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  Pref ace  

  This volume, the third of our series, is devoted to all the practitioners, specialists 
and researchers interested in the updates in some critical areas of reproductive 
endocrinology. 

 The possibilities offered by luteal phase stimulation, the management of luteal 
phase in IVF cycles, the importance of genomics to better understand ovarian 
response and the critical management of poor responders, together with the relation-
ship of gene expression in cumulus cells with oocyte quality are the areas of ART 
developed in this book. 

 Another important chapter is “Premature Ovarian Insuffi ciency: Advances in 
Management Through a Global Registry.” 

 The third part of this volume is devoted to neuroendocrinology and covers 
 stress-induced hypothalamic amenorrhea, obesity and anorexia nervosa, the 
 neuroendocrine basis of ovarian aging and androgen replacement in women. 

 The complex areas of glucose metabolism and polycystic ovary syndrome with 
the impact of myo- and chiro-inositol, as well as cardiovascular risk in obesity, are 
discussed in details, together with the diagnosis and treatment for endometriomas, 
medical therapies of myomas and vitamin D defi ciency. 

 The last part of this book is related to the climacteric, menopause and aging, 
focusing on contraception in the climacterium, the management of menopausal 
transition, the impact of steroid replacement therapies on the aging brain, and con-
cludes with the current fi ndings on soya and isofl avones and their clinical aspects, 
as well as the body identical hormone replacement. 

 Gynecological reproductive endocrinology still represents a rapidly growing 
 discipline and this volume offers readers a real possibility for updating their knowl-
edge and help in the better management of their patients. 

 Pisa, Italy Andrea R. Genazzani 
 Thessaloniki, Greece Basil C. Tarlatzis  
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  1      Luteal-Phase Stimulation                     

       Francisca     Martinez      ,     Pedro     N.     Barri      ,     Buenaventura     Coroleu     , 
and     Marta     Devesa    

1.1            Introduction 

 There has been a recent awakening of attention to luteal-phase stimulation (LPS) 
that could be explained by a combination of circumstances. First, there are physio-
logical grounds to support the notion of this new approach [ 1 – 3 ], provided that it is 
possible to separate ovarian stimulation and endometrial maturation by stages in 
order to avoid desynchronisation between embryo and endometrium. Moreover, 
advances in cryopreservation of oocytes and embryos have made possible an almost 
total absence of gamete loss after cryopreservation [ 10 ,  20 ]. Also, it is increasingly 
common in in vitro fertilisation (IVF) to use the antagonist protocol in gonadotropin 
stimulation and agonist triggering, postponing embryo transfer to a later cycle, not 
only to avoid the risk of OHS but also with the aim of improving embryo implanta-
tion and pregnancy rates [ 9 ,  11 ]. Finally, recent data show that embryos obtained 
after luteal-phase stimulation may provide optimum pregnancy rates ([ 13 ,  14 ,  17 ]).  

1.2     Physiological Bases 

 The classic form of conventional stimulation is based on the concept that it is necessary 
to obtain FSH levels above a certain threshold for recruitment of a follicular or wave 
cohort and the later decrease in FSH levels is the critical element for selection of the 
dominant follicle. The duration of the increase in FSH levels above a critical threshold 
determines the number of follicles that will be selected from the cohort for preferential 
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growth: the so-called FSH window. A short duration of the FSH level above the thresh-
old will make it possible to select a single dominant follicle, whereas if the duration of 
this FSH window is extended by exogenous gonadotropin administration, multiple fol-
licles will be selected. In the natural cycle, the dominant follicle has the initial advan-
tage of size over the subordinate follicles, containing more granulosa cells and more 
FSH receptors making it more sensitive to FSH. The subordinate follicles are incapable 
of growing in low FSH, and so they succumb to atresia [ 2 ]. Follicle selection has been 
described as the phenomenon for avoiding atresia, i.e. as a hierarchical progression of 
follicular atresia over the period between FSH increase and decrease. 

 Generally, it is observed every month that a dominant follicle is selected during 
the early-mid follicular phase (FP) of the menstrual cycle. However, the presence of 
developing follicles has been observed on more than one occasion during the men-
strual cycle in some women (waves). Most women develop a major follicular wave 
in the follicular phase in which a dominant follicle is selected and one or two minor 
waves, in which dominance is not manifest, in a single interovulatory period [ 2 ]. 

 According to these studies, there would be constant availability of viable follicles, 
also during the luteal phase, susceptible to respond to gonadotropin stimulation. 

 It was recently observed that pregnancy could be obtained after ovarian stimula-
tion in two phases, in the absence of menstruation, confi rming the existence of sev-
eral waves of recruitable follicles for stimulation and maturation [ 5 ]. 

 Ovarian stimulation can take place independently, separately from the phases of 
the endogenous gonadotropin cycle, without harmful consequences provided that 
there is no fresh embryo transfer, to avoid desynchronisation with endometrial 
developmental.  

1.3     Applications of Luteal-Phase Stimulation 

 Luteal-phase stimulation (LPS) has been applied successfully in the following:

•    Fertility preservation in patients with cancer  
•   IVF patients, normal population  
•   Egg-donation programmes  
•   Patients with low response    

1.3.1     Luteal-Phase Stimulation for Fertility Preservation 

 Initial fi gures showed that viable embryos could be obtained from immature oocytes 
obtained in the luteal phase after in vitro maturation ([ 8 ,  16 ]). 

 Subsequently, several authors have published the outcomes of starting stimula-
tion at any time in the cycle (random start) for fertility preservation in patients with 
cancer [ 4 ,  7 ,  19 ,  21 ,  22 ], which are comparable to those obtained following conven-
tional stimulation. In some cases, a GnRH antagonist was administered prior to or 
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simultaneous with the start of stimulation to obtain a fast luteolysis (Table  1.1 ). 
Cakmak et al. [ 7 ] compared the outcomes of conventional stimulation in patients 
with cancer: 93 were stimulated with recombinant FSH started in the follicular 
phase (FP) and 35, after random start (13 patients in late FP and 22 patients in luteal 
phase), adding letrozole to the rFSH in patients with hormone-dependent cancer. No 
differences were observed in the outcome.

1.3.2        Luteal-Phase Stimulation in an Egg-Donation Programme 

 Although the viability of luteal-phase stimulation had been demonstrated, there 
were no data on the evolutionary potential of the embryos obtained. For this reason, 
Martínez et al. [ 17 ] performed a prospective study on egg-donation oocytes, with 
the main objective of evaluating the clinical pregnancy rate in recipients of vitrifi ed 
oocytes obtained after donor stimulation from the initial luteal phase of the cycle, 
comparing it with that of oocyte recipients obtained after stimulation in follicular 
phase. In this study, nine egg donors were recruited who did two consecutive stimu-
lation cycles, one conventional stimulation cycle and another in luteal phase, 3 
months apart (Fig.  1.1 ).

   After ultrasound evaluation and hormonal analysis, on day 2 of withdrawal 
bleeding after interruption of the contraceptive (D2), or on day 15 of post- withdrawal 
bleeding (D15), rFSH stimulation was started at a dose of 150–300 IU/day accord-
ing to body mass index (BMI). Administration of the GnRH antagonist was added 
from the presence of a follicle >14 mm in the follicular phase, while in the luteal 
phase, it was started simultaneously with rFSH administration and was maintained 
until preovulatory triggering. Triggering took place with GnRH agonist when the 
presence of at least three 18-mm-diameter follicles was observed. 

 All the mature oocytes obtained after luteal-phase stimulation (D15) were vitri-
fi ed. Following conventional stimulation (D2), some of the oocytes were vitrifi ed 

   Table 1.1    Studies reporting outcomes after random stimulation or LPS in patients with cancer for 
fertility preservation   

 Author  Patients  Treatment  Oocytes recovered 

 LPS  FPS  LPS  FPS 

 von Wolff et al. [ 22 ]  12  28  rFSH-Antag  8.5  11.5 

 Bedoschi et al. [ 4 ]  2  rFSH-Antag  12 

 Maman (2010) [ 16 ]  5  13  IVM 
 150 FSH-10,000 IU hCG 

 12.8  17.3 

 Nayak and Wakim [ 19 ]  4  rFSH-Antag + GnRH bolus  14–4 

 Sönmezer et al. [ 21 ]  3  Letrozole 2,5 + rFSH  9–17 

 Cakmak (2014) [ 7 ]  22  93 
 35- 
R  

 Letrozole-CC-HMG-GnRH 
bolus 

 8.6  11 

   LPS  luteal phase stimulation,  FPS  follicular phase stimulation,  IVM  in vitro maturation  
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and others were donated fresh. There were no differences in the dose of gonadotro-
pins in the days of stimulation necessary or in the number of oocytes retrieved 
(Table  1.2 ).

   The unusual thing about this study is that it became possible to evaluate the two 
types of stimulation in the same population of women, since up to now, the two 
protocols had always been analysed in different groups of women. 

 The recipients received the standard treatment of endometrial preparation with 
estradiol valerate and vaginal progesterone. After warming the oocytes, they were 
inseminated with ICSI and one or two embryos were transferred on day 3 of embryo 
development. There were no statistically signifi cant differences between the two 
groups in fertilisation, number of embryos transferred, and embryo quality. No dif-
ferences were observed in the pregnancy rates per transfer (58.3 % in recipients of 
RD2 oocytes vs. 62.5 % in recipients of RD15 oocytes) (ns).  

1.3.3     Luteal-Phase Stimulation in IVF Patients 

 Bearing in mind the outcomes obtained following random stimulation in patients 
for fertility preservation, an attempt was made to extrapolate the experience of LPS 
to IVF patients with the intention of developing a protocol that could be performed 
irrespective of the time of the cycle [ 6 ]. The authors performed a case–control study 
in which ten patients were treated with LPS (from days 19 to 21 of the cycle) and 30 

Gonadotropins

Follicular phase stimulation (D2) 

Antagonist

G
nR

H
bo

lu
s

Gonadotropins

Luteal phase stimulation (D15) 

Antagonist

G
nR

H
bo

lu
s

“Period”

“Period”

Last
pill

Last
pill

  Fig. 1.1    Diagram of follicular phase stimulation protocol ( day 2 ) and luteal phase ( day 15 )       

  Table 1.2    Dose of 
gonadotropins, days of 
stimulation, and number of 
oocytes retrieved among 
donors stimulated from day 2 
or day 15  

 Donors  D2  D15 

 Dose of rFSH (IU)  2261 ± 940  2147 ± 535 

 Days of 
stimulation. 

 10.44 ± 1.74  9.89 ± 1.2 

 No. of oocytes  17 ± 6.65  22.5 ± 10.56 
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patients with FPS (days 2–3 of the cycle) with rFSH and antagonist. They observed 
that a dose almost three times greater was required in the group treated with LPS. In 
both cases, the embryos were cryopreserved in 2PN with subsequent cryotransfer in 
artifi cial cycle, obtaining a pregnancy rate of 10 % in the LPS group compared with 
61.3 % in the FPS group. The authors concluded that this concept was not applica-
ble for routine use and its large-scale application should be studied further in fertil-
ity preservation patients. 

 Shortly afterwards, however, Kuang et al. ( 2014a ) published the outcomes 
obtained in 242 IVF/ICSI patients after LPS, in which they froze all the embryos 
and later did the transfer in natural or artifi cial cycle. Stimulation was started imme-
diately after confi rmation of spontaneous ovulation and was done using an aroma-
tase inhibitor (letrozole 2.5 mg/day) and hMG (225 IU/day). The authors point out 
that in this kind of protocol, there is no need for antagonist administration to inhibit 
the pituitary gland because there is no risk of endogenous increase in LH. They 
performed the fi nal maturation administering a bolus of GnRHa (triptorelin 0.1 mg). 
No case of ovarian hyperstimulation was observed. Nor was there any premature 
increase in LH in the LPS cycles, compared to a 20 % increase observed among the 
cycles with conventional stimulation. A clinical pregnancy rate of 55.46 % (127/229) 
was obtained and a cumulative pregnancy rate of 64.7 % (112/173). At the time of 
publication, there were 48 births and 44 ongoing pregnancies, confi rming the com-
petence of the oocytes obtained after LPS and the viability of the embryos. This 
study is an important milestone because it was carried out in a large number of 
patients. 

 From the endocrine point of view, it is interesting that no premature increase in 
LH was observed among the LPS cycles, although there was no suppression of 
endogenous LH with the administration of a GnRH antagonist, compared with 
27–25 % premature increase in LH among the follicular-phase stimulation (FPS) 
cycles, simplifying the need to monitor the treatment. 

 More recently, at the 2014 COGI Congress in Barcelona, Kuang ( 2014c ) pre-
sented the current data from his group and announced that he and his group had 
given up on conventional stimulation and were routinely using LPS and transfer of 
cryopreserved embryos, with excellent outcomes.  

1.3.4     Luteal-Phase Stimulation in the Low Responder 

 In 2013, Xu and Li [ 23 ] reported a case of “fl exible ovarian stimulation” in a patient 
with low response in which, following intense ovarian stimulation and negative fol-
licular aspiration, they continued the stimulation with FSH and clomiphene up to 
day 22. They retrieved one oocyte, which was fertilised and frozen and, after later 
cryotransfer, led to a pregnancy. 

 Later on, Kuang et al. [ 14 ] published their experience with the “Shanghai 
Protocol” of double stimulation during the follicular phase and the luteal phase in 
low response IVF/ICSI patients. The study was performed in 38 patients who met 
the Bologna criteria for low response. The fi rst stimulation was performed with a 
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combination of clomiphene citrate (25 mg/day) from the start until ovulatory trigger-
ing, letrozole 2.5 mg/day during the fi rst 4 days, and hMG 150 IU every 2 days from 
that time until triggering with a GnRH agonist. They also added ibuprofen (600 mg/
day) from the day of triggering to the day of aspiration to avoid early ovulation. 

 In the second stimulation started on the day of oocyte retrieval, after confi rma-
tion of the presence of at least two antral follicles, they used letrozole (2.5 mg/day) 
and hMG (225 IU/day) until the day of triggering. In no case did they use GnRH 
antagonist. The authors observed that the second stimulation provided a larger num-
ber of oocytes and embryos than the fi rst did. 

 These results clearly show that a second stimulation can be started immediately 
following oocyte retrieval, achieving a considerable rise in the total number of 
oocytes and embryos obtained in the same patient. 

 Other authors [ 18 ] have included this “double stimulation” protocol for treat-
ment of patients with low response, confi rming the excellent results. In this group, 
the stimulation protocol used in the fi rst and second stimulations was the same: FSH 
300 IU/day and cetrorelix from D6 of stimulation and triggering with triptorelin 
0.2 mg. The authors state that the “double protocol” was well tolerated by the 
patients and doubled the number of blastocysts fi nally obtained.   

1.4     Discussion 

 We seem to be facing a real paradigm shift in ovarian stimulation in assisted repro-
duction techniques, which would improve the opportunities for patients in a variety 
of situations. The viability of stimulating the ovaries in the luteal phase has been 
demonstrated, with no apparent harmful effects for the time being, disconnecting 
stimulation from the fresh embryo transfer of embryos to avoid the phase lag with 
endometrial development, opening up a wide range of options. 

 Although the available evidence is still limited, it seems suffi cient to think that 
LPS can offer a response that is at least quantitatively comparable to that of conven-
tional stimulation ([ 6 ,  13 ,  14 ,  17 ]) (Table  1.3 ).

   The endocrinological changes documented by Kuang et al. [ 13 ] allow us to think 
of greater simplifi cation in the monitoring of the treatment without fearing an increase 

   Table 1.3    Overview of studies published using luteal-phase stimulation (LPS) comparative and 
non-comparative with follicular-phase stimulation (FPS) in IVF patients, low response and egg 
donors, number of oocytes retrieved and pregnancy rates   

 Author  Indication 

 Patients  Oocytes  Pregnancy 

 FPS  LPS  FPS  LPS  FPS  LPS 

 Buendgen et al. [ 6 ]  IVF  10  30  8.8  9.97  10 %  20 % 

 Kuang ( 2014a )  IVF  242  13  53 % 

 Kuang et al. [ 14 ]  Low response  38  21  1.7  3.5  56.5 

 Martínez et al. [ 17 ]  Donors  9  9  16.7  22.5 

 Recipients  8  12  62.5 %  58.3 

F. Martinez et al.



9

in endogenous LH and even question the need to induce luteolysis to obtain a suitable 
response after ovulation, as has been proposed in fertility preservation [ 22 ]. 

 With regard to the statement that LPS makes it possible to avoid the risk of OHS by 
not performing HCG triggering or embryo transfer (Kuang et al.  2014a ), mention must 
be made of the OHS case described by Nayak and Wakim [ 19 ]. In a patient with can-
cer in whom triggering was with a bolus of GnRH agonist and after the use of antago-
nist during the randomly started stimulation for fertility preservation, the patient 
developed an OHS that required hospitalisation, paracentesis and thoracocentesis. As 
the number of cases is still very small, this aspect must be treated with caution. 

 Luteal-phase ovarian stimulation is interesting not only for medical or non- 
medical fertility preservation but also for patients with low follicular reserve in 
whom it would be especially worthwhile to make the best use of the various waves 
of folliculogenesis and retrieve the follicles that would go to atresia in a conventional 
IVF/ICSI protocol. The presence of small (<10 mm) antral follicles seems important 
for the successful start of LPS, as it has been suggested that the follicles with larger 
diameter, exposed previously to exogenous gonadotropins, could already have 
entered atresia and become incapable of providing a competent oocyte [ 13 ]. 

 As for the pregnancy rates reported by the various authors, there does not seem 
enough to explain the discrepancy between the poor outcomes of Buendgen et al. 
[ 6 ] and those of other authors ([ 13 ,  14 ,  17 ]. It is true that the time of cryopreserva-
tion was different (embryos in 2-pronuclei stage, compared with oocytes or embryos 
on day 3). In protocols of this kind, it is essential to have an optimised cryopreserva-
tion programme for gametes and embryos. 

 In egg-donation programmes, it would make it possible not to lengthen the time 
between when the donor is ready to start stimulation and waiting for the next men-
struation to start treatment. Even when a suboptimal number of oocytes are obtained 
after donor stimulation, stimulation without delay could be considered, which 
would optimise the fi nal outcome of the procedure without excessively increasing 
the costs or inconvenience to the donor. 

 For all these reasons, we feel that the future is full of possibilities for luteal-phase 
ovarian stimulation, although more studies will be needed.     
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  2      Management of Luteal Phase 
in IVF Cycles                     

       Pedro     N.     Barri      ,     Buenaventura     Coroleu     , 
and     Francisca     Martinez    

2.1            Introduction 

 We will review in this chapter all the events that normally occur during the luteal 
phase of IVF cycles. Likewise, we will evaluate the different possibilities of luteal 
support that can be applied during the luteal phase of IVF cycles in which protocols 
of controlled ovarian hyperstimulation have been used. 

 In special circumstances, alternative protocols of luteal support have to be 
employed according to the type of ovulation triggering used. It will be also impor-
tant to establish the length of this luteal support especially when a pregnancy has 
been obtained.  

2.2     Physiopathology of the Luteal Phase in Stimulated 
Cycles 

 In normal conditions of a natural cycle, the slowing down of the GnRH pulse gen-
erator along with diminished LH pulse amplitude is responsible for the demise of 
the corpus luteum. In stimulated cycles, the luteal phase is abnormal with high fol-
licular phase estrogen levels having a negative feedback effect which translates in 
reduced luteal phase length despite raised progesterone levels. Abnormally raised 
progesterone levels during the early luteal phase coincide with a premature luteoly-
sis [ 3 ]. Supraphysiological steroid levels of estradiol and progesterone in early–
mid-luteal phase exert a negative feedback on the hypothalamic-pituitary axis 
reducing LH secretion in early luteal phase [ 14 ]. 
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 LH plays a crucial role in the luteal phase for the following reasons:

•    Is totally responsible for steroidogenic activity of the corpus luteum  
•   Stimulates LH receptors in the endometrium  
•   Induces upregulation of growth factors (VEGFA, FGF 2) as well as of different 

cytokines involved in implantation    

 Thus, in IVF cycles under pituitary suppression and HCG triggering, it is ben-
efi cial to supplement the luteal phase during the crucial period of 7 days between 
exogenous clearance and the effect of embryonic HCG. However, when a preg-
nancy is already established, progesterone support does not improve live birth 
rates. 

 Another important factor for implantation is the deleterious effect of severe 
periovulatory maturation advancement exceeding 3 days that can occur in stimu-
lated cycles. The endometrium is very sensitive to suboptimal estradiol concen-
trations in mid-luteal phase, and too low estradiol levels can impair uterine 
receptivity [ 2 ].  

2.3     Luteal Phase Support After HCG Triggering 

 It is well accepted that luteal support with HCG or with progesterone signifi cantly 
improves IVF outcome and pregnancy rate. Hence, support of the corpus luteum 
remains mandatory after ovarian stimulation for IVF with GnRH antagonist 
cotreatment [ 1 ]. 

