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Preface

Proceedings of the International Society of Gynecological 
Endocrinology (ISGE) Winter School 2017

This volume contains the lectures presented at the 6th ISGRE 2017 Winter School, 
held in Madonna di Campiglio between 22 and 26 January 2017.

Important recent developments in our knowledge of premenopause and meno-
pause, with their respective clinical implications and therapies, have encouraged the 
faculty to organize this Winter School. The following chapters have been selected:

•	 Menopause: symptoms and neuroendocrine impact: endocrine and neuroendo-
crine biological changes from menopause to aging—brain impact of sex steroids 
withdrawal of the menopause—importance and modern management of climac-
teric symptoms

•	 Intracrinology: its role in menopause
•	 Menopause: bone and cardiovascular impact: how to maintain healthy bones 

after menopause—the effect of menopause and HRT on coronary heart disease—
how to prevent cardiovascular disorders: influence of gonadal steroids

•	 Menopause symptoms: the optimal therapies—recent changes and advances
•	 The breast: benign breast diseases, BRCA mutation, and breast cancer
•	 Infertility in late reproductive age: importance of autoimmunity—treatment after 

the age of 40—oocyte donation in menopausal women
•	 Thyroid function and pregnancy outcome after ART—what is the evidence? 

Thyroid disorders in climacteric women
•	 Polycystic ovary and metabolic syndrome: implications of cardiometabolic dys-

function—metabolic changes during menopausal transition—role of Metformin 
in climacteric women—weight and body composition management after 
menopause

•	 Surgical challenges after menopause: problems and solutions linked to them pel-
vic floor, bladder dysfunction, and urinary incontinence
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Bern, Switzerland
Pisa, Italy

Martin Birkhaeuser
Andrea R. Genazzani

On behalf of the ISGRE faculty, it is our pleasure to invite you to profit from the 
accumulated scientific and clinical knowledge assembled in these proceedings of 
our highly successful Winter School 2017.

Preface
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1Intracrinology: The New Science of Sex 
Steroid Physiology in Women

Fernand Labrie

1.1	 �Introduction

As example of the traditional mechanisms of endocrinology, the estrogens secreted 
by the ovaries are distributed by the bloodstream to all tissues of the body, thus leav-
ing the tissue specificity to the presence or absence in each cell of various concen-
trations of estrogen receptors. Accordingly, in premenopausal women, the ovarian 
estrogens are distributed through the blood from which they control the menstrual 
cycle, fertility, development of the sex organs and breast, pregnancy, and lactation.

The situation, however, changes abruptly at menopause when the secretion of 
estradiol (E2) by the ovaries stops and dehydroepiandrosterone (DHEA) becomes 
the exclusive source of sex steroids made intracellularly in each peripheral tissue 
independently from the ovary [1].

It is in fact remarkable that women and men, in addition to possessing a highly 
performant endocrine system, have largely invested in sex steroid intracrine forma-
tion in peripheral tissues, especially in women [1, 2]. In fact, while the ovaries and 
testes are the exclusive source of sex steroids in species below primates, the situa-
tion is very different in women and men and higher primates where the active sex 
steroids are in large part or wholly synthesized locally in peripheral tissues from 
DHEA by intracrine mechanisms, especially after menopause [1, 3–5]. In fact, all 
androgens in women before and after menopause are synthesized from DHEA in 
peripheral tissues, while, after menopause, E2 is also exclusively synthesized from 
DHEA by the intracrine enzymes [1, 3, 4, 6].

Intracrinology operates in each cell in each tissue using the highly sophisticated 
mechanisms engineered over 500 million years and able to adjust both the 
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intracellular formation and inactivation of sex steroids to the local needs, with no 
biologically significant release of active estrogens or androgens in the circulation 
[1, 3, 6], thus avoiding systemic exposure to circulating E2 and testosterone. This 
situation is very different from all animal models used in the laboratory, namely, 
rats, mice, guinea pigs, and all others (except monkeys) where the secretion of sex 
steroids takes place exclusively in the gonads with, in addition, a lack of sex steroid-
inactivating enzymes [7, 8]. Such fundamental differences in sex steroid physiology 
between the human and the lower species markedly complicate the interpretation of 
data obtained in laboratory animals and very seriously limit their relevance to the 
human.

Long life after menopause is a recent phenomenon resulting from the impressive 
progress of medicine and sanitary measures which have succeeded in markedly 
prolonging life. In fact, life expectancy in US women has gone from 47 years in 
1900 to about 79  years in 2015, for a gain of about 32  years of additional life 
achieved over a period of only 115 years, such a dramatic increase being equivalent 
to an average of 3.3 months of life added at each calendar year. In fact, women now 
spend one third of their lifetime after menopause. Consequently, since the meno-
pausal symptoms and signs caused by sex steroid deficiency are a relatively recent 
phenomenon, evolution did not have sufficient time to develop proper control mech-
anisms able to increase DHEA secretion by the adrenals when the concentration of 
DHEA in the circulation becomes low. In fact, the secretion of ACTH which is the 
stimulus for both cortisol and DHEA secretion by the adrenals is exclusively con-
trolled by the serum levels of cortisol (Fig. 1.1).

The advantage of sex steroid medicine is that accurate and reliable assays of sex 
steroids as well as their precursors and metabolites are available [9–17]. With the 
possibility of a precise knowledge about the serum levels of sex steroids, specific 
sex steroid replacement therapy can be prescribed with precision in response to 
well-quantified needs. The treatment of sex steroid deficiency is somewhat facili-
tated by the fact that DHEA is the unique source of both androgens and estrogens 
after menopause, while each target tissue makes its proper adjustments to the local 
requirements [5] (Fig. 1.1).

In vulvovaginal atrophy (VVA), the local replacement of the missing DHEA 
responsible for VVA symptoms is further facilitated by the strictly local action fol-
lowing intravaginal administration of low dose DHEA [18–23]. It should be remem-
bered that the radioimmunoassays traditionally used to measure serum sex steroids 
had low specificity, thus giving misleading and impossible to validate values, espe-
cially at the low concentrations of serum testosterone and E2 present in postmeno-
pausal women [15–17, 24, 25].

The purpose of this review is to summarize the data describing the highly sophis-
ticated, uniquely efficient, and safe mechanisms of intracrinology, which are spe-
cific to the human. This review should indicate the dramatic differences between the 
intracrinology of DHEA and the classical endocrinology of estrogens, which is 
limited to premenopause.

F. Labrie
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1.2	 �Androgens Are Made Intracellularly from DHEA 
During the Whole Life in Women

It is important to indicate that postmenopausal women make approximately 50% 
as much androgens as observed in men of the same age. As mentioned above, all 
androgens in women are made from circulating DHEA [4]. About 80% of the 
serum DHEA in postmenopausal women is from adrenal origin, while approxi-
mately 20% originates from the ovary [5, 26–30] (Fig. 1.1). Since serum DHEA 
starts decreasing at the age of about 30 years [31, 32] with an average 60% loss 
already observed at time of menopause [28], women are not only missing estro-
gens after menopause, but they have been progressively deprived from androgens 
for about 20 years [4].

DHEA is the unique source
of androgens in women
(Intracrinology)

New findings:

INTRACRINOLOGYGnRH

CRH

ACTH

Adrenal
~80%~20%

Cortisol

Aldosterone

LH

Intracrinology

DHEA

DHTE
2

Peripheral tissue

Androgens
+

Estrogens
(Intracellular only in specific tissues
containing the appropriate enzymes)

Ovary

NOVEL

DHEA

–

Fig. 1.1  Schematic representation of the adrenal (~80%) and ovarian (~20%) sources of DHEA 
in postmenopausal women. While the circulating levels of serum cortisol control the secretion of 
adrenocorticotropin (ACTH), ACTH stimulates the secretion of both cortisol and DHEA (dehydro-
epiandrosterone) by the adrenals. DHEA, however, has no influence on the secretion of ACTH. The 
secretion of DHEA is thus exclusively regulated by the serum levels of cortisol. GnRH 
gonadotropin-releasing hormone, E2 estradiol, DHT dihydrotestosterone

1  Intracrinology: The New Science of Sex Steroid Physiology in Women
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1.3	 �Serum DHEA Decreases Markedly with Age and Is 
the Main Cause of the Menopausal Symptoms

A problem which accompanies the relatively recent and ongoing prolongation of life 
is that the secretion of DHEA markedly decreases with age starting at about the age 
of 30 years [5, 31, 33]. Such a marked decrease in the formation of DHEA by the 
adrenals during aging [31, 34] results in a dramatic fall in the formation, and conse-
quently activity, of both estrogens and androgens in peripheral target tissues. This fall 
in serum DHEA is the mechanism most likely responsible for the increased incidence 
and severity of the symptoms and signs of menopause. It is thus reasonable to believe 
that the loss of bone, loss of muscle mass, hot flashes, VVA, and sexual dysfunction, 
which often occur before the decrease in estrogen secretion by the ovaries, are sec-
ondary to the premenopausal decrease in the availability of serum DHEA [35].

1.4	 �At Menopause, DHEA Becomes the Exclusive Source 
of Both Estrogens and Androgens in Women

At menopause, or at the end of the reproductive years, the secretion of E2 by the 
ovaries usually stops within a period of 6 to 12 months. Thereafter, throughout post-
menopause, serum E2 remains at biologically inactive concentrations at or below 
9.3 pg/ml [3] but not 20 pg/ml as frequently used based upon inaccurate values 
obtained by immuno-based assays which lack specificity, thus giving approximately 
100% higher values than the accurate (MS)-based assays. This difference is due to 
unidentified compounds other than E2 which interfere in the assays. The mainte-
nance of serum E2 at low biologically inactive concentrations eliminates stimulation 
of the endometrium with the accompanying risk of endometrial cancer [36].

It is important to mention, at this stage, that the new understanding of the physiol-
ogy of sex steroids in women [5, 37] could only become possible following the avail-
ability of the highly sensitive, precise, specific, and accurate mass spectrometry-based 
assays validated according to the US FDA guidelines [9, 10, 13, 14, 16, 17, 28, 33, 
38]. Due to the low specificity and the inability of the radioimmunoassays tradition-
ally used to measure low serum sex steroids adequately, the above-mentioned 
MS-based assays had to be developed and validated to measure with precision and 
accuracy the low concentrations found in postmenopausal women [16, 24, 25]. 
Otherwise, intracrinology would not have been developed and applied to 
therapeutics.

1.5	 �Sophisticated Battery of Sex Steroid-Synthesizing 
Enzymes in Peripheral Tissues: Intracrinology

Starting approximately 500 million years ago [39, 40], evolution has progressively 
provided the peripheral tissues with the elaborate set of enzymes able to make the 
DHEA-derived sex steroids intracellularly, independently from serum estrogens, 
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thus avoiding a biologically significant release of active sex steroids in the circula-
tion [17]. Since 1988, the structure/activity of more than 30 tissue-specific genes/
enzymes has been elucidated (Fig. 1.2b) [2, 41–43]. A subsequent evolutionary step 
has been the ability of the adrenals of primates to secrete large amounts of the pre-
cursor DHEA that is used as the exclusive substrate by the steroidogenic enzymes 
to synthesize the required small amounts of intracellular estrogens and androgens 
[2, 7, 44, 45] (Fig. 1.2b). Humans, in common with other primates, are in fact unique 
in having adrenals that secrete large amounts of the inactive precursor steroid DHEA 

ESTRADIOL E2

E2

Endocrinology

Peripheral cell Peripheral cell

Intracrinology (Cell-specific exposure)
(Global

exposure)

DHEA

a b
DHEA FATTY ACIDS

DHEA-S
DHEA

TESTO

5-DIOL

DHT

17β HSD-1

3βHSD-1

17β HSD-5

17β HSD-5,15

17β HSD-7

17β HSD-5,15

17β HSD-5,15

17β HSD-1,7,12

17β HSD-2,9,10

17β HSD-2,9,10,14

17β HSD-2,9,10,14

17β HSD-2,4,8,14

3α HSD-1,3

5α reductase-1,2,3

(3α HSD-4)

3α HSD-1

3α -DIOL 3α -DIOL-G

3β -DIOL 3β -Diol-S

3α HSD-3

3β HSD-1
(3α HSD-3)

3(α     β)-HSE

3(α      β)
-HSE

3β HSD-1

3(α      β)HSE

17β HSD-7
3(a    β)

-HSE

3β HSD-1

17β HSD-2,4

17β HSD-2,10
4-DIONE

A-DIONE

Aromatase

Sα reductase-1, 2, 3

RoDH-1 RoDH-1

ADT

epi-ADT

Aromatase

E2 E2
E1 E1

E
1
S

E
1
S

E
2
S

E
2
S

E
1
-G

E
2
-G

E
1
-G

E
2
-G

E 2 E 2

ER ER

17β HSD-1,7,12

17β HSD-2,4,8,14

Sulfatase
Sulfo-
Trans-
ferase

Sulfo-
transferase

Sulfo-
TransferaseSulfatase Sulfatase

ADT-G

ADT-S

ACTION

Fig. 1.2  (a) In the endocrine system, estradiol interacts directly with the estrogen receptors with-
out any rate-limiting steps. (b) In the intracrine system, on the other hand, a much higher level of 
complexity is in operation with each cell controlling its level of exposure to estrogens and andro-
gens. The inactive steroid precursor DHEA is submitted to the sophisticated enzymatic control 
mechanisms expressed in each cell before locally providing a minute amount of estradiol which 
can then exert its cell-specific activity. Evolution, though 500 million years, has succeeded in 
engineering more than 30 different steroidogenic and steroid-inactivating enzymes which trans-
form DHEA, an inactive molecule by itself, into different intermediates and metabolites before 
ultimately making small specific amounts of estradiol and testosterone in agreement with the phys-
iology and needs of each cell. The human steroidogenic and steroid-inactivating enzymes expressed 
in in peripheral intracrine tissues. 4-dione, androstenedione, A-dione 5α-androstane-3,17-dione; 
ADT androsterone, epi-ADT epiandrosterone, E1 estrone, E1S estrone sulfate, E2 17β-estradiol, E2S 
estradiol sulfate, 5-diol androst-5-ene-3α, 17β-diol, HSD hydroxysteroid dehydrogenase, HSE 
hydroxysteroid epimerase, testo testosterone, DHT dihydrotestosterone, 3α-DIOL androstane-3α, 
17β-diol, 3β-DIOL androstane-3β, 17β-diol, RoDH-1 Ro dehydrogenase 1, ER estrogen receptor 
(modified from [3])
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with some DHEA secreted by the ovaries [5] (Fig. 1.1). These extragonadal path-
ways of sex steroid formation are particularly essential in postmenopausal women 
where all estrogens and all androgens are made from DHEA at their site of action in 
peripheral tissues [4, 5].

