waste water. They are highly 
lipophilic and extremely bioavailable and thus have easy entry into the food 
chain. They are toxic for the ovaries causing oxidative stress and reduction in the 
number of primordial follicles.

• Occupational chemicals, such as butadiene diepoxide, vinylcyclohexane, and 
bromopropane, are products of various industrial processes. They have been 
shown to have toxic influence on the ovaries and are able to damage and even 
destroy primordial and primary follicles, accelerating atretic processes.

The stage of development at which the oocyte-containing follicle is destroyed 
determines the outcome of xenobiotic damage within the ovary. Temporary infertil-
ity can be the result of selective influence of an environmental factor on the ovarian 
follicle population. The infertility may be reversible after exposure to the negative 
environmental factor ceases, but when the primordial follicles have been targeted, 
the stem cell population of germ cells may be destroyed, resulting in irreversible 
ovarian failure [30, 35].

7.2.14  Other Causes of POF

Smoking is the most widely studied toxin responsible for ovarian function. Cigarette 
smoking has been shown to comport increased risk of idiopathic POF. Tobacco 
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toxins can have a negative influence on ovarian reserve by increasing apoptosis in 
primordial germ cells, leading to accelerated follicular atrophy and atresia [10, 27]. 
Women with epilepsy have been reported to have increased risk of developing POF 
[10, 36].

Personal and Family History There is no specific menstrual history that is char-
acteristic of the development of spontaneous 46,XX primary ovarian insufficiency. 
In most cases, the condition develops after a normal puberty and established regular 
menses (secondary amenorrhea), although primary amenorrhea may be present in 
about 10 % of cases [6, 37]. Occasionally, menses stop abruptly. In some women, 
menses fail to resume after a pregnancy or after they have stopped taking hormonal 
contraceptives. Most commonly there is a prodrome of oligomenorrhea, polymen-
orrhea, or dysfunctional uterine bleeding, usually prior to final cessation of men-
struation. Also, we must point out that for young subjects it is inappropriate to 
attribute amenorrhea to stress without further evaluation. Symptoms of estrogen 
deficiency (hot flashes and night sweats, sleep disturbance, and dyspareunia related 
to vaginal dryness) develop in many, but not all, patients. Furthermore, not all 
patients have profound estrogen deficiency, and vaginal examination often reveals 
signs suggesting normal estrogen levels.

Physical examination may reveal stigmata indicative of Turner’s syndrome such 
as short stature, webbed neck, and high, arched palate or evidence of an associated 
disorder such as hyperpigmentation or vitiligo (which is associated with autoim-
mune adrenal insufficiency), thyroid enlargement, galactorrhea, and/or signs of 
androgen excess.

Endocrine evaluation must be done, specifically serum FSH, LH, prolactin, 
TSH, and estradiol, at the very least and after pregnancy has been ruled out. Similar 
to the situation in natural menopause, POI is characterized by elevated FSH levels 
and reduced estrogen production. FSH evaluation should be repeated after 1 month, 
together with serum estradiol, if the first test shows levels in menopausal range. To 
date, there is no agreement on the minimum FSH increase necessary to establish a 
diagnosis of POI [5]. Inhibin A and inhibin B levels are reduced due to the decreased 
number of follicles and follicle development [2, 38]. Specifically, a decrease in 
inhibin B production appears to be the first sign of incipient ovarian insufficiency in 
Turner’s syndrome [39]. However, normal levels of inhibin A and inhibin B have 
been demonstrated in the first stage of autoimmune POI, in agreement with the 
hypothesis of selective theca cell destruction in auto-immune oophoritis, with initial 
preservation of granulose cells [40].

Antimullerian hormone (AMH) is currently considered the best hormonal marker 
to estimate ovarian follicle pool. AMH is a dimeric glycoprotein member of the 
TGF-β super family produced in women only by the ovaries. AMH expression is 
absent in primordial follicles and appears in granulose cells of primary follicles. 
The strongest staining of AMH is observed in preantral and small antral follicles, 
and AMH is present in growing follicles until dominance [41]. The main physiolog-
ical role of AMH is to inhibit the early stages of follicular development and control 
recruitment from the primordial pool of follicles [42]. AMH levels have been found 
to be normal in women with hypogonadotropic amenorrhea, whereas they are very 
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low or undetectable in women with physiological menopause and premature or pri-
mary ovarian insufficiency. The data in the literature confirm that knowledge of 
serum AMH levels improves menopause prediction and the monitoring of ovarian 
damage caused by spontaneous events and medical and surgical treatments in young 
women and adolescents [43]. AMH is considered a biomarker in menopause staging 
because it declines before FSH levels increase [44]. Recently, AMH was demon-
strated to be more sensitive than FSH (80 % vs. 28.57 %), but the two presented 
almost equal specificity (78.89 % vs. 78.65 %) [45]. Caution is required when inter-
preting a single AMH measurement because biological fluctuations, surgical proce-
dures, medications, and different laboratory methodologies frequently lead to 
dramatic changes in AMH levels [43].

Pelvic ultrasonography helps establish good morphological evaluation and 
provides some information regarding functioning of the lower genital tract. Antral 
follicle count (AFC) via trans-vaginal sonography done in the early follicular 
phase (second to fifth day) is a method for evaluating follicle residue (thus, ovar-
ian reserve) that is more sensitive than FSH levels in normal subjects. There 
should be 3–8 antral follicles measuring 2–10 mm in each ovary in conditions of 
normal ovarian function. Some studies consider such counts valid also for young 
subjects with POI. Serum AMH levels show a strong correlation with antral fol-
licle count [46], but they are more consistently correlated with the clinical degree 
of follicle pool depletion than inhibin B and AFC in young women with elevated 
FSH levels [47].
Genetic investigations center on specific chromosomal and genetic studies (karyo-
type, FMR1 gene mutation if there is family history of premature ovarian failure, 
fragile X syndrome, or mental retardation). When there is no dysmorphism and the 
family anamnesis is negative for particular pathological conditions, the starting 
point of genetic workup for women with POF is investigation of FMR1 gene status 
and karyotype analysis [21]. Specialized centers extend diagnostic testing to include 
FSHR, BMP15, GDF9, NR5A1, and NOBOX genes.

Immunological Investigations When there are symptoms suggestive of adrenal 
insufficiency (asthenia, apathy, hypoglycemia, vitiligo), it may be necessary to test 
for adrenocortical and/or steroidogenic antibodies, that are, however, quite rare in 
idiopathic POI. 17α-OH antibodies, P450scc antibodies, and 3β-hydroxysteroid 
dehydrogenase (3β-HSD) antibodies are considered the main serologic markers for 
ovarian failure in POF patients with autoimmune Addison’s disease, but testing for 
these antibodies have limited application in routine clinical practice [23, 48]. On 
the other hand, the presence of 21-OH antibodies in women with idiopathic POF 
might be an important marker for identifying patients at risk of developing autoim-
mune adrenal insufficiency [48]. One must always look for thyroid peroxidase 
antibodies in cases of POF without adrenal autoimmune involvement because thy-
roiditis is the most prevalent autoimmune endocrine abnormality in POF patients. 
The search for antiovarian autoantibodies, a possible independent marker of auto-
immune ovarian disease, is not done routinely given their questionable specificity 
in POF [22, 23]. Finally, in cases with positive anamnesis for other autoimmune 
conditions (vitiligo, hypothyroidism) or patients who present sideropenic anemia, 
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it is useful to screen for celiac disease and look for anti-gastric parietal cell anti-
bodies to evidence eventual polyendocrine disorders associated with autoimmune 
atrophic gastritis [49].

Bone mineral density measurement is particularly important in establishing bone 
growth in Turner’s syndrome subjects. Over the last decade various methods have 
been used, in particular:

• X-ray (standard)
• DXA single or dual photon absorptiometry

 – Dual-energy X-ray absorptiometry
 – Three-dimensional volumetric (vBMD) (cm3)

• QUS (quantitative ultrasonography)
• pQCT (peripheral quantitative computed tomography)
• HR-pQCT (high resolution peripheral quantitative computed tomography

Studies using these different methods are commented on under the heading Bone 
mineral density in the THERAPY section 7. 3.10.
Associated medical condition evaluation is often a useful complement to diagnosis 
and can be important in establishing appropriate therapy, in particular substitute 
therapies in specific syndromes and for high cardiovascular risk patients [50].

7.3  Hormonal Replacement Therapy (HRT) in POI

7.3.1  Choice of Therapy

What substitute hormonal therapy to choose depends on:

• Patient’s age at the time of ovarian damage (e.g., before full puberal develop-
ment, including maturation of the genital tract and achievement of peak bone 
mass, or after years of menstruation)

• Cause of the ovarian damage (genetic, immunologic or neoplastic; hormonal or 
non-hormonal; etc.)