 The need for luteal support between clearance of exogenous HCG and the start 
of embryonic HCG can be done with several protocols:

•    HCG (potential OHSS risk)  
•   Progesterone  
•   Vaginal gel micronized P 90 mg/day  
•   Vaginal capsules micronized P 400–600 mg/day  
•   IM progesterone 50 mg/day  
•   SC progesterone 25 mg/day  
•   Oral dihydrogesterone    

 An international survey recently published [ 16 ] showed that vaginal progester-
one was used in almost 80 % of IVF cycles carried out worldwide. Although there 
is no evidence favoring a specifi c route of progesterone administration [ 17 ], subcu-
taneous progesterone administration is well tolerated and without adverse events 
[ 10 ]. It seems that there is no need for estradiol cotreatment during the luteal phase 
because the best available evidence suggests that estradiol addition during the luteal 
phase does not improve IVF/ICSI outcomes even with different daily doses of estra-
diol oral administration [ 4 ].  
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2.4     Luteal Phase Support After GnRH Agonist Triggering 

 GnRH-a triggering leads to signifi cantly reduced total amounts of gonadotropins 
released by the pituitary due to profi le and duration of surge. GnRH-a triggering 
was associated to luteal phase defects responsible for the low implantation and clin-
ical pregnancy rates [ 5 ,  13 ]. 

 Several strategies have been proposed to rescue the luteal phase after GnRH 
triggering:

•    Low periovulatory HCG doses + VE and P  
•   Low HCG doses (1000, 500, 250 IU) on days +1, +4, and +7  
•   Recombinant LH  
•   High doses of E + P IM    

 In these cycles under GnRH antagonists, some authors have suggested that two 
boluses of 1500 IU of HCG on the day of the oocyte pickup and 4 days later were 
enough to circumvent the problem and allowed to achieve normal pregnancy rates 
[ 7 ]. More recently, a modifi ed luteal support has been proposed with a single bolus 
of 1500 IU at OPU and standard luteal support with oral estradiol and vaginal pro-
gesterone [ 6 ]. An alternative is to freeze all the embryos and the subsequent replace-
ment in a later cycle (Table  2.1 ).

2.5        GnRH Cotreatment in the Luteal Phase 

 It has already been published that the administration of a GnRH agonist dur-
ing the luteal phase could accidentally be involved with the establishment of 
a pregnancy [ 11 ]. Other studies have suggested that GnRH administration at 
the time of implantation enhances embryo potential by a direct effect on the 
embryo and improves implantation in oocyte recipients and in normal IVF 
patients [ 12 ,  15 ]. 

  Table 2.1    IVF luteal phase 
after GnRH triggering  

 Need for intensive luteal support after GnRH 
triggering 

 Rec-LH is expensive 

 Local side effects of IM P 

 Effi cacy of vaginal P 

 Patient compliance to SC P 

 Proven effi ciency of oral and transdermal E 2  

 Need for monitoring P and E 2 ? 

 Luteal support duration? 

 “Freezing all” option 

2 Management of Luteal Phase in IVF Cycles
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 In a meta-analysis including six relevant RCTs with 2012 patients, it has been 
shown that GnRH addition during the luteal phase signifi cantly increases the prob-
ability of clinical pregnancy and of live birth [ 8 ].  

2.6     Cessation of Luteal Support 

 It has been classically said that luteal support should continue until the 8th gestation 
week. However, we have now enough evidence that confi rms that luteal support 
could cease on the day of positive HCG, considering that embryonic HCG will res-
cue the corpus luteum and will protect the pregnancy. For this reason, we accept that 
progesterone supplementation can be safely withdrawn at 5 weeks of gestation, and 
ongoing pregnancy and miscarriage rates will not be affected by this discontinua-
tion [ 9 ]. 

 The currently available evidence clearly suggests that luteal phase support is 
mandatory given that if independently the ovarian stimulation protocol is used, the 
luteal phase will be altered.     
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  3      Genomics and Ovarian Response                     

       Basil     C.     Tarlatzis       and     Christina     Vaitsopoulou    

3.1            Introduction 

 Ovarian stimulation constitutes an integral part of fertility treatment with the differ-
ent assisted reproduction techniques (ART). As documented in other areas of medi-
cine, patients’ response to medication depends on their genomic profi le. Hence, in 
order to understand the variations in ovarian response to stimulation between differ-
ent women, it is necessary to examine the genomics of ovarian and endometrial 
function. This will allow to predict more accurately low, normal, or high responders 
and adopt the stimulation protocol accordingly. 

 The aim of this chapter is to review the involvement of different genes in follicu-
lar, oocyte and endometrial development, and their relevance to ovarian 
stimulation.  

3.2     Follicular Development and Angiogenesis 

 In humans and large mammals, the follicles grow after antrum formation until they 
become gonadotropin dependent and enter a phase of rapid terminal development 
[ 1 ]. Gonadotropin dependence is acquired at a given follicular diameter. Below this 
diameter, the small antral follicles constitute a pool of gonadotropin-responsive fol-
licles, which is the reserve for ovulation. This is a dynamic reserve, since it is emp-
tied by the entry of follicles in the follicular waves of terminal development mediated 
by the follicle-stimulating hormone (FSH) gene expression and renewed by the con-
tinuous growth of smaller follicles.  
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3.3     FSH, LH, and Their Receptors 

 In the female reproductive system, angiogenesis is a process essential for normal 
tissue growth and plays a crucial role in follicular growth and the selection of the 
ovulatory follicle [ 2 ]. In the ovary, blood vessel formation facilitates the delivery of 
many substances, including oxygen, nutrients, and FSH to follicles. A capillary net-
work around each follicle is necessary for follicles to grow beyond the secondary 
stage, which contains multiple layers of granulosa and theca cells. As the follicle 
develops, endothelial cells are recruited to the theca cell layer at the adjacent ovar-
ian stroma. Endothelial cell proliferation is maintained in healthy tertiary follicles 
to support the expansion of the theca vasculature. In contrast, follicular atresia is 
associated with inadequate development and regression of the theca vasculature. 
Increased vascularity is a determining factor in the establishment of follicular domi-
nance. Consequently, angiogenic factors are of increasing interest in ovarian 
physiology. 

 FSH and luteinizing hormone (LH) gene products are pituitary glycoproteins 
essential for normal gonadal function [ 3 ]. They regulate gonadal growth, differen-
tiation, endocrine function, and gametogenesis. The effects of FSH and LH are 
mediated through binding to specifi c cell surface receptors, FSHR, and LHR, 
respectively. The presence of FSHR and LHR mRNA in denuded oocytes and pre-
implantation embryos from zygotes to blastocysts has been demonstrated, indicat-
ing a possible role for gonadotropins in the resumption of meiosis and early 
embryonic development. 

 FSHR and LHR are G-protein-coupled receptors, which span the plasma mem-
brane seven times and transduce the biological action of FSH and LH, using cyclic 
AMP (cAMP) as the main intracellular second messenger [ 3 ]. The FSHR gene con-
tains a single large exon, which encodes the transmembrane and intracellular 
domains, and nine smaller exons, which encode the extracellular domain. 

 Ovarian response to FSH stimulation depends on the FSH genotype. Factors 
proposed to affect ovarian response to FSH are the distribution of FSH isoforms and 
single nucleotide polymorphisms [ 3 ]. The role of two distinct FSHR variants, 
Thr307/Asn680 and Ala307/Ser680, in ovarian response to FSH in women under-
going controlled ovulation induction has been investigated by Loutradis et al. [ 3 ], 
who examined the prevalence of Ser680Asn polymorphisms of the FSHR gene. 
According to the results, good responders carry more often the Asn/Ser genotype. 
This fi nding may refl ect a better and more rapid ovarian response to exogenous 
stimulation, possibly due to a more effi cient FSHR. The Ser/Ser variant might be 
related to higher serum FSH levels, while the Asn/Ser, with lower serum FSH levels. 
However, Mohiyiddeen et al. [ 4 ] demonstrated that FSHR genotype does not predict 
metaphase II oocyte output or fertilization rates in ICSI patients. 

 Signaling mediated by the LHR gene expression is important for patients’ 
response to exogenous gonadotropins (i.e., hCG) administered during controlled 
ovarian hyperstimulation (COH), and inter-individual variability in LHR activity 
could signifi cantly impact the outcome [ 5 ]. O’Brien et al. [ 5 ] found that insLQ 
polymorphism (rs4539842) is not associated with patients’ response to COH and it 
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is not a predictor for ovarian hyperstimulation syndrome (OHSS). However, they 
associated the luteinizing hormone/chorionic gonadotropin receptor (LHCGR) 
rs4073366 polymorphism with the OHSS during COH and found that the improved 
function conferred to LHR by this polymorphism in vitro possibly is not refl ective 
of the situation in the ovaries.  

3.4     Oocyte Development and Quality 

 Human cumulus cells express long pentraxin 3 (PTX3), which is a member of com-
plex superfamily of multifunctional proteins characterized by a cyclic multimeric 
structure [ 6 ]. PTX3 is highly conserved in evolution, and its protein is present in 
human cumulus matrix, suggesting that this molecule is essential in female fertility 
by acting as a nodal point for the assembly of the cumulus oophorushyaluronan-rich 
extracellular matrix. Moreover, a higher relative abundance of PTX3 mRNA in 
cumulus cells from fertilized oocytes has been detected compared with cumulus 
cells from unfertilized oocytes, indicating that PTX3 is a possible marker for oocyte 
quality [ 6 ]. 

 Granulosa cells (GC) are the most important somatic cells for determining the 
fi nal size of preovulatory follicles [ 7 ]. Luteinized GC can proliferate, and the telom-
erase activity (TA) of luteinized GC may predict the clinical outcome of IVF treat-
ment. However, telomerase activity seems to be more signifi cant for predicting the 
outcome of IVF treatment than telomere length (TL) in granulosa cells. Telomeres 
are the physical ends of eukaryotic chromosomes. They consist of a 5- to 15-kb- 
long tandem repeat hexanucleotide sequence (TTAGGG)n that protects the ends of 
the double-stranded DNA. Hence, telomeres play an essential role in the mainte-
nance of chromosomal stability and cell viability. There is evidence that TL is lon-
ger in the oocytes of women who become pregnant than in those of women who fail 
to become pregnant after IVF treatment [ 7 ]. In addition, TL can predict oocyte 
development. Telomeric DNA defi ciency is associated with genomic instability in 
somatic cells and plays a role in the development of aneuploidies commonly found 
in female germ cells and human embryos. 

 In GC of preantral follicles, NFIA, a transcription factor involved in the control 
of cell growth in humans and model systems, and HIF1A, an interacting protein that 
activates the transcription of target genes involved in energy metabolism, angiogen-
esis, and apoptosis, are over-expressed [ 8 ]. 

 Luteinization of granulosa cells is initiated by the LH surge or the addition of LH 
or human chorionic gonadotropin (hCG). Nevertheless, it has been shown that the 
removal of granulosa cells from the follicle causes spontaneous luteinization in the 
absence of LH [ 9 ]. Therefore, luteinization is a differentiation pathway programmed 
before antral formation, and the only way follicles can escape this procedure is by 
inhibitory factors. Such inhibitors may be present in follicular fl uid or may come 
directly from the oocyte itself [ 9 ]. The LH surge is able to remove such inhibitory 
factors to disrupt connections between granulosa cells and the oocyte and to induce 
genes that facilitate luteinization. 
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 One molecule that may have a role in the prevention of luteinization is activin A 
[ 9 ], a dimeric glycoprotein and member of the transforming growth factor (TGF)-β 
superfamily. Human chorionic gonadotropin (hCG) and activin A have opposite 
effects on the luteinized granulosa cells involved in luteal formation, with hCG 
increasing luteinization to a more luteal phenotype [ 9 ]. Activins are necessary for 
follicular granulosa cell proliferation, FSHR regulation, FSH-induced aromatase 
expression, decreased theca cell androgen production and increased oocyte matura-
tion. As activin A appears to have a positive role in the follicle and a negative role 
in the corpus luteum, its activity appears to be suppressed at the follicular–luteal 
transition [ 9 ]. 

 Other luteinization inhibitors are the bone morphogenetic proteins (BMPs) [ 2 ]. 
The BMP cytokine system plays a crucial role in folliculogenesis and angiogenesis. 
The BMP cytokines are growth factors belonging to the transforming growth factor 
β superfamily. In the ovary, BMP cytokines act as luteinization inhibitors by sup-
pressing LHR gene expression in GC. Of the BMP cytokines, BMP-7 is most highly 
expressed in the theca cell layer in the ovarian follicles. According to Akiyama et al. 
[ 2 ], BMP-7 can induce vascular endothelial growth factor (VEGF)-A mRNA and 
protein expression in human GC. In many species, VEGF, which is detected in the 
granulosa and theca layer of secondary follicles, is recognized as an important fac-
tor in the recruitment of a vascular network to the theca layer [ 2 ]. During the process 
of follicular development, the vasculature of the follicle is limited to the theca layer 
outside the basement membrane. Therefore, it is likely that follicles create a gradi-
ent of angiogenic factors to stimulate vascularization toward the basement mem-
brane, maximizing the supply of oxygen, nutrients, and hormones to 
GC. Furthermore, in endothelial cells, BMP-7 can increase the number of cells, 
accelerate tube formation, and increase the VEGF receptor mRNA. Thus, endothe-
lial cells could be stimulated to form vasculature by BMP-7 via two distinct mecha-
nisms: induction of VEGF expression in GC and increased sensitivity of endothelial 
cells to VEGF [ 2 ].  

3.5     Follicular Development and Signaling Pathways 

 VEGF promotes early folliculogenesis. Bonnet et al. [ 8 ] identifi ed the overexpres-
sion of members of VEGF pathway, including VEGF-A and NRP1 (a VEGF 
receptor), in GC and overexpression of FLT1 (another VEGF receptor) in oocytes. 
These gene expressions suggest a role for the VEGF pathway in GC-oocyte and 
GC-GC crosstalks [ 8 ]. The VEGF pathway may protect GC against atresia. 
Atresia is an important process in folliculogenesis and concerns the majority of 
the follicles. Apoptosis is found in the oocytes of primordial follicles and progres-
sively extends to GC of growing follicles. Bonnet et al. characterized the expres-
sion of different genes of the BCL2 family either in oocytes (BCL2L1, BCL2L10, 
BCL2L11 [BIM], BCL2L14 [BCLG]), or in GC (BCL2 BCL2L2, BOK). For 
example, the BCL2L1 gene plays a crucial role in the survival of germ cells. 
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BCL2L10 may play other roles related to cell cycle control and oocyte 
maturation. 

 Oogenesis begins with the migration of primordial germ cells into the gonadal 
ridges and their proliferation within ovarian nests or cysts [ 1 ]. Then primary oocytes 
are developed, meiotic prophase starts, and primordial follicles are formed, each 
one consisting of a primary oocyte arrested at the diplotene stage of prophase I of 
meiosis. The primordial follicles may begin to grow immediately or after a gap 
depending on the species, or they become quiescent. 

 The reserve of primordial follicles seems to determine the ovarian activity of the 
adult [ 1 ]. In fact, the regulation of germ and somatic cell survival, proliferation, and 
differentiation involves the same factors and molecular mechanisms from the for-
mation of the primordial follicles up to the stage when the follicles become gonado-
tropin dependent and enter terminal development. Two main signaling pathways 
play major roles in all these processes. The fi rst one is the PTEN/PI3K/PDPK1 
(previously known as PDK1)/AKT1 (previously known as AKT or PKB) signaling 
pathway, which regulates germ cell survival, follicular growth activation, and folli-
cle growth [ 1 ]. This pathway is activated by various hormones, growth factors, and 
cytokines. Among them, insulin, insulin-like growth factors (IGF), and KIT ligand 
are crucial for the survival and differentiation of germ and somatic ovarian cells. 
The second important signaling pathway involves SMAD transcription factors, 
which are activated by factors of the transforming growth factor-B (TGFB) super 
family (i.e., BMP and AMH for the SMAD1/5/8 pathway) and the TGFB and activ-
ins for the SMAD2/3 pathway [ 1 ]. It orchestrates the formation and development of 
follicles under the control of oocyte (bone morphogenetic protein 15 [BMP15], 
growth differentiation factor-9 [GDF9])- and somatic cell (BMP2, BMP4, AMH, 
activins)-derived factors. BMP15, like other genes, is not expressed in the oocyte 
until the primary follicle stage and is involved in the transition from primary to 
secondary follicles [ 8 ]. However, βFGF, GDF 9, and BMP 4 are involved in the 
transition from primordial to primary follicles [ 8 ]. 

 Various mutations in genes encoding the ligands, receptors, or signaling effectors 
of the PTEN/PI3K/PDPK1/AKT1 or the SMAD signaling pathways can accelerate 
the exhaustion rate of the ovarian reserves and cause premature ovarian insuffi ciency 
(POI) [ 1 ]. Mutations in some factors of the TGFβ super family affect the transition of 
growing follicles between the two follicular reserves. In humans, various mutations in 
BMP15 and, to a lesser extent, in GDF9 and INHA have been found to be associated 
with POI, while genetic variants of AMH and its receptor AMHRII are associated 
with different ages at menopause, confi rming the importance of these factors for the 
lifespan of the ovarian reserves [ 1 ]. Antimullerian hormone (AMH) gene is the best 
endocrine marker of the population of small antral follicles in humans because AMH 
expression in female mammals is strictly restricted to granulosa cells of growing fol-
licles, while the granulosa cells of the largest preantral and the small antral healthy 
growing follicles express the highest amounts of AMH in the ovaries [ 1 ]. 

 The Notch signaling pathway contributes to cell communication by infl uencing 
cell proliferation, differentiation, and apoptosis, as mentioned by Bonnet et al. [ 8 ]. 
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Notch is involved in GC proliferation through NOTCH1/ CNTN1 binding. 
According to Tanriverdi et al. [ 10 ], the Notch genes encode transmembrane recep-
tors that are highly conserved evolutionarily and modulate cell proliferation, dif-
ferentiation, and survival. The Notch signaling pathway is initiated by a 
receptor-ligand interaction between two neighboring cells [ 10 ]. Cleavage of the 
receptors occurs after Notch receptors bind to their ligands. The intracellular domain 
of the receptor releases and translocates to the nucleus, where Notch forms tran-
scriptional complexes with transcription factors of the CSL family (C promoter 
binding factor 1/suppressor of hairless/Lag-1). Notch genes are actively expressed 
by cumulus cells during folliculogenesis [ 10 ]. However, Notch is not released by 
oocytes and atretic follicles. Tanriverdi et al. [ 10 ] showed that Notch signaling pro-
teins (Notch1, Notch2, Notch3, Notch4, Jagged 1, and Jagged 2) can be an indicator 
for understanding the ovarian response in ovulation induction. 

 Androgen signaling is crucial for normal folliculogenesis. Androgens’ physio-
logical functions are mediated through androgen response element (ARE)-dependent 
genomic actions and via membrane-initiated non-genomic signaling [ 11 ]. During 
primordial follicle recruitment, androgens induce expression of KIT ligand. Also, 
the androgen receptor (AR)-induced PI3K/AKT pathway, through modulation of 
FOXO3 and GDF9, may be involved in primordial follicle recruitment. In the pre-
antral stage of follicular development, androgens, through a synergistic interaction 
between the nuclear and extranuclear signaling, regulated by a common adaptor 
protein called paxillin, induce the expression of a micro-RNA in granulosa cells, 
which contribute to follicular survival by inhibiting pro-apoptotic protein levels and 
preventing follicular atresia [ 11 ]. Androgens also increase FSHR and intracellular 
cAMP levels that enhance the sensitivity of preantral follicles toward FSH actions. 
Moreover, androgens stimulate the expression of key steroidogenic enzymes, aro-
matase P450 and P450 side chain cleavage enzyme in a mechanism mediated by the 
induction of an orphan nuclear receptor, liver receptor homolog 1 (LRH1) [ 11 ]. In 
addition, androgens contribute to estradiol (E2) synthesis, which probably plays a 
role in controlling the primordial follicle pool [ 8 ]. All these actions together pro-
mote preantral follicle growth and transition to antral stage [ 11 ]. In peri-ovulatory 
GC, androgens can induce the expression of Cox2 and Areg genes and thereby can 
directly infl uence the ovulatory process [ 11 ]. 

 Bonnet et al. [ 8 ] identifi ed the overexpression of LXRB, FXRA, and RXRA 
genes in GC preantral stages. RXR is a retinoid X receptor that binds as heterodi-
mers (LXR/RXR, FXR/RXR, etc.) and becomes transcriptionally active only in the 
presence of a ligand. LXRs are activated by oxysterols [generated by intermediates 
of steroid hormone and cholesterol synthesis (CYP21A1, STAR, P450scc prod-
ucts)] and regulate ovarian steroidogenesis at antral stages [ 8 ]. FXRs are activated 
by bile acid, sterol, and different lipids. Other growth factors and hormones that 
have been shown to regulate primordial follicle assembly are connective tissue 
growth factor (CTGF), tumor necrosis factor alpha (TNFa), members of the brain 
derived neurotrophic factor (BDNF) / NTRK2 neurotrophin signaling pathway and 
kit ligand (KITL) and GDF9 [ 12 ]. Evidence suggests that fi broblast growth factor-2 
(FGF-2) may also be a regulator of follicle assembly [ 12 ]. 
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 Vos et al. [ 13 ] indicated the presence of matrix metalloproteinases (MMPs) 
MMP-14 and MMP-2 during human ovarian follicular development from the pri-
mordial follicle to the tertiary follicle and corpus luteum, and MMP-2 is present in 
the follicular fl uid. Proteins of the matrix metalloproteinase (MMP) family are 
involved in degrading the extracellular matrix in normal physiological processes, 
such as embryonic development, reproduction and tissue remodeling [ 13 ]. Most 
MMPs are secreted as inactive pro-proteins, which are activated when cleaved by 
extracellular proteinases. MMP-14 (former MT1-MMP) is a member of the 
membrane- type MMP (MT-MMP) subfamily [ 13 ]. These proteins are expressed at 
the cell surface rather than secreted and contain a transmembrane domain. Apart 
from functioning as a gelatinase itself, MMP-14 also cleaves pro-MMP-2 (72 kD) 
into its active 66 kD form. 