1.6	 �The Human-Specific Intracellular Steroid-Inactivating 
Enzymes Avoid Significant Release of Active Sex 
Steroids in the Circulation

A major pathway of final sex steroid inactivation in the human is glucuronidation, 
which occurs by the addition of a polar glycosyl group to small hydrophilic mole-
cules, thus facilitating their excretion [7] (Fig. 1.2b). The enzymes responsible for 
this transformation are members of the uridine diphosphate (UDP)-
glucuronosyltransferase (UGT) family [46, 47]. In the human, UGT enzymes are 
expressed in the liver and most extrahepatic tissues, including the kidney, brain, 
skin, adipose, and reproductive tissues [48]. As expected, the glucuronides and sul-
fates can be measured in the circulation which is their obligatory route of elimina-
tion [49]. The extrahepatic expression and activity of the UGT enzymes are major 
determinants for the local inactivation of the sex steroids in the human, thus playing 
an essential role in the regulation of intracellular sex steroid concentration and 
action [7]. These enzymes permit to maintain the serum levels of sex steroids at low 
and biologically inactive concentrations which characterize the normal postmeno-
pausal range, thus avoiding the risks of systemic exposure [7, 48]. The more water-
soluble glucuronidated and sulfated estrogen and androgen metabolites diffuse 
quantitatively into the general circulation where they can be measured accurately as 
parameters of global sex steroid activity before their elimination by the kidneys and 
liver.

1.7	 �Serum Estradiol After Menopause and Testosterone 
During the Whole Life Are Not Meaningful Markers 
of Sex Steroid Activity

An essential characteristic of postmenopause and intracrinology is the maintenance 
of serum E2 at postmenopausal or biologically inactive concentrations to avoid stim-
ulation of the endometrium and other tissues in the absence of luteal progesterone.

In agreement with the physiology of androgens mentioned above, it is not sur-
prising that despite long series of prospective and case-control cohort studies per-
formed during the last 30 years, a correlation between serum testosterone and any 
clinical condition believed to be under androgenic control in women has remained 
elusive. This is somewhat expected when one considers [4, 5] that the low serum 
testosterone concentration in women is a consequence of the small leakage into the 
extracellular milieu of some testosterone made intracellularly from DHEA [4, 6]. 
As examples, the correlation between serum testosterone and the incidence of 

F. Labrie



9

obesity, insulin resistance, sexual dysfunction, or other clinical problems believed 
to be related to androgens in women has always yielded equivocal results [28].

The recent understanding that serum DHEA but not serum testosterone is the 
source of intracellular testosterone in women provides an explanation for the lack of 
correlation reported between the serum levels of testosterone and the various tissue 
effects sensitive to androgens [4–6].

Due to the major role of circulating E2 of ovarian origin before menopause for 
control of the menstrual cycle, pregnancy, lactation, etc., the difference in the con-
centration of serum E2 between premenopause and postmenopause is very large. On 
the contrary, with serum testosterone, no significant change [29, 50] or a small 15% 
[51] or 22% difference [28, 33] has been reported between pre- and postmenopause. 
As mentioned above, the serum levels of testosterone in postmenopausal women are 
comparable to those in castrated men [33]. In intact men, on the other hand, serum 
testosterone is about 40-fold higher than in intact women due to the direct secretion 
of testosterone into the blood by the testicles [33].

Although measurement of the serum androgen metabolites is theoretically the 
best parameter of total androgenic activity, one would require access to the accurate 
assays of all the androgen metabolites. Until all such validated LC-MS/MS assays 
become available, it is likely that ADT-G can be used as a valid substitute [28]. It is 
in fact well established that the uridine glucuronosyltransferases 2 B7, 2 B15, and 2 
B17 (UGT 2B7, UGT 2B15, and UGT 2B17) are the three enzymes responsible for 
the glucuronidation of most if not all androgens and their metabolites in the human 
[7, 8].

On the other hand, an example of the usefulness of serum DHEA as parameter of 
total androgenic activity can be provided by the serum androgen concentrations in 
women with female sexual dysfunction (FSD). In fact, the androgen-responsive 
female sexual dysfunction (FSD) has shown the best correlation with low serum 
DHEA-DHEA-S [52–56].

1.8	 �All Sex Steroids Remain Within Normal Values 
with Intravaginal DHEA

Following description of the mechanisms of intracrinology, it is most appropriate to 
examine the serum levels of DHEA, E2, and the major estrogen metabolite estrone 
sulfate (E1S) in women treated daily for 12 week with 6.5 mg prasterone DHEA 
who had moderate to severe dyspareunia as their most bothersome symptom of 
VVA [17].

From a value of 4.47 ± 0.32 ng/ml at the age of 30–35 years (n = 47), serum 
DHEA decreased to 1.95 ± 0.06 ng/ml in 55–65-year-old women (n = 377) [57]. Of 
particular interest is the observation that a value of 2.75  ±  0.07  ng/ml DHEA 
(n = 690 women) [17] was observed in the group of postmenopausal women treated 
with DHEA (Fig.  1.3a). When treating VVA, E2 is the most interesting steroid 
which, as mentioned above, must remain within normal postmenopausal values to 
avoid systemic estrogenic stimulation [40]. In this context, it can be seen in Fig. 1.3b 
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that serum E2, after 12 weeks of daily intravaginal administration of prasterone, is 
measured at 3.36 ± 0.07 pg/ml (n = 694 women) [17] or 0.81 pg/ml (19.4%) below 
the normal serum postmenopausal value of 4.17 pg/ml [57].

Serum E1S is recognized as the best available parameter of global estrogenic 
activity. This steroid is in fact considered as a “reservoir” and an important marker 
for assessing women’s overall estrogen exposure [58]. Whereas serum E1S has been 
measured at an average of 220 pg/ml [57] in normal postmenopausal women, it can 
be seen in Fig.  1.3c that its concentration is somewhat lower (−5%) in women 
treated with DHEA at a value of 209 ± 6.47 pg/ml (n = 704 women) [17]. Since E1S 
is, to our knowledge, the best marker of total estrogenic activity, the present data 
obtained in a particularly large cohort of women (n = 704), very strongly support the 
well understood local action of intravaginally administered DHEA. This data also 
indicates that the 6.5 mg (0.50%) of DHEA (prasterone) administered locally in the 
vagina is only a partial replacement for the missing DHEA. Whereas there is some 
increase in serum steroids reflecting the partial replacement with intravaginal 
DHEA, all values are well within the normal and safe postmenopausal values.

In agreement with the maintenance of serum E2 within the normal postmeno-
pausal values, the absence of meaningful change in serum E1S, a well-recognized 
marker of total estrogenic activity, shows the absence of systemic estrogenic effect 
of intravaginal 0.50% (6.5  mg) DHEA [17]. These data essentially follow the 
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Fig. 1.3  Serum levels of DHEA (a), estradiol (E2) (b), and estrone sulfate (E1S) (c) in 30–35-year-
old women (n = 47) [57], postmenopausal women treated for 12 weeks with intravaginal 0.50% 
(6.5 mg) DHEA (n = 690–704) [17], and in 55–65-year-old women (n = 377) [57]. After 12 weeks 
of daily intravaginal treatment with 6.5 mg (0.50%) prasterone (DHEA), serum E2 was measured 
at 3.36 pg/ml [17] or 19% below the normal postmenopausal value of 4.17 ng/ml [57]. Similarly, 
estrone sulfate, the best recognized marker of global estrogenic activity, shows a serum concentra-
tion at 12 weeks of 209 pg/ml [57] or 5% below the normal average postmenopausal value of 
220 pg/ml [57], in agreement with the absence of systemic exposure to estrogens after daily intra-
vaginal 0.50% prasterone [17]
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mechanisms of intracrinology whereby the endometrium is protected from estro-
genic stimulation [40, 59]. Such a mechanism avoids any safety concern and 
explains the endometrial atrophy observed in all 668 women who had endometrial 
biopsy after daily intravaginal administration of DHEA, including 389 women 
treated for 1 year [59].

1.9	 �Serum E2 is Increased Above Normal  
with Low-Dose Intravaginal Estradiol

It is clear that the long-term consequences of increased serum E2 concentrations 
with local estrogens have not been investigated to the same extent as systemic estro-
gens. VVA, however, unlike hot flashes, is a chronic condition, which does not tend 
to diminish with time. Consequently, long-term treatment is needed for the treat-
ment of VVA since symptoms frequently recur following cessation of therapy [60]. 
It thus seems logical to avoid the use of intravaginal estrogen preparations which 
increase serum E2 concentrations. Unfortunately, even at the lowest effective doses 
so far used, serum E2 is increased [61–65]. Moreover, systemic effects on bone [66, 
67] and low-density lipoprotein cholesterol [68] have been reported at the daily 
7.5 μg intravaginal dose.

1.10	 �No Expected Safety Concern with the Exclusive  
Tissue-Specificity of Intracrinology Compared 
To Endocrinology

The control of DHEA action is completely different from that of E2 and testosterone, 
as well engineered by the 500 million years of evolution which have added 30 or 
more intracrine enzymes controlling DHEA action in the human. In fact, the essential 
characteristics which differentiate the exposure to E2 and testosterone from the expo-
sure to DHEA, an inactive compound by itself, derive from the major differences 
between endocrinology and intracrinology, which can be summarized as follows:

•	 In the absence of control of the local formation of estrogens and androgens, the 
estrogen and androgen receptors are activated in all cells exposed to blood E2 and 
testosterone (Fig. 1.2a): A well-known example of the relatively straightforward 
mechanisms of endocrinology is the ovary which synthesizes E2 from cholesterol 
and secretes E2 in the blood stream for distribution to all the tissues of the human 
body without discrimination. In all exposed target tissues, E2 has direct access to 
all estrogen receptors with no cellular control of the amount of active sex steroid 
reaching its receptor (Fig. 1.2a).

•	 By contrast, there is a very sophisticated control of sex steroid formation from 
DHEA with intracrine action. In fact, with the highly sophisticated intracrine 
system, the exposure to estrogens and androgens is rigourously controlled in 
each cell of each tissue which synthesizes only small amounts of these two 
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steroids intracellularly according to the local physiology and needs. In fact, using 
the inactive DHEA as precursor, each cell synthesizes the required limited 
amount of estrogens and androgens required by each cell. The intracellular trans-
formation of DHEA is thus completely dependent upon the activity of about 30 
steroidogenic and steroid-inactivating enzymes expressed at various levels in 
each cell of each tissue (Fig. 1.2b). Consequently, the transformation of DHEA 
is highly variable between the different tissues, ranging from no transformation 
in the human endometrium, a particularly well-known tissue, to variable levels in 
the other tissues (Fig. 1.2b).

•	 It is important to remember that intracrinology is human-specific. The best illus-
tration of the high tissue specificity achieved by intracrinology is the human 
endometrium where estrogens are highly stimulatory, whereas DHEA has no 
stimulatory effect because DHEA is not transformed into estrogens in the endo-
metrium. In fact, it is impossible to predict the level of transformation of DHEA 
into E2 and testosterone in any human tissue, except the endometrium.
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2.1	 �Introduction

Aging is strongly related to the female hormonal status; indeed it is well known how 
relevant the impact of the hormonal deficiency in the postmenopause is on the gen-
eral health of the woman. Aging and in particular the menopause transition are 
associated with the occurrence of the typical symptoms related to estrogen defi-
ciency such as vasomotor, genitourinary, and musculoskeletal symptoms [1–3]. In 
this period women become markedly vulnerable to cardiovascular diseases and neu-
rodegenerative disorders that, at this moment of women’s life, occur more fre-
quently than in men [4]. With the increase of life expectancy, in 2025 it is expected 
that there will be more than 1.1 billion in postmenopausal women and most of them 
will suffer from eating disorders and menopausal-related symptoms (Fig. 2.1).

This issue has a significant economic impact since it has been shown that the 
menopausal symptoms determine a 10–15% lower working efficiency, a 23% 
increase in terms of days of absence from work due to illness, and a 40% increase 
of health-related costs.
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2.2	 �Neuroendocrine Aging

The onset of menopause is mainly related to the biological delay of the ovaries and 
of the follicles. The number of follicles is determined before birth, when the oocytes 
are 6–7 million during mid-gestational development. Afterward, their number 
quickly reduces due to the mechanism of apoptosis, remaining approximately 
700,000 during infancy and 300,000 at puberty.

Postmenopause

Gonadotropins

Estradiol

Amh

Progesterone

Tsh

Ft3

Gh

Cortisol

Dhea/s

Fig. 2.1  Schematic representation of the main endocrine changes from perimenopause to 
menopause
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The continuation of the mechanism of apoptosis, with the loss of 400–500 eggs 
during each follicular recruitment cycle in reproductive life (sometimes involving 
multiple follicles in a single cycle), determines the functional breakdown of these 
cells close to the 45–50 years of age, thus inducing the onset of menopause. The 
time of ovarian function with few ovulations is mainly determined by the entity and 
rapidity of the mechanisms of apoptosis; it remains still unknown what triggers this 
process. The granulosa and theca cells determine, with their steroid synthesis, the 
process of the menstrual cycle, even in the presence of a highly reduced oocyte 
number that takes place at the beginning of the menopause.

Follicular cell function is regulated by the pituitary gonadotropins and by the 
hormones produced locally. Probably the reduced sensitivity of the follicular cells 
to stimulating factors can play a role in the decline of ovarian function. According 
to this hypothesis, the progressive reduction of both the anti-Müllerian hormone 
(AMH) and inhibin B levels is the most reproducible and consistent endocrine 
change observed during the menopausal transition, and this change is related to the 
decrease of the mass and/or follicular functionality and explains the reduction of the 
fertility before any changes in menstrual cycle take place.

During aging and particularly during menopausal transition, the hypothalamic-
pituitary-ovarian axis shows relevant changes that depend partially on ovarian func-
tion declines, but also on several functional changes at the CNS level, that are 
induced by the aging process [5]. According to this hypothesis, menopause similar 
to puberty may be affected by specific hypothalamic processes triggering and mod-
ulating the reproductive axis [5].

During perimenopause (i.e., 4–6 years before menopause), FSH increase can be 
identified in middle-aged women long before the evidence of the decrease of estro-
gen levels and/or the occurrence of menstrual irregularities. Similarly, luteinizing 
hormone (LH) secretion pattern changes during the menopausal transition with 
higher pulse amplitude and lower pulse frequency. Experimental studies on rats 
have suggested that age-related desynchronization in neurochemical signals, which 
are involved in the activation of GnRH neurons, may occur before the onset of the 
modifications of the estrous cycle.

Many neuropeptides and neurochemical molecules, i.e., glutamate, noradrena-
line, and vasoactive intestinal peptide that determine the estrogen-mediated GnRH 
and LH peaks, decrease with aging or modify the precise temporal correlation that 
is required for the specific GnRH secretory pattern. These changes at the hypotha-
lamic level could lead to the progressive modification of the LH pulsatile release 
and to a reduced ovarian responsiveness typical of this stage of female reproductive 
life. Therefore, as explained earlier, during the menopausal transition, many com-
plex endocrine modifications take place, typical of the last years of reproductive life 
and related to the hypothalamus and ovarian dysfunction. In general the menopausal 
transition is characterized by the reduction of duration of the follicular phase and 
the concomitant increase in FSH levels. This explains the shorter intervals between 
cycles that most of women have in this period of life. Cohort studies have 
demonstrated that the shortening of the follicular phases is associated with an 
acceleration toward ovulation of many small follicles. The most appropriate 
explanation of this phenomenon seems to be the reduced or complete loss of 
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production of inhibin B, which would lead to an increase of the release of FSH and, 
as a result, a sort of “hyperstimulation” inducing a relatively high production of 
estrogens. This should facilitate (and accelerate) the achievement of LH peak. Over 
time, age-related hypothalamic changes result in a reduction in sensitivity for 
estrogens and LH peak becomes increasingly erratic and unpredictable [6]. In 
addition, follicles become less sensitive to gonadotropins, determining luteal phase 
deficiency due to anovulatory cycles and triggering the first menstrual irregularities. 
At this moment of the menopausal transition, the inadequate hypothalamic 
sensitivity to estrogen causes menopausal symptoms, such as hot flashes and night 
sweats, though women still have relatively high estrogen levels [7, 8]. This situation 
explains why exogenous estrogen administration blunts most of the symptoms.