• Individual congenital and/or acquired risk factors

7.3.2  Therapeutic Targets

• In younger subjects therapy aims to correct one or more specific problems, such 
as restoring an appropriate endocrine milieu for normal growth, enhancing bone 
mass accrual, promoting uterine growth and maturation, stimulating develop-
ment of secondary sexual characteristics and/or sexuality, improving cognitive, 
behavioral, and psychosocial functions, providing cardiovascular protection.

• In subjects who have experienced a period of normal ovarian function the aim is 
to restore normal hormone milieu.
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7.3.2.1  Estrogen Replacement Therapy for Puberty Induction 
in Gonadal Dysgenesis

We note that approximately one third of these patients experience spontaneous 
puberty, most commonly girls with XX mosaicism. Pubarche is the first feature in 
most patients and about 20 % present pubarche only after estrogen therapy [51]. 
Growth failure and altered ovarian function are present in virtually all individuals 
with Turner’s syndrome, and the average adult stature of untreated individuals is 
about 20 cm shorter than that of their peers. This problem generally begins in 
utero, continues into infancy and childhood, and is accentuated by the absence of 
pubertal growth spurt. Growth hormone therapy is now standard care for 90 % of 
girls with Turner’s syndrome [52]. Induction of puberty requires drugs, dosages, 
times and methods of administration that stimulate normal puberal patterns and 
facilitate growth processes. Thus, since the ovaries of prepuberal girls secrete mea-
surable, albeit modest, quantities of estradiol, the current trend is to initiate estro-
gen therapy in childhood, at very low dose, to achieve E2 levels typical for normal 
girls at onset of puberty and to add cyclic progesterone therapy 2–4 years after 
initiation of estrogen therapy or when break-through bleeding occurs. The same 
protocols are followed for subjects who have suffered irreversible ovarian damage 
due to other causes.

7.3.3  Estrogens Used in HRT

Specific treatment schedules have been established using:

• 17β-Estradiol – transdermal or transcutaneous administration
• Depot 17β-estradiol (as estradiol cypionate), which consists of 67 % estradiol, 

administered by single monthly intramuscular injection
• 17β-Estradiol – oral administration
• Ethinyl-estradiol (synthetic estrogen) – oral administration

7.3.4  Puberty Induction with Transdermal 17β-Estradiol

There are sound theoretical reasons for favoring transdermal administration. 
Transdermal E2 produces close to normal concentrations of E2, E1, and bioestro-
gen, and even low doses produce greater reduction in LH/FSH levels than normal 
doses administered by other methods [53, 54]. The most favorable findings regard-
ing use of transdermal E2 are seen with substitute hormone therapy in normal age 
menopause subjects, in whom transdermal E2 exerted favorable or neutral effects 
on serum lipids and hs-CRP, including decrease in serum triglyceride and Lp(a) 
levels and increase of HDL-2 cholesterol concentration [55]; the risk of venous 
thromboembolism (VTE) was not increased [56–58]. Physiological transdermal 
estrogen-based regimens may lead to lower systemic blood pressure and minor 
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activation of the renin-angiotensin system than oral synthetic estrogen-based thera-
pies in POI subjects under 40 years old [59]. No reduction in IGF1 levels was dem-
onstrated in subjects with hyper- and hypo-hypogonadism [60, 61].

As early as 2001, a group of Swedish investigators recommended increasing the 
dosages of transdermal 17β-estradiol, adding nocturnal applications to attain levels 
of estradiol similar to those seen at the onset of spontaneous puberty in normal girls. 
The starting dose was 0.05–0.07 μg/kg body weight administered via transdermal 
matrix patch (25 μg/24 h) cut into pieces corresponding to 3.1, 4.2, or 6.2 μg/24 h. 
Dosages were doubled after 4–14 months depending on serum E2 profile. The patch 
was applied at bedtime and removed the next morning. Progestogen was also admin-
istered, beginning within 2 years of the onset of treatment [62]. Subsequently, in 
2014, lower starting doses were proposed, except for older girls for whom, when 
breast development was of high priority, the starting dose ranged from 0.08 to 
0.12 μg/kg body weight [63] (Table 7.2).

The Turner’s syndrome Consensus Study Group also proposed a protocol for 
induction of puberty:

Age 
(years)

10–11 Monitor for spontaneous puberty based on Tanner staging and FSH level

12–13 If no spontaneous development and FSH elevated, begin low dose E2 therapy

12.5–15 Gradually increase E2 dose over about 2 years (e.g., 14, 25, 37, 50, 75, 100, 200 g 
daily via patch) to adult dose

14–16 Begin cyclic progesterone treatment after 2 years of estrogen or when breakthrough 
bleeding occurs

16–30 Continue full doses at least until age 30 (normally estrogen levels are highest 
between age 15 and 30 years)

Bondy [52]

Davenport [64] proposed a similar protocol, with scaled doses using portioned 
patches applied in the evening and removed the following morning, aimed at achiev-
ing specific E2 levels:

E2 target level Patch portion Dosage equivalent

3–4 pg/ml Usually 1/6 or 
1/8 of 25 μg 
patch

0.1 μg/kg for 6 months

6–8 pg/ml 0.2 μg/kg for 12 months

↔12 pg/ml ½ patch 12.5 μg/kg for 18 months

↔ 25 pg/ml 1 patch 25 μg/kg for 24 months

↔ 37 pg/ml 1 patch 37.5 μg/kg for 30 months

↔ 50 pg/ml 1 patch 50 μg/kg for 36 months (opportune time to start 
Progesterone or Progestin therapy, which should be 
started earlier if breakthrough bleeding occurs)

↔ 75 pg/ml 1 patch 75 μg/kg for 42 months

↔ 50–150 pg/ml 1 patch 100 μg/kg for 48 months (normal adult dose)
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7.3.5  Puberty Induction with Percutaneous 17β-Estradiol 
in Hydroalcoholic Gel

Twenty-three girls ranging in age from 10.7 to 17.7 years (median age 13.6 years) 
with Turner’s syndrome (17,XO/45,X karyotypes and six mosaics) and hypogonad-
ism were enrolled in an uncontrolled, open, multicenter study, carried out between 
1992 and 1999. Bone age at onset of treatment was > 9 years. Single-dose sachets 
containing 0.1 mg estradiol were prepared specifically for the study. The starting 
dose was 0.1 mg (22.2 pmol/L serum E2 concentrations) in the1st year, increased to 
0.2 mg the 2nd year, 0.5 mg the 3rd year, 1 mg the 4th year, and 1.5 mg (correspond-
ing to 162.2 pmol/L serum E2 concentrations) the 5th year. The starting dose of 
0.1 mg of E2 is equal to 0.13 mg of E2V or 0.04 mg of conjugated equine 
estrogen.

All girls reached at least stage B4P4, and there were no significant differ-
ences between GH users and nonusers with regard to height SD score, weight 
SD score, bone age acceleration, or adult height. The treatment was safe and 
well accepted [65].

7.3.6  Puberty Induction with Depot 17β-Estradiol Cypionate

Preliminary reports have demonstrated that low doses of estrogen (monthly estra-
diol cypionate at doses of 1.0–1.5 mg) stimulate statural growth in hypogonadal 
girls. The association between GH therapy (very low dose) and a monthly intramus-
cular dose of depot 17β-estradiol cypionate, beginning with 0.2 mg, and increasing 
at 6-month intervals to 0.4, 0.6, and, in 7 of the girls, 0.8 mg achieved better results 
regarding increased final height. The data support the hypothesis that early (age 
12–12.9 years) administration of 17β-E2 preserves height without interfering with 
the effect of GH on the enhancement of height potential. We note that this prepara-
tion is not available in Europe [66–68].

7.3.7  Puberty Induction with Oral Estrogens

17β-Estradiol, ethinyl-estradiol, and conjugated estrogens have been used to induce 
puberty in subjects with hyper- and hypo-gonadotropic hypogonadism. The meta-
bolic action of these estrogens varies depending on the method of administration. 
Oral estrogens have a first pass hepatic effect with supra-physiological exposure, 
reduced production of IGF1, and increases in its binding protein (IGF BP-1); GH 
production is increased, but its activity is reduced; lipolysis and postprandial oxida-
tion of fatty acids are reduced; triglyceride storage increases (experimental data on 
rats [69, 70], and postmenopausal women [71]); fat mass increases with tendency to 
central deposition of fat, and lean mass is reduced due to the reduction in the ana-
bolic action of IGF1 [72]). These effects are, theoretically at least, more remarkable 
with ethinyl-estradiol, which exercises a stronger influence than natural estradiol on 
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estrogen-dependent markers such as liver proteins (estrogen-dependent clotting fac-
tors, angiotensinogen, VLDL, SHBG, HDL-C) [73]. The doses administered and 
the individual patient characteristics (including age) condition the clinical effects of 
the treatment.