 Elizur et al. [ 14 ] found that elevated levels of the Fragile X Mental Retardation 1 
gene (FMR1) mRNA in granulosa cells are associated with low ovarian reserve in 
women carriers of the FMR1 premutation, while Peprah [ 15 ] tried to explain the 
decreased fertility in these women. Fragile X Syndrome (FXS) is caused by hyper-
methylation of the expanded CGG repeats adjacent to exon 1 of the FMR1 [ 15 ]. The 
expanded CGG repeats can be categorized as common, intermediate, premutation, 
and full mutation alleles. Common alleles usually contain 6–40 CGG repeats, which 
are stable and usually do not expand upon transmission from parent to offspring. 
Intermediate alleles containing 41–60 CGG repeats have variable expansion risks, 
whereas premutation alleles (i.e., 55–199 CGG repeats) are usually unmethylated 
and can expand to the full mutation (e.g., > 200 CGG repeats) upon transmission 
from parent to offspring [ 15 ]. FMR1 premutation carriers also have disorders asso-
ciated with ovarian function including loss of fertility and hypoestrogenism. As 
Peprah [ 15 ] mentioned, premutation alleles with 59–99 CGG repeats are associated 
with an increased risk of ovarian dysfunction in female carriers. Additionally, the 
length of the CGG repeats contributes to the variations observed in age of ovarian 
dysfunction resulting in a loss of reproductive capacity [ 15 ]. 

 Huang et al. [ 16 ] demonstrated that fractalkine, a chemokine produced at the 
sites of infl ammation and a major regulatory protein for leukocyte recruitment 
and traffi cking expressed in human ovary and luteinizing GC together with 
CX3CR1, can increase the biosynthesis of progesterone in a dose-dependent 
manner by enhancing transcript levels of key steroidogenic enzymes but without 
affecting estradiol (E2) production [ 16 ]. CX3CR1 is a seven-transmembrane-
spanning G-protein-coupled receptor expressed on monocytes, natural killer 
(NK) cells, and some lymphocyte subpopulations and is also expressed in human 
granulosa cells. Higher expression of fractalkine was found in luteinizing granu-
losa cells than in granulosa cells in the follicular phase [ 16 ]. According to the 
results, fractalkine is important for the ovary luteinizing process as autocrine/
paracrine factor. The fi nding that fractalkine could increase hCG-stimulated pro-
gesterone production may have clinical relevance in some reproductive endo-
crine diseases, such as corpus luteum function defect and polycystic ovary 
syndrome, with insuffi cient progesterone secretion, which may result in men-
strual disorders and miscarriage [ 16 ].  
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3.6     Progesterone and Its Receptors 

 Progesterone (P4) is a steroid hormone produced by the ovary, and its secretion 
depends on the ovary’s gonadotropin stimulation and physiological status, as men-
tioned by Peluso [ 17 ]. Granulosa cells, thecal/stromal cells, and luteal cells secrete P4 
from the ovary, at different levels. P4 acts at the hypothalamus–pituitary axis to regu-
late gonadotropin secretion and mating behavior at the mammary gland to stimulate 
its development and at the uterus. P4 inhibits the development of ovarian follicles 
during the estrous cycle and pregnancy, prevents apoptosis of granulosa and luteal 
cells, and plays a major role in regulating steroidogenesis, mitosis, and apoptosis [ 17 ]. 

 The progesterone receptor (PR) gene, located on chromosome 11q22–23, com-
prises eight exons and seven introns (A–G) [ 18 ]. One PR polymorphic variant, 
PROGINS, consists of a 320-bp PV/HS-1 Alu insertion in intron G and two single 
nucleotide polymorphisms (SNPs): (1) SNP-G3432T (mRNA nucleotide counting, 
NCBI: X51730) affects exon 4 and causes an amino acid substitution (V660L, 
which does not affect translocation of PGR-A and PGR-B to the nucleus) and (2) 
SNPC3764T affects exon 5 and is a silent mutation (H770H). PROGINS might 
modify the risk for several benign and malignant gynecological disorders, and 
according to Romano et al. [ 18 ], the PROGINS polymorphism of the human PR 
diminishes the response to progesterone. 

 Two nuclear P4 receptors (PGR-A and PGR-B) have been identifi ed, which 
function as transcription factors according to Peluso [ 17 ]. Apart from the PR recep-
tors, other receptors may be involved in mediating P4’s actions in granulosa cells 
before the gonadotropin surge. For example, GABAA receptors can bind P4 and its 
metabolites. Although GABAA receptor subunits are present within the ovary, they 
do not appear to transduce P4’s biological effects in granulosa cells because GABAA 
inhibitors do not block P4’s actions in granulosa cells [ 17 ]. Similarly, P4 binds to 
the ovarian glucocorticoid receptor, which is expressed in both granulosa and luteal 
cells, but it is not involved in the anti-apoptotic and anti-mitotic actions of P4. A 
third possibility could involve the oxytocin receptor (OXTR), because P4 can dis-
place oxytocin binding to its own receptor and thereby attenuate its action in the 
uterus. Although various receptors can bind P4, this binding cannot account for the 
majority of its actions within granulosa and luteal cells [ 17 ]. These mechanisms 
involve rapid responses after the P4 binding to either PR that localizes at or near the 
plasma membrane, to a family of membrane progestin receptors (MPRa, MPRb, 
and MPRc), to a membrane complex composed of serpine 1 mRNA binding protein 
(SERBP1) and progesterone receptor membrane component 1 (PGRMC1).  

3.7     Endometrial Development and Receptivity 

 During the proliferative phase, endometrium is stimulated by high levels of E2, and 
after ovulation in the early secretory phase, it is the target of low but rising levels of 
P4 and E2 [ 19 ]. Thus, genes regulated in early secretory endometrium (ESE), as 
compared to proliferative endometrium (PE), may be regulated by E2 and P4. Genes 
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upregulated in late proliferative endometrium (LPE), as compared to menstrual 
endometrium, include oviductal glycoprotein-1, connexin-37, olfactomedin-1, 
SFRP4, while downregulated genes include MMPs-1, −3, and −10, IL-1b, IL-8, 
−11, inhibin bA, and SOX4 [ 19 ]. E2 treatment of human endometrial cells can 
result in upregulation of N-cadherin. However, N-cadherin can be downregulated in 
early secretory endometrium (ESE) compared to PE, suggesting that N-cadherin 
expression is inhibited by P4. ESE is characterized by inhibition of cellular mitosis, 
in contrast to the mitotic activity that occurs in PE. Furthermore, ESE is biosyntheti-
cally active, likely in preparation for embryonic implantation [ 19 ]. 

 As Giudice [ 19 ] mentioned, the mid-secretory phase is the most well- 
characterized phase of the cycle with regard to gene expression analysis. 
Upregulated genes in mid secretory (MSE), compared to early secretory endome-
trium (ESE), are related to the cellular differentiation and cell–cell communica-
tions that underlie receptivity to embryonic implantation. These include the 
processes of cell adhesion, suppression of cell proliferation, regulation of prote-
olysis, metabolism, growth factor and cytokine binding and signaling, immune 
and infl ammatory responses [ 19 ]. Striking upregulation has been observed with 
genes encoding secreted proteins, cytokines, and genes involved in detoxifi cation 
mechanisms. Immune gene highly upregulated in MSE vs. ESE is CXCL14, a 
chemokine also known as breast and kidney expressed chemokine (BRAK), which 
recruits monocytes in the setting of infl ammation and without infl ammation, and 
it may be a major recruiter of monocytes and other cell types to the endometrium 
during the implantation window. Also, leukemia inhibitory factor (LIF) is highly 
upregulated, and in some women with infertility and repetitive miscarriage, low 
levels of LIF in MSE have been reported, as they have point mutations in the cod-
ing region of the LIF gene [ 19 ]. 

 Among the most highly downregulated genes in MSE, compared to ESE, are the 
secreted frizzled related proteins (SFRP), olfactomedin 1, the progesterone receptor 
(PR), PR membrane component 1, ER-a, MUC-1, 17bHSD-2, and MMP-11 [ 19 ]. In 
addition, the transition from mid-secretory to late secretory endometrium in the 
absence of embryonic implantation is characterized by P withdrawal and prepara-
tion for desquamation of the tissue and menstruation. Accordingly, gene expression 
profi ling reveals changes in genes involved in the extracellular matrix, the cytoskel-
eton, cell viability, smooth muscle contraction, hemostasis, and transition in the 
immune response to include an infl ammatory response [ 19 ]. 

 Moreover, the endometrium highly expresses the tumor suppressor p53 (a tran-
scription factor with an N-terminal transactivation domain, a core DNA-binding 
region, and a C-terminal tetramerization domain) [ 20 ]. In addition, p53 activates 
genes, such as the pro-apoptotic Bax, NOXA, and PUMA (members of the Bcl-2 
family), the forkhead transcription factor FOXO1 and promyelocytic leukemia zinc 
fi nger protein (PLZF). FOXO transcription factors are critical mediators in cell fate 
decisions in response to growth factors, hormonal and environmental cues, and they 
share striking functional homologies with p53. Both are involved in the control of 
cell cycle arrest and the induction of apoptosis. Promyelocytic leukemia zinc fi nger 
protein (PLZF) is a progesterone-inducible anti-proliferative factor that confers 
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resistance to apoptosis and participates in endometrial stromal cell fate decision 
toward the end of the menstrual cycle [ 20 ]. 

 According to Tapia et al. [ 21 ], at the secretory phase in the human endometrium, the 
mRNA levels of the complement system molecules C4b-binding protein (C4BP) and 
adipsin (complement component factor D, CFD) increase. It is postulated that the com-
plement system might provide the uterine cavity with immunity against bacterial infec-
tion. In this sense, C4BP may protect the embryo where an increased expression of an 
inhibitor of complement system activation could reduce the chance of a misdirected 
complement attack to the embryo [ 21 ]. By contrast, adipsin may have a non-comple-
ment function in the female reproductive tract. Adipsin is necessary for the production 
of embryotrophic factor-3 (ETF-3), which stimulates embryo development. Thus 
upregulation of adipsin in human endometrium may assist the embryo during the 
implantation process as shown for other chemokines in the endometrium [ 21 ]. 

 As it is described by Tapia et al. [ 21 ], several downregulated genes are associated 
with cell cycle regulation, like cyclin B1 (CCNB1), which binds to p34 (cdc2) to 
form the mitosis promoting factor during G2 phase. In human secretory phase endo-
metrium, CCNB1 decreases compared to the proliferative phase. Moreover, CCNB1 
may play an important role in proliferation and differentiation of the endometrial 
tissue under steroidal regulation. Furthermore, cellular retinol binding protein-2 
(CRABP2) is a cytosolic protein that binds retinoic acid (RA) with high affi nity 
[ 21 ]. The CRABP2 transcript decreases from the proliferative to the secretory phase 
of the human endometrium at the time of embryo implantation, which might sug-
gest that RA signaling is required to be silenced, since it shuttles RA to the RA 
receptors in the cell nucleus. 

 Both endometrial receptivity and blastocyst implantation are regulated by cyto-
kines and growth factors [ 21 ]. The cytokine endothelin-3 (EDN3) and fi broblast 
growth factor receptor-1 (FGFR1) are transcripts consistently downregulated in the 
endometrium during the window of implantation. FGFR1 and its transcript are sig-
nifi cantly higher in proliferative than in secretory human endometrium. Fibroblast 
growth factor 2 (FGF-2) promotes endometrial stromal proliferation, and ovarian 
steroid hormones modulate its synthesis and function in endometrial cells. 

 An unusual leukocyte subpopulation of CD16(−) natural killer (NK) cells infi l-
trates the stromal areas of the human cycling endometrium [ 22 ]. The density of 
endometrial CD16(−) NK cells is low in the proliferative phase but rises after ovula-
tion during the early to midsecretory phase. These NK cells are shed with other 
endometrial cells during menstruation, but their number increases in the endome-
trium when embryo implantation occurs. It is supported that the postovulatory rise 
of endometrial NK cells results from selective extravasation of circulating periph-
eral blood (PB) CD16(−) NK cells [ 22 ]. One of the key molecules involved in this 
event is interleukin 15 (IL-15), a cytokine/chemokine that is uniquely expressed in 
the human endometrium, exhibits a chemotactic activity for PB CD16 (−) NK cells 
and attenuates their binding capacity to dermatan sulfate, the major CD62L ligand 
expressed on human uterine microvascular endothelial cells (HUtMVECs). 
HUtMVECs bear a membrane-bound form IL-15 under the infl uence of ovarian 
steroids, which may be favorable for preventing downregulation of CD62L on PB 
CD16(−) NK cells and facilitating their initial contact with HUtMVECs [ 22 ].  
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    Conclusions 

 The aforementioned genes contribute, either independently or through interac-
tions among them, to the regulation of folliculogenesis and oogenesis, as well as 
to the development of endometrial receptivity. Moreover, they seem to be 
involved in ovarian response to stimulation. Hence, they are obvious candidates 
to be explored as putative molecular markers for women undergoing ovarian 
stimulation for ART. Particularly, the study of combinations of these genes 
appears to be very interesting in order to increase their predictive value. This 
information could provide a pharmacogenomic approach to ovarian stimulation, 
in the context of personalized medicine, which could increase the effi ciency and 
the safety of the procedure. Hence, it would enable to individualize ovarian stim-
ulation by selecting the appropriate dose for each woman aiming to achieve an 
optimal response while, at the same time, minimizing the risks for reduced or 
excessive follicular development.     
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  4      Management of Poor Responders                     

       Buenaventura     Coroleu      ,     Pedro     N.     Barri      , 
and     Francisca     Martinez    

4.1            Introduction 

 The poor responder is one of the challenges currently faced by assisted reproduction 
techniques. It is calculated that 9–14% of patients who undergo an IVF cycle pres-
ent low response [ 1 ]. 

 This disease has been increasing in recent years due to later motherhood and 
increased use of IVF in older women. Evidently, low response is associated with 
high cancellation rates and low possibilities of pregnancy. A common indicator of 
poor reproductive success is poor ovarian response. 

 The term of low response has had many defi nitions throughout the history of 
IVF. A systematic review of randomised studies fi nds at least 41 different defi ni-
tions of low response in 47 clinical trials [ 2 ]. The wide variation in defi ning a patient 
as a low responder has made it diffi cult to interpret the different trials, comparing 
the differing treatment strategies. In this regard, the defi nition provided by ESHRE 
after the “Bologna Consensus Meeting” has made it possible to standardise popula-
tions under study [ 3 ]. Under the Bologna criteria, we can talk of low response when 
two of the following criteria are met: age >39 years or any other risk factor for low 
response, previous cycle with fewer than 4 oocytes retrieved and abnormal results in 
the test for ovarian reserve (AFC < 5–7 and AMH < 0.5–1 ng/ml). 

 In this chapter, we will review the management of the low responder at diagnos-
tic level with a view to therapeutic alternatives.  
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4.2     Ovarian Reserve Markers 

 The goal of having markers for ovarian reserve is to identify individually which 
patients will have a raised risk of having a low ovarian reserve and evidently a risk 
of low response to ovulation stimulation treatment. 

 Ovarian reserve is defi ned as a woman’s reproductive potential according to both 
the number and the quality of the oocytes available at any time [ 4 ]. 

 The ideal test would be easily reproducible with few intercycle and intracycle 
variations and showing high specifi city to minimise the risk of false positives of low 
ovarian reserve in a woman with normal reserve [ 5 ]. 

 Ovarian reserve markers could include biochemical or ultrasound or specifi c 
aspects in the woman’s history (Table  4.1 ).

   The woman’s age would be a constant parameter to defi ne a candidate patient for 
low response. In our centre, we analysed over 5000 in vitro fertilisation (IVF) cycles 
and observed that the age cut-off point that meant a decrease in the chances of suc-
cess was 38 years. At this age, a signifi cant fall-off was observed in the pregnancy 
rate and a rise in low response (Table  4.2 ). For that reason, we regard a woman as 
being of advanced age for IVF as of the age of 38.

   We can say that at this time, the low response markers are those shown in 
Table  4.2 : endocrine (FSH and AMH), ultrasound (antral follicle count (AFC)) and 
fi nally, the personal history that may have a bearing (age, endometriosis, ovarian 
surgery, etc.). 

4.2.1     Basal FSH 

 We regard FSH as a classic marker. High levels of this hormone will indicate a low 
ovarian follicular reserve and thus a poor response to ovarian stimulation. The use 
of FSH has its limitations compared with other markers, for example, that it must be 
done in early follicular phase and presents intercycle variations [ 6 ]. It is important 
to point out the need for determining estradiol at the same time as FSH since normal 
values for FSH with estradiol levels greater than 80 mg/ml might indicate low ovar-
ian reserve from the negative feedback effect on the central axis.  

  Table 4.1    Ovarian reserve markers      

  Endocrine:  

 FSH 

 Estradiol 

 AMH 

  Sonographic:  

 AFC 

  Previous history:  

 Age 

 Endometriosis, pelvic surgery 
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4.2.2     Anti-Müllerian Hormone 

 Anti-Müllerian hormone is a glycoprotein that is produced by the granulosa cells of 
the preantral and antral follicles from 2 to 6 mm in diameter. This hormone indi-
rectly refl ects the pool of primordial follicles [ 7 ]. Levels of AMH vary with the 
woman’s age, decreasing as her age increases. One of the problems with AMH is 
variability depending on the analysis methods that are used [ 8 ]. 

 This has advantages over the use of FSH levels. AMH does not have intercycle 
variations, and it can also be done at any point of the cycle as it remains stable [ 9 ]. 
In 2013, Torner and Seifer [ 10 ] published a comparative summary table setting out 
clearly the differences between the two hormones (FSH and AMH) and ovarian 
reserve markers.  

4.2.3     Antral Follicle Count (AFC) 

 The antral follicle count is the number of visible follicles (2–10 mm in diameter) 
during a transvaginal ultrasound performed preferably in early follicular phase (2–5 
days of the cycle) [ 5 ]. 

 The number of antral follicles correlates with age and with ovarian response. A 
low number of antral follicles are associated with a poor response to ovarian stimu-
lation in IVF. In our group, lower than seven antral follicles correlates perfectly with 
a low response to stimulation [ 11 ]. 

    Table 4.2    Old patient       
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 In order to assess which marker best predicts ovarian response, we did a retro-
spective analysis of a total of 863 IVF cycles performed in our centre between 2010 
and 2012. We classifi ed the patients as low (<4 oocytes), normal and high respond-
ers (>15 oocytes). When the ROC curve of the ovarian response markers was pre-
pared, AMH (<0.4 ng/ml) and AFC (<7 antral follicles) were the two markers that 
best related to the low response (Fig.  4.1 ). These results correlate perfectly with 
those reported by various authors [ 7 – 9 ].

4.2.4        History of Risk Factors for Low Reserve 

 In this section, we would like to introduce the concept that every disease that affects 
the ovary could affect the ovarian reserve and thus reduce the potential for response 
to ovarian stimulation. 

 It should be mentioned that the presence of endometriosis can clearly affect ovar-
ian reserve. A review by Somigliana et al. in 2012 [ 12 ] clearly shows that patients 
who undergo ovarian surgery for endometriosis have signifi cantly lower AMH val-
ues. Of the 11 studies analysed by the author, 9 state that AMH levels experience a 
signifi cant reduction after surgery. The scale of this decrease is more obvious when 
the surgery is bilateral.   

Ovarian reserve markers
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  Fig. 4.1    ROC curve of ovarian markers (AFC and AMH)       
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4.3     Therapeutic Options in Low Responders 

 Many treatments have been proposed as solutions for the low responder. From 
change at the level of the gonadotropin used, increasing the dose or incorporating 
gonadotropins with LH action, changing the GnRH analogue (agonist in short or 
ultrashort protocol, GnRH antagonists) and incorporating differing adjuvant treat-
ments such as drugs with androgenic action, growth hormone. Recently, thanks to 
oocyte vitrifi cation, oocyte accumulation [ 13 ] has also been proposed, especially in 
cases of preimplantation genetic screening [ 14 ]. 

4.3.1     Ovarian Androgenisation 

 Androgens are products of progesterone metabolism that act as an essential sub-
strate for synthesising estrogens by the granulosa cells (GC), via the two cells-two 
gonadotropins model: LH binds to the theca cell receptors that stimulate production 
of androgens. These spread to the granulosa cells (GC) where they are transformed 
to estrogens, by aromatisation, stimulated by the FSH. 

 There is proof of the role of the As as positive regulators of follicular develop-
ment with synergistic effects with FSH in folliculogenesis. The androgens regulate 
the function of the GC of the small antral follicles by upregulating the expression of 
FSH receptors (FSH-R). Treatment with testosterone (T) or dihydrotestosterone 
(DHT) increases FSH-R expression in the GC in monkey and promises the start of 
the primordial follicle growth. If the aim of impregnation with T is to increase sen-
sitivity to FSH, the treatment must be prior to the start of stimulation with FSH. 