Natural menopause is the consequence of the loss of ovarian function. This is the 
result of a long cascade of events that occur in the ovaries and in the brain. In meno-
pause, estrogen secretion ends and sex steroids, necessary for the organism, con-
tinue to be produced locally.

Menopausal symptoms and related symptoms would be more intense, signifi-
cantly reducing quality of life and life expectancy, as soon as there is the reduction 
also of the action of estrogens and androgens produced specifically with the mecha-
nisms of “intracrinology” such as adrenal DHEA (80%) and ovarian DHEA (20%) 
[9, 10]. In other words, while menopause estradiol serum levels should remain 
below normal levels and with biologically inactive concentrations, the function of 
peripheral tissues (except the endometrium) requires physiological intracellular 
concentrations of estrogen and/or androgens. Indeed, clinical research focused 
almost exclusively on the blockade of the secretion of estradiol and progesterone by 
the ovary and consequently on the replacement of ovarian estrogens. The endoge-
nous decrease at very low levels of ovarian estradiol secretion at the time of meno-
pause is positive since it decreases and avoids the risk of endometrial hyperplasia 
and carcinoma, so we cannot consider it a complete negative event that requires 
estrogen therapy.

Several years ago Baulieu et al. [11, 12] demonstrated that brain cells can syn-
thesize numerous steroids, and after this study, many clinical and experimental stud-
ies have been performed showing interesting results. Baulieu [11], in the initial 
observations, measured the levels of dehydroepiandrosterone (DHEA) in the central 
nervous system (CNS) showing that DHEA levels were higher in the CNS than in 
serum and remained high even after removal of the adrenal glands. Later it was 
shown that the brain is responsible for the synthesis of DHEA. This type of steroids 
has been called “neurosteroids” to differentiate them from those steroids produced 
in the peripheral tissue. The main neurosteroids are DHEA and pregnenolone, 
DHEA sulfate (DHEAS), progesterone, deoxycorticosterone sulfate, and their 5 
α-reduced metabolites especially allopregnanolone (ALLO). They mediate their 
actions not through interaction with steroid hormone nuclear receptors, but with 
membrane receptors [13].

Although the role of neurosteroids is not yet well defined, many studies showed 
their main roles. In some neurodegenerative conditions (Alzheimer’s disease and 
Parkinson’s disease or multiple sclerosis) or other CNS pathologies (depression, 
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schizophrenia) or cerebral trauma pathologies, neurosteroid levels decrease; more-
over it has been demonstrated that they can play an important role in the modulation 
of glia and neuronal cells during intrauterine life, puberty, and adolescence or in 
response to emotional/cognitive stimulations. These data clearly means that the cen-
tral neurosteroidogenesis might influence or can be influenced by endogenous or 
exogenous circulating steroid levels [14].

Therefore, it is difficult to understand the functional significance of neurosteroids 
and to recognize, quantify, and diversify their central and peripheral endocrine glan-
dular secretion. There is evidence that local paracrine/autocrine effects and biosyn-
thesis of neurosteroids can quickly modify the neuronal function in a manner not 
achievable with other steroids. During menopause, the ovarian estrogen secretion 
blunts in all women, but not all of them suffer the typical climacteric symptoms and 
signs (75% of menopausal women show menopausal symptoms and signs of vari-
ous entities), and this event can be explained only considering other sources of 
alternative sex steroids. All tissues, except the endometrium, have specific enzymes 
that transform the DHEA into androgens and/or estrogens.

Humans and other primates are the only animals to have adrenal glands that can 
secrete amounts of inactive precursor of steroids, such as DHEA that as a prohor-
mone is converted into androgens and/or estrogens that are active on specific periph-
eral tissues in accordance with so-called intracrinology [9]. Our evaluation permitted 
the expression of steroidogenic enzymes, cellular specific, that in combination with 
a high secretion of DHEA can permit the production of amounts of intracellular 
androgens and/or estrogens.

During aging and the menopausal transition, neurotransmitters, neuropeptides, 
and neurosteroids undergo major changes as a result of reduced gonadal hormone 
production. Many activities of central nervous system deteriorate, particularly those 
associated with hippocampal functions like memory, attention, logic, and control of 
the autonomic nervous system.

Recently it has been proposed a relevant role of neurotransmitters on triggering 
menopausal symptoms. In fact, the menopausal transition is associated with a 
reduction in the levels of ALLO, mainly due to reduced ovarian progesterone syn-
thesis, and such event is the possible cause of the pathophysiology of mood disor-
ders during menopause. In addition, the synthesis of neurosteroids is critical for 
brain aging processes and related cognitive diseases. Neurosteroid concentrations 
were significantly reduced in the human brain affected by Alzheimer’s disease, and 
this reduction was correlated with the severity of the disease. According to these 
results on humans, a low basal level of ALLO was found in cerebral cortex of the 
transgenic rats’ brain with Alzheimer’s disease (3 TgAD), thus suggesting either an 
alteration of the production as well as an accelerated catabolism of allopregnano-
lone. Data derived from a comparative analysis of the allopregnanolone levels in the 
plasma and in the cerebral cortex of these mouse models have strongly suggested 
that the low levels of ALLO in the cerebral cortex represent a specific problem of 
CNS, since systemic levels of ALLO are normal.

The reduction of ALLO levels in the cerebral cortex of mice model with 
Alzheimer was evident even in animals treated with the ALLO; this probably could 
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be ascribed to the mitochondrial catabolism of neurosteroids. Inside the CNS, 
ALLO acts as a proliferative factor for the nerve stem cells and for the precursors of 
oligodendrocytes. ALLO reduces proliferation of the peripheral nervous system 
(PNS), where it promotes the proliferation of Schwann cells, the recovery of spinal 
cord damages, and regeneration of axons of the peripheral nerves. ALLO induces 
mitosis in the hippocampus and in  vitro cultured neurons. The cell proliferation 
induced by ALLO on undifferentiated cells derived from embryonic and adult rat 
neurons is between 20 and 30%, while the proliferation observed on undifferenti-
ated human nerve cells is about 37–49%.

Brinton [15] has recently assessed the potential treatment with ALLO to promote 
the regeneration of brain cells. ALLO seems to be able to reduce the impact of CNS 
diseases and to activate some mechanisms to repair and to regenerate CNS neurons. 
Moreover, the regenerative processes of neurogenesis and synaptogenesis reduce 
also the inflammation, and all these events support the potential use of the ALLO as 
a therapeutic agent to repair and regenerate.

In conclusion, during neuroendocrine aging the reduced levels of sex steroids 
induce greater changes in the production and clearance of several neurotransmitters 
and neuromodulators, implicated in the modulation of the hypothalamic-pituitary-
ovary as well as of hippocampal areas. After the failure of the ovarian activity, 
expression of steroid receptors, which are ubiquitous in the brain, is no longer being 
sustained, and consequently the equilibrium of CNS mechanisms that dominated 
throughout the fertile life is severely impaired [5, 16].

2.3	 �Adrenal Axis Aging

With menopause the ovarian activity and functionality progressively reduce, but 
also thyroid function and the levels of GH decrease, but the most relevant changes 
occur at the adrenal gland level. The aging process that begins in the third decade 
gradually leads to a reduction up to 50% of the adrenal androgen levels, in about 
20 years, due to the reduction of the function of the adrenal gland, even if in the 
presence of an adequate amount of estrogen.

Glucocorticoids, the final products of the hypothalamic-pituitary-adrenal axis, 
regulate many of our physiological functions by playing important roles on regulat-
ing the mechanisms. Experimental studies on human model and on primates have 
demonstrated that the concentrations of DHEAS significantly reduce during senes-
cence, while the circulating levels of cortisol increase with aging. The concentra-
tions of DHEAS reduce during chronic stress and diseases, while plasma 
concentrations of cortisol generally grow or remain stable, resulting in a reduction 
in DHEAS to cortisol ratio. DHEA/cortisol ratio is important and any reduction 
may indicate abnormal physiological processes, and this can induce impairment of 
mechanisms of learning and memory. Indeed low DHEA/cortisol ratio is associated 
with a greater cognitive impairment.

During aging across menopausal transition and postmenopause, plasma androgen 
concentration changes and becomes lower, particularly the level of DHEA/DHEAS, 
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while cortisol levels progressively increase over the years [17]. This leads to a relative 
hypercortisolism at the higher levels of normality, typical of the elderly that represents 
a biological mechanism defensive, although this event represents a metabolic and 
neurological imbalances trigger since hypercortisolism induces neurotoxicity over 
the years. This gradual increase of cortisol level, together with a reduction in the 
levels of DHEA and other adrenal androgens, causes significant changes.

The main effects of androgen deficiency in women are the sexual impairment, 
namely, to reduce the motivation, imagination, fun, and sexual excitement but also 
quality of life due to alterations of mood, irritability, and the reduction of energy. 
The lack of ovarian androgens, both the low DHEAS and adrenal androgen levels, 
induces functional changes and disorders to the limbic system, such as anxiety and 
insomnia, mood disorders, migraine and cefalea, depression, fatigue, decreased 
libido, and progressive loss of memory up to real dementia of the Alzheimer’s type 
[13]. It is well worth mentioning that in a recent study on patients with Alzheimer’s 
disease, a significant lower level of allopregnanolone was observed in the temporal 
cortex, than healthy controls, and another study already [18] showed a positive cor-
relation between DHEAS levels and the integrity of executive functions, the ability 
to concentrate, and working memory.

The changes that occur in the hypothalamus are responsible for vasomotor symp-
toms, associated with profuse sweating, hypertension, and obesity. Analyzing the 
biosynthetic pathway of adrenal steroid hormones, it has been observed that the 
onset of aging induces a progressive DHEA level decline, probably due to reduced 
expression and/or enzyme functions, while cortisol increases. As mentioned above, 
high plasma levels of cortisol are neurotoxic and in addition are also responsible for 
the increase of gluconeogenic processes as well as of hyperinsulinemia. There is 
also the increase of all anabolic processes and the reduction of the release of fatty 
acids from adipose tissue, a condition that affects the overall metabolism.

2.4	 �Thyroid Axis Aging

Thyroid function and the gonadal axes are related throughout the woman’s fertile 
period and their relationship is mutual [19, 20]. Thyroid hormones increase the 
synthesis of sex hormone-binding globulin (SHBG), testosterone, and androstene-
dione, reduce the clearance of estradiol and androgens, and increase the peripheral 
conversion of androgens to estrone [19]. In oocytes there are receptors for thyroid 
hormones that act synergically with follicle-stimulating hormone (FSH) for the pro-
duction of progesterone.

Estrogens induce the increase of the serum concentration of thyroxine-binding 
globulin (TBG), through higher liver synthesis, and this activity decreases soon 
after menopause onset.

Normal aging is accompanied by a slight decrease in pituitary TSH release and a 
reduction of thyroid iodine uptake, so there is reduction of peripheral degradation of 
T4, which results in a gradual age-dependent reduction in serum triiodothyronine 
(T3) concentration but with minimal changes of serum T4 levels. Dysfunction of the 
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thyroid axis is common in the general population and even more prevalent in the 
elderly, with an increased incidence of overt thyroid under- or overactivity [21]. 
This means that there are a significant number of patients with subclinical thyroid 
pathology, which is found in more than 10% of patients aged over 80 years [21].

In the “Colorado thyroid disease prevalence study,” it was demonstrated that 
there is a higher rate of elevated TSH plasma levels with age, ranging from below 
5% at 18–24 years to about 20% in women aged 74 and older. This occurs more 
frequently in women than in men [22].

Studies on relationship between menopause and thyroid function are few and do 
not allow to demonstrate whether menopause has any effects on thyroid regardless 
of aging.

In the Women’s Health Across the Nation study, a community-based multiethnic 
study of the natural history of the menopausal transition, it was observed that there 
was a 9.6% prevalence of TSH values outside the euthyroid range [23]. Although 
TSH was associated with abnormal menstrual bleeding and self-reported fearful-
ness, it was not associated with indicators of the menopausal transition, such as 
menopausal blockade of menstrual bleeding, menopausal symptoms, or reproduc-
tive hormone concentration.

Menopause is not strictly related to an increased or decreased risk of thyroid 
dysfunctions, and thyroid function is not directly involved in the pathogenesis of 
any complications of menopause with the exception for cardiovascular risk and 
bone metabolism that may be aggravated when hyperthyroidism or hypothyroidism 
occurs [24, 25].

Oral et al. [26] demonstrated that, in a population of climacteric women, clinical 
thyroid disease was found in 2.4% and subclinical disease in 23.2%, and in this 
group subclinical disease hypothyroidism (73.8%) is more frequent than hyperthy-
roidism (26.2%).

Another study reported that about 70% of the patients with hypothyroidism were 
over the age of 50 years at the time of diagnosis [27]. Primary hypothyroidism, the 
most common pathological hormone deficiency, occurs more often in women than 
in men and increases in incidence with age [28]. Like hyperthyroidism, the occur-
rence of hypothyroidism may be overt or subclinical (high TSH with normal free T4 
and free T3 concentrations). The symptoms of hypothyroidism and the effects on 
central nervous system and neuromuscular abnormalities such as depression, mem-
ory loss, cognitive impairment, general slowness, sensitivity to cold, and a variety 
of neuromuscular complaints are well known. Other symptoms of hypothyroidism 
similar to those that start in postmenopause are cardiopulmonary dysfunction, 
increased total cholesterol, and low-density lipoprotein (LDL) as well as reduced 
high-density lipoprotein (HDL) inducing increase of cardiovascular risk. Subclinical 
hypothyroidism occurs in 10% and more in women after the age of 60 [24, 25].

It is evident from what the above described that there are an unfavorable serum 
lipid profile, impaired heart function, an increase in systemic vascular resistance, 
and arterial stiffness, and due to changes of endothelial function, there is a higher 
risk of atherosclerosis and coronary artery disease as well as a higher risk to develop 
major depressive disorders.
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Similarly, the prevalence of hyperthyroidism increases with age up to 10%. 
Subclinical hyperthyroidism in iodine-replete areas changes from 3.9% in all ages 
to 5.9% in those aged 60 years and older. The prevalence was thought to be even 
higher than average in areas of iodine deficiency [27–29].

Common manifestations of hyperthyroidism may be confused with perimeno-
pausal symptoms including palpitations, nervousness, insomnia, easy fatiguability, 
excessive sweating, and intolerance to heat but also weight loss, systolic hyperten-
sion, tremor, and muscle weakness. Women with subclinical hyperthyroidism may 
have mild symptoms or signs. These dysfunctions favor resorption and bone forma-
tion and progressive bone demineralization.