Comparison of transdermal E2 (50 μg) and oral E2 (2 mg) therapy in young 
subjects with hypopituitarism evidences that oral administration achieves a more 
significant reduction in IGF1 levels and increase in IGFBP1 levels without modify-
ing IGFBP3 levels. However, high-density lipoprotein cholesterol levels increased 
after 3 months of treatment with oral E2. No differences were found between the 
two treatments regarding anthropometric measurements; blood pressure; heart rate; 
glucose, insulin, and C-peptide levels; or the homeostasis model assessment index 
[61] (Table 7.3).

7.3.7.1  Puberty Induction with 17β-Estradiol (E2)
Oral 17β-estradiol is widely used to induce puberty in girls with Turner’s syn-
drome. The drug is composed of metabolized estrone (E1), estriol (E3), and 
estrone sulfate (E1S), but the pronounced reconversion of these metabolites to 
estradiol contributes to the maintenance of elevated estradiol levels for up to 12 h 
after intake [74]. The impact of estradiol on estrogen-dependent markers, such as 
liver proteins (estrogen- dependent clotting factors, angiotensinogen, VLDL, 
SHBG, HDL-C), is low with oral E2 and totally absent with E2 transdermal patch. 
The normally very short half- life of natural oral estradiol is prolonged in micron-
ized formulations (Table 7.4).

There are no substantial negative data that discourage use of oral E2. Neither 
rates of protein turnover, lipolysis, lipid oxidation rates, nor IGF-levels are adversely 
affected by either oral (E2) or transdermal estrogen [80]. More recent data confirm 
that the different routes of 17-E2 delivery do not have different effects on body 
composition, lipid oxidation, and lipid concentrations in hypogonadal girls with 
Turner’s syndrome [81].

7.3.7.2  Puberty Induction with Ethinyl Estradiol (EE2)
This estrogen has a remarkably strong metabolic impact on adult women, and the 
route of delivery, whether oral, vaginal, or transdermal, does not affect the 
impact. EE2 is characterized by long half-life, slow metabolism, and long tissue 
retention, and it is 200–20,000 times more potent than E2. Ample studies show 
good results for EE2 administration in young subjects. One study in particular (a 

Table 7.3 E2 plasma levels with 25, 50, 100 μg patches in different phases of menstrual cycle

E2 plasma levels with matrix patch E2 plasma levels during ovulatory menstrual cycle

Patch delivery Peak E2 levels Cycle phase Normal values (Pg/mL)

25 mcg 30–45 pg/ml Follicular 10–98

50 mcg 40–80 pg/ml Ovulatory 170–770

100 mcg 90–140 pg/ml Luteal 190–340

Post-menopause 10–38
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randomized, double-blind, placebo-controlled clinical trial on GH and low-dose 
ethinyl estradiol administered to girls 5–12 years old) showed significantly ear-
lier thelarche (median 11.6 years vs. 12.6 years, P 0.001) and slower tempo of 
puberty (median, 3.3 years vs. 2.2 years, P 0.003) in the EE2 treated girls than 
controls [82] (Table 7.5).

7.3.7.3  Puberty Induction with Conjugated Equine Estrogens (CEE)
One study focused on establishing the impact of age on the effects of estrogen 
replacement to influence final height in Turner’s syndrome patients receiving GH 
therapy. Subjects received a daily dose of 0.3 mg conjugated estrogens for 6 months, 
after which the dose was increased to 0.625 mg daily. After 1 year of this treatment 
the patients also received 10 mg of MAP for 10 days each month to induce regular 
menstrual cycles [91]. Another study on the induction of puberty in Turner’s syn-
drome girls compared the results of oral administration of CEE and transdermal E2 
patch. Twelve (12) girls with Turner’s syndrome naive to estrogen and on GH ther-
apy for at least 6 months were randomly assigned to receive conjugated oral estro-
gen at a dose of 0.3 mg daily for the first 6 months followed by 0.3 mg or 0.625 mg, 
on alternating days for the next 6 months, or transdermal E2 0.025-mg patch twice 
a week for 6 months followed by a 0.0375 mg patch twice a week for the next 6 
months, for a total of 1 year. The transdermal E2 patch resulted in faster bone 
accrual at the spine and increased uterine growth compared with the oral conjugated 
estrogen. There were no significant differences between the two treatment groups 

Table 7.4 Oral E2 combined with GH therapy in puberty induction

Authors Age (years) N°cases Oral E2 dose Endpoints

Naeraa et al. 
[75]

16.3 ± 0.7 
(12.8–20.0)
BA13.8

10 E2 6–11 μg/kg/day (total 
dose 600 μg/day)

Morning vs. evening 
E2 administration; 
metabolism

Gravholt 
et al. [76]

16 ± 2 8 Placebo+placebo
Placebo+GH
Placebo+GH+E2 
[0.39±0.12 mg/day 
(0.25–0.6)]

Body composition; 
metabolism

Bannink 
et al. [77]

11.8–15 56 5 μg/kg/day × 2 years
7.5 μg/kg/day 3rd year
10 μg/kg/day >3rd year

Breast and uterus 
development

Cleemann 
et al. [78]

22–65 
(mean 37)

54 (TS) E2 2 mg (1–22 day) +
NETA 1 mg (13–22)+
Calcium and Vit D

Bone density

Cleemann 
et al. [79]

12.2–24.9 
(16.7 ± 3.3)

41 Mean starting dose:
  0.23 ± 012 mg 

(0.10–0.50 mg)
Maintenance dose:
  E2 2 mg (1–22 day) 

+NETA 1 mg (13–22) + 
E2 1 mg (23–28)

Uterus and ovary 
evaluation
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regarding high-density lipoprotein, low-density lipoprotein, triglycerides, or growth 
rate over time [92] (Table 7.6).

7.3.8  Progesterone and/or Progestin Addition

It is important to add progesterone or a progestin when estrogen therapy is admin-
istered to balance the estrogenic stimulation of the endometrium. Moreover, recent 
findings permit us to hypothesize that progesterone has an effect on human osteo-
blasts. One meta-analysis showed that postmenopausal women treated with com-
bined hormone replacement therapy presented a 1.7 % increase yearly in bone 
mineral density (BMD) compared to the 1.3 % increase yearly in BMD in women 
using unopposed estrogens; associated administration of progestogen increased 
BMD by an additional 0.4 % yearly [94]. Progesterone is usually added to the treat-
ment schedule either after 2 years of estrogen therapy, when breakthrough bleeding 
occurs, or when breast Tanner B3 is reached [95].

7.3.8.1  Micronized Progesterone for Oral Administration
Efficient oral delivery of progesterone is achieved by using a micronized form of the 
hormone [96] in suspension in oil and packaged in a gelatin capsule [97]. The mean 
plasma levels achieved with oral progesterone doses of ≥100 mg are at least as high 
as luteal phase levels. Maximum concentration is reached within 3 h. The concen-
tration remains significantly elevated for up to 12 h and does not return to baseline 
level until at least 24 h after administration [98]. We note, however, that studies on 
the endometrium of post-menopausal women undergoing hormonal replacement 
therapy demonstrated that 200/300 mg per day did not induce uniform endometrial 
secretory features. There is sufficient evidence that when given orally progesterone 
is metabolized in the liver to pregnenolone and pregnanediol, but the high concen-
trations of progesterone metabolites produced during the first liver pass might result 
in artificially high concentrations of progesterone in serum [99] due to laboratory 
methodology [100]. In addition, the metabolites produced may cause side effects 
such as nausea and sleepiness. The half-life for 100–300 mg doses of oral micron-
ized progesterone are:

Single daily dose Half-life after (h)

100 mg 18.3 ± 3.5

200 mg 16.8 ± 2.3

300 mg 16.2 ± 2.7

Table 7.6 Conjugated estrogens, oral estradiol and transdermal estradiol equivalents [93]

Conjugated estrogens (mg) Oral estradiol (mg) Transdermal estradiol (μg)

0.3–0.45 0.5–1 25–37.5

0.625 1–2
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With two doses daily (100 mg in the morning + 200 mg in the evening), 
progesterone plasma concentration remains significantly elevated for 24 h 
[101].
Vaginal administration of micronized progesterone avoids the first-pass metabolism 
in the gastro-intestinal tract and liver and it produces sustained plasma concentra-
tions [102]. This method does not present any important objective side effects, but 
it does entail problems of compliance in younger patients who generally do not 
accept vaginal administration, especially before first intercourse, and in girls and 
women of any age in some cultures. In addition, this method of administration can 
have unpleasant effects such as vaginal discharge, vulvar edema, and irritation, as 
mentioned in numerous reports on the internet but not in the professional literature 
[103]. This situation has led to the alternative administration of progestins during 
hormonal replacement therapy.

7.3.8.2  Progestins
Four types of active oral synthetic progestins are available: progesterone deriva-
tives, 19-nor progesterone derivatives, 19-nor testosterone derivatives, and spirono-
lactone derivative (Drospirenone). All four exercise progestational action and some 
also have tissue antiestrogenic effects. Depending on their individual chemical 
structures, they may act as weak androgens or antiandrogens, glucocorticoids or 
antimineral corticoids (Table 7.7).