 In the context of human clinical activity, in women with polycystic ovary syndrome 
(POS), an increase has been observed in the number of small antral follicles as a result 
of exposure to high levels of extra-ovarian androgens. The follicles of the women with 
POS show an increase in expression of FSH receptors (FSH-R) in the GC, high con-
centrations of A and LH in follicular fl uid and a tendency to hyper-response. 

 Lower FSH-R expression has been shown in the GC of low-response women [ 15 ]. 
 Also, it was observed in recent studies [ 16 ,  17 ] that treatment with testosterone 

for a short period raises sensitivity to FSH and reduces the cancellation and low 
response rates, as well as the total dose of gonadotropins, in patients with history of 
low response and normal levels of basal FSH. 

 A recent meta-analysis [ 18 ] shows that the use of transdermal testosterone sig-
nifi cantly increases the possibility of clinical pregnancy in patients with history of 
low response. 

 These results have been corroborated by various authors. In our group, testoster-
one was used both in long protocol and in GnRH antagonists in 170 patients with 
low response, in accordance with the Bologna criteria. The cancellation rate was 
higher in those with pituitary suppression with GnRH agonists in long protocol 
compared with the cases in which GnRH antagonists were used. The pregnancy 
rates per started cycle were similar in both groups (24.3 vs 20.3) (Table  4.3 ).
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4.3.2        Growth Hormone 

 As a result of a review by Kolibianakis et al. [ 19 ] showing that growth hormone as 
adjuvant treatment of ovarian stimulation increased the pregnancy rate in patients 
with low response, many authors published their experience with varying results. 

 Our experience is limited to 14 patients (eight with GH and six control); the 
results can be seen in Table  4.6 . We found no differences in response, or in effi cacy 
in pregnancy term, in both groups. For that reason, we do not think that the use of 
growth hormone in this profi le of patients has any additional advantage in terms of 
effi cacy (Tables  4.4  and  4.5 ).

4.3.3         Oocyte Accumulation 

 We would like to mention our experience in oocyte accumulation in patients under-
going ovarian stimulation for preimplantation genetic screening (PGS) who pre-
sented insuffi cient response. 

 Going by the literature, the desirable number of oocytes for performing a PGS 
cycle with reasonable guarantees of embryo transfer would be greater than 10 
MII. If this number cannot be reached, oocyte vitrifi cation makes accumulation pos-
sible, repeating one or two more stimulation cycles [ 20 ]. 

 A total of 112 PGS IVF patients were included who needed more than one stimu-
lation cycle because of insuffi cient response for PGS (<10 MII oocytes retrieved). 
The patients, aged 38.9 ± 3.7 years, did a total of 258 cycles with a mean of 2.3 suc-
cessive stimulation cycles in an interval <6–8 months. The total number of oocytes 
retrieved following the stimulation cycles was 17.7 ± 5.0, 13.1 ± 3.8 being MII. The 
euploidy rate was 18.3 %. Some 61.1 % of the patients underwent embryo transfer 
and 41 became pregnant (33.8 %/cycle and 55.4 %/transfer) (Table  4.6 ).

   Table 4.3    Low responders (Bologna criteria) ovarian androgenisation       

 GnRH agonists 
 ( n  = 73) 

 GnRH antagonists 
 ( n  = 97) 

  P  value 
 – 

 Age  38.9 ± 3.2  38.7 ± 3.3  – 

 AMH (ng/ml)  0.44 ± 0.4  0.49 ± 0.5  – 

 AFC  6.9 ± 3.0  6.4 ± 2.8  – 

 Cancellations  9 (12.3 %)  2 (2.1 %)  <0.001 

 Days of stimulation  10.1 ± 1.7  10.3 ± 2.1  – 

 Dose of GNS (IU)  3438 ± 1515  3206 ± 803  – 

 Oocytes  5.14 ± 3.2  4.6 ± 3.6  – 

 M-II oocytes  3.9 ± 2.9  3.8 ± 3.0  – 

 2PN embryos  2.75 ± 2.5  2.7 ± 2.0  – 

 Embryos replaced  1.7 ± 0.5  1.6 ± 0.5  – 

 Pregnancies  18  20  – 

   /cycle (%)  18/73 (24.6)  20/97 (20.6)  – 

   /OPU (%)  18/64 (28.1)  20/95 (21)  – 

   /Transfer (%)  18/54 (33.3)  20/77 (26)  – 
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   Table 4.6    Oocyte 
accumulation for IVF/PGS      

 # of patients  121 

 X age  38.9 ± 3.7 

 # of total cycles of 
stimulation 

 258 

 Stimulation cycles/patients  2.3 

 X oocytes/patients  17.7 ± 5.0 

 X MII  13.1 ± 3.8 

 X embryos biopsied  8.5 ± 3.0 

 Normal embryos (%)  18.3 

 Transfer/patient (%)  61.1 

 X embryos replaced  1.5 ± 0.5 

 Pregnancy rate/patient(%)  33.8 

 Pregnancy rate/transfer (%)  55.4 

 Miscarriage rate (%)  5.8 

   Table 4.4    GH study interim analysis       

 Parameter 
 Study group (GH) 
 ( n  = 8) 

 Control group 
 ( n  = 6) 

 Age (yr)  36.3 ± 2.1  37.8 ± 2.1 

 AFC (n)  3.8 ± 0.9  3.3 ± 0.5 

 FSH (IU/l)  9.9 ± 3.5  9.1 ± 3.9 

 AMH (ng/ml)  0.3 ± 0.3  0.3 ± 0.3 

 Previous IVF cycles  1.4 ± 0.5  2.3 ± 1.3 

 Days  10.5 ± 3.3  13 ± 2.7 

 GNS consumption (IU)  5887 ± 2357  7470 ± 2201 

 Follicles ≥ 18 mm (n)  2.28 ± 1.16  2.83 ± 1.34 

 Estradiol (pg/ml)  739.5 ± 72  1042 ± 244 

 Cancelled cycles  2 (25 %)  1 (16.7 %) 

   Table 4.5    GH study interim analysis. Embryological data and cycle outcome       

 Parameter 
 Study group (GH) 
 ( n  = 8) 

 Control group 
 ( n  = 6)  p 

 Oocytes ( n )  2.6 ± 2.0  1.6 ± 1.2  – 

 M-II oocytes ( n )  1.75 ± 1.1  1.5 ± 1.05  – 

 2 PN embryo ( n )  1.13 ± 1.4  0.8 ± 0.7  – 

 Cleaving embryos ( n )  1.13 ± 1.4  0.8 ± 0.7  – 

 Embryos replaced ( n )  0.88 ± 0.99  0.83 ± 0.75  – 

 Embryo score  5.88 ± 2.9  6.2 ± 1.2  – 

 Embryos frozen ( n )  0.25 ± 0.71  –  – 

 Embryo transfer ( n /%)  4 (50)  4 (66.7)  – 

 Clinical pregnancies/cycle ( n /%)  1 (12.5)  1 (16.6)  – 
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        Conclusions 

 The incidence of low-response patients in an IVF programme is not low. A good 
diagnosis with different markers for ovarian reserve is important for choosing the 
best stimulation treatment. The best markers that predict inadequate response are 
AMH levels and the antral follicle count. We must not overlook the personal 
histories, which can affect ovarian response. Among the existing alternatives, 
adjuvant treatment with androgens might be positive. Currently, in cases of 
insuffi cient/low response, thanks to the effi cacy of oocyte vitrifi cation in cases of 
insuffi cient response, especially with a preimplantation genetic diagnosis, oocyte 
accumulation is a useful alternative.     
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  5      Gene Expression in Cumulus Cells 
and Oocyte Quality                     

       Paolo     Giovanni     Artini    

5.1            Introduction 

 Infertility is a worldwide growing issue, and female factors account for about 30 % 
of the total cases of infertility. The majority of couples affected by infertility undergo 
in vitro fertilization (IVF) protocols following women hormonal hyperstimulation 
cycles to obtain mature oocytes to fertilize in vitro. Nowadays, the oocyte/embryo 
quality is mainly assessed by morphokinetic parameters even if these approaches 
have low objective prediction value. The rate of live newborns after IVF is relatively 
low, ranging from about 30 % in younger women to 10 % in the older ones. Aging, 
in fact, is a well-known critical factor for the success of IVF protocols. As a conse-
quence, a primary goal in older women is to increase the pregnancy rate, with a 
crucial point represented by the selection of the oocytes to fertilize in vitro and 
transfer in women. 

 In this view, transcriptomic information about granulosa cells (GCs) might shed 
light on the oocyte viability, thereby providing a non-invasive method of oocyte/
embryo selection. 

 The nutritional support and traffi cking of macromolecules that this system allows 
may be particularly important for oocytes due to the avascular nature of the granu-
lose layer [ 1 ]. The signaling between GCs and oocyte via cytoplasmic processes 
penetrating the zona pellucid and forming gap junctions at the oocyte surface is a 
key means of disseminating local and endocrine signals to the oocyte [ 2 ]. In fact, 
GCs functionality is a key determinant of the oocyte quality and competence, since 
GCs are the somatic cells strictly connected to the growing oocyte by a bidirectional 
communication ensuring the environment for its correct development. It is clear that 
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the role of the oocyte extends far beyond its functions in the transmission of genetic 
information and supply of raw materials to the early embryo. It also has a critical 
part to play in mammalian follicular control and the regulation of oogenesis, ovula-
tion rate, and fecundity [ 3 ,  4 ]. 

 This chapter is aimed to explore the GCs gene activity in physiological and path-
ological conditions.  

5.2     Gene Modulation of Granulosa Cells During 
Folliculogenesis 

 The ovarian follicle development is a complex process involving the coordination of 
many factors that regulate the growth and differentiation of the female gamete and 
the surrounding somatic components. 

 Follicular development starts from a pool of inactive primordial follicles. 
Primordial follicles are generated from primordial germ cells (PGs) and surround-
ing undifferentiated somatic cells that migrate to the genital ridge where they 
undergo mitosis cycles creating the germ cell cyst. This process is under the control 
of many factors such as BMPs, NANOG, OCT4, and FIGα. 

 Following the germ cell cyst, mitosis is arrested and germ cells start meiosis giv-
ing rise to the primary oocytes. Primary oocyte and somatic cells form the primor-
dial follicle in which oocytes arrest in the diktyate stage of meiosis I and are 
surrounded by primordial GCs. This process is regulated by estrogens and a number 
of growth factors (Ttf and GEFF) and protein (FOXL2 and NOBOX). The activa-
tion of primordial follicles to develop in primary follicles is a dynamic process 
strictly controlled by PI3K/AKT pathway. Primordial follicles are the total germ 
cells reservoir of a woman and are continuously activated during the entire life to 
initiate the folliculogenesis. The expression of two oocyte factors (SOHLH1 and 
NOBOX) is crucial for primordial follicles activation and progression to the pri-
mary follicle. During this stage, the oocytes grow and the surrounding GCs begin 
mitotic divisions. The number of GCs increases as well as the number of cuboidal 
GCs layers around the oocyte, and the basal lamina expands. GCs express anti- 
Mullerian hormone (AMH) to control the number of primordial follicles being 
active. Primary follicles turn into secondary follicles under the control of local intra- 
ovarian factors produced by oocyte and GCs, such as GDF9 and BMP15. The early 
stages of follicular development are hormones-independent even if GCs express the 
stimulating hormone receptors (FSHR). Intra-ovarian paracrine factors play their 
role also during the formation of pre-antral follicle, but the expression of receptors 
for FSH and LH demonstrates that the follicles become sensitive to gonadotropins 
at this stage. During the formation of antral follicles, GCs show high proliferative 
capacity, giving rise to the particular antral multi-layer structure, forming the antral 
cavity. Many factors are involved in these phases of follicular development includ-
ing Activin-A and Inhibinα. During the antral stage, GCs create the complex net-
work of interaction with oocyte and the other GCs by GAP junctions that are 
essential for cellular communications during all phases of follicular development. 
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Finally, the antral follicle reaches its late stage with the formation of antrum, and 
GCs differentiate into mural cells (MCs) and cumulus cells (CCs). MCs surround 
the wall of the follicles and are mainly involved in steroidogenic function, while 
CCs remain strictly associated to oocyte creating particular gap junctions in a spe-
cialized structure, namely, the cumulus-oocyte complex (COC). This particular 
structure allows the oocyte to acquire the competence to continue meiotic division 
and the capability to be fertilized. MCs and CCs are differentially regulated by 
oocyte factors and LH activity, and in particular, oocytes regulate the CCs metabolic 
activity. Gap junctions are extremely important for the bidirectional communica-
tions between oocyte and CCs, which are physically separated by the zona pellu-
cida. These highly specialized junctions allow the passage of many molecules from 
CCs to oocyte, such as amino acids and metabolites, and their activity is essential to 
oocyte development and competence. During the ovulation process, CCs expansion 
is regulated both by oocyte and LH activity [ 5 ]. 

 Many pathways have been reported to be activated in the inter-communications 
between GCs and oocyte, and it is known that alterations in GCs are responsible for 
oocyte maturation arrest or low quality. The deregulation of GCs translates into fol-
licle microenvironment disruption with oocyte competence and maturation altera-
tions. Furthermore, GCs alterations have been linked to women infertility 
phenotypes. Transcriptomic analysis of GCs could thus be useful to uncover new 
biomarkers of oocyte quality and competence [ 6 ].  

5.3     Granulosa Cells Transcriptome Analysis 

 Given the intimate connection between GCs and oocyte, it is clear that modifi ca-
tions in somatic components transcriptomes affect the oocyte functions and vice 
versa. The main approaches employed to study GCs transcriptome have been repre-
sented by microarray analysis and next-generation RNA sequencing [ 7 ]. These two 
approaches allow to study simultaneously thousands of transcripts and evidence the 
role of specifi c genes in normal and pathological oocyte development. Studies per-
formed by using these tools confi rmed the role of GCs in steroidogenic function and 
others processes such as inter-cellular communication and follicle matrix forma-
tion, distinguishing the genes selectively expressed by MCs or CCs. Gene expres-
sion analyses of GCs in aging women or women with reduced ovarian reserve are of 
particular interest. They showed the altered expression of key genes involved in 
glycolytic pathway producing lower levels of progesterone. These conditions could 
be associated to the inability of GCs to differentiate into mature CCs or to the 
diminished quality of the oocyte unable to secrete the paracrine factors for GCs dif-
ferentiation. The increased female age seems to be the most important factor affect-
ing GCs gene expression. Furthermore, GCs transcriptome was reported to be 
affected by the oocyte aneuploidy, reducing transcriptional activity of the somatic 
components [ 8 ]. 

 GCs gene expression analysis is also useful to differentiate oocyte at a different 
stage of maturation. The processes mainly modulated by GCs during oocyte 
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maturation resulted in the mitogen-activated protein kinase pathway, the lipid bio-
synsthesis and apoptosis. ANG (angiogenin), PLIN2 (perilipin 2), and RGS2 were 
indicated as three potential biomarkers of oocyte maturation stage [ 9 ].  

5.4     Granulosa Cells Transcriptome Analysis: The Ovarian 
Stimulation Effect 

 Controlled ovarian stimulation (COS) used during assisted reproductive protocols 
has been indicated as a modifying factor of GCs transcriptome. Many studies 
reported that ovarian stimulations are able to alter normal CCs gene expression, thus 
affecting oocyte maturation and competence. In particular, we demonstrated that 
r-hLH + r-hFSH and hp-hMG modulate the gene expression of CCs [ 10 ]. Probably, 
the effect of the two preparations at the intracellular level is mediated by different 
binding affi nity of the two molecules with the same receptor, leading in turn to the 
activation of different pathways. The two treatments differentially alter gene tran-
scription of molecules involved in the traffi cking of retinoic acid and ovarian ste-
roidogenesis (RXRB, TTR, ALDH8A1) and follicular development (IL11; AKT3). 
Few studies analyzed GCs transcriptome modulation by different hormonal stimu-
lations. Recently, Borgbo and colleagues explored the differences in follicle tran-
scriptomes in patients treated with hCG or GnRH by high-density microarray 
approach. The authors reported that CCs have a higher LHR expression in GnRHa- 
triggered follicles as compared with hCG-triggered follicles while MCs showed the 
differentially expression of genes like ANGPT1 and SEMA3A, suggesting an 
impaired induction of angiogenesis [ 11 ]. 

 These data demonstrate that GCs, and in particular CCs, analyses could be highly 
informative about oocyte developmental competence. They could represent a new 
attractive non-invasive biomarker of oocyte quality. Potential candidate genes, 
expressed by GCs, which could be used as markers of oocyte quality, are hyaluro-
nan synthase 2 (HAS2), inhibin betaA (INHBA), epidermal growth factor receptor 
(EGFR), gremlin 1 (GREM1), betacellulin (BTC), CD44, tumor necrosis factor- 
induced protein 6 (TNFAIP6), and prostaglandin endoperoxide synthase 2 (PTGS2).  

5.5     Granulosa Cells Transcriptome Analysis: Polycystic 
Ovarian Syndrome 

 The data from all of the reviewed investigations showed that the transcriptomic 
behavior of follicular cells is infl uenced by a number of variables including body 
mass index (BMI), serum FSH level and female age, IVF stimulation protocols and 
disorders. Different studies have been reported a specifi c gene expression modula-
tion on the follicular cells in patients with polycystic ovarian syndrome (PCOS). 
PCOS is the most common disorder in women of reproductive age, affecting 7 % of 
the female population. PCOS shows heterogeneous features characterized by abnor-
mal folliculogenesis. The infl uence of PCOS on the follicular environment of 
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maturing oocytes was assessed by Haouzi et al. [ 12 ]. The expression patterns 
between PCOS patients and control group were signifi cantly different, and multiple 
genes were affected by PCOS. The members of the growth factor family include 
EGFR, EREG, and AREG and others known to regulate steroid metabolism such as 
CYP11A1. The authors postulated that the reduced oocyte competence seen in 
PCOS patients could be due to incorrect functioning of the TGF-beta (transforming 
growth factor beta) and estrogen receptors signaling cascades. 

 The central stroma and the granulosa cells were indicated as two possible ovarian 
sites of the pathophysiological changes in PCOS [ 13 ]. It was reported that follicular 
development disorders in PCOS were mainly related to GCs apoptosis, in associa-
tion with the increased oxidative stress and reactive oxygen species generation. 
PCOS transcriptome microarray studies have been performed on whole cultured 
theca cells, oocytes, and cumulus cells from hyperstimulated and luteinized folli-
cles. Recently, Schmith and colleagues performed an interesting study on ovarian 
tissue in PCOS patients, where GC and the ovarian central stroma were examined 
separately. A low-density gene array approach, followed by a real-time PCR valida-
tion, was employed to analyze the gene expression in both the central ovarian stroma 
and in GCs from control and PCOS women. The results showed in the central 
stroma of PCOS ovaries the down-regulation of fi ve infl ammation-related genes 
(CCL2, IL1R1, IL8, NOS2, TIMP1), the leukocyte marker CD45, the infl ammation- 
related transcription factor RUNX2 and the growth factor AREG. The growth factor 
DUSP12 and the coagulation factor TFPI2 were instead over-expressed. On the 
other hand, PCOS GCs showed the over-regulation of the infl ammation-related 
IL1B, IL8, LIF, NOS2, and PTGS2; the coagulation-related F3 and THBS1; the 
growth factors BMP6 and DUSP12; the permeability-related AQ3; and the growth 
arrest-related GADD45A. These data suggested the activation of pro-infl ammatory 
genes in PCOS GCs, which could be validated as markers of follicle maturation 
defects and predictors of oocyte competence.  

    Conclusions 
 The development of non-invasive oocyte assessments, based on the transcrip-
tomic analysis of GCs, is likely to be of clinical as well as of scientifi c value. The 
accurate identifi cation of oocytes that are both chromosomally normal and com-
petent to support early preimplantation development could revolutionize 
IVF. The data showed suggest that competent oocytes develop in a follicular 
environment in which processes such as steroidogenesis, cell-cell communica-
tion and signaling, metabolism and transport are active. However, this is infl u-
enced by a variety of factors. These include the stage of maturation of the 
developing oocyte, the type of COS employed during IVF and the chromosome 
constitution of the oocyte. 

 In conclusion, the improvement of new transcriptomic technologies such as 
Next Generation Sequencing (RNA-seq) could shed light on the granulosa cells 
molecular pathways. Nowadays, this technology is not so frequently used com-
pared to microarrays due to its high cost and complex bioinformatic analysis. In 
any case, these platforms produce a throughput per run that is higher by several 
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orders of magnitude versus classical approaches and important discoveries in the 
fi eld of physiology and/or pathophysiology. These data could be useful to unravel 
the key genes regulating follicular maturation in physiological and pathological 
conditions. The use of quantitative gene expression measurements on granulosa 
cells, which are in close contact with the oocyte during growth and maturation, 
seems a promising method to predict oocyte quality and competence.     
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  6      Biomarkers of Ovarian Ageing                     

       Paolo     Giovanni     Artini    

6.1            Introduction 

 The ovary is the main regulator of female fertility, and its biologic clock is set to 
ensure reproductive success during a defi nite life stage. According to the evolu-
tionary concept that organisms maximize fi tness by promoting production of 
progeny, allocation of resources between reproductive and somatic functions is 
fi nely regulated during life [ 1 ]. Thus, it has been speculated that the premature 
ageing of the ovary when compared with somatic organs might result from 
increased energy demand for maintenance and repair processes in the soma com-
partment during ageing [ 1 ]. 