Menopause may modify the clinical expression of some thyroid diseases, in 
particular the autoimmune ones. Indeed thyroid autoimmunity is more common in 
females than in males, probably for the direct effects of estrogens and androgens 
on the immune system. Serum thyroid autoantibodies are detectable in up to 25% 
of women over the age of 60 years, and autoimmune hyperthyroidism is eight to 
nine times more common in women than in men and increases with age [30]. It is 
clear that serum TSH investigation has to be checked at least once every 1–2 years 
in perimenopausal and postmenopausal women. Estrogen replacement therapy is 
useful in particular to postmenopausal women with subclinical or clinical 
hyperthyroidism, since bone loss is positively influenced by estrogens. In older age 
the need for iodine and l-thyroxine is reduced. Therefore, therapy needs to be 
controlled and adapted to the symptoms, and women with overt thyroid dysfunction 
should be treated.

2.5	 �Somatotropic Axis Aging

The growth hormone (GH)/insulin-like growth factor-1 (IGF-1) axis is an important 
regulator of growth and development during childhood and adolescence and con-
trols the nutritional status through the complex family of growth factors. Indeed 
chronic malnutrition, in particular lack of carbohydrates and amino acids, causes a 
marked reduction of IGF-1 plasma levels [31]. Catabolic conditions, such as hepatic 
failure, renal failure, inflammatory bowel disease, and malabsorption syndromes, 
are associated with low or very low plasma IGF-1 concentrations [32]. This axis 
also regulates body composition, metabolism, and aerobic capacity throughout life, 
increasing fat mobilization and decreasing body fat, adipocyte size, and lipid con-
tent. GH synthesis, assessed by measurement of serum IGF-1, the most sensitive 
marker of GH action, and its pulsatile release are regulated by the hypothalamic 
neuropeptides GH-releasing hormone (GHRH) and somatotropin release-inhibiting 
factor (somatostatin) and by gastric hormone ghrelin [33].

IGF-1 inhibits GH synthesis and release [34, 35], but also multiple negative feed-
back loops autoregulate the GH axis and a number of central neurotransmitter and 
neuropeptides are involved in GH regulation (a-adrenergic mechanisms, dopami-
nergic pathways, cholinergic pathways, stimulatory role of histamine and serotonin, 
endogenous opioids).
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Androgens and estrogens may play different roles in the regulation of somato-
tropic axis, because there is important gender dimorphism of GH secretion. Young 
women have 24-h integrated serum GH concentrations 50% higher than young men, 
due to higher incremental and maximal GH peak amplitudes, but there is no signifi-
cant difference in GH half-life, interpulse times, or pulse frequency between male 
and female [36, 37]. Human data suggest that GHRH is tonically secreted during the 
daytime in women but not in men. Levels of both GH and IGF-1 decrease during 
aging, in particular during the third decade, and reach a plateau during the seventh 
decade [38, 39]; however, endogenous GH status showed considerable variability 
[36, 40]. GH secretion shows a reduction of the nocturnal peaks of serum GH during 
adulthood, and these peaks are reduced in amplitude. Some individuals over the age 
of 40 release little GH during sleep [41].

This process of GH delay is termed “somatopause” and indicates the potential 
link between age-related decline in GH and frailty in older subjects.

Little is known concerning the biological effects of somatopause. Given that a 
number of factors are known to differentially stimulate GH/IGF-1 action and activ-
ity, it is perhaps unsurprising that the clinical impact of altered GH/IGF-1 levels in 
older age remains unclear [41]. The age-dependent decline in GH secretion is paral-
leled by changes in body composition, with a decrease in lean body mass and an 
increase in total body fat (especially intra-abdominal fat) [41].

GH secretory patterns differ between sexes; the spontaneous GH secretion 
decreases with aging, and it is less pronounced in premenopausal women (remaining 
relatively stable), until after the menopause, when GH levels significantly fall [38, 
42]. Estrogens are involved in the determination of body fat distribution, with 
greater accumulation of subcutaneous fat in the gluteofemoral region and less 
visceral fat mass than in men. With the menopause, estrogen deficiency may 
contribute, together with the aging-related GH decline, under estrogen modulation, 
to increase visceral fat deposition. Due to this, women tend to accumulate visceral 
fat. Body mass index is a major negative determinant of GH secretory burst 
amplitude [43].

Following the fifth decade, a reduction of sleep-related GH secretion has been 
observed. This is probably related to changes in sleep pattern associated with 
increasing age [44]. The negative impact of aging on GH secretion is twofold more 
evident in men than in premenopausal women of similar age [45]. Twenty-four-hour 
mean serum GH concentrations in premenopausal women remain relatively stable 
until the menopause, when these gender differences tend to disappear. The age-
related decline of GH secretion is coupled with a reduction of both IGF-1 and its 
binding protein IGFBP-3 [46].

The mechanisms underlying the reduced GH secretion are not clear, although an 
unbalanced secretion of hypothalamic GHRH and somatostatin into the portal 
circulation might be the cause. The pituitary remains responsive to direct stimulation 
by secretagogues, although some authors found a reduction in GH response to 
GHRH with increasing age [47, 48].

In studies where some inhibitory influences on GH secretion were removed, the 
acute GH response to GHRH is well maintained in old age. Co-administration of 
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compounds that are believed to suppress somatostatin, such as arginine, can restore the 
GH response in elderly subjects to levels similar to those observed in young adults [49].

Thus, the available data suggest that the effect of age upon spontaneous and 
stimulated GH secretion probably includes an increase in somatostatinergic tone, 
although a decline in GHRH (or other stimulating factors) may participate to this 
process. The former could be due to the hypothalamic cholinergic hypoactivity that 
has been described in aging [50].

�Conclusions

The functional life of human ovaries is determined by a complex and yet largely 
unidentified set of genetic, hormonal, and environmental factors. Women undergo 
menopause when follicles in their ovaries are exhausted. However, the clinical 
manifestations 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 defined by ovarian follicular exhaustion, 
several lines of scientific evidence in humans and animals now suggest that 
dysregulation of estradiol feedback mechanisms and hypothalamic-pituitary 
dysfunction contributes to the onset and progression of reproductive senescence, 
independently from the ovarian failure [16, 51].

The understanding of the mechanisms that make women enter into the meno-
pausal transition may offer opportunities for interventions that delay menopause-
related increase of disease morbidity and thus might 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 [52]. In a more recent 
meta-analysis of 36 studies spanning 35 countries, the overall mean ANM was 
estimated at 48.8  years (95% CI: 48.3, 49.2), with significant variation by 
geographical region. ANM was generally occurring 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 occurs later (ANM 
50.5–51.2 years) and tends to be even later in women living in western countries 
over the twentieth century; however the connections of biological and 
environmental factors, regional differences, and historical trends on the timing of 
menopause remain far from being clear [53–56].

The timing of the ANM reflects a lot of endocrine, genetic, and epigenetic 
factors, other than socioeconomic and lifestyle factors. Heritability in menopausal 
age is estimated to range between 30 and 85% [57, 58]. Women whose mothers 
or other first-degree relatives were known to have early menopause have been 
found to be 6- to 12-fold more likely to undergo early menopause themselves 
[59, 60].

Linkage analysis studies pinpoint areas in chromosome X (Xp21.3 region) 
that is associated with early (<45 years) or premature (<40 years) menopause. 
A region in chromosome 9 (9q21.3) contains a gene which encodes for a protein 
of the B-cell lymphoma 2 (BCL2) family; BCL2 is involved in apoptosis and 
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may thus be relevant in determining menopause through follicular depletion 
[61]. Other linkage analysis studies have identified a region in chromosome 8 
that is associated with age at menopause. Interestingly, near this identified DNA 
sequence is the gene encoding for gonadotropin-releasing hormone (GnRH) 
[62]. Other genes specific to ovarian function such as the follicle-stimulating 
hormone (FSH) and inhibin receptors have been shown to be associated with 
early and premature menopause [63]. Women who are carriers for 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 [64].

Candidate gene association studies, looking at possible association between 
genes encoding with factors involved in reproductive pathophysiology and 
menopause, failed to identify clear associations. The beginning of the abnormal 
HPO axis function is the reduction of the ovarian gametes which are the key 
players in determining the start of menopause, but it is not the unique determinant 
of female reproductive senescence.

The number of follicular cells before birth is very high; oocytes expand to a 
maximum of 6–7 million at mid-gestation. Afterward, 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 ongoing of 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 final exhaustion of these cells at midlife, determining menopause 
occurrence around 45 and 55 years [1].

In this view, life span of the ovaries is only marginally influenced 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.

The finding from previous studies supports the hypothesis that the specialized 
steroid-secreting cells of granulosa and theca drive the menstrual cycle. Follicular 
cells are regulated by pituitary gonadotropins as well as by locally produced 
hormones. Loss of sensitivity of follicular cells to stimulating factors has a key 
role in the decline of ovarian function [2].

According to this, the most relevant endocrine modification throughout the 
menopausal transition is the progressive decline of both inhibin B and anti-
Müllerian hormone (AMH), thus inducing the decrease of the number of follicles 
and/or their functionality. This explains why fertility is impaired in women 
before any kind of dysregulation in menstrual cyclicity occurs [3]. During the 
menopausal transition, the HPO axis undergoes significant modifications which 
are in part due to the decline of the ovarian function and in part due to functional 
modifications induced by the onset of reproductive senescence [5]. According to 
this hypothesis, menopause may have some similarity with puberty, since specific 
hypothalamic processes of both these events might have genetic triggers. To this 
extent the increase of FSH concentrations can be detected in middle-aged women 
before estrogen declines or cycle irregularities occur. Similarly, in this period LH 
pulses secretion patterns show some modifications.
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Findings from experimental studies in rat models suggest that an age-related 
desynchronization of the neurochemical signals involved in activating GnRH 
neurons takes place before modifications in estrous cyclicity show up several 
hypothalamic neuropeptides and neurochemical agents (glutamate, 
norepinephrine, vasoactive intestinal peptide) that regulate the estrogen-mediated 
GnRH/LH surge that seems to diminish with age or lose the precise temporal 
coupling with GnRH secretion [6]. Disruption of this hypothalamic biological 
clock would lead to progressive impairment in the timing of the preovulatory LH 
surge, which would add to the poor ovarian response typical of this moment of 
women’s life.

Thus, it becomes clear that the endocrine modifications of perimenopausal 
period depend on the combination of both dysfunction of the ovaries and of the 
hypothalamus. A shortened follicular phase associated with elevation of FSH 
plasmatic concentrations is common of the early menopausal transition during 
which patients typically have a shorter intermenstrual interval and frequent 
anovulation.

Several experimental studies demonstrated that shortened follicular phases are 
associated with abnormal ovulation, involving follicles with smaller size. The most 
plausible explanation of this phenomenon is the loss of inhibin B production, leading 
to higher FSH release and therefore to a higher estrogen production. This would 
facilitate and accelerate the achievement of the LH surge but not to a good ovulation.

Throughout years of menopausal transition, the age-related hypothalamic 
modifications lead to 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) and anovulatory cycles, as a consequence to 
menstrual irregularities. Hypothalamic insensitivity to estrogens and the lowering 
of estradiol levels explain why menopausal symptoms, such as hot flushes and 
night sweats, commonly show up at this moment and why hormone replacement 
with estrogens are effective in reducing the symptoms [8].

The impairment of the basic symptoms is related to any abnormal triggers in 
that minimal changes of core temperature produce excessive vasodilation, 
sweating, or shivering. Declining of estrogens and of inhibin and the increasing 
FSH explain only in part the impaired thermoregulation, which is associated 
with changes of neurotransmitters (noradrenaline, beta-endorphin, dopamine, 
serotonin, NPY) in different brain areas and in peripheral vascular reactivity 
[65]. These impairments are at the basis also of the onset of sleep disturbances. 
Mood disorders, such as depression and anxiety, are not caused only by 
menopausal changes, but predisposed women, however, may have their first 
episodes just before or during perimenopausal transition. Muscle and joint pain 
is also typical during menopause, and it is closely related with hot flushes, 
thermoregulation, and the depressed mood. Moreover, the metabolic changes 
lead to an increase of body fat which tends to locate at the trunk level resulting 
in the development of visceral adiposity. Considering all of these events, the 
decline of HPO axis has a key role in determining several symptoms that affect 
women’s life and reduce quality of life [66–68].
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During menopausal transition also, androgen levels decrease resulting in lack 
of energy, sexual arousal, and satisfaction and long-term development of 
cognitive, metabolic, and mood disorders. Hypothalamic–pituitary–adrenal axis 
(HPA) hyperactivity has been demonstrated in chronic diseases affecting nervous 
system disorders like depression [9]. The end products of HPA axis, 
glucocorticoids (GCs), regulate many physiological functions and play an 
important role in affective 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 
[10]. In addition, unlike DHEAS 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 DHEAS to cortisol ratio [11–14]. 
Therefore, it may be important to consider the ratio of both steroids in addition 
to their absolute concentrations. The resulting decrease in the DHEA/cortisol 
ratio may have drastic implications for many physiological processes, including 
learning and memory, a view that is supported by the finding that lower DHEA/
cortisol ratio area associated with greater cognitive impairment [69]. However, 
the relationship between steroidal concentrations and cognitive impairment is 
still debated.

In summary, the natural evolution of menopause is the consequence of grad-
ual loss of ovarian function. This is the final step in a long and irregular cascade 
of events taking place both in the CNS and at the ovarian level. Genetic factors 
influence the timing of these processes, but the key molecular pathways involved 
are yet unclear. Identifications of such factors would be important to set new 
strategies to treat reproductive dysfunction and menopause-related diseases.
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Brain Impact of Sex Steroid Withdrawal 
at Menopause
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3.1	 �Introduction

In the last century, longer female life expectancy has implied that women now live 
a third of their lives beyond the end of their ovarian function, increasing the need for 
new therapeutic strategies to facilitate successful aging (defined as low probability 
of disease), high cognitive and physical abilities, and active engagement in life. The 
incidence of hypertension, diabetes mellitus, and psychiatric and degenerative brain 
diseases, especially stroke and dementia, is more frequently seen in older people. 
Each of these conditions can, separately or in combination, results in similar signs 
and symptoms of cognition, memory, mood, and motor function disorders.

Adrenal and ovarian steroids play pivotal neuroactive and brain region-specific 
roles. Their protective effects are multifaceted and brain regions dependent. They 
encompass a system that ranges from chemical to biochemical and genomic mecha-
nisms, protecting against a wide range of neurotoxic insults. Consequently, adrenal 
and ovarian steroid withdrawal, during the reproductive senescence, impacts nega-
tively the brain function at neuronal, vascular, and metabolic levels.

Convergent evidence for the effects of estrogen on cognitive function comes 
from studies that have examined cognition in relation to menstrual cycle phase, 
biomarkers of lifelong estrogen exposure, estrogen receptor polymorphisms, neuro-
imaging studies, and circulating hormone levels. The menopausal transition and 
aging process represent the main objective of hormone intervention in female life in 
terms of brain function and cognitive vitality, and several experimental and clinical 
evidences support this theory. In this chapter, we critically review the evidence on 
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the intriguing hypothesis that the early female brain senescence is a highly respon-
sive period to estrogen treatment for cognitive vitality.