Table 7.7 Endocrine characteristics of principal progestins

Derivatives of 
progesterone Androgenic Progestogenic Estrogenic

Gluco- 
corticoid

Mineral- 
corticoid

Derivatives of progesterone

Dydrogesterone 00 +++ + 0 +

17-OH Progesterone

  Cyproterone acetate 0/− +++ 0 + +

  MAP + +++ 0 + +

19-nor progesterone 
Nomegestrol acetate

−− +++ 0 0 0

Derivatives of progesterone

Estranes (13-methyl 
gonanes)

  Norethisterone 
acetate

++ +++ ++ + 0

  Norethisterone +++ +++ ++ + +

Gonanes (13-ethyl 
gonanes)

  Levonorgestrel +++ +++ 0 0/+ 0

  Desogestrel + +++ 0 0/+ 0

  Gestodene + +++ 0 + 0/−

  Dienogest −−− +++ 0 0 0

0 = neutral; −,−−,−−− = antagonist; +,++,+++,++++ = agonist [74]
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Dydrogesterone, included in the group of Pregane derivatives, is a retroprogester-
one formed from progesterone by UV light exposure; it is commercially available, 
does not have clinically relevant androgenic, estrogenic, glucocorticoid, or mineral-
corticoid effects, and it resembles progesterone mainly in its progestogenic effects 
[104]. The metabolite half-life is 17 h, and it has a 75 % relative binding affinity for 
progesterone receptor; the configuration of metabolites remain stable also after oral 
administration [105]. These are the reasons why dydrogesterone can be considered 
an ideal oral supplement progestogen in hormone replacement therapy. Other consid-
erations are that it has minimal side effects, as demonstrated in a recent review in the 
literature [103]; its beneficial effects and safety in hormone replacement therapy 
have been widely confirmed [106]; and it has been used as support therapy in the 
second phase of the menstrual cycle in place of micronized progesterone [107, 108].

There are many reasons for choosing non-androgenic progestins in hor-
mone replacement therapy. Androgenic progestins antagonize the favorable 
cardiovascular effect of estrogens, whereas non-androgenic progestins do not 
impair, and may even enhance, the beneficial effect of estrogens [109]. Data 
on progestins in menopausal hormone therapy demonstrated that MPA 
Medroxyprogesterone acetate, but not oral micronized progesterone or other 
progestins, increase monocyte cell endothelium adhesion; MPA and the asso-
ciation MPA/E2 have negative effects on the brain, whereas the progesterone/
E2 combination has neuroregenerative effects [110] (Table 7.8).

7.3.9  Special Considerations in Choosing Hormone 
Replacement Therapy

Turner’s syndrome patients may present particular cardiovascular anomalies 
(structural defects and various cardiovascular risk factors, including arterial 
hypertension, hyperlipidemia, obesity, and diabetes mellitus), autoimmune condi-
tions (such as hypothyroidism, celiac disease) and altered brain structure and 
function [64, 112, 113]. These subjects present a 4.7 % prevalence of metabolic 
syndrome associated with visceral obesity; fatty liver was observed in Turner’s 
syndrome patients with metabolic syndrome and insulin resistance [114]. 
Although insulin resistance in Turner’s syndrome adolescents undergoing GH 
treatment is comparable to that of obese patients, their overall metabolic risk fac-
tors seem to be lower [115].

Table 7.8 Metabolic effects of Dydrogesterone, MPA, and Norethisterone [111]

Type of effects Dydrogesterone MPA
Norethisterone 
(Norethindrone)

Androgenic No Mild Yes

Estrogenic No No Metabolites

Glucocorticoid No Yes No

HDL cholesterol No effect ↓ (reduces E effect) ↓↓ androgen effect

Glucose metabolism No effect ↓ glucose tolerance ↓ glucose tolerance
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7.3.10  Effects of Hormone Replacement Therapy

Mammary gland development to stage B4 within 2 years is the primary criterion for 
successful puberty induction. Normal breast development up to B5 is generally 
mimicked, but with a 2-year delay in one series [77]. Another series found incom-
plete breast development in women with 45,X (54.3 % breast, Tanner Stage 5) and 
45,X/46,XY karyotype (50.0 % breast, Tanner Stage 5), whereas 75 % of women 
with 45,X/46,XX karyotype presented complete breast development [116].

Uterus development is generally suboptimal in Turner subjects treated with oral 
estrogens (Table 7.9).

Bone Mineral Density Whatever the cause, ovarian insufficiency with onset in 
fertile aged women comports reduced bone mass density (BMD). The problem 
is particularly important when it occurs before the individual reaches peak bone 
mass. It is well known that the highest individual levels of bone mass are condi-
tioned by genetic and ethnic factors, nutrition and physical activity, as well as 

Table 7.9 Oral estrogen treatment and uterus development in Turner’s syndrome

Authors Estrogen
N° cases (age 
in years) Results (uterus)

Paterson et al. [117] EE 56 (13.5–18) Incomplete uterus development in 50 %

Doerr et al. [116] EE
CEE
E2V
COC

75 (15.8–30.8) Normal uterus sizes in women with 
karyotype 45,X/46,XX
Uterus length <22 SDS in 26 % of TS 
women with karyotype 45,X
Uterus volume <22 SDS in 18 %

Bakalov et al. [118] E2 (12 %)
CEE 
(32 %)
COC 
(31 %)
No ERT 
(20 %)
Other 5 %

86 (28–45) 24.4 % fully developed size and shape 
of uterus
44.2 % transitional uterus
31.4 % immature “cylindrical shaped” 
uterus
No correlation between age at first 
exposure to estrogens and uterus size

Nabhan et al. [92] CEE
TD E2

12 (14.0 ± 1.7) Increased uterine growth after 1 year 
TD-E2; 66 % in TD-E2 group vs. 0 % 
in CEE group

Snajderova et al. [119] E2 57 (18.1–41.5) Suboptimal uterine development in 
most patients.

Bannink et al. [77] E2 56 (19.2) ⇩Uterus volume vs. controls 
(subnormal uterus dimensions in 
women aged nearly 20 years)

Cleemann et al. [79] E2 41 (17 ± 3.3, 
range 
11.2–24.9)

Mean uterus volumes lower than 
controls

Kim et al. [120] E2V 19 (13–17) Better uterine development with 1 mg 
E2V than 0.5 mg starting dose

V. Bruni et al.
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sex steroid levels. In Turner’s syndrome BMD is present in the cortical bone 
with osteopenia or osteoporosis, increased risk of fractures, and it is most evi-
dent in childhood and after age 45 years [121–124]. The increased risk of frac-
tures is due to the specific characteristics of the bones in Turner’s syndrome, 
e.g., small bones, altered bone geometry, and greater risk of falls and trauma 
related to hearing impairment [125, 126] as well as to the sedentary lifestyle of 
many of these subjects.

It has been known for many years that Turner patients have low bone mineraliza-
tion, documented by standard X-ray examination [127]. Studies on bone fragility in 
Turner’s syndrome using quantitative ultrasonography (QUS), measuring speed of 
sound, and two dimensional DXA of radius and tibia evidenced low speed of sound 
(indicating high bone fragility), but the DXA did not evidence lower bone mass 
density compared to controls [128]. We note that since the two-dimensional nature 
of DXA scanning gives an area value of BMD, it gives lower measures of BMD in 
Turner’s syndrome patients. Corrected to size, the quantitative DXA findings show 
normal volumetric BMD in these patients [128].

Subsequent investigations evidenced reduced cortical bone density with nor-
mal trabecular bone density in girls with Turner’s syndrome, with bone mineral 
apparent density (BMAD) of the femoral neck together with reduced cortical 
bone density of the radius (the trabecular bone was spared) [129, 130]. Other 
studies using the same method of high-resolution peripheral quantitative com-
puted tomography (HR-pQCT) demonstrated higher cortical thickness with 
lower cortical porosity in radius of Turner’s syndrome patients; trabecular integ-
rity was compromised with lower bone volume per tissue volume (BV/TV) 
(27 % in radius, 22 % in tibia, both p < 0.0001), trabecular number (27 % in 
radius, 12 % in tibia, both p < 0.05), and higher trabecular spacing (54 % in 
radius, 23 % in tibia, both p < 0.01) [131]. However, it is an open question. 
Recently some of the same investigators affirmed that cortical BMD is not 
decreased in the radius in Turner’s syndrome subjects, and that the artificially 
low cortical bone mineral density is due to the partial volume effect [132]. In 
addition, a group of 32 TS girls with an average age of 16.7 years (range 12.4–
20.2) had lower BMAD ((g/cm3) at the lumbar spine than an age- and sex-
matched population [133].