 According to the human biologic clock, the gradual loss of female fertility 
becomes more dramatic in the late 30s with a steep decrease beginning after age 35, 
ending in menopause at mean age of 51 years [ 2 ]. This would preserve women from 
the physical stress of pregnancy in advanced age and maximize the length of time 
they can bear children [ 3 ]. As a result, increasing postponement of the fi rst preg-
nancy represents a crucial factor in the widespread of subfertility in industrialized 
societies [ 4 ]. Given the intrapopulation variability of the reproductive life span [ 5 ], 
it is generally accepted that coping with this issue requires a careful reproductive 
counselling based on accurate predictive markers. 

 Ovarian functional decline with ageing has been so far extensively characterized 
in terms of gradual depletion of ovarian follicles and reduced ability to produce 
oocytes competent for fertilization and further development [ 2 ]. The analysis of the 
molecular and cellular aspects of follicle ageing would require careful consider-
ation. In fact, oocytes and granulosa cells of primordial follicles might remain in a 
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‘resting’ phase for a long time, thus behaving as post-mitotic cells which can be 
required to start growing after 10–50 years. Furthermore, both primordial and grow-
ing follicles become exposed to environmental factors related to the ageing of the 
ovarian somatic compartment, and fi nally, the development of a competent oocyte 
intimately depends on the crosstalk between all compartments in the ovary. 

 For decades, research on reproductive ageing has been focusing on the so-called 
quantitative aspect of ovarian ageing, which has led to mathematical models pre-
dicting follicle loss on the basis of chronologic age without taking into account 
biologic markers [ 6 ]. When the concept of oocyte ageing as the main determinant of 
fertility decline has become clear [ 7 ], researchers have begun to expand investiga-
tions into the whole ovarian microenvironment in search of age-related changes 
with potential effects on follicle and oocyte competence. 

 Although it is generally accepted that ageing is a result of both inborn and envi-
ronmental factors, most of the numerous theories of ageing share the concept that 
age-associated malfunction results from physiological accumulation of irreparable 
damage to biomolecules as an unavoidable side effect of normal metabolism and 
underline the importance of the capability of defensive repair. 

 More than a decade after the free radical theory of ovarian ageing fi rst proposed by 
Tarin [ 8 ], biological and clinical research has provided numerous evidence that 
increased reactive oxygen species (ROS), which are among the most important physi-
ological inducers of cellular injury associated with ageing [ 9 ], is a main determinant to 
follicle ageing [ 10 ,  11 ]. ROS generated by mitochondrial dysfunction is considered the 
main cause for telomere shortening, chromosomal segregation disorders, maturation 
and fertilization failures or oocyte/embryo fragmentation [ 11 ]. Looking for ROS aeti-
ology and widespread, a relevant role has been ascribed to  advanced glycation end 
products (AGEs) , factors that may hamper ovarian stroma vessels, follicular growth, 
assembly of an effi cient system of antioxidant enzymatic defence as well as develop-
ment of an effi cient perifollicular vascularization [ 12 ]. Further evidence for ROS in the 
ovarian follicle was obtained by research on stress signalling pathways in aged granu-
losa and cumulus cells [ 13 ,  14 ]. Enzymatic activity and protein level of superoxide 
dismutase (SOD), the enzyme that reacts with superoxide anion radicals to form oxy-
gen and H 2 O 2 , were found to decrease with age, and lower levels of SOD activity are 
associated with unsuccessful IVF outcomes. Nevertheless, there are poor evidences for 
possible benefi ts from antioxidant treatments in humans, suggesting that further actors 
are involved in modulating stress adaptive response in the ovary during ageing [ 15 ].  

6.2     Biomarkers 

6.2.1     Antral Follicle Count (AFC) 

 The ovarian AFC and ovarian volume (OV) as determined by transvaginal ultra-
sound examination have been widely evaluated as a marker of ovarian responsive-
ness (OR) [ 16 ]. They are reliable indicators of OR and potential predictors of 
menopausal age. The intercycle variation of OV is more pronounced than that of 
AFC. The AFC is the number of antral follicles between 2 and 10 mm in size within 
both ovaries observed on transvaginal ultrasound examination on days 2–3 of the 
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menstrual cycle. The AFC is currently the most reliable ultrasound parameter pre-
dicting age at menopause.  

6.2.2     Follicle-Stimulating Hormone (FSH) 

 FSH is a glycoprotein produced by the anterior pituitary known to regulate the 
recruitment and growth of ovarian follicles from the antral stage to the Graafi an fol-
licle and furthermore regulate the androgen conversion to oestrogen. The ovarian 
granulosa cells are the target of FSH. 

 FSH has been studied extensively as a marker of OR; in fact, elevated levels of 
FSH are the hormonal sign of reproductive ageing. In early follicular phase, FSH 
starts to increase 10 years before menopause; in fact, FSH levels are infl uenced by 
age and body size [ 17 ].  

6.2.3     Estradiol (E2) 

 The levels of E2 show a continuous decline in sex steroids with advancing age; in 
fact, E2 levels show an increase in late menopausal transition.  

6.2.4     Luteinizing Hormone (LH) 

 The LH levels increase with age as a result of increased pituitary sensitivity to 
GnRH. During menopausal transition, LH rises slowly, reaching moderately ele-
vated levels in postmenopause. The increase in FSH levels is more than that in LH, 
because of the loss of inhibin-B and E2 feedback.  

6.2.5     Inhibin-B 

 Inhibin-B is a polypeptide produced by the granulosa and theca cells of the develop-
ing cohort of antral follicles, whereas inhibin-A is primarily a product of the devel-
oping dominant follicle and the corpus luteum. In fact, inhibin-B refl ects the ovarian 
follicle pool and may have paracrine functions infl uencing folliculogenesis in the 
ovary. Inhibin-B correlates with age only during a relatively short time before 
menopausal transition. The levels are infl uenced by fl uctuating ovarian function of 
late ovarian ageing and throughout the menstrual cycle [ 18 ].  

6.2.6     Anti-Müllerian Hormone (AMH) 

 AMH is member of the TGF-β superfamily. AMH is produced by the ovarian granu-
losa cells of preantral and small antral follicles, the number of which is related to the 
size of the primordial follicle pool, and serum levels of AMH fl uctuate minimally 
throughout the menstrual cycle. AMH is undetectable in the serum until the onset of 
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puberty. AMH modulates primordial follicle recruitment by inhibiting the action of 
FSH on follicle growth and selection. AMH refl ects the non-FSH-dependent fol-
licular growth. AMH production disappears during follicular maturation, allowing 
the follicle to complete the development process during FSH-dependent stages of 
growth. AMH secretion is independent of other hormones and is expressed at a 
constant level, irrespective of the day of menstrual cycle. Progressive and linear 
decline until menopause due to a decreasing number of primordial follicle is 
observed [ 19 ].   

    Conclusions 
 Ovarian follicles, oocytes and embryos are constantly challenged by stress and 
privations and require adaptive responses for their survival. In addition to redox 
perturbations in the intraovarian microenvironment related to ageing or diseases 
with an oxidative basis, reproductive cells have to face stress conditions during 
manipulation during assisted reproductive procedure [ 20 ]. 

 Predicting the age of the fi nal menstrual period for the individual woman 
remains an important goal for clinicians and patients alike. In addition to risk 
assessment, the prediction of the age of menopause may well predict the age of 
subfertility and the end of natural fertility. The biological state of the oocyte 
remains the key element in normal reproduction. The decreasing number of ovar-
ian follicles is accompanied by reduction of oocyte quality. There are many theo-
ries explaining the cause of low-quality oocyte, including abnormal 
vascularization, oxidative stress and imbalance of free radicals; in fact, the for-
mation of AGE is responsible for ageing of the cells. They contribute directly to 
protein damage, induce a chain of reactions of oxidative stress and increase the 
infl ammatory reactions. Moreover, this paper stresses the prognostic value of 
clinically used markers evaluating the ovarian reserve, in particular the role of 
AMH, AFC and FSH levels. In conclusion, AMH is the best current available 
measure of ovarian reserve and as predictor of ovarian response to stimulation.     
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  7      Premature Ovarian Insufficiency: 
Advances in Management Through 
a Global Registry                     

       Nicholas     Panay    

        Premature ovarian insuffi ciency (POI) remains poorly understood and under- 
researched [ 1 ]. It describes a syndrome consisting of early cessation of periods, sex 
steroid defi ciency and elevated menopausal levels of the pituitary hormones FSH 
and LH in women below the age of 40. POI can be primary (spontaneous POI) or 
secondary (induced by radiation, chemotherapy or surgery). Controversy persists 
over nomenclature with terms such as “Premature ovarian failure/dysfunction” and 
‘primary ovarian insuffi ciency’, which are still in usage. 

 POI has been estimated to affect about 1 % of women younger than 40, 0.1 % of 
women under 30 and 0.01 % of women under the age of 20. However, as cure rates 
for cancers in childhood and young women continue to improve, it is likely that the 
incidence of prematurely menopausal women is rising rapidly [ 2 ]. Recent data from 
Imperial College London suggest that the incidence of POI may be signifi cantly 
higher than originally estimated. Cartwright and Islam [ 3 ] studied 4968 participants 
from a 1958 birth cohort. They found that  370 (7.4 %)  had either spontaneous or 
medically induced POI. Smoking and low socioeconomic status were predictive of 
POI, and poor quality of life (SF 36) was twice as common in POI. The incidence of 
POI also appears to vary according to the population studied. It appears to be signifi -
cantly higher, greater than 20 %, in some Asian populations (IMSCON 2012 (17-
19.02.2012) Faridabad from Indian Menopause Society). 

 In the past, the focus of medical care has been on improvement of survival rates. 
Very little attention has been given to the maintenance of quality of life in the short 
term and to the avoidance of the long-term sequelae of a premature menopause. One 
of the main reasons for this has been the bias of economic expenditure and medical 
endeavour to the prolongation of life (e.g. cancer treatments) rather than towards 
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optimising quality of life in cancer survivors. Should this trend continue, we are in 
danger of creating a population of young women who have been given back the gift 
of life but left without the zest to live it to its full potential. Maintenance of post-
menopausal health is also of paramount importance if we are to minimise the eco-
nomic impact on society in this and the future generations. 

 Causes of spontaneous POI include idiopathic (no known cause), genetic, auto-
immune and infective causes. The typical presentation of spontaneous POI is erratic 
or complete cessation of periods in a woman younger than 40 years, which may or 
may not necessarily be accompanied by symptoms. These symptoms may not be 
typical vasomotor in nature and include mood disturbances, loss of energy and gen-
eralised aches and pains. Our data and data from others [ 4 – 6 ] indicate that the next 
most disturbing aspect of POI after the loss of fertility is the adverse impact on 
sexual responsiveness and other psychological problems. 

 Women with POI require integrated care to address physical, psychosocial and 
reproductive health as well as preventative strategies to maintain long-term health. 
However, there is an absence of evidence-based guidelines for diagnosis and man-
agement. POI is a diffi cult diagnosis for women to accept, and a carefully planned 
and sensitive approach is required when informing the patient of the diagnosis. A 
dedicated multidisciplinary clinic separate from the routine menopause clinic will 
provide ample time and the appropriate professionals to meet the needs of these 
emotionally traumatised patients. At the West London Menopause Centres, we have 
restructured our services and created a dedicated clinic for the POI patients. 
Counselling at this stage should include explanation that remission and spontaneous 
pregnancy can still occur in women with spontaneous or medical POI. Specifi c 
areas of management include the provision of counselling and emotional support, 
diet and nutrition supplement advice, hormone replacement therapy, and reproduc-
tive health care, including contraception and fertility issues. There is an urgent need 
for large-scale long-term randomised prospective studies to determine the optimum 
routes and regimens of hormone replacement therapy. Outcome measures should 
include short-term symptoms, vasomotor, urogenital and psychosexual and the 
long-term effect on cardiovascular, cognitive and skeletal health. 

7.1     Predictive Tests 

 As a minimum, the initial investigation of patients presenting with erratic periods, 
for which pregnancy should be excluded, include measurement of serum follicle 
stimulating hormone (FSH), estradiol and thyroid hormones. If FSH is in the meno-
pausal range in a woman younger than 40, the test should be repeated along with 
estradiol for confi rmation, as levels can fl uctuate. 

 Evaluation of other hormones of ovarian origin, such as inhibin B and anti- 
mullerian hormone (AMH), and the ultrasonographic estimation of the antral folli-
cle count are also being used to predict ovarian reserve. Some studies suggest that 
the precise age of menopause transition can be predicted through the use of bio-
markers such as AMH and may be a more accurate predictor than mother’s age at 
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menopause; this requires confi rmation, especially in POI [ 7 – 9 ]. In the long term, it 
is likely that the polygenic inheritance of a risk for spontaneous POI will be unrav-
elled and banks of genes will be tested to give an individual the precise risk of suf-
fering POI.  

7.2     Counselling and Emotional Support 

 Women diagnosed with POI go through a very diffi cult time emotionally. The con-
dition has been associated with higher than average levels of depression. Loss of 
reproductive capability is a major upsetting factor, and this does not depend on 
whether the woman has already had children or not. Professional help should be 
offered to help patients cope with the emotional sequelae of POI. Adequate infor-
mation should be given in a sensitive manner, including information about national 
self-support groups for POI, such as the Daisy Network in the UK (  www.daisynet-
work.org.uk    ).  

7.3     Hormone Replacement Therapy 

 Young women with spontaneous POI have pathologically low oestrogen levels com-
pared to their peers who have normal ovarian function. The global consensus on 
hormone therapy [ 10 ] and updated 2013 IMS recommendations [ 11 ] state that in 
women with premature ovarian insuffi ciency, systemic hormone therapy is recom-
mended at least until the average age of the natural menopause (51 years). 

 Hormone therapy is required not only to control vasomotor and other menopause 
symptoms but also to minimise risks of cardiovascular disease [ 12 ], osteoporosis 
[ 13 ], and possibly Alzheimer’s dementia [ 14 ], as well as to maintain sexual func-
tion. There is no evidence that the results of the Women’s Health Initiative study (a 
study of much older women) apply to this younger group. Hormone replacement 
therapy in POI patients is simply replacing ovarian hormones that should normally 
be produced at this age. It is of paramount importance that the patients understand 
this in view of the recent press on HRT. The aim is to replace hormones as close to 
physiological levels as possible. 

 Since spontaneous ovarian activity can occasionally resume, consideration 
should be given to appropriate contraception in women not wishing to fall pregnant. 
Although standard oral contraceptive pills are sometimes prescribed, they contain 
synthetic steroid hormones at a greater dose than is required for physiological 
replacement and so may not be ideal. Low-dose combined pills may be used to 
provide oestrogen replacement and contraception, although they are less effective in 
the prevention of osteoporosis and induce less favourable metabolic changes [ 15 –
 17 ]. The progestogen intrauterine system may also be offered in those who choose 
HRT and require contraception. 

 In our experience, the choice of HRT regimen and the route of administration 
vary widely among patients. In the absence of better data, treatment should 
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therefore be individualised according to choice and risk factors. Where libido is a 
problem, testosterone replacement should be used especially in surgically meno-
pausal women. Although there is an absence of licensed androgenic preparations 
which can be used, off-label use of physiological female doses of transdermal tes-
tosterone appears effi cacious and safe. 

 To complement the role of HRT for the long-term prevention of osteoporosis, 
supplementary intake of adequate dietary calcium (1000 mg/day) and vitamin D 
(800–1000 IU/day) should be encouraged, as should weight-bearing exercises. The 
use of complementary therapies and non-oestrogen-based treatments such as 
bisphosphonates, strontium ranelate, or raloxifene for the prevention of osteoporo-
sis in women with POI has not been studied.  

7.4     Fertility 

 Women with POI are not necessarily sterile unless surgically menopausal. There is, 
however, only a 5 % chance of spontaneous conception. Hence, women for whom 
fertility is a priority should be counselled to seek assisted conception by IVF using 
donor eggs or embryos. Future advances in the research of stem cells may make it 
possible for some women with POI to achieve pregnancy with their own oocytes 
[ 18 ]. Until such a time, oocyte/embryo donation remains the only real chance for 
these women to achieve pregnancy by assisted conception. Another family building 
option that should be discussed is adoption.  

7.5     POI Registry 

7.5.1     Principles of POI Registry 

 We urgently need to determine the scale of the POI problem initially by the trawling 
of data from all clinics that manage women with POI. The data will undoubtedly 
demonstrate extreme variations in management, and defi ciencies will emerge. 
Armed with this information, departments of health can then be petitioned to pro-
vide appropriate funding for the setting up of multidisciplinary units for the man-
agement of the particular psychological and physical needs of women with POI. In 
the absence of prospective randomised controlled data, there is a need for high- 
quality observational data. There have been calls for a database/registry from our 
and other units to provide this information [ 18 ,  19 ]. 

 Individual centres generally do not have suffi cient exposure to women with POI 
to gather suffi cient observational or RCT data to give meaningful results on disease 
characterisation and long-term outcomes. Cooper et al. make the point that frag-
mented research leads to fragmented patient care [ 20 ]. We are in total agreement 
that without defi nitive research, we are left to advise women with POI using inap-
propriate postmenopausal practice guidelines that are based on a different patient 
population. 
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 The problems we need to overcome in setting up this database include a lack of 
established standards and design, quality of data, consistency of recruitment crite-
ria, etc. Also, there has to be agreement as to the nature and quantity of the sample 
size required, e.g. inclusion of women with iatrogenic POI as well as spontaneous 
POI. The collaborative effort of a cohort of international centres specializing in POI 
management can overcome many of these limitations. It is vital that there is a sense 
of collective ownership of the data and any publications resulting from the research.  

7.5.2     Potential Benefits of POI Registry 

 The potential benefi ts of such a database are many. It could be used to create not 
only an information database but also a global biobank for genetic studies, with an 
ultimate goal of defi ning the specifi c pathogenic mechanisms involved in the devel-
opment of POI, e.g. unravelling the polygenic inheritance mechanism. Genetic bio-
bank studies are currently showing both positive [ 21 ] and negative [ 22 ] associations 
with POI. The database would also have the potential to defi ne and characterise the 
various presentations of POI along the lines of the STRAW +10 Guidelines for natu-
ral menopause. The STRAW +10 collaborators in their recent paper state that spe-
cial groups such as POI warrant urgent attention for the staging of reproductive 
aging [ 23 ]. It could also be used to further refi ne the role of biomarkers such as 
anti-mullerian hormone to precisely predict the course and timing of natural and 
early ovarian insuffi ciency. 

 There is a desperate need to determine long-term response to interventions such 
as the contraceptive pill, hormone therapy, and those not receiving treatment. This 
is particularly important in women with rare causes and hormone-sensitive cancers 
where randomised trials are unlikely to be ever performed. Questions which urgently 
need to be answered include the following: does the type of HRT matter, body iden-
tical versus other types of HRT, oral versus transdermal oestrogen, dosage of estra-
diol, progesterone versus retroprogesterone versus androgenic progestogens and 
impact of androgens, on both short-term quality of life and long-term outcomes? 
The database will also give the opportunity for the role of unproven fertility inter-
ventions in POI to be studied such as DHEA and the use of ultra-low-dose HRT and 
the contraceptive pill to suppress FSH levels to facilitate ovulation of any remaining 
oocytes.  

7.5.3     POI Registry Progress in 2015 

 As is the case with a number of other centres, we have been collecting data from our 
cohort of women with POI for a number of years [ 24 ]. We have now completed our 
online registry   https://poiregistry.net     through regular workshops with key collabora-
tors. The retrospective legacy data have been entered ( n  = 484), and prospective data 
entry has been in progress from early 2015 ( n  = 279). The next step is to amalgamate 
these legacy and prospective data with those of our colleagues globally. We have 
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already had verbal agreement from more than 40 international experts in POI who 
would be willing to contribute to such a database, and some have already com-
menced prospective data entry. A meeting of collaborators will be convened to 
 discuss data collection, amalgamation, analysis and publication in Florence ISGE 
2016.   

    Conclusion 
 Premature ovarian insuffi ciency affects many young women globally. These 
women have unique needs that require special attention. There is an urgent need 
for standardised terminology and evidence-based guidelines upon which to 
establish the diagnosis and manage this diffi cult condition. These guidelines 
must be drawn up from population-specifi c data to have any relevance. An inter-
national POI registry has the potential to provide such information. The prob-
lems and limitations of a disease database/registry can be minimised with 
adequate consensus, communication and collaboration. We hope this will ulti-
mately lead to the better understanding of the condition and the development of 
guidelines for the strategic optimisation of health and fertility in POI.     
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        Management of women with spontaneous premature ovarian insuffi ciency (POI) 
should be multidisciplinary [ 1 ], with professionals from the various specialties pro-
viding the appropriate care to meet the different needs of these women. Specifi c 
areas of management include counseling and emotional support, diet and nutrition 
supplement advice, hormone replacement therapy (HRT), and reproductive health 
care, including contraception and fertility issues. Ideally, these women should be 
seen in a dedicated clinic separate from the routine menopause clinic. 