3.2	 �Menopause and Mood Disorders: Depression 
and Anxiety

Epidemiologic data suggest an increased incidence and prevalence of depressive 
symptoms in women in their mid-40s and again between the ages of 55 and 64 years. 
Estrogen deficiency has been suggested as a cause of this increased prevalence of 
depressive disorders in women, and the menopausal transition appears to be a period 
of vulnerability to depressive symptoms with or without a history of depression 
[1–4]. It has demonstrated that psychological distress appears to increase in early 
perimenopause compared with premenopause, and vasomotor symptoms further 
increase the risk of psychological distress [5]. The Study of Women’s Health Across 
the Nation (SWAN) reported that more than 40% of participants had increased irri-
tability, nervousness, mood changes, and dysphoric mood in the previous 2 weeks 
in early perimenopause compared with premenopause [6]. Additionally, 14.3% 
reported feeling depressed 6 or greater days within the past 2 weeks [7]. Considering 
that the perimenopause can last up to some years, the risk of developing depression 
during the perimenopause can be as high as 14 times that of premenopausal women 
[8]. Depression is the second leading cause of disability in developed countries [9], 
and the potential burden of illness experienced by depressed perimenopausal women 
is significant. In particular, women experiencing long transitions to menopause 
were at greater risk of depression than those having short transitions [10, 11]. The 
association between a long perimenopause and depression appeared to be explained 
by increased menopausal symptoms rather than by the menopause status. The pres-
ence of vasomotor symptoms appears to be associated with a higher prevalence of 
depressed mood, and anxiety is a significant predictor of hot flashes among women 
in the late reproductive years [12, 13].

Additionally, Brown et al., in a population-based cross-sectional study of 639 
women, found significant links between depressive symptoms and several meno-
pausal symptoms including hot flashes, sleep disturbance, and irritability (the 
Harvard Study of Moods and Cycles). In particular, Brown et al. found a twofold 
increase in the risk of developing depressive symptoms during perimenopause 
among women who experience nocturnal hot flashes without a history of depression 
[14], and experience of hot flashes at baseline was marginally significantly more 
frequent among women who reported severe depressive symptoms during an 8-year 
follow-up as compared to women who did not exhibit mood symptoms during the 
follow-up period. Additionally, participants with severe mood symptoms during 
follow-up were 2.16 times more likely to report hot flashes at the same visit.

The effect of the menopausal transition and sex hormones on anxiety disorders is 
much less studied than depression, despite the finding that nearly half of the women 
during the climacterium experience anxiety and stress symptoms. Data from the 
Penn Ovarian Aging Study (POAS) strongly support that anxiety was associated with 
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hot flashes in a community-based cohort of African-American and white women. 
The most anxious women had the most severe and most frequent vasomotor symp-
toms [15]. The relationship between hot flashes and anxiety persisted after adjusting 
for menopause transition stage, depressed mood symptoms, smoking, body mass 
index, estradiol, age, race, and time since the baseline measures in the study.

Interesting data on the relationship between sex steroids, menopause, and mood 
disorders come from the Mayo Clinic Cohort Study of Oophorectomy and Aging by 
Rocca et al [16]. The study involves a population-based cohort of women residing 
in Olmsted County, MN, who underwent oophorectomy before the onset of meno-
pause for a noncancer indication from 1950 to 1987. For a median follow-up period 
of 24 years, the risk of anxiety symptoms increased significantly in women who 
underwent bilateral oophorectomy compared with referent women (adjusted HR, 
2.29; 95% CI, 1.33–3.95). The increased risk of anxiety symptoms was particularly 
evident among women who underwent surgery before the age of 48 years (adjusted 
HR, 2.66; 95% CI, 1.39–5.09). Bilateral oophorectomy was also a risk factor for 
depression diagnosed by a physician (adjusted HR, 1.54; 95% CI, 1.04–2.26).

Neurobiologically, both vasomotor symptoms and mood disorders are regulated 
by the monoamine neurotransmitters serotonin, norepinephrine, and dopamine. 
Dysregulation of these systems can lead to depression when that deregulation occurs 
within brain areas deputed to mood control (prefontal cortex, limbic system) and 
can lead to vasomotor symptoms when the deregulation involves the hypothalamic 
centers deputed to thermoregulation.

Treating vasomotor symptoms using estrogens can likely prevent depressive 
symptoms in vulnerable women. Moreover remission from symptoms of mood dis-
orders such as anxiety, depression, and sleep disturbance without a full reduction of 
vasomotor symptoms is a risk factor for mood disorder relapse [17].

A role for neurosteroids in central menopausal symptoms has been also recently 
hypothesized. Menopause transition is associated with decreased allopregnanolone 
levels, mainly due to reduced ovarian synthesis of progesterone, supporting its role 
in the mood disorder physiology during the climacterium. Low circulating allopreg-
nanolone levels are associated with the onset of depression and anxiety during the 
reproductive aging.

In postmenopausal women, HRT is able to modify circulating levels of neuros-
teroids, determining an increase in allopregnanolone levels and a decrease in 
DHEA. These data indicate a main role for these compounds as neuroendocrine 
mediators of the effects of estrogens on the CNS, and the effect exerted by HRT on 
allopregnanolone levels might be related to the anxiolytic and sedative effects of 
HRT in menopausal women. However, synthetic progestins available in the clinical 
setting have different effects on central neurosteroidogenis supporting the concept 
that synthetic progestins may show differential activity on brain biology. This fea-
ture involves the synthesis of brain allopregnanolone and the specific activity on 
GABA-A receptor of progestins, rather than the activation of PRs [18].

Neurosteroid biology in menopausal-related mood changes offers several new 
perspectives to understand the brain pathophysiology during the climacterium and 
aging process. Allopregnanolone replacement therapy serves as proof of concept for 
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therapeutics that target endogenous brain regeneration, windows of therapeutic 
opportunity for regeneration, and critical system biology factors that will determine 
the efficacy of regeneration.

3.3	 �Menopause and Cognitive Decline: Early Symptoms 
for an Early Treatment

The detection of early neural markers of brain aging and cognitive dysfunction is 
one of the main challenges during the climacterium, and the early postmenopause 
and the degree of cognitive vitality during the aging process could depend on early 
clinical interventions.

The evidence that estrogen has several neuroprotective effects brings new mean-
ing to the potential impact of the prolonged postmenopausal hypoestrogenic state 
on learning and memory and the potential increased vulnerability of aging women 
to brain injury and neurodegenerative diseases.

Although the apparent dichotomy between the beneficial actions of E2 on the 
brain of experimental animals (see previous paragraphs) and report from random-
ized controlled trials in women (mainly WHI) could be a great conundrum, a critical 
analysis of clinical data robustly supports the neurotrophic effect of estrogen.

Results from the Mayo Clinic Cohort Study of Oophorectomy and Aging pro-
vide the degree of the long-term influence that sex steroid deprivation has on cogni-
tive vitality. In particular women who underwent either unilateral or bilateral 
oophorectomy had an increased risk of cognitive impairment or dementia compared 
with women with natural menopause (adjusted HR, 1.46; 95% CI, 1.13–1.90) [16]. 
In another study, the risk of Parkinson disease was higher in women who underwent 
either unilateral or bilateral oophorectomy (adjusted HR, 1.68; 95% CI, 1.06–2.67) 
[19]. In both studies, a younger age at menopause was associated with increased 
risk of neurological impairment. In particular, Rocca et al. observed significant lin-
ear trends of increasing risk for either outcome with younger age at oophorectomy. 
Estrogen deficiency is the initial step in a chain of causality that determined the 
increased risk of cognitive impairment or dementia. In support of a neuroprotective 
effect of estrogen, women who underwent bilateral oophorectomy before age of 
49  years but were given estrogen treatment until at least age 50  years had no 
increased risk.

Epidemiological surveys prospectively monitoring women as they progress 
through the menopause transition have suggested that self-reports of decreased con-
centration and poor memory are frequent accompaniments of this phase of life and 
the postmenopause. In the Study of Women’s Health Across the Nation (SWAN), 
more than 40% of perimenopausal and postmenopausal women endorsed forgetful-
ness on a symptom inventory compared with 31% of premenopausal women [20]. 
In the Seattle Midlife Women’s Health Study, approximately 62% of midlife women 
reported an undesirable change in memory [21].

Maki et al. investigated the relationship between objective measures of hot flashes 
and one particular domain, verbal episodic memory, in a sample of midlife women. 
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In particular, the presence of objective hot flashes is a negative predictor of verbal 
memory in midlife women with moderate to severe vasomotor symptoms. This rela-
tionship appears to be primarily due to nighttime rather than daytime hot flashes 
supporting the concept that hot flashes and sleep disturbances are signs of brain vul-
nerability to sex steroid withdrawal with a negative impact of cognition [22]. 
Hypothalamic and HPG axis senescence induces vasomotor symptoms and hypogo-
nadism that could trigger menopause-related mental decline in other brain areas 
years before deficits in learning and cognition would normally start to become evi-
dent. The epidemiological data on the neuroprotective effects of estrogen-base ther-
apy were reviewed by Leblanc and colleagues: women who were symptomatic from 
menopause had improvement in verbal memory, vigilance, reasoning, and motor 
speed when given HRT. The same meta-analysis of observational studies examining 
HRT and cognitive function also suggests a significant reduction in the risk of AD 
among women who have ever used HRT [23]. In particular, the strongest evidence 
for an association between HRT and Alzheimer disease comes from two cohort stud-
ies: the Manhattan Study of Aging [24] and The Baltimore Longitudinal Study of 
Aging [25]. The two prospective cohort studies that reported a significantly reduced 
risk of AD in estrogen users are particularly compelling because they avoid both 
recalling and prescribing practice bias. In the Italian Longitudinal Study on Aging, 
ERT was associated with a reduced prevalence of AD in 2816 women (OR, 0.24; 
95% CI, 0.07–0.77) [26]. Analysis of observational data from the Cache County 
Study suggested a reduction in the risk of AD for past HRT users for 3–10 years. In 
the same study, the “excess” risk of AD when compared with age-equivalent men 
disappeared among women who received HRT for more than 10 years [27].

In conclusion, the majority of studies and meta-analyses evidencing cognitive 
benefits during HRT analyze young symptomatic postmenopausal women, support-
ing the concept of the “window of opportunity” for estrogen neurotrophic effects.

3.4	 �Evidences and Perspectives in the Post-WHIMS Era

The overall analysis of studies on estrogens and cognitive function from basic sci-
ence to clinical applications provides some answers for their discrepant findings and 
suggests new research directions.

Compared to observational and longitudinal studies, randomized controlled tri-
als (RCTs) provide stronger evidence of an estrogen effect on cognition; while the 
preponderance of findings shows that estrogen users performed better on cognitive 
tests and experienced less deterioration in aspects of cognition with increasing age 
than the never-users, findings from longitudinal and observational studies are much 
more inconsistent that those from the RCTs. Different hypotheses have been argued 
to explain these differences—the selection bias, since the observational and longi-
tudinal studies encompass self-selected women, and usually women taking HRT 
have better education and higher socioeconomic status. Thus, it is difficult to sort 
out, in these studies, the effects of genetics and environment from the effects of 
estrogen.
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Another point of reflection should be the methodological approach to evaluate cog-
nitive function and brain aging throughout different trials. For the majority of studies, 
the cognition does not represent the primary endpoint, and many used the 3MSE as 
the sole measure of cognitive functioning. The 3MSE is an omnibus test of cognitive 
functioning, which is generally used as a screening instrument to detect cognitive 
decline, and it is unable to distinguish performance between specific cognitive 
domains. It is possible that the real effects of estrogen on cognitive protection even 
with samples of elderly women may have been underestimated due to the lack of 
precision and specificity of the measuring instrument. Therefore, assessments of spe-
cific cognitive functions, such as memory, attention, executive functions (judgment, 
planning, organization, and cognitive flexibility), language, and spatial ability, are 
critical for tests of hypotheses regarding effects of estrogens on cognitive function.

Data from the WHI Study of Cognitive Aging (WHISCA), an ancillary study to 
the WHI and WHIMS, report that the effect of CEE + MPA on cognitive function 
varies across cognitive domains in older women, reflecting both possible beneficial 
and detrimental actions of ovarian steroids on the aged brain, suggesting directions 
for future research [28].

In conclusion, convergent evidences suggest that estrogen treatment has positive 
effects on aspects of memory and cognition when it is administered to naturally 
menopausal women shortly after the cessation of their menstrual cycles or immedi-
ately following surgical menopause. Data from literature suggest that estrogen treat-
ment to older women have scant beneficial or even detrimental effects on cognitive 
aging. A “critical period” shortly after menopause, when HT needs to be prescribed 
to protect cognitive function, has been suggested.

To test the “critical period” hypothesis directly, two recent intervention studies 
were conducted examining the effects of HT initiation soon after menopause on 
cognitive function. Firstly, the WHIMS-Young (WHIMS-Y) study investigated 
1326 women who had taken part in the WHI CEE-based randomized controlled tri-
als when aged 50–55 years. In an average of 14.2 years after randomization to treat-
ment and 7.2  years after treatment discontinuation, when the women were 
approximately 67.2 years of age, a battery of cognitive tests was administered via a 
telephone interview [29]. This study addressed the critically important question of 
whether cognition is impacted years later when women undergo HT during early 
menopause. Contrary to the initial WHI results, these data indicated neither harm 
nor benefit to cognitive ability in women initiating HT early in menopause.

An ancillary study of KEEPS, the National Institutes of Health’s National Institute 
on Aging (NIH-NIA), called the KEEPS Cognitive and Affective study (KEEPS Cog), 
evaluated the differential efficacy of transdermal estradiol and oral CEE on measures 
of cognitive function and mood in women enrolled in the parent KEEPS study. The 
collection of baseline cognitive data from over 700 women enrolled in the KEEPS 
Cog study was recently completed. The KEEPS Cog study is the first multisite, ran-
domized, placebo-controlled, double-blind, parallel-group design clinical study that 
will address major HT-related issues raised by WHI and WHIMS. Specifically, the 
KEEPS Cog study compares the differential efficacy of CEE and transdermal estra-
diol on a comprehensive battery of cognition and mood measures, sensitive to 
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cognition changes associated with HT in perimenopausal and recently postmeno-
pausal women. The hypothesis of the KEEPS Cog study is that, compared to CEE, 
treatment with transdermal estradiol will enhance cognitive function of healthy peri- 
and early menopausal women (i.e., decreased rate of cognitive decline or enhanced 
rate of cognitive improvement compared to placebo-treated group).

Given the adverse findings of WHIMS in postmenopausal women and the fact 
that HT is still approved for the treatment of menopausal symptoms commonly 
experienced by younger perimenopausal women, it is critical that the potential 
cognitive effects of HT, both beneficial and adverse, be identified in women under-
going menopausal transition. The KEEPS Cog study is the first clinical study to 
characterize the differential effects of oral CEE and transdermal estradiol on cogni-
tive function of perimenopausal women. As with the WHIMS-Y results, there were 
neither advantageous nor harmful effects of HT on measures of memory or other 
cognitive functions. Interestingly, the KEEPS investigators did find an improve-
ment in symptoms of depression and anxiety in women randomized to oral 
CEE. The major limit of KEEPS Cog is the short follow-up; 4 years might be not 
sufficient to demonstrate cognitive differences in healthy, well-educated, early 
postmenopausal women [30].