The altered mechanical strength of the skeleton in Turner’s syndrome is proba-
bly related to haploinsufficiency due to certain genes located on the X-chromosome; 
one candidate gene is SHOX, on the distal portion of Xp [134]. Skeletal growth is 
also impaired by the presence of smaller than normal bones and bones with altered 
geometry. Recently, Faienza et al. [135] demonstrated for the first time high osteo-
clastogenic potential both in girls and young women with Turner’s syndrome. This 
seems to be associated with elevated FSH serum levels before hormone replace-
ment therapy and high RANKL levels during the therapy, irrespective of karyo-
type. A genetic defect related to vitamin D receptor gene polymorphism (genotype 
BsmI or FokI) could aggravate the hormonal deficit [136] as well as conditions 
such as celiac disease and thyroid disorders. In summary, various mechanisms 
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contribute to reduced bone mass in Turner’s syndrome [137]. Turner’s syndrome 
related mechanisms are:
• Puberty delay
• Estrogen deficiency which persists throughout life
• Low intake of vitamin D
• Vitamin D receptor gene polymorphisms
• Hormonal factors (i.e., thyroid disorders)
• Autoimmune diseases

7.3.10.1  Treatment to Improve Bone Mineral Density in Turner’s 
Syndrome

A study on longitudinal changes in bone mineral density in Turner’s syndrome and 
related changes in biochemical parameters in 54 TS women (22–65 years, mean 37) 
after conventional hormonal replacement therapy with 17β-estradiol (E2, 2 mg) for 
the entire cycle and norethisterone (1 mg), medroxyprogesterone (10 mg), or levo-
norgestrel (0.25 mg) for 10 days each cycle showed only slight longitudinal changes 
in bone mass density in the 5.9-year study period. No changes in bone formation 
markers were seen during the study, but bone resorption markers decreased in 
Turner’s syndrome patients who were all encouraged to maintain a healthy lifestyle 
and take calcium and vitamin D [78].

Good results were achieved with transdermal E2 administration in a randomized 
controlled study using conjugated oral estrogen (0.3 mg daily for the first 6 months 
followed by alternating 0.3 mg and 0.625 mg daily for the second 6 months) versus 
transdermal E2 (0.025-mg patch twice a week for 6 months followed by 0.0375 mg 
patch twice a week for the second 6 months) for 1 year [92]. Another study using 
ECE (0.625 mg + dihydrogesterone 10 mg/day for 11 days) indicated that estrogen 
therapy may be effective in increasing BMD in young TS patients if initiated before 
age 18 years [138].

7.4  Hormonal Therapy in POI with Post-menarche Onset

In POI with post-menarcheal onset, therapy is targeted at recuperation of normal 
endocrine asset both to treat unpleasant menopause-related symptoms (e.g., vaso-
motor symptoms and vaginal atrophy) and to prevent the adverse effects of estrogen 
deficiency. The therapy involves protecting the cardiovascular system, maintaining 
and optimizing bone mass, sexuality, quality of life, and even preparing patients for 
assisted reproduction techniques. Subjects with POI are at higher than normal risk 
for cardiovascular problems, as evidenced by the numerous reports of death risk due 
to vascular events [139–146], especially women who underwent ovariectomy before 
age 45 years in a Mayo Clinic Cohort Study on 4780 women [147] and a Nurses’ 
Health Study on 30,000 women [148]. These data have been confirmed in recent 
meta-analyses [149, 150]. Women ovariectomized before natural menopause are at 
increased risk of cognitive impairment or dementia [151] and Parkinsonism [152]. 
In addition, women with premature ovarian failure (or premature menopause) 
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present early onset vascular endothelial dysfunction, associated with sex steroid 
deficiency [153, 154]. Circulating EPCs, CIMT, and diastolic function are signifi-
cantly affected in young women with POF. We note that also healthy women in the 
transitional phase to menopause [155] and young women in menopause due to sur-
gery [147, 156] present altered endothelial function related to estrogen deficit. The 
data regarding risk of ischemic stroke in POI patients is controversial: some inves-
tigators have reported increased risk [157], others found no changes [158], and oth-
ers reported increased mean arterial pressure (94 ± 10 vs. 86 ± 5 mmHg) despite 
normal endothelial and autonomic modulation of vasculature [159]. Increased risk 
of venous thromboembolism (VTE) was also reported in these patients [58].

Natural estrogens can be administered in oral (17β-estradiol, estradiol valerate, 
conjugated estrogens) and transdermal (patch, gel, cream) preparations, and synthetic 
estrogen is also now available for administration in oral and vaginal preparations for 
use in hormonal replacement therapy. Conjugated estrogens purified from pregnant 
mare urine have been used in estrogen hormone replacement therapy since 1942, but 
only recently were the steroidal components of the product fully identified [160]. In 
Italy, conjugated estrogens are currently available only in 0.3 mg doses combined 
with 1.5 mg MAP. A synthetic estrogen (EE2) is also available for administration in 
both oral and vaginal preparations for use in hormonal replacement therapy.

Transdermal E2 is, from a metabolic point of view, the best choice treatment in 
adult women with POI. Various investigators have seen that oral estrogens can cause 
increase in C-reactive protein, decreased IGF-I and IGF binding protein-3 levels, 
increased SHBG, and triglyceride enrichment of low- and high-density lipoprotein 
particles [70, 74, 161, 162]. A study comparing administration of oral or transder-
mal E2 (41 women, age 49 +/− 6 years, hysterectomized and oophorectomized) 
demonstrated statistically significant reduction in tissue factor pathway inhibitor 
and plasminogen activator inhibitor-1 levels with oral administration without sig-
nificant changes in D-dimer levels [163]. The metabolic profile of ethinyl estradiol 
differs from that of natural estrogen primarily with transdermal administration. 
Ethinyl estradiol is present in many contraceptive preparations, and it has a stronger 
hepatic impact than natural estradiol on estrogen dependent markers, such as liver 
proteins, as listed here below [73].

Effects of ethinyl-estradiol on proteins produced in the liver

↑ SHBG
↑ HDL-C
↑ VLDLk
↑ Angiotensinogen
± Modification of certain estrogen-dependent clotting factors

There is growing observational evidence that transdermal E2 therapy may be 
associated with lower risk of deep vein thrombosis, stroke, and myocardial infarc-
tion [164, 165].

In 64 postmenopausal women randomly assigned to receive either oral or trans-
dermal hormonal replacement therapy (HRT), transdermal HRT (estradiol 
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combined with NETA) exerted favorable or neutral effects on serum lipids and hs-
CRP in postmenopausal women, including decrease in serum triglyceride and Lp(a) 
levels and increased HDL-2 cholesterol concentration. Therapy with the oral com-
bination was associated with a significant decrease in serum LDL cholesterol and a 
significant increase in hs-CRP, but no change in serum triglyceride levels [55].

The American College of Obstetricians and Gynecologists has published an 
opinion on adolescent health care suggesting the use of estradiol-17β delivered via 
transdermal patch with doses of 100 μg (or 0.625–1.25 mg/day oral conjugated 
estrogen or 2 mg/day oral E2) associated with 10 mg oral medroxyprogesterone 
acetate daily for 12–14 days every 30–60 days (or 200 mg oral micronized proges-
terone daily for12–14 days every 30–60 days). The postpubertal patient treatment 
options proposed include combined hormone contraception [166].

The addition of natural progesterone or synthetic progestagens is essential for pre-
vention of endometrial hyperplasia during estrogen replacement therapy regimens. 
Micronized progesterone seems to be neutral from a metabolic point of view [167]. 
Oral dydrogesterone in combination with transdermal estradiol showed no elevation 
in VTE compared to non-HRT users [168] and may be the preferred when considering 
thromboembolic risk [106]. The synthetic progestogens differ in their affinity with 
different steroid receptors and may have some negative impact on cardiovascular risk 
factors [169] (See section on Progesterone and/or Progestin Addition, 7.3.8).

All patients with POI under treatment with hormonal replacement therapy must 
be made aware that they have a 5–10 % possibility of conceiving [170]; thus they 
must use barrier contraceptive methods, such as a condom or intrauterine devices. 
Combined oral contraception appears to be acceptable for adolescents undergoing 
hormonal replacement therapy if peak bone mass has been achieved and there are 
no contraindications. It can also be considered for young women, especially when 
contraceptive cover is necessary or requested by the patient, especially considering 
the benefits of hormonal contraception in regard to both prevention and therapy.