 The failure in ovarian estrogen production at POI may result in early physical 
symptoms, which may be weakening, as well as urogenital atrophy, sexual dysfunc-
tion, mood changes, bone loss, and metabolic changes that later on prompt the 
development of cardiovascular disease (CVD) and diabetes. Vasomotor symptoms 
(VMS) such as hot fl ushes and cold or night sweats and vaginal dryness are the most 
common symptoms of onset of the disease; however, frequent climacteric symp-
toms include sexual dysfunction, mood swings, and anxiety [ 2 ]. Hormonal with-
drawal also results in increased risk of cardiovascular diseases (CVD), metabolic 
syndrome, osteopenia, osteoporosis, and urogenital and cognitive disorders if a suf-
fi cient estrogen milieu is not re-established [ 3 ]. 

 VMS are common hallmarks of early or premature menopause [ 4 ]. A hot fl ush is 
a sudden episode of vasodilation in the face and neck, which lasts 1–5 min and is 
accompanied by profuse sweating. Women experiencing hot fl ushes are reported to 
have a narrower thermoneutral zone, so that subtle changes of core temperature 
produce thermoregulatory mechanisms such as vasodilation, sweating, or shivering. 
Decreasing estrogens and inhibin as well as increasing FSH explain only in part the 
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impaired thermoregulation, which is associated with changes in brain neurotrans-
mitters and peripheral vascular reactivity. 

 Hot fl ushes usually occur in the late perimenopause and the fi rst postmenopausal 
years; however, young patient with POI may indicate VMS, sleep disturbances, and 
irritability together with menstrual irregularities as some of the fi rst symptoms to 
occur [ 5 – 7 ]. 

 It is well known that estrogens regulate the dynamic interplay of the bone resorp-
tion and formation process. The postmenopausal estrogen decline leads to the 
unbalance of bone remodeling resulting in excessive resorption because of excess 
production of the cytokine receptor activator of nuclear factor κB ligand (RANKL) 
by the osteoblasts, which, upon binding to its receptor RANK on the surface of pre- 
osteoclasts and mature osteoclasts, stimulates osteoclastogenesis and bone resorp-
tion. Osteoprotegerin (OPG), a cytokine secreted by osteoblasts upon estrogen 
stimulation, is a natural inhibitor of RANKL. Estrogen defi ciency is associated with 
decreased OPG production, further enhancing the RANKL activity [ 8 – 10 ]. 
Moreover, the age-associated decline in intestinal calcium absorption, vitamin D 
defi ciency and impaired synthesis of active 1,25-dihydroxyvitamin D3 by the kid-
ney contribute to accelerated bone resorption, diminished bone strength and elicited 
fractures upon minimal skeletal load; thus, the earlier the age at menopause, the 
higher the risk of osteoporosis later in life [ 11 – 13 ]. 

 For that reason, patients with POI must be educated on osteoporosis prevention 
and early diagnosis of osteopenia. 

 Osteoporosis is defi ned as reduced bone mineral density measured by dual 
energy X-ray absorptiometry (DXA). While the estimated prevalence of osteoporo-
sis within women aged 40–65 years is low [ 14 ], there is a mean vertebral bone loss 
of 6.4 % and neck of femur loss of 5 % across the menopause transition even with 
earlier onset for such women with POI [ 15 ]. The available data do not support DXA 
screening for postmenopausal women aged up to 60 years who have no identifi able 
medical condition or use of medication that is associated with an increased risk of 
osteoporosis or past history of low trauma fracture [ 16 ]. In line with this, the 
American College of Preventative Practice has recommended that DXA screening 
be restricted to women between 50 and 65 with one major (such history of meno-
pause prior to age 45 or fragility fracture) or two minor risk factors (such as ciga-
rette smoking or weight under 57 kg) [ 17 ]. However, there is growing debate as to 
which women less than 65 years merit screening such that, presently, no specifi c 
recommendations have general acceptance. 

 Whereas menopause in itself is not associated with weight gain, it often leads to 
increase of total body fat and redistribution of body fat from periphery to the trunk 
resulting in the development of visceral adiposity. Abdominal obesity, as well as meno-
pausal estrogen decline, is associated with adverse metabolic modifi cations such as 
insulin resistance and predisposition to the development of type 2 diabetes as well as 
dyslipidemia characterized by high triglycerides, low high-density lipoprotein (HDL) 
cholesterol, and increased small dense low-density lipoprotein (LDL) particles. 
Estrogens are able to exert potent vasoactive functions, promoting vascular elasticity 
and restoration and modifying reactive dilation and local infl ammatory [ 18 – 20 ]. 
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 Estrogen lack promotes the activation of the renin-angiotensin system, the upreg-
ulation of the potent vasoconstrictor endothelin, and the impairment of nitric oxide- 
mediated vasodilation. Oxidative stress, which is augmented by endothelin and 
angiotensin-II, may further contribute to the arteriosclerotic process. Therefore, 
soon after menopause, women show increases in blood pressure, as well as evidence 
of subclinical vascular disease, demonstrating increased carotid and femoral artery 
intima-media thickness, coronary artery calcium score, arterial stiffness, and 
impaired fl ow-mediated dilation. Clinical events of ischemic heart disease usually 
manifest 10 years later in women compared to men; they tend, however, to have a 
more severe prognosis in women [ 21 – 23 ]. The risk of stroke doubles during the fi rst 
decade after menopause and ultimately exceeds that of men in older ages. Early 
menopause and primary ovarian insuffi ciency are consistently associated with 
increased risk of coronary heart disease, stroke, and mortality if estrogen milieu is 
not restored [ 24 – 28 ]. 

 The anatomy and function of the female lower genital tract are related to estro-
gen milieu. Upon menopausal estrogen drop, tissues lining the vagina, the vulva, the 
bladder, and the urethra undergo atrophy, causing a cluster of symptoms including 
sense of vaginal dryness, painful intercourse, vulvar pruritus, burning and discom-
fort, as well as recurrent urogenital infections. Usually, VMS decline throughout the 
postmenopausal life or after hormonal replacement; on the contrary, urogenital 
symptoms persist and may have a serious impact on sexual health and quality of life 
especially in young women with POI [ 29 ,  30 ]. 

 In patients with POI, there is a specifi c decrease in DHEA and DHEAS levels, 
and the resulting increased cortisol/DHEA ratio has been hypothesized to be at the 
basis of the pathophysiology of the so-called “cortisol-potentiated” diseases, such 
as diabetes, obesity, osteoporosis, and neurodegenerative disorders. Steroids unbal-
ance or withdrawal does not necessarily imply any causal relationship, but patients 
with POI may reveal general lack of energy and reduced general and sexual well- 
being and they are less satisfi ed with their sexual lives. In addition, women with POI 
have been reported to have more anxiety, depression, somatization, sensitivity, hos-
tility, and psychological distress than women with normal ovarian function 
[ 31 – 33 ]. 

 Neuroendocrinological studies indicate that estrogens are involved mainly in the 
maintenance of the homeostasis of the prefrontal cortex, the hippocampus, and the 
striatum, which are areas controlling learning, elaborations of information, deci-
sion, evaluation processes, and language skills. In these regions of CNS, estrogens 
act both through genomic and non-genomic mechanisms increasing cellular pro-
teins, promoting thus neuronal growth and survival, neural transmission, and func-
tion, as well as synaptogenesis [ 34 ]. Estrogens, furthermore, limit the infl ammatory 
response in the CNS, helping thus to avoid repeated infl ammatory insults which 
may result in dystrophy and predisposition to degenerative disorders [ 2 ]. Most stud-
ies indicate that cognitive function is affected by menopause and its hormonal lack, 
and more precisely, aspects related to verbal memory and fl uency. The effect size 
appears to be small; however, it is often bothersome in the clinical setting for the 
affected women [ 35 ]. Although menopause appears to be associated with changes 
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in cognition, it cannot be assumed that estrogen therapy will prevent cognitive 
decline. There is general consensus that oral estrogen therapy should not be pre-
scribed to prevent or treat cognitive decline [ 36 ,  37 ]; however, some short-term 
clinical trials suggest that cognitive and memory functions correlate with sex steroid 
hormone levels and that estrogen maintained at physiologic levels improves cogni-
tive functions [ 38 ]. In summary, some cohort studies reported an increased risk for 
neurologic impairment following early bilateral oophorectomy, with a suggestion of 
increased risk when surgical menopause occurs a younger age and reduced risk 
when estrogen replacement was given. By contrast, two other studies reported lim-
ited or memory and cognitive differences among women with early bilateral oopho-
rectomy versus hysterectomy or natural menopause [ 39 ,  40 ]. 

 Recommendations regarding duration of hormonal therapies in patients affected 
by POI need to be individualized and depend on the endpoints of treatment in dif-
ferent moments of women’s life. For women with premature POI, or early meno-
pause (before age 45), hormonal compounds can be continued at least until the 
average age of the natural menopause at which the time needed for ongoing HRT 
should be reconsidered. There are no conventional limits regarding the duration of 
HRT; it can be used for as long as the woman feels that the benefi ts balance the risks 
for her and decisions must be made on an individual and on an ongoing basis. When 
HRT is initiated for VMS, clinicians should attempt to improve symptom control 
using the lowest hormonal therapeutic dose through periodic reassessments and 
dose reduction. The medical choice to continue HRT must be individualized based 
on patient’s needs, symptom severity, her individualized risk for breast cancer and 
vascular events, and with due regard to patient’s preference and wishes. In this view 
and with the aim to prevent long-term complications, patients must be educated to 
take non-hormonal treatments, do physical activity, and adopt a healthy diet and 
lifestyle throughout years.    
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9.1            Introduction 

 In clinical practice, the occurrence of a secondary amenorrhea is a not so rare event. 
The lack of menstrual cyclicity for 3–4 months or more is quite common, especially 
among young adolescents, and might be due to a large variety of factors. Usually, a 
syndrome or a hormonal disease is at the basis of a secondary amenorrhea, but when 
no endocrine or systemic factor is recognized, a hypothalamic blockade has to be 
suspected. Typically, such hypothalamic dysfunction can occur in all women during 
fertile life, and this means that the incidence is more or less similar during the ado-
lescence as well as during adult life [ 1 ,  2 ]. Such kind of amenorrhea is known as 
hypothalamic amenorrhea, and it is mainly associated with metabolic, physical or 
psychological stress. Usually, it occurs after severe dieting, heavy training, or 
intense emotional events, all situations that can induce amenorrhea with or without 
body weight loss [ 3 ]. A specifi c correlation exists between loss of weight and amen-
orrhea [ 1 ,  3 ], and when the loss of weight is below a critical point and the ratio 
between fat and muscular masses is reduced, the loss of menstrual cyclicity is typi-
cal. In fact, after dieting as well as during intense training of dancers or runners, 
amenorrhea is a frequent symptom [ 4 ]. The low ratio may be due both to high- 
energy consumption and to reduced food intake. Psychological stressors such as 
emotional, familial, or work problems may have an impact on food intake. Reduced 
food intake can induce amenorrhea through specifi c metabolic signals, which 
amplify the stress response to fasting [ 5 ].Often many patients show affective disor-
ders (neuroticism, somatization, anxiety) associated to a psychological stressor 
recorded as heavy negative event, and these mix of situations lead to the disruption 
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of the hypothalamus-pituitary activity, and as a consequence, there is the abnormal 
and later the stoppage of the ovarian function [ 6 ] (Fig.  9.1 ).

   These physical, psychological and metabolic conditions are identifi ed as “stress-
ors” and negatively affect GnRH release and the reproductive axis, activating or 
inhibiting hypothalamic and/or extra-hypothalamic areas in brain as well as acting 
in the periphery. In particular, one of the key events of this modulatory action is 
played by neurotransmitters and neuropeptides produced in the central nervous sys-
tem. These neuronal pathways are sensitive to external and internal environmental 
changes (light-dark cycle, temperature) as well as to cognitive, social, cultural, and 
emotional events. Each of these signals may become stressor agents when acute 
changes occur, and through the integration with the hormonal signals, they can stim-
ulate adaptive responses. 

 It might be considered strange, but such negative hypothalamic response is noth-
ing else than a defensive system. In primate females, and in human females in par-
ticular, an adaptative mechanism during stress is represented by the reduction of 
reproductive axis activity, blocking a function which is not really essential to sur-
vive. Some intermediate steps such as poly- or oligo-menorrhea can anticipate the 
occurrence of the amenorrheic condition, which is the last and worst stage of this 
clinical adaptive response to stress. What is interesting to observe is that human 
species has been going on evolving in these 20 thousand years, especially from the 
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technological and cultural point of view, permitting an incredible change of lifestyle 
and surviving so that the expectancy of life is incredibly longer. Although with such 
changes, the endocrine and neuroendocrine systems of the human species have been 
demonstrated to work and react as they feel to be still frozen 10–15 thousand years 
ago. In fact, although evolution permitted our species “to come down” from the 
trees and to start to move as bipeds, no more as simple primates, our neuroendocrine 
systems apparently work as a primate, as nothing was changed from those times. 
The physiological meaning of this is extremely important since it indicates that 
whatever stressor of the twenty-fi rst century (dieting, sport, training, or psychologi-
cal stressors) hits the human being, the adaptive response is similar and superimpos-
able to the one that might be induced by the sight or the attack of a wild animal or 
by lack of food or by strenuous fatigue due to a migration.  

9.2     Neuroendocrine Mechanisms of Stress-Induced 
Hypogonadism 

 Most of the knowledge about stress-induced reproductive failure passes through 
many experimental animal models. In monkeys and in rats, the common response to 
stressors is the increase of adrenocorticotropic hormone (ACTH) and cortisol 
plasma levels. It has been demonstrated that the intraventricular injection of 
corticotropin- releasing hormone (CRF) reduces GnRH and LH release [ 7 ,  8 ]. Since 
corticotrophin-releasing hormone (CRF) is the specifi c hypothalamic stimulating 
factor for ACTH, elevation of ACTH in response to stress is anticipated by the ele-
vation of CRF stimulation. The evidence of a central site of action for CRF in block-
ing GnRH-induced LH release is demonstrated by the fact that CRF antagonists 
reverse the stress-induced LH decrease in rats [ 7 ]. CRF elevation as adaptative 
response to stress is also responsible for the increase of central ß-endorphin (ßEP) 
release. This last is probably the most important peptide of the endogenous opioid 
peptides (EOPs) family and is a potent inhibitor of GnRH-LH secretion. Because of 
this evidence, a connection has been suggested between the activation of the 
hypothalamus- pituitary-adrenal (HPA) axis and the stress inhibition of the 
hypothalamus- pituitary-gonadal (HPG) axis [ 9 ]. Since naloxone, a specifi c opioid 
receptor antagonist, is able to counteract the CRF-induced LH secretory blockade 
[ 10 ], opioid peptides have been considered the key factor of the stress-induced inhi-
bition of the HPG axis. 

 Peripheral hormonal signals such as glucorticoid hormones or prolactin (PRL) 
are also activated by stress and are able to act as stress-induced hormonal signal. 
In fact, cortisol itself exerts a suppressive effect on GnRH-stimulated LH release 
in rats [ 11 ], and such an action is mainly played at the pituitary level, but it cannot 
be excluded that an additional negative effect may be present on extrapituitary 
areas, indirectly inhibiting LH secretion [ 12 ]. Also prolactin is increased and 
responds to external stimuli, including emotional and physical events as well as 
internal rhythms such as sleep. This mechanism has been extensively studied in 
rats [ 13 ] and is mediated by the activation of several stimulating factors like 
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thyrotropin-releasing hormone, vasoactive intestinal peptide, and oxytocin or by 
the failure of the dopaminergic control. In any case, the fi nal result of stress-
related hormone responses is a negative effect both on gonadotropin secretion and 
on gonadal steroid biosynthesis.  

9.3     Neuroendocrine Mechanism of Hypothalamic 
Amenorrhea 

 Hypothalamic amenorrhea [ 14 – 16 ] is a model of hypogonadism characterized by 
several neuroendocrine aberrations, which occur after a relatively long period of 
time of exposure to a repetitive and/or chronic stressor(s) to affect the neuroendo-
crine hypothalamic activity [ 17 ,  18 ] as well as the release of several hypophyseal 
hormones [ 9 ,  16 ,  18 – 21 ]. The reproductive axis is severely altered in these patients, 
and both the opioid and dopaminergic systems have been proposed as potential 
mediators of stress-related amenorrhea in humans [ 22 ,  23 ]. 

 As demonstrated in experimental animals, the EOPs exert an inhibitory effect 
on the episodic release of both GnRH and LH also in humans [ 24 ,  25 ], with some 
differences which are of great interest. When the specifi c opioid receptor antago-
nist naloxone is administered, it causes the increase of LH plasma levels during 
the late follicular and luteal phases of the menstrual cycle but not during the early 
follicular phase [ 10 ,  26 ,  27 ]. During postmenopause, the naloxone administration 
does not induce any LH release, but when patients underwent estradiol adminis-
tration, LH plasma levels diminished and the naloxone-induced LH response is 
restored, thus demonstrating that a tight relationship links opioidergic system 
with gonadal steroids especially estrogens [ 28 ] (Fig.  9.2 ). Also hypothalamic 
amenorrhea is not responsive to naloxone [ 29 ,  30 ], but after 2 months of hormonal 
replacement therapy, LH response to naloxone was recovered in at least 53 % of 
the patients [ 31 ].

   On this basis, several studies have been done on the effi cacy of opioid receptor 
antagonist on the restoration of a normal gonadotropin release and of menstrual 
cyclicity [ 31 – 33 ]. These data seem to confi rm that in stress-induced amenorrhea, 
opioidergic system can be antagonized by the chronic administration of naltrexone, 
an opioid receptor antagonist, independently from the body weight recovery. This 
last appears to be infl uenced by naltrexone centrally and/or by the increase of 
gonadal steroid plasma levels as soon as the menstrual cyclicity is restored, thus 
confi rming that opioidergic tone and/or steroid milieu is deeply involved in the 
modulation of the many central nervous system functions/activities such as the 
hypothalamic centers ruling food intake. 

 Also the dopaminergic system is involved in the negative modulation of GnRH 
release. In fact, the blockade of dopamine receptors by metoclopramide caused the 
increase in LH plasma levels in women with hypothalamic amenorrhea but not in 
eumenorrheic women [ 22 ], thus supporting the evidence of an impaired dopaminer-
gic activity in stress-induced amenorrhea. 
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 Impaired serotoninergic activity has been reported in hypothalamic amenorrhea. 
In fact, a blunted cortisol response to fenfl uramine, a serotoninergic agonist, has 
been demonstrated and related to an increased serotoninergic tone [ 34 ,  35 ]. 
Serotonin seems to participate to the stress-induced neuroendocrine events leading 
to the HPA axis impaired activity and interacts with EOPs in the regulation of the 
spontaneous GnRH-induced LH release. This interaction between the opioidergic 
and serotoninergic axes is supported by the fact that in normal subjects, fenluramine 
administration blocks the naloxone-induced LH secretion and determines the sig-
nifi cant increase of plasma ACTH and cortisol plasma levels [ 34 ,  35 ]. However, 
even though the administration of cyproheptdine cloridrate, a serotonin receptor 
antagonist, at the dose of 4 mg/day has been demonstrated to be effective in increas-
ing LH, FSH, GH, and fT3 plasma levels, no effect of cyproheptadine was observed 
on naloxone-induced LH response in patients with HA [ 36 ].  

9.4     Metabolic Signals as Stressors in Hypothalamic 
Amenorrhea 

 The mechanisms by which undernutrition and/or energy consumption causes 
the decrease in central drive to the reproductive axis are complex and also prob-
ably involve not yet known pathways. However, a clear correlation exists 
between the incidence of reproductive dysfunction and the severity of body 
weight loss [ 2 ,  37 ]. As mentioned above, the percentage of body fat lost seems 
to be a determinant for the induction of the blockade of the reproductive axis. In 
fact, the suppression of the central drive(s) to the HPG axis in undernutrition 
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takes place only when the lost of weight includes a signifi cant loss of body fat 
[ 37 ,  38 ]. An alternative hypothesis is that in the early stages of dieting or under-
nutrition, some physiological changes serve as signal to activate the suppression 
of the reproductive axis, and the more is the undernutrition state, the more pro-
found the block becomes, leading to a greater suppression of the HPG axis [ 5 ]. 
Among the signals that can trigger specifi c defensive hypothalamic behavior, 
there are both the low insulin and fT3 plasma levels [ 36 ]. The decreased fT3 
levels are defi ned as “low T3 syndrome,” and it occurs to protect the excessive 
consumption of energy for heating purposes. A higher amount of the biologi-
cally inactive reverse-T3 (rT3) is synthesized from fT4 deiodation, without any 
change on the feedback linking TSH and thyroid hormones [ 2 ,  36 ]. 