Results of the KEEPS Cog study will provide a pivotal data and an exclusive 
opportunity for future studies to follow the KEEPS cohort over an extended period 
of 20–25 years to determine whether HT initiated during the perimenopausal period 
could delay or preferably prevent future development of neurodegenerative diseases 
like mild cognitive impairment (MCI) and AD.
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Climacteric Symptoms: Importance 
and Management

Martin Birkhaeuser

4.1	 �Introduction

Most middle-aged women suffer from climacteric symptoms such as hot flushes, 
sweating, insomnia, mood changes, muscle pain, joint and back pain, vaginal dry-
ness, urological symptoms and sexual disorders. In industrialized countries, up to 
75–85% of climacteric women experience at least one of these symptoms.

Climacteric symptoms may vary across cultures and different regions of the 
world. For instance, in western countries, vasomotor symptoms (VMS) are the car-
dinal symptom of menopause [1–7]. In other regions such as South America [8–10], 
Asia [9–11], Hong Kong [12], India [10, 13, 14] or Japan [15–17] the leading symp-
toms are pains in joints and muscles and backache.

Climacteric complaints have to be assessed in relation to the cultural background, 
the economic and educational level and the social and familiar situation [1, 2, 5, 7]. 
All menopausal symptoms depend on women’s perception, self-awareness and atti-
tude towards the menopause [18–20]. For a substantial minority of women, climac-
teric symptoms persist into the late postmenopausal years [21].

To objectivize an intended therapeutic effect on climacteric symptoms, validated 
rating scales [22] should be used (Table 4.1). The Menopause Rating Scale II (MRS 
II, Table 4.2) is a short standardized questionnaire for clinical use. Three important 
dimensions of this scale were characterized by cluster and factor analysis: (1) 
somatic, (2) psychological and (3) urogenital symptoms. MRS II has been validated 
in many languages, including several non-European languages, and used for inter-
cultural studies.
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Table 4.1  Most used scales for the evaluation of climacteric symptoms and Quality of Life after 
menopause

Greene Climacteric Scale Greene [23], Greene (1976, cited in [23])
Women’s Health Questionnaire (WHQ) Hunter [24], Girod et al. [25]
Qualifemme Le Floch [26]
The Menopause-Specific QOL  
Questionnaire (MENQOL)

Hilditch [27]

Menopause Rating Scale (MRS) Schneider and Doeren [28], Potthoff et al. 
[29]

Menopausal Symptom List (MSL) Perz [30]
Menopausal Quality of Life Scale (MQOL) Jacobs et al. [31]
Utian Quality of Life Scale (UQOL) Utian et al. [32]

From: Schneider and Birkhaeuser [22]

Table 4.2  Menopause rating scale

Menopause Rating Scale (MRS II)

Which of the following symptoms apply to you at this time? Please, mark the appropriate box for
each symptom. For symptoms that do not apply, please mark ‘none’.

Symptoms:

1.    Hot flushes, sweating

2.    Heart discomfort (unusual awareness of heart

3.    Sleep problems (difficulty in falling asleep,)

4.    Depressive mood (feeling down, sad, on the

5.    Irritability (feeling nervous, inner tension,

6.    Anxiety (inner restlessness, feeling panicky)

8.    Sexual problems (change in sexual desire, in
       sexual activity and satisfaction)

9.    Bladder problems (difficulty in urinating,
       increased need to urinate bladder incontinence)

10.   Dryness of vagina (sensation of dryness or burning
        in the vagine, difficulty with sexual intercourese)

11.   Joint and muscular discomfort (pain in the joints,
        rheumatoid complaints)

7.    Physical and mental exhaustion (general decrease
       in performance, impaired memory, decrease in
       concentration, forgetfulness)

verge of tears, lack of drive, mood swings)

feeling aggressive)

(episoded of sweating)

beat, heart skipping, heart racing, tightness)

difficulty in sleeping through, waking up early)

none

Score 0= 1 2 3 4

mild moderate severe severe
very

The Menopause Rating Scale II is a short standardized questionnaire for clinical use. The MRS has the 
benefit of being a self-administrative tool for the assessment of climacteric complaints with convenient 
applicability, and representative reference data. Three important dimensions of this scale were charac-
terized by cluster and factor analysis: (1) somatic, (2) psychological and (3) urogenital symptoms
MRS II has been validated in many languages, including several non-European languages, and 
used for intercultural studies (see [22])
It has to be stressed that climacteric complaints have always to be assessed in relation to the cul-
tural background, the economic and educational level and the social and familiar situation
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4.2	 �The Climacteric Syndrome

4.2.1	 �Vasomotor Symptoms and Sleep Disorders

4.2.1.1	 �Vasomotor Symptoms
Hot flushes may occur at any time of day or night. They are spontaneous or trig-
gered by common situations such as sudden ambient temperature change, embar-
rassment, client contact, stress, any warm drink, caffeine or alcohol [1]. Alimentation, 
socio-economic factors and exercise may have an impact on frequency and severity 
of VMS [2, 33–35]. Prevalence peaks at the age 52–54 years. The median total VMS 
duration is over 7 years [5, 6]. About 25% of all women suffer at the age of 65 years 
still from hot flushes. VMS may last far into the ages of 80–90 years [5, 21, 36]. 
Among a group of women aged 85 years, about 16% experienced hot flushes during 
the day and/or during the night and 6.5% were currently using MHT, and almost 
10% were very to moderately distressed by their hot flushes [36].

In Western countries, the overall incidence of hot flashes may reach 88%, but it 
has been found to be as low as 9.5% in Japan (Fig. 4.1) [1–7, 14–17]. In addition, 
huge differences in the experience of VMS (hot flushes, night sweats) are identified 
among women within the same culture [4, 5, 34, 35]. Figure 4.1 presents the highest 
and the lowest estimates reported within some regions.

Hot flushes may interfere with work and daily activities. They have an impact on 
family life as well as sexual function, partner relationships, the socio-economic 

Fig. 4.1  Menopause across cultures: Frequency of hot flushes in different regions. This figure 
presents for all countries except Canada and Japan (highest estimate not available) the highest and 
the lowest estimates reported within some countries and regions (modified from [9])
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position and health-related quality of life [5, 22, 37]. VMS impair sleep, causing 
subsequent fatigue, loss of concentration and symptoms of depression [1, 3, 22, 33, 
34, 37, 38]. Risk factors for severe and burdensome hot flushes include surgical 
menopause, obesity, childhood neglect or abuse, smoking, lower levels of educa-
tion, low socio-economic status, and prior anxiety and depression [1, 2, 5, 10, 39].

Menopause itself does not influence quality of life, but the impact of VMS on 
quality of life may be considerable and is often underestimated [1, 5, 22, 34, 37]. 
The impact of climacteric symptoms depends also on the attitude against meno-
pause. In women with natural menopause a negative feeling has been reported in 
35.3% and a positive feeling against menopause in 33.3%. 27.5% were indifferent 
whereas relief and indifference have been indicated by 3.9% [20]. Negative beliefs 
and depressed mood are associated with a high problem-rating. This may lead to a 
vicious circle. Women having experienced surgical menopause perceive menopause 
more negatively than women with natural menopause [19]. Women with VMS have 
an increased risk for cardiovascular diseases (CVD) [40, 41].

Some diseases may simulate VMS. The differential diagnosis includes hyperthy-
roidism, carcinoid syndrome (excessive serotonin secretion), mastocytosis (secre-
tion of histamine and prostaglandins), pheochromocytoma (catecholamines), 
medullary thyroid cancer (calcitonin secretion), VIPomas (in 90%, pancreas), and 
other rare causes (such as dumping syndrome, renal cell carcinoma, sarcoidosis, 
bronchogenic lung cancers).

Treatment of VMS
General Measures
In women complaining of low and medium intensity symptoms, changes in lifestyle 
is the first measure to take, such as regular exercise, weight loss and avoiding hot 
drinks and alcohol [1, 42]. Behavioural intervention techniques include paced res-
piration (slow, deep breathing), muscle relaxation and bio-feedback. Psychological 
interventions aim at relieving symptoms through their effects on behaviour, under-
standing, cognitive processes (memory, beliefs) or emotions. There is no evidence 
showing that yoga or homeopathic therapy [42] is effective intervention for meno-
pausal symptoms.

Hormonal Treatments
Menopausal Hormone Therapy (MHT)
Oestrogens (With or Without Progestins)
In women suffering from frequent and severe hot flushes and night sweats, MHT is 
the most efficient treatment available, as it has been shown by many RCTs, meta-
analyses, reviews [1, 3, 42–56] and by a Cochrane analysis published in 2004 [45]. A 
systematic review and meta-analysis of 14 RCTs [47] calculated that the pooled mean 
difference in the number of hot flushes per week was identical for the three main 
forms of MHT used today: oral CEE, oral 17β-oestradiol, and transdermal 
17β-oestradiol. Compared to placebo, the decrease in hot flushes was −16.8 (CI −23.4 
to −10.2) for oral 17β-oestradiol, −22.4 (CI, −35.9 to −10.4) for transdermal 
17β-oestradiol and −19.1 (CI, −33 to −5.1) for peroral CEE [47]. The significant 

M. Birkhaeuser



47

improvement of VMS occurred in all groups within the first treatment month. Although 
in this meta-analysis, not all the dosages used in the RCTs included have been strictly 
comparable, there was no statistical difference between the three groups.

Oral and transdermal 17β-oestradiol are equally efficient in treating VMS [45–
47]. The oestrogen dose recommended to treat climacteric symptoms should be the 
lowest needed to relieve symptoms effectively in order to minimize side effects and 
risks [55–57]. However, this same low dose proven effective to treat VMS might be 
insufficient for fracture prevention.

The risks of MHT outweigh clearly the risks [44, 56, 58]. If indicated, there is no 
mandatory limit to oestrogen use [44, 58].

The specific risks and benefits of MHT are discussed elsewhere in this volume.

Tibolone
Tibolone, a synthetic tissue-specific sexual steroid, is efficient in reducing VMS and 
urogenital symptoms due to mucosal atrophy [49, 50, 52, 58]. It is a good alternative 
to MHT in women suffering from climacteric symptoms. Tibolone, used at the daily 
dose of 2.5 mg, has been slightly less effective than combined MHT in some trials in 
alleviating menopausal symptoms, in others it has been equal or superior. Tibolone 
has a low to inexistent incidence of vaginal bleeding if started at least 12 months after 
menopause. However, if tibolone is administered in the perimenopause, it may 
increase spotting and bleeding as does the continuous administration of combined 
MHT, in the opposite to sequential MHT. Tibolone prevents fragility fractures [50]. 
In younger women not affected by breast cancer, there was no increased breast can-
cer or stroke risk. However, in women who had already suffered from breast cancer 
and whose mean age was over 60 years, both risks have been increased [53].

Treatment in the Perimenopause
Menopausal transition is a slowly progressive process. Climacteric symptoms may 
start before menopause, together with the appearance of an abnormal cyclic pattern 
including luteal insufficiency, anovulation, irregular frequency, decreased or 
increased flow and dysfunctional bleeding. Symptoms that may occur before meno-
pause are hot flushes, atrophic changes (urogenital, mucosae), pains in joints and 
muscles and mood changes. If symptoms are limited to the luteal phase, the cyclic 
administration of a progestagen alone for 12–14 days is appropriate, preferably a 
neutral one, such as dydrogesterone or micronized progesterone. In presence of 
constant symptoms sequential MHT is indicated.

Often, safe contraception is still needed. Combined hormonal contraceptives 
(CHC) should not be initiated after the age of 35 years. The continuation of a for-
mer well-tolerated use of a CHC has to be evaluated at least yearly based on the 
existing national guidelines and the WHO Medical eligibility criteria for contra-
ceptive use [43]. An elegant alternative to CHC and to the often disliked non-hor-
monal methods is the insertion of a levonorgestrel (LNG)-releasing IUD containing 
52 mg LNG. The initial release of LNG is 20 μg/day. This is sufficient for endome-
trial safety if an oestrogen has to be added because of VMS, or if heavy bleeding 
has to be treated.

4  Climacteric Symptoms: Importance and Management
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Non-hormonal Pharmacological Treatments
SSRIs/SNRIs
The second best choice to improve VMS are SSRIs and SNRIs [42, 59–61]. 
Venlafaxine 75  mg, desvenlafaxine 50–100  mg, paroxetine 20  mg, citalopram 
10–20 mg, escitalopram 20 mg and some other products have been used effectively 
to reduce the frequency and severity of VMS in short-term, randomized trials [1, 60, 
61]. In general, these preparations reduce the frequency and severity of HF by 
50–60%. However, placebo has been shown to be nearly as effective in some other 
trials. Desvenlafaxine 100 mg/day may cause nausea and vomiting within the first 
week of treatment. Titration was found to reduce these side effects. SSRIs and 
SNRIs may increase the risk of falls and therefore of fragility fractures.

Women with a history of breast cancer and taking tamoxifen should avoid SSRIs, 
which have been shown to interfere with tamoxifen metabolism. For these patients, 
administration of SNRIs is the safest treatment; the drugs of first choice are venla-
faxine or desvenlafaxine.

Gabapentin
Gabapentin is a centrally acting anti-epileptic agent. In one trial, Gabapentin 
(300 mg three times a day) was as effective as low-dose oestrogen (0.5 mg Premarin 
or 25 μg estradiol patch) in reducing the frequency and severity of VMS, but it has 
several disagreeable side effects, mainly somnolence, unsteadiness and drowsiness 
[1, 42, 59–61]. Because of its side effects, Gabapentin is very rarely used to treat 
VMS. Pregabalin, like gabapentin, binds to the alpha-2-delta subunit of voltage-
dependent calcium channels and has been tested successfully in Phase III as an 
option to treat menopausal hot flushes [42].

Clonidine
Clonidine, an α-2-adrenergic agonist, reduces in doses of 50 μg 2–3 times daily 
VMS to a modest extent compared to placebo. Its side effects include constipation, 
dryness of the mouth and drowsiness [1, 42].

Veralipride
Veralipride, a benzamide neuroleptic drug, is used in some countries to control 
menopausal vasomotor symptoms and seems to be a safe option [42].

Stellate Ganglion Blockade
The stellate ganglion (SG) is a sympathetic ganglion located just below the subcla-
vian artery. SG block with local anaesthetic should be reserved for cancer patients 
having severe VMS with a contraindication against oestrogens where all alternative 
treatments have failed [42, 60].

Phytoestrogens, Black Cohosh, Other Herbal Products
Phytoestrogens
Phytoestrogens such as isoflavones, coumestans and lignans are found in soybeans 
(isoflavones), hops (Humulus lupulus), flaxseed (lignans), fruits, vegetables, whole 
grains and legumes. Although the efficacy of extracted or synthesized soy 
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isoflavones has been demonstrated in clinical trials, and confirmed in meta-analyses 
and reviews [42, 60–62], the only substance recommended in the key results of the 
COCHRAN analysis from 2013 has been Genistein [62]. The effect of Isoflavones 
is obviously independent of the dietary source: positive results have been obtained 
with soy food, soy or red clover extracts and with isolated isoflavones [63].