7.4.1  Bone Mineral Density in POI with Post-menarche Onset

Young women with primary ovarian insufficiency have significantly reduced bone 
mineral density compared to regularly menstruating women [171–175]. Bone health 
was the primary endpoint in a few studies. The results of an open-label, randomized, 
controlled, crossover trial involving 34 women with POF who were randomized to 
a 4-week treatment with either TD E2 plus vaginal progesterone or 30 μg EE plus 
1.5 mg NETA (for 1/3 weeks) demonstrate a beneficial effect on bone mass acquisi-
tion on the lumbar spine over 12 months of therapy, mediated by increased bone 
formation and decreased bone resorption [176]. HRT in those with early menopause 
does appear to reduce the risk of fracture when administered for at least 3 years 
[177]. The principal studies on HRT in POI with post-menarche onset involve 
patients 19–40 years old. All patients received the same dose without variations in 
relation to age or peak bone mass acquisition; the dose was higher than that nor-
mally considered standard for HRT in natural menopause (Table 7.10).
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The optimal dose for patients with POI onset after age 30 years remains to be 
established. Hormonal replacement therapy regimens must be based on individual 
patient symptoms and bone mineral density at the time of first observation. HRT 
must be continued until the patient reaches the age of average normal menopause. 
Five years ago, a committee of the American College of Obstetricians and 
Gynecologists proposed bone density monitoring by dual-energy X-ray absorpti-
ometry (DEXA) once a year to document peak bone mass achievement during 
early- to mid-puberty, and then once every 2 years through late adolescence [166].

Evidence statements regarding eight prospective cohort studies (sample sizes 
ranging from over 300 to 100,000 women) showed that the risk of any non- vertebral, 
vertebral, hip and/or wrist fracture was significantly lower for current HRT users 
than either women not currently using HRT or who had never used HRT [181, 182] 
(Table 7.11).

7.4.2  Cognitive Function in POI

Most available data on cognitive function in POI refer to women over 40 years old, 
prevalently women who have undergone oophorectomy before menopause. 
Premenopausal oophorectomy (unilateral and bilateral) increases the risk of cogni-
tive impairment, dementia and/or Parkinsonism [151, 152]. The younger the patient 
is at the time of oophorectomy the higher the risk of such problems.

7.4.3  Psychological Consequences of POI

We emphasize that diagnosis of primary ovarian insufficiency can be emotionally 
traumatic for the patient and even the family. Women with spontaneous hypergonado-
tropic hypogonadism have the perception of receiving less social support and have 
less self-esteem than control women. Specific strategies targeted at alleviating such 
psychological discomforts could help these women overcome their disappointment 
and dismay regarding the life altering diagnosis of spontaneous POI [183]. Also par-
ents need assistance in learning how to help their daughters understand and live with 
the diagnosis in a way that allows for healthy growth and development [184].

Table 7.11 Estrogen dosages routinely administered for bone protection in HRT

Oral estradiol 
(mg)

Conjugated 
estrogens (mg)

Transdermal estradiol 
(mcg)

Tibolone 
(mg)

Standard 2 0.625 50 2.5

Low dose 1 0.45 25 1.25

Ultra-low 
dose

0.5 0.30 12.5

Modified from Gambacciani and Levancini [181]
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7.4.4  Androgen Deficiency in POI

We know that after menopause both the ovaries and the adrenal glands continue to 
produce androstenedione and testosterone. Total testosterone concentrations are 
decreased in women with spontaneous POI or iatrogenic menopause, as pointed out 
in data from a meta-analysis of 206 articles regarding spontaneous POI and 1358 on 
iatrogenic menopause [185]. Hypoandrogenism was evidenced in cases with dimin-
ished functional ovarian reserve in 140 women under 38 years old, with premature 
ovarian aging, occult primary ovarian insufficiency, and abnormally low functional 
ovarian reserve measured by age-specific FSH and/or anti-Müllerian hormone lev-
els and 166 women over 40, with diminished ovarian reserve; the 49 control patients, 
under 38 years old, demonstrated normal functional ovarian reserve indicated by 
FSH and/or AMH levels [186].

Regarding dehydroepiandrosterone (DHEA), the limited findings available show 
that in POI hematic levels are not significantly different from those found in fertile 
aged normal women, but they are elevated compared to those of postmenopausal 
women [187, 188]. In a study on 67 women with Hashimoto thyroiditis, only those 
who tested positive for antithyroid antibody showed comparatively low, but within 
normal limits, DHEA levels [189].

There is ongoing debate about the repercussions of androgenic deficiency on 
bone mineral density, sexual desire, quality of life, self-esteem, and mood. 
Women with POF tend to have a lower sense of sexual wellbeing than normal 
women; they experience less sexual arousal and thus have more unsatisfactory 
sex lives, with less frequent sexual intercourse, reduced lubrification and 
increased genital pain. Although total testosterone and androstenedione levels 
are lower in women with POF, this is only one of the factors to be considered 
among the many that may play an important independent role in the various 
aspects of sexual functioning [190]. The treatment of low/hypoactive sexual 
desire disorder is multifaceted and should include a combination of both pharma-
cological treatments able to maximize the biological signals that drive sexual 
response as well as individualized psychosocial therapies to help patients over-
come personal and relational difficulties [191].

7.4.5  Testosterone Replacement Therapy

Administration of testosterone replacement in POI is controversial, and it has been 
studied only in the context of surgical menopause [192]. Regarding repercussions 
on bone mineral content, in a double-blind, randomized, placebo-controlled clinical 
trial involving patients with iatrogenic POI, administration of testosterone did not 
modify bone mineral density at the femoral neck, evidenced by DEXA. The patients 
in this study received transdermal testosterone (150 μg/day) and transdermal estra-
diol (100 μg/day) plus oral medroxyprogesterone acetate (10 mg/day, 12 days/
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month) for 3 years [180]. Another trial investigating the efficacy of physiologic 
testosterone replacement in hormonal replacement therapy with E2 T(100 μg/d)+ 
MAP (10 mg/day) also evaluated quality of life, self-esteem, and depressive symp-
toms in patients. After 12 months of treatment, there were no differences between 
treatment groups regarding changes in quality of life, self-esteem, and/or mood 
symptoms [193].

7.4.6  DHEA Therapy

Dehydroepiandrosterone (DHEA) and its sulfate ester (DHEAS) are the most abun-
dant steroid hormones in humans. DHEA is produced mainly by the adrenal cortex 
and to a limited extent by the ovaries, and is rapidly sulfated by sulfotransferases 
into DHEAS [194]. Large amounts of DHEA and DHEAS are produced during fetal 
development; the production falls sharply after birth and remains low for several 
years; during adrenarche (age 6–8 years) synthesis resumes and high levels are 
maintained throughout adult life, providing substrates for conversion into potent 
androgens and estrogens in peripheral tissues [195–197]. An age-dependent decline 
in DHEA and DHEAS levels begins by the third decade and progresses with advanc-
ing age, by around 2–5 % per year, such that by menopause the DHEA level has 
decreased by 60 %.

“DHEA and its unconjugated and sulfated metabolites participate in various 
physiological and pathophysiological processes, including management of GnRH 
cyclic release, regulation of glandular and neurotransmitter secretions, maintenance 
of glucose homeostasis […] and insulin insensitivity […], control of skeletal muscle 
and smooth muscle activities including vasoregulation, promotion of tolerance to 
ischemia and other neuroprotective effects.” [198] The biological actions of 
DHEA(S) in the brain involve neuroprotection, neurite growth, neurogenesis and 
neuronal survival, apoptosis, catecholamine synthesis and secretion, as well as anti- 
oxidant, anti-inflammatory, and antiglucocorticoid effects. In addition, DHEA 
affects neurosteroidogenesis and endorphin synthesis/release [199]. DHEA is also a 
precursor of estrogen receptor beta (ERβ) ligands [200].

Several studies have explored the role of DHEA in sexual function in women, 
and replacement therapy with DHEA in women with androgen insufficiency and 
sexual dysfunction appears to have some beneficial effects on sexual desire, arousal, 
activity, interest, fantasy and drive, and relationships, but further studies are neces-
sary [201].

The role of DHEA/DHEAS in POI therapy is intriguing. The basic question is 
whether or not DHEA supplementation is useful in POI. This is a relatively recent 
therapeutic addition to the management of female infertility, in particular for women 
with diminished ovarian reserve. The mechanism of action of DHEA on the ovaries 
is not clear. DHEA has been found to be a prehormone of the follicular fluid testos-
terone during the administration of gonadotropins for ovulation induction which 
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leads to the formation of estradiol. Androgen has been proposed to be a metabolic 
precursor for steroid production and acts as a ligand for androgen receptors, thus 
influencing follicular growth in ovaries. Another hypothesis is that the beneficial 
effect of DHEA may be due to an increase in insulin-like growth factor-I. In fact 
studies on rhesus monkeys showed that androgen treatment (testosterone and dihy-
drotestosterone) can promote IGF 1 and IGF 1 receptor gene expression in the pri-
mate ovary [202]. Finally, some investigators have postulated that DHEA has a 
beneficial effect on oocyte quality and mitochondrial function [203].

The effectiveness and safety of DHEA and testosterone as adjuncts to androgen 
replacement therapy in women undergoing assisted reproduction have been investi-
gated. Treatment with DHEA and testosterone appeared to improve the live birth/
ongoing pregnancy rate and clinical pregnancy rate in women identified as poor 
responders [204]. However, when studies with a high risk of bias in sensitivity analy-
ses are excluded the effects of DHEA and T treatment are no longer statistically sig-
nificant, also given the variable lengths of treatment. In addition there is scarce proof 
of the safety of DHEA and testosterone treatment, and evidence to date is limited by 
generally small sample sizes and inadequately reported study methodologies.