 The efficacy of dieting in inducing a specific central change is supported by 
several data on primates. One day after initiation of fasting, monkeys show a 
significant reduction of gonadotropin episodic discharge with the concomitant 
reduction of mean plasma concentrations of LH, FSH, and gonadal steroids 
[ 39 ]. Fasting- induced suppression of gonadotropin release results from a 
decrease in hypothalamic stimulation to the pituitary rather than from a 
decrease in pituitary responsiveness to endogenous GnRH [ 39 ]. Similar results 
were observed in humans [ 40 ], and it is of interest to observe that in hypotha-
lamic amenorrhea, LH more than FSH seems to be the more sensitive to the 
hypothalamus functional impairment, since only LH plasma levels are signifi-
cantly reduced [ 16 ,  19 ,  41 ]. These data have also enforced the possible exis-
tence of an additional system(s) modulating FSH but not LH episodic release 
from pituitary in humans [ 42 ,  43 ] (Fig.  9.3 ).
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  Fig. 9.3    Stress-induced neuroendocrine malfunction occurs only when such stressors act in a 
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9.5        Clinical Considerations of Stress-Induced Reproductive 
Impairment 

 All the above-discussed items are extremely important since they give us the clear 
idea that hypothalamus in females is a great “computer” that takes care of all inputs 
and defi nes specifi c outputs to monitor/modulate/regulate a lot of other biological 
functions such as sleep, glucose control, heart function, feeding, reproduction, and 
many others. This happens also in males, but it is incredibly active and sensitive in 
females. Try to think for a moment as if a human female is living, let us say 20 
thousand years ago. For that time, reproduction was probably the less important 
function since a human being (or a primate) could perfectly survive without repro-
duction and the survival of the single human being could not be guaranteed if repro-
duction 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 
ongoing (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 ovar-
ian 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-fi rst century is not as that many thousands years ago, but there 
are always a lot of stressful events that can trigger our hypothalamus and omeostatic 
system(s) and induce a blockade of reproduction. Although this has to be consid-
ered an incredibly well-designed defensive system, unfortunately, it might be acti-
vated in peculiar period of times 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 signifi cant delay 
in the occurrence of pubertal maturation up to 2–4 years [ 3 ,  44 ]. More or less, there 
is a delay of 5 months in the occurrence of menarche for each year of training [ 3 ]. 
Such observation resulted evidently in prepubertal/pubertal girls performing sport 
and dance training [ 3 ,  14 ,  44 ] and in young postmenarchal adolescents who reported 
the occurrence of amenorrhea. The meaning of this observation is quite 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 signifi cantly reduced or suspended. 
The presence of the right amount of fat is fundamental for pubertal development 
since it is considered as a specifi c and obliged reserve of energy that the body might 
need to have stored in case a pregnancy occurs within the very fi rst ovarian cycles 
[ 37 ,  44 ]. 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 to not be 
strenuous or stressful to avoid any confl ict with the maturation/activation of her 
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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 confl icting self-image.  

9.6     Putative Treatments for Hypothalamic Amenorrhea 

 It results quite clear that the scenario of the physiopathological factors that trigger 
the occurrence of the hypothalamus-pituitary blockade is quite large and that most 
of the factors involved are tightly interconnected with each other. On the basis of 
what was previously known and on what our group investigated in the recent years, 
a sort of schematical and putative list of therapeutic actions can be proposed, as 
listed in Table  9.1 .

   Although schematisms might suggest that things are much easier than what the 
reality is, this chapter will try to give some therapeutical advice to help in choosing 
the therapeutical approach/strategy according to the area on which it has to act. 

9.6.1     CNS Peptides (Opioids, CRF) 

 As previously described, the hypothalamic nuclei that secrete GnRH are modulated 
by a large variety of peptide, neuropeptides and amines. In these last decades, vari-
ous studies have clearly demonstrated that stress induces a higher production of 
endogenous opioids (mainly beta-endorphin) that negatively affect GnRH produc-
tion and discharge. Moreover, stress induced by dieting and/or excessive energy 
expenditure, such as in athletes and dancers, triggers similar neuropeptides with the 
addition of the negative modulation induced by the lack of energy availability (i.e., 
reduced fat mass, feeding using low caloric diet). In such conditions, it has been 
reported that acetyl- L -carnitine (ALC) administration up to 1 g every day is effec-
tive in inducing the recovery of the endogenous as well as the exogenous GnRH- 
induced LH secretion [ 45 ] and the restoration of the normal response to naloxone 
infusion [ 46 ]. It has been suggested that ALC has a pivotal role in the transport of 

   Table 9.1    Putative therapeutical strategies for stress-induced hypothalamic amenorrhea have to 
act on one or more of the following   

   CNS peptides (opioids, CRF) 

   Neurotransmitters, neuromodulators (DA, GABA, serotonin, etc.) 

   Various hormones (PRL, thyroid hormones) 

   Low-dose estrogenic priming 

   Feeding and/or energy balance (proteins, glucose, training) 
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activated fatty acids for β-oxidation to produce energy in the mitochondria, espe-
cially in dieting or impaired energy metabolism [ 45 ,  46 ]. In addition, acetyl groups 
derived from ALC are used inside the brain for inactivation of the amines and neu-
ropeptides (such as opioids) produced in higher amount for the stress [ 46 ]. Similarly 
to ALC, naltrexone cloridrate administration actively counteracts the negative mod-
ulation exerted by the stress-induced hyperproduction of opioidergic compounds, 
mainly β-endorphin [ 31 – 33 ]. Indeed, it has been demonstrated that in hypothalamic 
amenorrhea, naltrexone administration, a long-acting opioid receptor antagonist, is 
effective in restoring the hypothalamic GnRH discharge and ovulatory cycles in 
hypothalamic amenorrhea associated with weight loss [ 32 ], independently from the 
response observed to naloxone infusion before starting treatment [ 33 ]. This last 
study reported that the recovery of the ovarian function occurred in 80 % of the 
patients and resulted to be independent from the body weight recovery, which 
appeared exactly 3 months after the menstrual cyclicity was recovered [ 33 ]. 
According to preliminary data from our group, slightly higher clinical improvement 
has been observed when ALC and naltrexone cloridrate are administered together.  

9.6.2     Neurotransmitters, Neuromodulators (DA, GABA, 
Serotonin, etc.) 

 Among the mediators of the opiatergic and/or dopaminergic systems [ 22 ,  23 ] in 
HA, a role has been proposed for gamma-aminobutyric acid (GABA), a specifi c 
modulator of the physiological response to stress or on anxiety [ 47 ]. In fact, various 
acute and chronic stressors have been demonstrated to produce a rapid decrease of 
the activity of GABAergic pathways in primates and in humans [ 48 ,  49 ]. The fact 
that stress and anxiety stimulate both the secretion of corticotropin-releasing factor 
(CRF) and modulate GABAergic neurons suggests a possible functional interaction 
between these two systems. Indeed, GABAergic or benzodiazepine receptor- 
mediated mechanisms inhibit CRF release [ 50 ], and anxiolytic benzodiazepines can 
reverse or antagonize in experimental animals several CRF-mediated behavioral 
effects that are thought to be related to stress [ 51 ,  52 ]. 

 A neurotropic compound, pivagabine (PVG), a hydrophobic-4 aminobutyric acid 
derivative [ 53 ], has been shown to exert specifi c effects on stress-induced activities 
in rats [ 53 ,  54 ]. Experimental data showed also specifi c inhibitory actions of PVG on 
some behavioral parameters in rats exposed to various stressors [ 55 ], probably acting 
indirectly on GABA receptor type A (GABA A ) [ 48 ,  49 ]. Since PVG prevents the 
reduction of hypothalamic contents of CRF and its discharge from hypothalamic 
neurons [ 56 ] in rats, it has been supposed that PVG might modulate the adaptative 
response to stress. When PVG was administered to a group of patients with 
HA-specifi c modulation of GH, ACTH, and cortisol secretions were observed [ 57 ]. 
The reduction of cortisol plasma levels is a clear marker of the neuroendocrine mod-
ulation exerted by PVG, since patients with HA have usually cortisol plasma levels 
at the higher level from the normal range. These data sustained the role of anti-stress 
activity of PVG on patients with highly activated HPA axis [ 57 ,  58 ] and quite often 
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in the presence of a disturbed metabolic balance [ 59 ], being all of them causal factors 
of the reproductive failure of these patients. In addition, PVG has been reported to 
reduce anxiety and depression in postmenopausal women [ 60 ]. Probably PVG mod-
ulates the release of hypothalamic CRF and/or pituitary ACTH, and this last observa-
tion is in agreement with the fact that the increased GH release might also be related 
to the PVG-induced decrease of CRF hypothalamic tone. In fact, CRF is involved in 
GH regulation, and acute CRF administration inhibited GHRH-induced GH secre-
tion probably though a higher somatostatin release [ 57 ,  61 ]. 

 As previously reported, serotonin has been attentively studied, and although it 
modulates the opioidergic control of GnRH secretion, no specifi c treatment has 
been found to be effective on restoring a normal control of ovarian function in 
patients with HA. In fact, even though the administration of cyproheptdine clo-
ridrate, a serotonin receptor antagonist, at the dose of 4 mg/day has been demon-
strated to be effective in increasing LH, FSH, GH, and fT3 plasma levels, no effect 
of cyproheptadine was observed on naloxone-induced LH response in patients with 
HA [ 36 ]. This indicates that probably the opiatergic hypertone in HA is really too 
high and diffi cult to block using “normal” doses of naloxone as those used for the 
diagnostic naloxone test. 

 On the contrary, in amenorrheic subjects with normal LH plasma levels, the 
short-term use of sibutramine, a serotonin reuptake inhibitor (SSRI) which nowa-
days is no longer available, induced the increase of LH plasma levels and the 
naloxone- induced LH response [ 62 ]. These data suggest that probably when the 
amenorrheic condition is not characterized by low LH plasma levels (i.e., LH 
>3 mIU/ml), the opioid negative tone can be blocked by a serotonin hyper-tone, thus 
increasing LH plasma levels and LH response to naloxone. All these data support 
the hypothesis that serotoninergic pathway is a modulator of the opioid system 
activity on GnRH-secreting neurons and that the chance to affect such modulation 
depends mainly from the tone of the opioid system, indirectly revealed by the LH 
plasma levels.  

9.6.3     Various Hormones (PRL, Thyroid Hormones) 

 Although HA is characterized by the ovarian function impairment and by the 
hypoestrogenic condition as a consequence of an impaired neuroendocrine control 
of gonadotropin secretion, some pituitary abnormalities can be induced also by 
other endocrine diseases. 

 Stressant conditions might be per se able to increase PRL plasma levels in most of 
the patients with hypothalamic amenorrhea, although in a certain part of them, PRL 
levels are normal or at the lower level of normality. PRL excess can be due also to an 
abnormal thyroid function. In general, both PRL excess and thyroid dysfunction are 
affective in inducing an impairment up to the blockade of the ovarian cycle. On such 
basis, it becomes evident that if PRL or thyroid disturbances are present, they have to 
be eliminated. Hypothyroidism is frequent, and it is characterized by the elevation of 
both TSH and PRL plasma levels. It is relevant to evaluate both hormones together 
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since hyperprolactinemia together with a normal TSH levels (i.e., below 4.5 μIU/ml) 
is highly suggestive for a stress-induced hyperprolactinemia (with PRL below 
30–35 ng/ml) or for a pituitary micro adenoma (with PRL above 40 ng/ml). 

 Elevation of PRL has to be treated with minimal cabergoline dosages, starting 
from 0.25 mg up to 0.5 mg two times a week. In this case, PRL has to be controlled 
after 3 weeks of treatment, and when PRL plasma levels are stabilized below 10 ng/
ml, cabergoline dosage can be reduced to the minimum (i.e., 0.25 mg two times a 
week). In case of hypothyroidism (i.e., TSH >4.5–5 μIU/ml) and hyper-PRL, caber-
goline has to be coupled with L-tiroxine, starting at 25 mg/die, and according to the 
TSH plasma levels observed during the following weeks, the L-tiroxine dose has to 
be increased up to the moment that the L-tiroxine dosage maintains TSH levels 
below 3 μIU/ml. 

 It is relevant to remember that in some conditions, HA patients show the so- 
called low T3 syndrome, a sort of defensive behavior that our biology adopts when 
chronic starvation/abnormal feeding/excess of training is present. In this case, TSH 
is normal, but the fT3 levels are low or very low (below 2.2 pg/ml). Being the “low 
T3 syndrome” a defensive adaptation due to the lack of energy, it is not convenient 
to treat these patients with L-tiroxine since the real treatment for these subjects is a 
more adequate feeding program and a consistent reduction of the physical activity 
(jogging, walking, going to the gym, etc.) [ 63 ].  

9.6.4     Low Dose Estrogenic Priming 

 It is well known that gonadal steroids (i.e., estrogens and progesterone) play a rel-
evant role on the modulation of the hypothalamus and pituitary functions. Almost 
three decades ago, it was supposed that treatment using weak estrogens, at low dos-
ages, could be effective in activating GnRH-induced LH secretion from gonado-
trope cells [ 64 ]. Indeed, epimestrol, a weak estrogen, was reported to restore LH 
secretion in amenorrheic or oligomenorrheic subjects. Recently, our group demon-
strated that the daily administration of estriol at the dosage of 2 mg/day for 8 weeks 
was effective in increasing both LH plasma levels and the amplitude of the sponta-
neous LH pulses [ 65 ]. In addition, estriol administration determined also a signifi -
cant increase of LH response to the GnRH exogenous infusion [ 65 ]. These data are 
of relevance since they clearly support the clinical hypothesis that estrogenic prim-
ing with a weak estrogen, as estriol is, induces a better activity from the 
hypothalamus- pituitary unit. Probably, these changes occur as a result of various 
events such as the increased sensitivity/number of GnRH receptors on the anterior 
pituitary cells [ 65 ], the increased amount of GnRH per single hypothalamic secre-
tory burst, similar to what occurs during the transition from the early to late follicu-
lar phase of the menstrual cycle, and a higher LH synthesis by the gonadotropes 
[ 65 ]. Preliminary data from our group seem to confi rm such results also using 
hyperlow doses of estradiol, as low as 1 μg (Guna Beta Estradiol D6), administered 
two times every day with sublingual adsorption. The hyperlow estradiol dose was 
effective in determining a signifi cant increase of LH plasma levels after 12 weeks of 
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treatment. This hyperlow estrogenic treatment is probably able to induce an effect 
at the hypothalamic and pituitary level similar to that hypothesized for estriol 
administration [ 65 ], which is an increased sensitivity to GnRH and a higher expres-
sion of GnRH receptors (Fig.  9.4 ), thus permitting the increase of LH synthesis and 
secretion.

9.6.5        Feeding and/or Energy Balance (Proteins, Glucose, 
Training) 

 Usually, patients suffering for HA take feeding and physical activity under perfect 
control. They do not eat as normally as they should do, and they train or do physical 
activity at a rate above the normal level. This coupling is classically the trigger of all 
the metabolic defensive behavior of their biology. 

 When a physician deals with a patient with HA, specifi c attention has to be given 
to a nutritional plan and to a clear suggestion to reduce the physical activity to the 
minimum or to suspend it. A psychological and a dietary support might be helpful 
for those patients who are relatively aware of the risks that their abnormal behavior 
might induce within a relatively long span of time [ 66 ,  67 ].   

  Fig. 9.4    LH and FSH plasma levels before and after 45 and 90 days after sublingual estradiol 
administration. The daily dose was 1 μg administered two times every day (* p  < 0.05 vs. baseline) 
(mean ± SEM)       
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    Conclusions 
 The importance of stress in determining amenorrhea is clear, and it remains of 
fundamental importance with the fact that whatever stressor(s) is, there is always 
a reduction of food intake inducing sooner or later an impairment of the central 
neuroendocrine modulation of the hypothalamus-pituitary-gonadal axis. In some 
cases, such as for athletes or dancers, excessive training and/or controlled/
reduced feeding may induce amenorrhea later than in non-exercising women. 
This might depend on the fact that training enables them to be physically more 
resistant to stressors and to stressant situations. In any case, the amenorrheic 
condition, especially the one related to weight loss and reduced hypothalamic 
function, deserves attention since it may be the prelude to anorexia or it may hide 
psychological or psychiatric diseases. The fact that amenorrhea is characterized 
by low estradiol plasma levels exposes all amenorrheic patients to all the risks of 
hypoestrogenemia such as reduction of bone density until osteopenia, increased 
total cholesterol, altered lipoproteins and abnormally reduced thyroid hormones. 
Greater attention has to be given to young girls starting sport activity, dance, or 
agonistic training. 

 In conclusion, hypothalamic amenorrhea has to be considered a complex dis-
ease occurring after (severe) stressant physical, psychological events, which are 
able to affect through the reduced food intake and/or energy availability the neu-
romodulation of the human reproductive axis.     
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        Maintaining body homeostasis is a prerequisite for normal reproductive function, 
which is vital for the survival of the species and an important process of natural 
selection. Body weight is an independent regulator of the hypothalamic–pituitary–
gonadal axis activity. 

 Eating disorders are psychological illnesses defi ned by abnormal eating habits 
that may involve either excessive or insuffi cient food intake to the detriment of an 
individual’s physical and mental health. 

10.1     Obesity and Menstrual Disturbances 

 Obesity is an abnormal accumulation of body fat usually 20 % or more over an individu-
al’s ideal body weight. The World Health Organization found that 9–25 % women were 
severely obese, meaning with grade IV obesity (body mass index (BMI) over 40 kg/m 2 ). 

 Adipose tissue represents an endocrine organ. Adipocytes, immune cells, con-
nective tissue matrix, nerve tissue, and stromal and vascular cells are involved in its 
function. White adipose tissue is made by 60–85 % lipid (90–95 % triglycerides). It 
provides as follows:

•    Heat regulation  
•   Body cushioning  
•   Energy storage    
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 Brown adipose tissue is important for non-shivering thermogenesis. In Table  10.1 , 
the effects of adipose tissue on gonadal axis are presented.

   Gonadal axis is closely linked to the nutritional status. Critical percentage of 
body fat is necessary for maintaining regular menstrual cycles. Gaining weight can 
be detected as stressor infl uencing gonadal axis. On the other hand, adaptive mecha-
nisms exist. In a moment of adaptive mechanism insuffi ciency, anovulation occurs 
and menstrual irregularities happen. 

 Lim et al. [ 1 ] showed the results of meta-analysis of overweight, obesity, central 
obesity in women with polycystic ovary syndrome (PCOS). They included 35 stud-
ies, on 15,129 women. Conclusion was made that women with PCOS had increased 
prevalence for overweight (1.95), obesity (2.77), central obesity (1.73), compared to 
controls. 

 The prevalence of obesity is increasing and has an important bearing on the phe-
notype of PCOS. Some studies suggested that higher body mass index is associated 
with greater prevalence of menstrual irregularities, hyperandrogenism, and hirsut-
ism, but more studies are required to confi rm this. 

 Increased BMI and visceral adiposity are associated with insulin resistance in the 
general population, but its effects on menstrual irregularities and hirsutism remain 
unclear. Lifestyle management results in weight loss and improve surrogate markers 
of metabolic disease [ 2 ]. 

 Polycystic ovary disease results from the interaction between androgen excess with 
environmental factors, such as abdominal adiposity, obesity, and insulin resistance [ 3 ]. 
It represents the major risk factor for diabetes mellitus. Obesity is an exacerbating factor 
in the development of type II diabetes mellitus. The risk of type II diabetes mellitus is 
markedly elevated in women with PCOS (Table  10.2 ) at middle age and therefore rein-
forces the need for routine screening of PCOS for diabetes over time [ 4 ].

   Besides diabetes, cardiovascular diseases represent the most important diseases 
as a consequence of obesity (Table  10.3 ) [ 5 ].

   In obese women with PCOS, hyperinsulinism is detected. It infl uences gonadal 
axis (Table  10.4 ).

   Insulin and LH infl uence steroidogenesis in theca cells from cholesterol to tes-
tosterone. These steps involve P450c17 alfa. Diamanti-Kandarakis E [ 6 ] showed 
insulin signaling defects in PCOS. 

  Table 10.1    Effects of 
adipose tissue on gonadal 
axis  

 Fat cell steroid production 

 Insulin secretion 

 Androgen synthesis by the ovaries 

 Sex hormone binding globulin production by the liver 

  Table 10.2    Indications for 
screening for diabetes  

 Hyperandrogenism with anovulation 

 Acanthosis nigricans 

 BMI > 30 kg/m 2  or BMI >25 kg/m 2  in Asian population 

 In women with family history of diabetes mellitus type 
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 Growth hormone has a special role in maintaining body mass. Obesity is charac-
terized by decreased growth hormone secretion, while chronic starvation is charac-
terized by growth hormone resistance. IGF1 may be low in both extremes, and 
androgen levels may be abnormal. Free testosterone levels across the body weight 
spectrum are detected [ 7 ]. Pooled overnight, IGF1 levels were associated with 
pooled free testosterone levels across the body composition spectrum. 

 Visceral fat is the most signifi cant variable correlating with metabolic dysfunc-
tion in women with polycystic ovary syndrome [ 8 ]. 

 Adipose tissue secreted proteins are shown in Table  10.5 .
   Leptin is a protein produced by adipocytes. Leptin receptors are detected in the 

hypothalamus in close proximity to median eminence. It regulates food intake, 
energy expenditure, and body weight. 

 Leptin stimulates gonadotropin secretion at the hypothalamic and pituitary lev-
els. It directly modulates ovarian steroidogenesis. Pregnancy rate is modulated by 
leptin effects on the process of implantation and embryogenesis. 