Black Cohosh
Black cohosh (Cimicifuga racemosa) has been shown in short-term RCTs to be an 
effective therapy [64–66] for relieving menopausal symptoms, primarily hot flushes, 
if a standardized extract is used. Long-term data are not available. The standardized 
preparations of C. racemosa using well-defined extracts (such as CR BNO 1055, Ze 
450) are an efficient alternative to the Menopausal Hormone Therapy (MHT) in 
moderate to medium VMS. Because C. racemosa does not contain phytoestrogens, 
it may be prescribed in women presenting a contraindication against oestrogens [59, 
64, 67]. In vitro, black cohosh inhibits breast cancer cells [65, 68]. In an observa-
tional study (18,861 breast cancer patients; 1102 in the C. racemosa group, 17,759 
controls;. mean age at diagnosis 61.4 years; mean observational time 4.6 years), the 
verum group showed a significantly lower cancer relapse rate compared to the pla-
cebo group (HR 0.83, 95% CI 0.69–0.99) [69]. Confirmations by RCTs are still 
missing. Other Cimicifuga species than C. racemosa and perhaps Cryptocarya 
foetida used in China are ineffective but still contained in several preparations on 
the US market explaining largely the negative image of Black Cohosh in the US.

Other Herbal Products
For herbs such as St. John's wort, gingseng, Gingko biloba and dong quai, Rheum 
rhaponticum and French maritime pine bark evidence of efficacy and safety is con-
flicting [42, 60, 67]. There is insufficient evidence regarding the efficacy of so-
called Chinese herbs [42, 60, 70].

Acupuncture
Although the literature is controversial some RCTs have given positive results [71–
73]. Acupuncture treatment for relieving menopausal symptoms may be effective 
for decreasing hot flushes in postmenopausal women where MHT is not indicated 
or not accepted by the patient.

4.2.1.2	 �Sleep Disorders
Sleep disorders and insomnia affect 12–57% of all peri- and postmenopausal 
women. They belong to the most troublesome climacteric symptoms [74, 75] and 
are strongly related to VMS, to depressive mood and to anxiety [76, 77]. Persisting 
sleep disorders should be screened for underlying causes, such as chronic stress, 
pain, socio-economic factors, family or partner problems, drug abuse or nycturia.

Treatment
If VMS are the main cause of the sleep disorder, the same therapeutic possibilities 
can be used as mentioned above for the treatment of VMS. Again, the first-line treat-
ment is MHT. Oestrogens improve REM sleep [42, 58, 78]. Progesterone (but not 
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synthetic progestins) and particularly its metabolite pregnanolone possess a strong 
sedative effect, increasing NREM-sleep. Pregnenolone, a precursor of progester-
one, also improves several components of sleep quality [78]. Oestradiol combined 
with oral micronized progesterone is a potent hormonal combination to induce 
sleep.

If MHT is not indicated or not accepted by the patient, high-intensity exercise 
has been recommended [78]. Valerian root was shown to improve sleep in a cohort 
of 100 perimenopausal women with chronic insomnia. Valerian root is suggested 
because of its low risk of side effects [78].

As a next step, antidepressants (SSRIs/SNRIs, in particular paroxetine, venlafax-
ine, desvenlafaxine and citalopram) may be used. SSRIs/SNRIs may reduce simul-
taneously VMS [78]. Compared to soporifics, the global risks of antidepressants are 
lower. Low-dose trimipramine (5–10 mg in the evening; drops 4%, 1 drop = 1 mg) 
has been shown to be effective in climacteric sleep disorders. If needed, the dosage 
can be slowly increased, and tapered off as soon as possible.

It has to be stressed that it is a mistake to use sleeping pills in menopause-induced 
sleep disorders in the peri- and early postmenopause as a first-line treatment. The 
dangers of sleeping pills, including the risk of falls resulting in fractures, are largely 
underestimated [79]. Compared to MHT, sleeping pills possess independent of age 
an increased risk of morbidity and mortality [79–81]. In a study with 23,676 paired 
untreated controls and 10,529 patients (63% women) with sleep disorders treated 
with >132 doses of sleeping pills/year for a mean duration of 2.5 years, the Hazard 
Ratio (95% CI) for an increased mortality was 5.3 (4.5–6.3), and the one for an 
increased cancer incidence 1.35 (1.2–1.5) [81].

Frequency and severity of HFs have an approximately linear relationship with 
quality of life and sleep parameters. Improvements in hot flushes are associated with 
improvements in quality of life and sleep. This correlation may allow to predict the 
changes in sleep and quality of life expected from different VMS treatments [82].

4.2.2	 �Symptoms Caused by Connective Tissue Degeneration

The physio-pathological degenerative mechanisms leading to climacteric symp-
toms of the connective tissues in the musculo-skeletal system, the ligaments, the 
skin and in the height loss of the intervertebral disks are similar. Recent studies have 
found oestrogen receptors in chondrocytes, synoviocytes and in many skin elements 
such as keratinocytes, melanocytes, fibroblasts, hair follicles and sebaceous glands. 
Animal and preclinical studies have evidenced a decrease of cartilage, connective 
tissue, and skin degradation when oestrogens and SERMs are administered [83, 84].

4.2.2.1	 �Musculo-skeletal Symptoms

Importance
At the time of menopausal transition, diffuse chronic pains of joints and limbs 
and backache are significantly more frequent in women than in men of the same 
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age [85, 86]. Chronic musculo-skeletal pain is mostly linked to a decrease of 
muscular strength and increases therefore the risk of falls. They possess a nega-
tive impact on quality of life [87].

Despite the practical importance of musculo-skeletal symptoms after menopause, 
and despite the fact that these symptoms are listed in all modern rating scales, such as 
the MRS II, too many menopause specialists largely neglect this fact. A recent review 
on “Menopausal Symptoms and Their Management” written for endocrinologists 
does not even mention these for many women bothersome non-specific pains [3], 
although generalized muscle and joint aches as well as backache are among the com-
monest symptoms experienced by women at menopause. In a Finnish study, the inci-
dence of backache was 20% in peri- and 17.1% in postmenopausal women, the one of 
muscular pain 20.3% and 22.1%, respectively. The difference to premenopausal con-
trols was significant for backache (p < 0.001 in the peri- and <0.01 in the postmeno-
pause, respectively) and for muscular pain (p < 0.05 both groups) [88].

Musculo-skeletal pain and backache around menopause are mostly a conse-
quence of oestrogen deficiency and not of osteoarthritis. However, in climacteric 
women a clear association has been found between lifetime oestrogen exposure and 
the risk of osteoarthritis. The increase of prevalence and incidence of osteoarthritis 
is greater in middle-aged women when compared to men, and arthritis is more likely 
to be progressive and symptomatic in post- than in premenopausal women.

In contrast to western countries, musculo-skeletal pain is the dominant climac-
teric symptom in South America, in India and in some Asian countries. In Latin 
American [8, 89], 77% of 300 climacteric women suffered from musculo-skeletal 
pain, 74.6% from depressive mood, 69.6% from sexual disorders, 65.5% from VMS 
and 45.6% from sleep disorders. A study from Northern India found musculo-
skeletal pain in 55.8 of the climacteric women tested followed by fatigue and loss of 
energy in 51.9%, eye problems in 49.6% and headaches in 43.4% [14]. In Japan, 
symptoms linked to musculo-skeletal pain and backache rank far before VMS [9, 
15–17]. Furthermore, the incidence of pains of joints, limbs and shoulder (the 
Japanese “stiff shoulder”) and of backache depends on emotional, socio-economic 
and mental factors as well as on the attitude against menopause [85, 86, 90].

Treatment
Effect of Oestrogens
Menopausal symptoms are taken often for rheumatism, and they are wrongly treated 
by non-steroidal anti-inflammatory drugs or painkiller. Wrong treatment might also 
be linked to the old misbelief that back pain is eo ipso caused by osteoporosis. 
However, osteoporosis remains a differential diagnosis.

In the WISDOM Trial, MHT users complained significantly less about aching 
joints and muscles (p = 0.001) than non-users [87]. In both arms of the WHI trial, the 
users of CEE combined with MPA [91] as well as of CEE alone [92] indicated a 
significant amelioration of their initial musculo-skeletal symptoms. In the 
CEE + MPA arm, the basal incidence of musculo-skeletal symptoms and joint pain 
was the same in the MHT- (n = 8506) and in the placebo-group (n = 8102). After a 
follow-up of 5.6 years, significantly more MHT-users compared to placebo indicated 
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a decrease of joint pain or stiffness (47.1 versus 38.4%; 1.43; 1.24–1.64) and general 
aches or pains (49.3 versus 43.7%; 1.25; 1.08–1.44) [91]. In the 10,739 postmeno-
pausal women participating at the CEE alone trial, joint pain frequency was signifi-
cantly lower after 7.1 years of mean follow-up in the CEE compared to the placebo 
group (76.3 vs 79.2%, P = 0.001) as was the severity of joint pain (1.16 ± 0.87 (CEE) 
vs 1.22 ± 0.88 (placebo), mean ± SD; P < 0.001, respectively). In contrast, joint 
swelling frequency was higher in the CEE alone group (42.1 vs 39.7%, P = 0.02) 
[92]. After the end of MHT use, the WHI investigators observed a significant increase 
of bodily pain and stiffness of joints (Odds Ratio (OR) 2.16; 95% CI 1.95–2.40), 
particularly in women suffering initially from these symptoms (OR 3.21; 95% CI 
2.90–3.56) [93]. Last but not least, the WHI has demonstrated a 45% reduction in 
total joint surgery among women using MHT compared to the placebo group [94].

In a prospective study over 12  months in 367 symptomatic postmenopausal 
women, we have demonstrated that transdermal MHT is also effective in treating 
climacteric backache and pains in joints and limbs due to oestrogen deficiency [95]. 
Transdermal MHT consisted in the sequential administration of an E2-alone patch 
for 2  weeks (50  μg/day), followed by a combined E2/NETA-patch (E2 50  μg/
day + NETA 250 μg/day) for the next 2 weeks over 12 months. All musculo-skeletal 
symptoms decreased significantly at month three and stayed significantly lower 
until the end of the treatment compared to baseline (p < 0.001) (Fig. 4.2; [95]).

In a RCT (78 women aged 49–55  years), not only backache but also reduced 
mobility of the spine decreased significantly in the MHT group compared to placebo 
(p < 0.05) [96].

It has been demonstrated that about 50% of climacteric women suffering from 
bodily pain react well to MHT. It is therefore recommended to administer oestro-
gens as a first-line treatment to women where the appearance of these symptoms 
shows a temporal relationship to the menopausal transition, and not to prescribe 
automatically non-steroidal anti-inflammatory drugs.

4.2.2.2	 �Skin, Mucosae, Eye

Importance and Treatment
As a consequence of normal ageing, skin becomes thinner and wrinkled. Elasticity 
decreases. This degenerative ageing process is accelerated by menopause. Skin and 
mucosae thin more rapidly after menopause, and there is a loss of viscoelasticity. 
Oestrogen receptors in the skin suggest that oestrogen deficiency will have a nega-
tive impact on skin health [97].

It has been demonstrated that the negative effect of menopausal oestrogen loss can 
be slowed down or partly reversed by the systemic administration of oestrogens [97, 
98]. The oestrogenic mechanisms involved in skin reparation are comparable to the 
ones observed at the intervertebral disks and the carotid [97]. Non-confirmed data sug-
gest that a topical oestrogen administration might also improve the quality of the skin 
surface [99]. However, it is evident that a skin permanently damaged by heavy smoking 
or excessive sun exposition cannot be positively influenced by oestrogens [98].
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Fig. 4.2  Efficacy of transdermal MHT for the treatment of musculo-skeletal pain. A prospective 
study over 12 months in 367 symptomatic postmenopausal women has demonstrated that transder-
mal MHT is also effective in treating climacteric backache and pains in joints and limbs [95]. 
Transdermal MHT consisted in the sequential administration of an E2-alone patch for 2 weeks 
(50 μg/day), followed by a combined E2/NETA-patch (E2 50 μg/day + NETA 250 μg/day) for the 
next 2 weeks over 12 months. The two questions presented on this figure have been: "I have pains 
in my joints and limbs", and “I have back pains”. All musculo-skeletal symptoms decreased sig-
nificantly at month three and stayed significantly lower until the end of the treatment compared to 
baseline (paired t-test; p < 0.001) (from [95])
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The phenomenon of thinning, loss of elasticity, and a decrease of the physiologi-
cal secretion is also observed at the mucosae. It is particularly bothersome at the 
eye. The dry eye syndrome (keratoconjunctivitis sicca) may be due to oestrogen 
loss, but other somatic causes, such as allergies, smoking, local infections, or the 
Sjögren syndrome [100], have to be excluded. Furthermore, the dry eye syndrome 
might be the leading symptom of a depression expressed mainly through somatiza-
tions, or reflect a drug side effect.

Systemic MHT may worsen ocular dryness (probably depending on the proges-
tin used) [101, 102], whereas the combination of oestradiol and testosterone might 
have a positive effect [101]. In contrast, local administration of oestrogen drops 
improves the dry eye symptoms significantly [103]. Other ocular hormonal effects 
have been recently reviewed [104].

4.2.3	 �Mental Changes, Mood

4.2.3.1	 �Clinical Expression, Prevalence
Oestrogen deficiency may lead to mental changes. Through their brain receptors, 
oestrogens modulate the metabolism of serotonin and noradrenalin, as do antide-
pressants, and influence therefore mood, mental function, and cognition [105, 106].

Psychological symptoms reach from nervousness, aggressiveness, irritability 
and agitation to instable and depressive mood. Menopausal women may feel con-
trolled by an inner tension. Psychological symptoms such as anxiety and depression 
are significantly more frequent in women suffering from medium and severe 
VMS.  There is a clear correlation between VMS and depression and anxiety 
(Fig. 4.3) [40, 42, 105–108]. Depressive symptoms are more likely to precede hot 
flushes in women who report both symptoms [109]. Chronic lack of sleep due to 
frequent hot flushes and sweats at night correlates with mental symptoms in symp-
tomatic climacteric women [77]. This condition may end in a state of physical and 
mental exhaustion with a general decrease in performance, an impaired memory, a 
decrease in concentration and an augmenting forgetfulness. If not treated ade-
quately, mental changes may generate serious difficulties at the working place as 
well as at home (partner, children) and may end in social isolation.

It is well known that women suffer in their lifetime twice as much from depres-
sion than men. Overall, the risk for major depression is approximately 1.5 to 3 
times higher in women than in men. The estimated lifetime prevalence in women 
is 21.3% [104–106]. Endocrine unstable life periods such as puberty, pregnancy, 
postpartum and menopause are “windows of increased vulnerability” for depres-
sive states. In particularly vulnerable women, the menopausal transition might trig-
ger a depressive disorder [105, 106, 109–112]. The incidence of depressive mood 
(feeling down, sad, on the verge of tears, lack of drive, mood swings) and anxiety 
(inner restlessness, feeling panicky) is significantly increased in women with early 
and precocious menopause [113]. In a longitudinal study, a concordant restoration 
of ovarian function, characterized by an increase of serum oestradiol and a decrease 
of serum FSH, and a spontaneous amelioration of mood in perimenopausal 
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depression has been observed [114]. In the prospective Melbourne Women’s 
Midlife Health Project a large increase in FSH levels over this period was associ-
ated with depressive symptoms (OR: 2.6; 95%CI: 1.0–6.7) [115]. Both longitudi-
nal studies confirmed the hypothesis of the “window of increased vulnerability” in 
peri- and early postmenopausal women, as do the data in early menopause. 
Hormone levels and menopausal status are predictors of depression in women in 
transition to menopause [116].