A Task Force appointed by the Endocrine Society, American Congress of 
Obstetricians and Gynecologists (ACOG), American Society for Reproductive 
Medicine (ASRM), European Society of Endocrinology (ESE), and International 
Menopause Society (IMS) commissioned two systematic reviews of published data, 
meta-analyses, and trials on DHEA and T replacement therapy. The Endocrine 
Society continues its strong recommendation against the general use of testosterone 
in treating infertility, sexual dysfunction (except for a specific diagnosis of hypoac-
tive sexual desire, and only for 3–6 months), cognitive, cardiovascular, metabolic 
and bone health, or general well-being as well as against the routine use of DHEA 
for women due to limited data concerning its effectiveness and safety in normal 
women or those with adrenal insufficiency. The Task Force recommends against 
routine prescription of testosterone or dehydroepiandrosterone for women with low 
androgen levels due to hypopituitarism, adrenal insufficiency, surgical menopause, 
pharmacological glucocorticoid administration, or other conditions associated with 
low androgen levels because the data supporting improvement in signs and symp-
toms with these therapies are limited and there are to date no long-term studies of 
risk [205]. Another two recent meta-analyses also confirm the need for further 
investigations to clarify the effects of DHEA exposure in assisted reproduction tech-
nology [206, 207].

On the other hand, all the scientific societies recommend use of hormonal ther-
apy or oral contraception until the median age of natural menopause with periodic 
reassessment for all women with POI. A fundamental part of that therapy is psycho-
logical support to help patients address the issues associated with early menopause, 
including loss of fertility, changes in self image, and sexual dysfunction [208]. 
Early initiation of HRT is, however, always necessary to optimize metabolic param-
eter and enhance bone, mass [209].
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as Stress Induced Defensive System
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8.1  Introduction

Usually amenorrhea defines the absence or abnormal cessation of the menstrual 
cyclicity [1], and it is defined as primary or secondary amenorrhea depending from 
the occurrence of amenorrhea before or after menarche, respectively. Most of the 
causes of primary and secondary amenorrhea are similar. Timing of the evaluation of 
primary amenorrhea recognizes the trend to earlier age at menarche and is therefore 
indicated when there has been a failure to menstruate by age 15 in the presence of 
normal secondary sexual development (two standard deviations above the mean of 
13 years), or within 5 years after breast development if that occurs before age 10 [2].

Failure to initiate breast development by age 13 (two standard deviations above 
the mean of 10 years) also requires investigation [2]. In women with regular men-
strual cycles, a delay of menses for as little as 1 week may require the exclusion of 
pregnancy; secondary amenorrhea lasting 3 months, and oligomenorrhea involving 
less than 9 cycles a year require investigation.

The prevalence of amenorrhea not due to pregnancy, lactation, or menopause is 
approximately 3–4 % [3, 4]. Although the list of potential causes of amenorrhea is 
long, the majority of cases can be restricted to four conditions: polycystic ovary 
syndrome, hypothalamic amenorrhea, hyperprolactinemia, and ovarian failure. 
Other causes can involve diseases that are typical for internal medicine or endocri-
nologycal diseases such as diabetes, adrenal gland or thyroid diseases and where 
amenorrhea is not really related to a typical reproductive problem but is related to 
an unbalanced endocrine control of organs or systems that can induce an abnormal 
control of the hypothalamus-pituitary-ovarian axis.
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Primary amenorrhea is not so common, in our Centre for Gynecological 
Endocrinology only 8–10 patients per annum are diagnosed a primary amenorrhea, 
while higher number of patients is diagnosed with secondary amenorrhea [5–7]. 
The World Health Organization (WHO) has logically recognized specific groups of 
amenorrheic patients: WHO group I: no evidence of endogenous estrogen produc-
tion, normal or low FSH (Follicle Stimulating Hormone) levels, normal prolactin 
levels, and no evidence of a lesion in the hypothalamic-pituitary region; WHO 
group II: evidence of estrogen production and normal levels of prolactin and FSH; 
WHO group III: elevated serum FSH levels indicating gonadal failure [8, 9].

Whatever are the causes, the patients affected by functional hypothalamic amen-
orrhea (FHA) belong to the WHO group II, that is, they show evidence of low estro-
gen production, FSH secretion and PRL levels normal or within the upper limit of 
normality.

8.2  Functional Hypothalamic Amenorrhea (FHA)

Though functional hypothalamic amenorrhea (FHA) is classified in the WHO group I,  
it is considered as a hypogonadotropic hypogonadism related to a severe change of 
the pulsatile release of gonadotropin-releasing hormone (GnRH) from the hypo-
thalamus [10–12]. The disturbances of the hypothalamic-pituitary-ovarian axis in 
FHA may be very broad and includes from low to the complete absence of LH 
pulses in presence of normal level of FSH [12]. Because of this, there are low or 
very low estradiol plasma levels due to a reduced estradiol production in the ovary. 
The disturbed hypothalamic-pituitary-ovarian axis in FHA cases is associated typi-
cally with stress, weight loss, and/or excessive physical exercise and is one of the 
most common causes of secondary amenorrhea [12]. Depending on the triggering 
factor, there are three typologies of FHA: weight loss related, stress related, and 
exercise related [13]. However, it is relevant to state that though the trigger might be 
one of these three, usually all of them result to be tightly interconnected and regard-
less of the specific trigger, a complex state of hypoestrogenism, other endocrinolo-
gycal aberrations, and metabolic abnormalities due to FHA may affect the whole 
body homeostasis [14].

8.3  Epidemiology and Diagnosis

Classically, secondary amenorrhea is defined when there is at least an interval of  
3 months of absence of menstruation, and usually occurs in approximately 3–5 % of 
women after menarche. FHA can be recognized in 20–35 % of secondary amenor-
rhea cases and in 3 % of FHA cases of primary amenorrhea that is in those cases 
where menarche does not occur at the right time but later than expected and no other 
cause is recognized as causal factor for such situation of delayed menarche [15]. 
Hypothalamic amenorrhea is very frequent among athlete women. In fact, it has 
been estimated [16] that approximately 50 % of women who exercise regularly 
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experience menstrual disorders and approximately 30 % of them experience amen-
orrhea. Several of them show the triad of distorted eating, amenorrhea, and osteopo-
rosis, first described in 1997 and is known as female athlete triad [17].

Functional hypothalamic amenorrhea can be differentiated from the other forms 
of primary or secondary amenorrhea on the basis of the anamnesis as well as from 
the assessment of low or very low gonadotropins and estradiol plasma levels [12]. 
In patients with FHA, the GnRH stimulation test shows the LH and FSH response, 
thus distinguishing FHA from pituitary diseases, where hypogonadism is also char-
acteristic [13, 15]. Once the hypothalamic origin has been found, it is important to 
exclude eventual rare genetic and organic diseases such as Kallman syndrome 
(characterized by anosmia, specific mutations), Prader-Willi syndrome (with char-
acteristic hyperorexia, obesity, retardation), and other rare syndromes with idio-
pathic hypogonadotropic hypogonadism [12, 15, 18]. Obviously, features such as 
delayed puberty, primary amenorrhea, and the presence of additional symptoms 
(anosmia, mental retardation, extreme obesity, facial dysmorphia, and malabsorp-
tion) are suggestive of congenital diseases [15, 18].

8.4  Neuroendocrine Dysfunctions of FHA

As it can be argued from what is reported in the previous section, FHA [19–21] is a 
model of reproductive dysfunction characterized by the fact that there is no organic 
disease to trigger it. Indeed, FHA is classically characterized by a hypoestrogenic 
condition as a result of several neuroendocrine aberrations, which occur after a rela-
tively long period of exposure to a repetitive and/or chronic stressor(s) that nega-
tively affect the neuroendocrine hypothalamic activity [10, 22] as well as the release 
of several hypophyseal hormones [23]. In these patients, the reproductive axis is 
severely impaired and both the opioid and dopaminergic systems are involved as 
potential mediators of stress-related amenorrhea in humans [24, 25]. As demon-
strated in experimental animals, the EOPs exert an inhibitory effect on the episodic 
release of both GnRH and LH also in humans [26]. Naloxone infusion is able to 
induce the increase of LH plasma levels only during the late follicular and luteal 
phases of the menstrual cycle but not during the early follicular phase [27, 28], and 
such response was recorded also in postmenopausal women only after hormonal 
replacement therapy [29]. All these reports sustain the fact that estrogens modulate 
the opioidergic blockade and when naltrexone cloridrate is administered in FHA, 
LH plasma levels start to increase within few weeks [30]. In the last two decades, it 
has been demonstrated that also dopaminergic and serotoninergic pathways are 
deeply involved in the mechanisms that link stress-induced amenorrhea and repro-
ductive function in FHA [24, 31, 32]. In addition, most of the patients that suffer 
really for a FHA show an elevation of the cortisol plasma levels close to the upper 
limits of normality, while in other amenorrheic conditions (i.e., hyperprolactinemic 
or hyperandrogenic amenorrhea) cortisol shows normal levels [33].