   Table 10.3    PCOS-related coronary vascular diseases risks   

 Obesity 

 Cigarette smoking 

 Hypertension 

 Dyslipidemia 

 Subclinical vascular diseases 

 Coronary vascular diseases in male relatives younger than 55 years of age and female relatives 
younger than 65 years of age 

 At high risk: vascular or renal diseases, type II diabetes 

   Table 10.4    Effects of hyperinsulinism   

 Increases gonadotropin sensitivity to gonadotropin-releasing hormone (GnRH) 

 Activates ovarian insulin receptor to cause activation of the P450c17 enzyme 

 Activates insulin-like growth factor 1 (IGF1) receptor 

 Decreases sex hormone binding globulin (SHBG), insulin-like growth factor binding protein 1 
(IGFBP1) 

 Increases testosterone, estradiol (FSH induced), androstendione (LH induced) 

  Table 10.5    Adipose tissue 
secreted proteins  

 Leptin 

 Tissue necrosis factor 

 Interleukin 6 

 Macrophage and monocyte chemoattractant protein 

 Plasminogen activator inhibitor 

 Adiponectin 

 Adipsin 

 Resistin 
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 Benefi cial adipokines are those increasing tissue sensitivity to insulin (Table  10.6 ) 
[ 9 ]. Adiponectin has a direct effect on the late stages of folliculogenesis. It interacts 
with insulin and gonadotropin in inducing periovulatory changes in ovaries. In 
obese women with PCOS, hypoadiponectinemia is present.

   Low adiponectin increases tissue necrosis factor alfa, interleukin 6, and leptin 
leading to insulin resistance, hyperinsulinism, androgen excess, and abdominal vis-
ceral adiposity. Hypoadiponectinemia is in the vicious circle, unifying hypothesis 
explaining the interplay between PCOS and abdominal obesity. 

 Weight loss decreases leptin levels, free fatty acids, resistin, PAI, TNF alfa and 
interleukin 6 and increases adiponectin, improving insulin sensitivity and reducing 
infl ammation.  

10.2     Anorexia Nervosa and Menstrual Disturbances 

 Menstrual cycles often cease after 10–15 % decrease in normal body weight repre-
senting 5 % of all amenorrhea. Mechanisms involved in amenorrhea in anorexia 
nervosa include as follows:

•    Altered regulation of GnRH secretion  
•   Changes in the dopaminergic and opioidonergic system    

 Loss of weight can be understood as a stressor infl uencing the hypotha-
lamic–pituitary–gonadal axis. In paraventricular nucleus and lateral hypotha-
lamic area, cortico-releasing hormone (CRH) production increases, as well as 
proopiomelanocorticotropin and beta endorphin in arcuate nucleus, decreasing 
GnRH. Consequently, pituitary FSH and LH decrease and hypoestrogenism 
results with anovulatory cycles. Menstrual irregularities (oligomenorrhea and 
amenorrhea) represent stress disturbances that appeared due to maladaptive 
mechanisms (brake of adaptive mechanism) under the infl uences of too strong 
stressors or stressors of long duration. 

 Hormonal changes in anorexia nervosa are shown in Table  10.7 .
   Reduction of adipose tissue sirtuin 1 (SirT1) expression, which leads to histone 

hyperacetylation, ectopic infl ammatory gene expression, is identifi ed as a key 
regulatory component of macrophage infl ux into adipose tissue during overnutri-
tion. It regulates proinfl ammatory transcription in response to fatty acids hypoxia 
and endoplasmatic reticulum stress. In anorexia nervosa, a completely opposite 
process occurs.  

  Table 10.6    Benefi cial 
adipokines  

 Adiponectin 

 Visfatin (pre beta cell enhancing factor) 

 Omentin or intelectin 

 Vaspin–visceral adipose tissue- derived serpin 
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    Conclusion 
 Normal body weight is an important factor in regulating menstrual cycle through 
the hypothalamic–pituitary–ovarian axis. Prior to ovulation induction, weight 
has to be normalized. Regulating body weight will stop metabolic and cardiovas-
cular diseases, making better quality of healthier life.     
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  11      Neuroendocrine Basis 
of the Hypothalamus–Pituitary–Ovary 
Axis Aging                     

       Andrea     Giannini     ,     Andrea     R.     Genazzani     , 
and     Tommaso     Simoncini     

        The functional life of human ovaries is determined by a complex and yet largely 
unidentifi ed set of genetic, hormonal, and environmental factors. Women undergo 
menopause when follicles in their ovaries are exhausted. However, the clinical man-
ifestations experienced by women approaching menopause are the result of a 
dynamic interaction between neuroendocrine changes that take place in the brain 
with the reproductive endocrine axis governing the function of ovaries. 

 Although menopause is ultimately defi ned by ovarian follicular exhaustion, evi-
dence in humans and animals now suggests that dysregulation of estradiol feedback 
mechanisms and hypothalamic-pituitary dysfunction contribute to the onset and 
progression of reproductive senescence, independent of ovarian failure [ 1 ,  2 ]. 

 Understanding the mechanisms that propel women into menopause may offer 
opportunities for interventions that delay menopause-related increases in disease 
morbidity and thus improve the overall quality of life for aging women. 

 Results from epidemiologic studies give a median age of natural menopause 
(ANM) of 48–52 years among women in wealthy nations [ 3 ]. In a more recent 
meta-analysis of 36 studies spanning 35 countries, the overall mean ANM was esti-
mated at 48.8 years (95 % CI: 48.3, 49.2), with signifi cant variation by geographical 
region. ANM was generally earlier among women in African, Latin American, and 
Middle-Eastern countries (regional means for ANM: 47.2–48.4 years), while in 
Europe and Australia, ANM is later (ANM 50.5–51.2 years), and it presents increas-
ing trend for women in wealthy nations over the twentieth century; however, the 
interplay of biological and environmental factors behind regional differences and 
historical trends in the timing of menopause remains far from clear [ 4 – 7 ]. 
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 The timing of the ANM refl ects a complex interplay of factors from genetic and 
epigenetic, to socioeconomic and lifestyle factors. Heritability in menopausal age is 
estimated to range between 30 and 85 % [ 8 ,  9 ]. Women whose mothers or other 
fi rst-degree relatives were known to have early menopause have been found to be 
6- to 12-fold more likely to undergo early menopause themselves [ 10 ,  11 ]. 

 Linkage analysis studies pinpoint areas in chromosome X (Xp21.3 region) that 
are associated with early (<45 years) or premature (<40 years) menopause. A region 
in chromosome 9 (9q21.3) contains a gene that encodes for a protein of the B-cell 
lymphoma 2 (BCL2) family. BCL2 is involved in apoptosis and may thus be rele-
vant in determining menopause through follicular depletion [ 12 ]. Other linkage 
analysis studies have identifi ed a region in chromosome 8 that is associated with age 
at menopause. Interestingly, near this identifi ed DNA sequence is the gene encoding 
for gonadotropin-releasing hormone (GnRH) [ 13 ]. Other genes specifi c to ovarian 
function such as the follicle-stimulating hormone (FSH) and inhibin receptors have 
been shown to be associated with early and premature menopause [ 14 ]. Women 
who are carriers of the fragile X mutation and have an intermediate number of CGG 
repeats in their fragile X mental retardation 1 (FMR1) gene on their X chromosome 
have been observed to undergo premature and early menopause [ 15 ]. 

 Candidate gene association studies, looking at possible association between 
genes encoding with factors involved in reproductive pathophysiology and meno-
pause, have been disappointing, and most of them failed to identify associations or 
failed to be confi rmed in replication tests. 

 One of the starting points of deterioration of the HPO axis function is the exhaus-
tion of ovarian gametes, which are the key players in determining the timing of 
menopause, but it is not the exclusive determinant of female reproductive 
senescence. 

 The number of follicular cells is pre-set before birth, when oocytes expand to a 
maximum of six million to seven million at mid-gestation. Afterwards, a rapid loss 
of oocytes starts because of apoptosis, leading to a population of 700,000 at birth 
and of 300,000 at puberty. The continuing apoptotic loss, along with the use of 
oocytes during the 400–500 cycles of follicular recruitment taking place in a normal 
reproductive life, combined with the recruitment of multiple follicles per cycle, 
leads to fi nal exhaustion of these cells at midlife, determining menopause between 
45 and 55 years [ 16 ]. 

 In this view, lifespan of the ovaries is only marginally infl uenced by ovulation, 
while it mostly depends on the extent and rapidity of the apoptotic process of its 
oocytes, and molecular mechanisms regulating this process are still unknown. 

 Findings from previous studies support the hypothesis that the specialized granu-
losa and theca steroid-secreting cells, and not the oocytes, determine the coordi-
nated processes driving the menstrual cycle. Follicular cells are regulated by 
pituitary gonadotropins as well as by locally produced hormones. Loss of sensitivity 
to stimulating factors by follicular cells is thought to have a key role in ovarian func-
tion decline [ 17 ]. 

 In this view, the most relevant endocrine modifi cation throughout the meno-
pausal transition is the progressive decline in inhibin B and anti-mullerian hormone 
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(AMH), marking the decrease in follicle quantity and/or functionality and explain-
ing why fertility is impaired in women before any dysregulation in menstrual cyclic-
ity is seen [ 18 ]. 

 During the menopausal transition, the HPO axis undergoes signifi cant modifi ca-
tions, which are in part secondary to the declining ovarian function and that are 
partially directly related to hypothalamic functional changes [ 19 ]. 

 To this extent, increases of FSH concentrations can be detected in middle-aged 
women before estrogen declines or cycle irregularities are observed. Similarly, in 
this period, LH pulses secretion patterns are broader and less frequent. 

 Findings from experimental work in rat models suggest that an age-related 
desynchronization of the neurochemical signals involved in activating GnRH neu-
rons happens before modifi cations in estrous cyclicity. Several hypothalamic neuro-
peptides and neurochemical agents (glutamate, norepinephrine, vasoactive intestinal 
peptide) that regulate the estrogen-mediated GnRH/LH surge seem to diminish with 
age or lack the precise temporal coordination required for a specifi c pattern of 
GnRH secretion [ 20 ]. Disruption of this hypothalamic biological clock would lead 
to progressive impairment in the timing of the pre-ovulatory LH surge, which would 
add to the poor ovarian responsiveness typical of this reproductive phase. 

 Thus, it becomes clear that the endocrine modifi cations of perimenopausal 
period depend on the interplay of dysfunction of the ovaries and of the hypothala-
mus. A shortened follicular phase associated with elevation of FSH plasmatic con-
centrations is common for the early menopausal transitional period during which 
patients typically experience shorter cycle intervals and others menstrual 
irregularities. 

 Several experimental studies affi rm that shortened follicular phases are associ-
ated with accelerated ovulation, happening at smaller follicle size. The most plau-
sible explanation of this phenomenon is the loss of inhibin B production, leading to 
higher FSH release and therefore to an “overshoot” of estrogen production. This 
would facilitate and accelerate the achievement of the LH surge. 

 Throughout the menopausal transition, the age-related hypothalamic modifi ca-
tions determine a reduction in estrogen sensitivity and the LH surge becomes more 
erratic. Follicles also become less sensitive to gonadotropins, thus leading to luteal 
phase defect (LPD), anovulatory cycles and, therefore, to the fi rst menstrual irregu-
larities. Hypothalamic insensitivity to estrogens also explains why menopausal 
symptoms, such as hot fl ushes and night sweats, commonly appear at this stage, 
when women have rather high levels of estrogens, as well as why exogenous estro-
gens are effective in reducing the symptoms [ 21 ]. 

 The impairment of these regulatory and hormonal pathways partially explains 
why women experiencing hot fl ushes have a narrower thermoneutral region, so that 
minimal changes of core body temperature produce thermoregulatory mechanisms 
such as vasodilation, sweating, or shivering. Declining estrogens and inhibin as well 
as increasing FSH explain only in part the disturbed thermoregulation, which is 
associated with changes in different brain neurotransmitters (noradrenaline, beta- 
endorphin, dopamine, serotonine, NPY) and peripheral vascular reactivity [ 22 ]. 
This unbalance is one of the starting points to determine the onset of sleep 
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disturbances. Mood disorders such as depression and anxiety are not caused by 
menopause. However, predisposed women may experience their fi rst episode or a 
relapse during the perimenopausal transition. Muscle and joint pain is also part of 
the menopausal symptomatology, and it is closely related with hot fl ushes and 
depressed mood. Moreover, metabolic changes can occur, leading to increased body 
fat, which tends to redistribute from the periphery to the trunk, thus resulting in the 
development of visceral adiposity. In this view, the decline of the HPO axis function 
has a profound impact on different aspects of women’s life [ 23 – 25 ]. 

 At the time of the menopausal transition, lowered androgen concentrations may 
play a role in symptoms such as lack of energy and sexual dysfunction and may 
possibly contribute to long-term development of cognitive, metabolic, and mood 
disorders. Hypothalamic–pituitary–adrenal (HPA) axis hyperactivity has been dem-
onstrated in depression [ 26 ]. The end products of the HPA axis, glucocorticoids 
(GCs), regulate many physiological functions and play an important role in affec-
tive regulation and dysregulation. Despite DHEAS levels which markedly decrease 
throughout adulthood, an increase in circulating cortisol with advanced age has 
been observed in human and nonhuman primates [ 27 ]. In addition, unlike DHEA(S) 
concentrations that decline under conditions of chronic stress and medical illness, 
cortisol concentrations generally either rise or do not change, resulting in a decrease 
in DHEA(S)-to-cortisol ratios [ 28 – 31 ]. Therefore, it may be important to consider 
the ratio of both steroids in addition to their absolute concentrations. The resulting 
decrease in the DHEA-to-cortisol ratio may have drastic implications for many 
physiological processes, including learning and memory, a view that is supported by 
the fi nding that lower DHEA-to-cortisol ratios area associated with greater cogni-
tive impairment [ 32 ]. However, the relationship between steroidal concentrations 
and cognitive impairment is still debated. 

 In summary, menopausal transition is the consequence of gradual loss of ovarian 
function. This is the fi nal step in a long and irregular cascade of events taking place 
both in the brain and in the ovaries. Genetic factors infl uence the timing of this pro-
cess, but the key molecular pathways involved are yet unknown. Identifi cations of 
such factors would be invaluable to set new strategies to treat reproductive dysfunc-
tion and menopause-associated diseases.    
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  12      Androgen Replacement in Women: 
Safe and Efficacious?                     

       Nicholas     Panay    

        There has been a considerable amount of controversy over the last few years as to 
the precise role of endogenous androgens in women and the place of exogenous 
androgen replacement in women with distressing low sexual desire. What is not in 
dispute is that healthy young women produce approximately 100–400 mcg per day. 
This represents three to four times the amount of estrogen produced by the ovaries. 
Approximately half the endogenous testosterone and precursors are derived from 
the ovaries and half from the adrenal glands. 

 Testosterone contributes to sexual desire, arousal, and orgasm; clearly, there are 
other factors involved including psychosexual, physical, iatrogenic, and environ-
mental. It has been postulated that the decline in testosterone levels, which occurs 
throughout a woman’s lifespan [ 1 ] and particularly so after a surgical menopause 
when testosterone production decreases by 50 % within days of the surgery, can 
lead to a number of distressing symptoms (not just sexual) including reduction in 
well-being, energy levels, and mood. Additionally, there appears to be a synergistic 
effect of testosterone with estrogen in maintaining bone and muscle mass [ 2 ]. 

 In view of these apparently important functions of endogenous testosterone, it is 
perhaps surprising that there has been so little research into the sequelae of defi -
ciency (ironically less so than research into conditions of excess androgens such as 
polycystic ovarian syndrome). Equally surprising has been the dearth of develop-
ment of products specifi cally targeted at female androgen replacement. In the 
absence of research and development in these fundamental areas, it is not surprising 
that many women and practitioners still perceive testosterone as an entirely male 
hormone and testosterone replacement entirely within the domain of the 
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andrologist. There is also a considerable amount of suspicion that this “male” hor-
mone is worthy of consideration of replacement in women with an apparent defi -
ciency state. There are even accusations that low libido states have been invented by 
husbands, male physicians, or pharmaceutical companies hoping to capitalize on 
this “pseudo condition” with expensive drugs. 

 The immediate reaction of both patients and practitioners alike is “what are the 
risks” with concerns of hyperandrogenism, e.g., hirsutism, cardiovascular disease, 
and breast cancer usually at the top of the list. Concerns regarding side effects and 
long-term adverse events seem to ignore the following fact: genuine testosterone 
replacement aims to replace the defi ciency, not to create supra-physiological lev-
els. Women do not develop symptoms and signs of hyperandrogenism if levels are 
kept within the physiological range. There are no convincing prospective random-
ized data of physiological testosterone replacement showing an association with 
cardiovascular or breast disease. The observational data from the nurses’ health 
study [ 3 ] (in which uncontrolled use of various androgen preparations occurred) 
suggesting an increased risk are counterbalanced by other studies suggesting there 
may even be a benefi t [ 4 ]. The small number of excess breast cancer cases reported 
in a transdermal testosterone study is likely to have been due to chance in a study 
not powered to look at this as a major outcome measure [ 5 ]. However, the current 
philosophy of the regulatory authorities with regard to testosterone and the poten-
tial for adverse events seems to be that absence of evidence for long-term harm is 
not evidence of absence. 

 One of the diffi culties in the development of these products has been the lack of 
consistently accepted and validated rating scales for libido and quality of life. 
There have been concerns about some of the more recently developed question-
naires (accepted by the American Psychiatric Association) because of the involve-
ment of pharmaceutical companies. It is my view that these prejudices are stifl ing 
the development of validated tools of assessment and the subsequent development 
of appropriate products for the treatment of a group of women who have a genuine 
defi ciency state. Averaged outcomes from the small randomized trials conducted 
thus far have not been striking, yet these treatments, appropriately targeted in the 
clinical situation, can have life-transforming effects. Women who particularly 
seem to benefi t are those young surgically or otherwise iatrogenically menopausal 
who feel persistently tired and lacking in libido despite adequate estrogen therapy. 
Androgen replacement appears to give them back their zest for life, or better still, 
their “joie de vivre” [ 6 ]. 

 So what is available to women and their physicians? The implanted pellets of 
testosterone were available in a number of countries for many decades, with some 
notable exceptions (e.g., the USA). While being a convenient and highly effective 
way of replacing both estrogen and testosterone over periods of 6 months [ 7 ], these 
pellets tied the patient to her physician, lacked fl exibility to change the dosage and 
delivered, in the standard 100-mg pellet, supraphysiological levels of testosterone. 
These pellets are no longer available in a licensed formulation purely for commer-
cial reasons, leaving many women who have failed androgen therapy with other 
options in a very diffi cult position. This has opened the door to compounding 
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pharmacists with concerns about the quality, consistency, effi cacy, and safety of 
their androgenic products. 

 The transdermal testosterone system met with mixed success and has now been 
discontinued, again due to commercial reasons. Intrinsa® was licensed in Europe 
for the treatment of hypoactive sexual desire disorder (HSDD – low sexual desire 
which distresses the individual) in surgically menopausal women receiving con-
comitant estrogen therapy. It was hoped that following further randomized trials, 
licensing would be extended to naturally menopausal and testosterone-alone 
usage [ 5 ,  8 ]. 

 In its medical review of Intrinsa®, the FDA raised concerns specifi cally about 
the unknown risks of chronic use of this hormone. Concerns were raised because 
androgens could be aromatized into estrogens and that adding further hormone to 
estrogen therapy might have similar and unanticipated adverse events (FDA Summ 
2004) [ 9 ]. Also, the FDA raised concerns regarding long-term safety in terms of 
endometrial cancer (should the product be used without the license guidelines). 
Intrinsa was never licensed in the USA. In Europe, the outcomes of the system were 
monitored by phase IV trial surveillance. Despite no problems having been identi-
fi ed (apart from skin site reactions), the product license was voluntarily withdrawn 
by Warner Chilcott pharmaceuticals. A recent meta-analysis of the benefi ts and 
harms of systemic female testosterone therapy in postmenopausal women has not 
identifi ed any major adverse effects although minor effects such as excess hair 
growth have been reported [ 10 ]. Despite the reassuring data, there are no licensed 
androgenic options available for women globally. 

 Other preparations, injectables, patches, and gels licensed for male androgen 
replacement are now being used off label by specialists trying to offer their patients 
alternatives to the absence of licensed products. This often leads to confusion of the 
pharmacist and patient in trying to get the preparation and the dosage right, leading 
to reduced confi dence in usage and discontinuation of therapy. Even if therapy is 
successfully commenced by the specialist, the primary care practitioner often 
refuses to continue the prescription for the patient citing cost, lack of familiarity 
with the product, and inexperience in the whole area of HSDD. 

 In some countries, DHEA is a popular alternative to transdermal testosterone. 
Although initial data seem to be encouraging [ 11 ], larger prospective trials have been 
called for to confi rm effi cacy and safety; effective meta-analysis of the existing data 
is currently not possible [ 12 ]. Further development should include vaginal use of 
DHEA, which seems effective when inserted daily and may have some advantages 
over vaginal estrogen in women at risk of estrogen-sensitive malignancies [ 13 ]. 

    Conclusion 
 It is high time that universally accepted and validated general quality and sexual 
quality of life tools were used in large enough populations to confi rm the mor-
bidity that androgen defi ciency can create. Further randomized trials of andro-
gens in women are required of suffi cient magnitude and duration to satisfy the 
regulatory authorities. Unfortunately, the results of a recent long-term random-
ized trial of testosterone gel that studied major cardiovascular endpoints as well 
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as effi cacy as major outcome measures were never published [ 14 ]. It is vital that 
these and other data are brought into the public domain to confi rm the effi cacy 
and safety of androgens. This will ensure that women who would genuinely ben-
efi t from this type of replacement are not denied an intervention that could safely 
produce life- transforming effects.    
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