At the basis of the mechanism of stress, there is the perfect combination and 
overlapping of various independent situations that occur whenever the stressant 
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condition(s) is long lasting or chronic. Psychological, metabolic, and physical 
stressors are the relevant ones that negatively impact on the brain and on the neuro-
vegetative systems as well as on the neuroendocrine pathways. The central structure 
for the reproductive control is the hypothalamus where GnRH is synthetized and 
released. GnRH secretion is under a specific control of various other hypothalamic 
nuclei that are all around the paraventricular and sopraoptic nuclei where GnRH is 
secreted. These other nuclei control satiety, glucose, water, and salt levels, and they 
also receive inputs from the cortex and from other subcortical areas of the brain 
deeply connected on whatever refers to information coming from the environment 
in terms of sounds, sights, metabolism, and danger. Practically the hypothalamus is 
informed on whatever is going on inside and outside the human body. Whatever 
event changes the perfect equilibrium of all these elements, it results to be able to 
activate a reaction by the hypothalamus so that to counteract such adverse environ-
mental change and to predispose a defensive condition. Such hypothalamic activa-
tion parallel the occurrence of stressant situations, more frequent is the stress, more 
repetitive activation of the hypothalamic reaction leads to the significant changes 
that are observed under chronic stressant situations. The block that occurs on the 
reproductive axis is mainly exerted by the significant reduction of the amount of 
GnRH secreted by the hypothalamic nuclei (sopraoptic and paraventricular) that 
reduce the gonadotropin episodic discharge with the concomitant reduction of mean 
plasma concentrations of LH, FSH, and of ovarian steroids.

8.5  Stress as Defensive System

From what is described above, it appears evident that hypothalamus acts as a “com-
puter” that takes care of all inputs and defines specific outputs to monitor/modulate/
regulate a lot of other biological functions such as sleep, glucose control, heart func-
tion, feeding, reproduction, and many others. This happens also in males, but it is 
incredibly active and sensitive in females. Nowadays, weight control, physical 
activity, and a healthy choice of our food are primary elements of our everyday life. 
These are relevant issues since our western civilization is becoming even more over-
weight up to obese! Indeed, at least in Italy, progression of obesity has been up to 
25 % in 25 years and the higher occurrence of obese-related diseases, such as diabe-
tes, hypertension, stroke, has stimulated a part of the population to keep weight and 
feeding under control. Within this last decade, a higher amount of women started to 
exercise more than 20 years ago and a certain percentage of them realized that they 
could move from simple physical activity to a more serious training. It is clear that 
physical activity is absolutely a healthy element in our everyday life, but the excess 
of training can frequently occur and this can induce negative effects of the reproduc-
tive ability of young girls as well of adult women [34]. These negative effects have 
been identified in a lower fertility rate due to a higher anovulatory condition. 
Moreover, it is relevant to note that the pregnancy rate of patients that attend IVF 
programs are incredibly lower for those women that train too much or have an 

A.D. Genazzani et al.



115

agonistic training [35–37] and that the more is the training the higher is the infertil-
ity risk (3.2 fold than controls) [37].

Abnormal or irregular menstrual cyclicity is always possible and it is considered 
normal to have an irregular event per year but those that train or perform an intense 
physical activity usually experience such irregular cycles more frequently and it has 
been demonstrated to be correlated to the reduced BMI [38]. The causal factors of 
this are clear: the beginning of the follicular phase is slowed by the physically 
induced stress on the hypothalamic areas, these triggers a difficulty in gaining an 
optimal ovulation so that the following luteal phase results to be insufficient in 
terms of progesterone released. All this induces an abnormal menstrual cycle in 
terms of length and/or frequency. Such mechanism can replicate frequently (one 
cycle after the other) or rarely, but in case the physical stress is furthermore enriched 
by psychological factors (i.e., working or familiar problems, school failure, etc.); it 
might evolve to a menstrual cycle blockade. It is important to observe that in such 
conditions, even though a pregnancy starts, there are higher chances that it stops 
prematurely within the first 2–4 weeks. The reason of this relies on the fact that a 
lower estrogen secretion and later a reduced progesterone secretion do not prepare 
adequately the endometrial tissue to the embryo implantation. An inadequate endo-
metrial tissue that is too thin (below 8–9 mm) is frequently unable to support the 
embryo implantation.

It is important to consider that physical activity is a positive activity but while it 
is important to reduce weight in overweight or obese women, for other women, usu-
ally with normal BMI, it represents a sort of “running away” from life problems and 
everyday life. If this is the case, stress of physical activity becomes a sort of “drug” 
that initially cures the stress cumulated, but after some time it becomes an additional 
stress on the stressant situations that are still pressing those women. For some time, 
biology tries to face the adverse conditions (everyday life and physical activity), but 
if the training becomes too much (i.e., too much hours of sport/gym every week), 
the neuroendocrine blockade is quite certain.

Not all these events are a real disease, they all belong to a sort of biological 
attempt to protect those women. Something dated back more or less 30 thousand 
years ago. For that time, reproduction was probably the less important function 
since a human being (or a primate) could perfectly survive without reproduction, 
and the survival of the single human being could not be guaranteed if reproduction 
hits its goal (i.e., the occurrence of a pregnancy) especially during seasons/periods 
during which no food was available or a strenuous energy consumption was ongo-
ing (migration), as well as psychological stressors (fear to die). For those times, a 
pregnancy in the wrong moment might mean an incredibly higher risk to die. To 
avoid this and to avoid losing that single human being, the hypothalamus developed 
the ability to block the reproductive axis in reversible way to avoid ovarian function 
(i.e., ovulation), with the chance to restart it only when the external conditions 
might be improved and more adequate.

Life in this twenty-first century is not like that many thousand years ago, but 
there are always many stressful events that can trigger our hypothalamus and 
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homeostatic system(s) and induce a blockade of reproduction. Although this has to 
be considered an incredibly well designed defensive system, unfortunately, it might 
be activated in peculiar period such as during pubertal development, inducing a 
delayed menarche/puberty. Indeed, when intensive sport training or recreational 
activity is started at a prepubertal age, it is not so rare to observe a significant delay 
in the occurrence of pubertal maturation up to 2–4 years [3, 38]. The meaning of this 
observation is obvious since it indicates that if energy consumption and physical 
stressors are too much, growth and reproductive axis maturation might not occur in 
the same time. In fact, most of the girls who suffer from this condition recover into 
normal development and/or menstrual cyclicity as soon as training is significantly 
reduced or suspended.

The presence of the right amount of fat is fundamental for pubertal development 
since it is considered as a specific and obliged reserve of energy that the body might 
need to have stored in case a pregnancy occurs within the very first ovarian cycles 
[38, 39]. Nowadays, this reserve of fat is important just for the beginning of the 
menstrual cyclicity (i.e., menarche) since pregnancy during pubertal age is not so 
common in Western countries (more frequent in underdeveloped countries), but it is 
important to consider this biological aspect every time we study a girl who wants to 
start or has just started any kind of physical activity. Physical activity has not to be 
strenuous or stressful to avoid any conflict with the maturation/activation of her 
reproductive axis. A delay in such event might induce reduced bone mass peak, 
osteopenia, and then reduced bone mass density during fertile life, exposing the girl 
to damages of the skeleton and of the muscle activity. Hypoestrogenism during 
adolescence, with no menarche and/or menstrual cyclicity and with a sub-normal 
development of sex-steroid-dependent tissues (fat distribution, breast development), 
might be responsible also for an abnormal or conflicting self-image.

What has to be pointed out is that our biology is for sure a perfect system that 
controls our homeostasis, but we are always forgetting that nowadays, this biology 
is still working as 30 thousand years ago. Since in those times food was scarce, our 
biology developed systems/pathways that permitted a fast and optimal way to store 
the energetic elements derived from food (i.e., glucose, lipids) and a not so fast 
system to download energetic substances once stored (i.e., lipids from fat cells). 
Doing so our biology was sure to accumulate at least a minimum of the energy 
introduced as food, putting the basis of the fact that in the presence of relevant 
amount of food (as in our times), our homeostatic system would have stored the 
great part of that energy as fat, inducing overweight up to obesity. It is well clear 
that we all have to take care of the right amount and quality of food. Even though 
today we can access to whatever kind of food, we always have to keep feeding under 
control. That is why the amount of overweight/obese people is a growing social 
problem and a health issue in all Western countries.

The right amount of food is crucial, not too much and not too low. Quality is 
essential since it permits a good maintenance and better performances of whatever 
organ/homeostatic system of our biology. Excess in restriction or excess in feeding 
induces only abnormal behavior(s) of our homeostatic systems, that in general cre-
ate the predisposition to reproductive and health concerns.
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