4.2.3.2	 �Treatment
Twenty years ago, a meta-analysis [117] came to the conclusion that oestrogens 
improved depressive mood significantly (mean d  =  0.69; p  =  0.0001), and that 
androgens plus oestrogens combined had been even more effective than oestrogens 
alone (mean d  =  1.37; p  =  0.003). The effect size (d-value) used on this meta-
analysis is a scale-free measure of the strength of research findings and a measure 
of the differences between two means. It is expressed in standard deviation units 
(d-value of 0.00 = no treatment effect). Newer data are consistent in demonstrating 
that oestrogen therapy decreases aggressiveness and improves affective disorders, 
mood, depressive symptoms and anxiety in climacteric women with VMS in the 
peri- and early postmenopause [117–130]. The KEEPS trial, a large recent 4-year 
RCT, reported that CEE (0.45 mg/day, with cyclic progesterone) but not transder-
mal estradiol (0.05 mg/day, with cyclic progesterone) improved depressive symp-
toms and anxiety compared to placebo [131]. However, observational studies and 
other RCTs (including our own data, Fig. 4.4; [93, 104]) had shown that efficacy of 
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transdermal oestradiol was at least equal to the one of peroral oestrogens [104, 118, 
121, 124, 126, 129]. Inversely, current use of oestrogens decreases the risk for the 
occurrence of depressive symptoms significantly compared to non-users (OR 0.7; 
CI 0.5–0.9; p = 0.01) [132].

In contrast to these positive results, a 4-month pilot study, a RCT, found no effect 
on mood for MHT (CEE 0.625 mg/day + continuous medroxyprogesterone ace-
tate = MPA) in women aged 45–55 years [133]. These data are congruent with an 
earlier observation showing in a placebo-controlled trial that MPA neutralizes the 
positive effect of CEE alone on depressive symptoms in postmenopausal women 
[134]. Already in the nineties, it has been pointed out that some progestins such as 
MPA block the favourable mental-tonic effect of oestrogens on mood [117, 135]. 
No such negative impact is known for micronized progesterone, dydrogesterone or 
NETA.

“ I feel miserable and sad ”

“ I get very frightened for apparently no reason at all”

Patients with pronounced pre-trial symptoms only

Patients with pronounced pre-trial symptoms only

always

rather often

not often

never

always

rather often

not often

never

Pre Cycle 3

n = 79

n = 42

Cycle 9

***

***
***

*** ***

*** *** ***

E EE/G E/G

E EE/G E/G

Paired t-test

*** P<0.001 vs. pre-trial

Pre Cycle 3 Cycle 9

Paired t-test

*** P<0.001 vs. pre-trial

B
irk

ha
eu

se
r 

M
G

yn
äk

ol
og

is
ch

e 
E

nd
ok

rin
ol

og
ie

 2
01

0;
8:

 8
2-

88
.

Fig. 4.4  Efficacy of 
transdermal MHT for the 
treatment of depressive 
symptoms. A prospective 
study over 12 months, 367 
symptomatic 
postmenopausal women 
have been given transdermal 
MHT [95, 105]. 
Transdermal MHT consisted 
in the sequential 
administration of an 
E2-alone patch for 2 weeks 
(50 μg/day), followed by a 
combined E2/NETA-patch 
(E2 50 μg/day + NETA 
250 μg/day) for the next 
2 weeks over 12 months. 
The answers to the 
following two questions, 
representative for depression 
and anxiety, are presented in 
this figure: “I feel miserable 
and sad”, and "I get very 
frightened for apparently no 
reason at all". The 
symptoms of depression and 
anxiety decreased 
significantly at month three 
and stayed significantly 
lower until the end of the 
treatment compared to 
baseline (paired t-test; 
p < 0.001 vs pre-trial) 
(adapted from [105])
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The combination of oestrogens with androgens is increasing the effect on mood 
of oestrogens alone [117, 119]. The combination of oestrogens and androgens may 
be helpful in women suffering from depressive symptoms together with a loss of 
libido.

No positive effect on depressive mood has been observed in trials where cli-
macteric women being otherwise asymptomatic had been included in their late 
postmenopause [123, 136, 137].

Oestrogens may potentiate the effect of antidepressants [127, 138–140]. 
Oestrogens modulate the metabolism of noradrenaline and serotonin in a similar 
way to many antidepressants, resulting in an increase of the adrenergic and seroto-
nergic activity. In a double-blind RCT in 358 depressed postmenopausal women, 72 
received fluoxetine (20  mg/day) plus CEE, 286 received CEE alone, fluoxetine 
alone or placebo. Patients on ERT plus fluoxetine had a substantially greater mean 
Ham-D percentage improvement than patients on ERT plus placebo (40.1% vs. 
17.0%, respectively; p = 0.015); fluoxetine-treated patients not on ERT did not show 
benefit significantly greater than placebo-treated patients not on ERT [139].

Oestrogens may improve cognition [108, 133, 141], but the data are still contro-
versial although a correlation has been shown between low endogenous oestradiol 
levels and the decrease in cognitive ability [142]. As for cardiovascular diseases, 
there might be a window of opportunity for oestrogen use [143, 144].

In peri- and early postmenopausal women with climacteric vasomotor symp-
toms, oestrogens might be considered as a first-line treatment for depressive symp-
toms. Elderly depressed patients may profit from the combined administration of 
oestrogens and fluoxetine. However, SSRIs or antidepressants remain the first-line 
treatment of depressive mood in asymptomatic women in their late 
postmenopause.

4.2.4	 �Uro-Genital Disorders and Low Sexual Desire

4.2.4.1	 �Urogenital Symptoms
Unlike hot flushes and night sweats which mostly decrease with time, atrophic 
symptoms affecting the vagina and lower urinary tract are often progressive. 
Frequently, atrophic symptomatic vulvo-vaginal atrophy (VVA) requires treatment 
up to the old age. However, symptomatic VVA may be present before menopause. 
Vaginal dryness causes itching, burning and dyspareunia. Prevalence increases from 
15% in the perimenopause to 59% in the postmenopause (≥4 years after meno-
pause). Taken together, 25–50% of all women will suffer once in their life from 
urogenital symptoms [145]. In contrast to surveys including women who were 
known to have symptomatic VVA, a study of 98,705 postmenopausal women aged 
50–79  years who were not specifically recruited for a survey on VVA or sexual 
function found lower rates of vaginal symptoms. Only 19–27% reported dryness, 
irritation or itching [146].

As VMS, the symptomatology of VVA depends hugely on cultural, religious and 
socio-economic factors [147]. The reported incidence of symptomatic VVA and the 
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acceptance of medical help is linked to the taboo represented by female sexual 
organs still today in many countries and in some religious or social groups (recom-
mended reading: IMS recommendations for the management of postmenopausal 
vaginal atrophy [147]).

There is an association between vaginal dryness and painful intercourse. Sexual 
activity is often compromised. Inadequate lubrication is a common cause of dyspa-
reunia, defined as a recurrent or persistent pain with sexual activity that causes 
marked distress. In an online survey conducted in six countries, an estimated 45% 
of postmenopausal women reported experiencing vaginal symptoms [148], but only 
4% could identify the symptoms of VVA related to menopause. For US women, the 
following opinions have been expressed in relation to vaginal discomfort (VIVA 
study; [148]): 80% considered symptomatic VVA to negatively affect their lives, 
75% reported negative consequences on sex life, 68% that it makes them feel less 
sexual and 36% that it makes them feel old. Thirty-three percent reported negative 
consequences on marriage/relationship, 26% a negative effect on self-esteem and 
still 25% that it lowers QOL. The largest US survey (REVIVE; 3046 women with 
symptoms of VVA; [149]) added the following information: 85% of women with a 
partner felt “some loss of intimacy”, 59% indicated that VVA symptoms detracted 
from enjoyment of sex and 47% of partnered women that VVA interfered with their 
relationship. Then, 29% reported that VVA had a negative effect on sleep and 27% 
that it had a negative effect on their general enjoyment of life.

A total of 749 postmenopausal women from five European countries (150 in the 
UK, 150 in France, 150 in Spain, 150 in Germany and 149 in Italy) participated in 
an analytical study [150]. The attitudes and behaviours of postmenopausal women 
towards their VVA allow for the clear definition of different profiles of women, with 
varying representation among countries. This study identified several profiles of 
postmenopausal women. Forty nine percent of the study participants belonged to 
the 4 of the 8 profiles where speaking about urogenital problem (particularly to a 
doctor) was difficult to nearly impossible and where the opinion prevailed that 
symptomatic VVA should not be medicated (even if it has had a great impact on sex 
and quality of life), but that you have to cope with it [150]. These nearly 50% of 
climacteric women require clearly more effort in communication by their health 
care provider to diagnose and treat their condition in routine clinical practice. This 
status quo is nothing to be proud of.

The VIVA study done in five countries, including the United States and Canada, 
showed that less than half (37–42%) were satisfied with the existing information 
[148]. In the same study, in contrast to these five countries, Finland reached a degree 
of satisfaction of 76% with the available information about VVA, pointing to huge 
cultural and educational differences. Mirroring these figures, only 63% out of 500 
US women associated vaginal symptoms with menopause. And only 41% of respon-
dents believed that enough information about vaginal discomfort is available to 
them [148]. All these surveys prove that much more frequently than expected the 
discussion about vaginal health has to be opened by the gynaecologist because too 
many women still feel ashamed to do it. Unfortunately, reality is completely differ-
ent: in a US survey, only 7% reported that their healthcare practitioner initiated a 
conversation about VVA [151].
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Non-Hormonal First-Line Therapies for Women with Symptomatic VVA
Despite the various effective options available today, only a minority (about 25% in 
the Western world and probably considerably less in other areas) will seek medical 
help [147].

Non-Hormonal Treatments
In some women, non-hormonal local measures might be sufficient. Vaginal dryness 
can be helped by simple lubricants and moisturizers [145, 150]. This is safe, effec-
tive and with few contraindications. Lubricants and moisturizers are relieving effec-
tively discomfort and pain during sexual intercourse for women with mild to 
moderate vaginal dryness. It is the best option for women who prefer not to use 
oestrogens, or who have a genuine contraindication to oestrogens [147, 150].

There is a distinction between lubricants and moisturizers and notable differ-
ences between commercially available products. Women should be advised to 
choose a product that is optimally balanced in terms of both osmolality and pH, and 
is physiologically most similar to natural vaginal secretions. Suitable products are 
listed in a recent review. In general, oil-in-water creams seem to be superior to vagi-
nal gels [145, 147, 152].

Hormonal Treatments
For symptomatic women with moderate to severe VVA and for those with milder 
VVA who do not respond to lubricants and moisturizers, oestrogen remains the 
therapeutic standard. Although systemic MHT is efficient in 75% of vaginal com-
plaints, local administration of oestrogens is superior and should be preferred. Local 
oestrogen therapy is also effective for the treatment of dyspareunia caused by vulvo-
vaginal atrophy.

Studies support the use of local (but not systemic) oestrogen therapy for the treat-
ment of urge urinary incontinence, overactive bladder and to reduce the number of 
urinary tract infections. But the current evidence does not favour a beneficial effect 
on stress urinary incontinence [58].

Although endometrial safety data are not available for use longer than 1 year, it 
is agreed upon that the addition of a progestagen is generally not indicated when 
low-dose or ultra-low-dose vaginal oestradiol is administered for symptomatic 
VVA [58].

For women treated for non-hormone-dependent cancer, management of VVA is 
similar to that for women without a cancer history. The new recommendations for 
the local vaginal state that ultra-low-dose vaginal tablets of oestradiol and low-dose 
administration of oestriol may be prescribed to women after treatment of an 
ER-positive breast cancer [153, 154]. Data do not show an increased risk of cancer 
recurrence among women currently undergoing treatment for breast cancer or those 
with a personal history of breast cancer who use vaginal oestrogens to relieve uro-
genital symptoms. The decision to use vaginal oestrogen may be made in coordina-
tion with a woman’s oncologist. An informed decision-making and consent process 
in which the woman has the information and resources to consider the benefits and 
potential risks of low-dose vaginal oestrogen should precede the start of the treat-
ment [153, 154].
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The intravaginal administration of DHEA (=Prasterone) for treating symptom-
atic VVA has been approved in November 2016 by the US FDA, but not EMA. The 
daily intravaginal administration of 0.50% (6.5 mg) DHEA has shown highly sig-
nificant beneficial effects on symptomatic VVA [155]. The observed strictly local 
action of DHEA is in line with the absence of significant drug-related adverse events 
and with the actual understanding of the physiology of sex steroids in women.

A novel intravaginally administered SERM, ospemifene, demonstrated in Phase 
III studies efficacy in treating vaginal dryness and dyspareunia, regenerating vaginal 
cells, improving lubrication, and reducing pain during sexual intercourse. Symptoms 
improved in the first 4 weeks and endured for up to 1 year. It had a good endome-
trial, cardiovascular system and breast safety profile [156]. Ospemifene has been 
approved by the FDA (but not EMA) for treatment of dyspareunia caused by VVA.

4.2.4.2	 �Low Sexual Desire

Introduction
Human sexual desire and sexual enjoyment are enabled through highly complex 
mechanisms where hormonal and non-hormonal factors are involved, including 
all senses, such as olfactory (e.g., individual odour, pheromones, perfumes), 
tactile (skin), auditory, visual and psychological. Low or absent sexual desire is 
the most common sexual dysfunction in women, but it is not one frequently 
volunteered by women [147]. Although oestradiol and testosterone are indis-
pensable for normal sex life, the responsibility of decreasing sexual steroids for 
low sexual desire is usually overestimated in healthy women with an intact 
uterus and both ovaries. In healthy women, there are no data correlating andro-
gen levels with specific signs or symptoms, therefore there is no androgen defi-
ciency syndrome [157, 158].

Prevalence of Dypareunia
Dyspareunia increases and libido decreases over the menopausal transition. The 
prevalence of low or absent sexual desire peaks during midlife, and it varies in func-
tion of regional, cultural and religious conditions. In a RCT including 1749 US 
women aged 18–59 years, 33% of the women surveyed reported reduced sexual 
interest. Out of these 33%, 87% reported sexual dissatisfaction and 43% considered 
this to be a problem [159]. Another study revealed that more than 50% of women 
wanted professional help for the sexual problems self-disclosed in 41% of them 
[160]. In most older studies, prevalence reached ≥30% [159–163]. A more recent 
study in 2207 women aged 30–70 years reported a prevalence of low sexual desire 
ranging from 26.7% among premenopausal women to 52.4% among naturally 
menopausal women. The prevalence of hypoactive sexual desire distress (HSDD) 
was highest among surgically menopausal (12.5%) and lowest among naturally 
menopausal women (6.6%). Among premenopausal women, HSDD reached 7.7% 
[164]. Therefore, only a small percentage of women with a low sexual desire are 
distressed by it, and there is no increase from premenopausal to naturally postmeno-
pausal women.
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In the SWAN study, a large US study of 3302 women of 42–52 years at inclusion, 
the most important variable related to sexual functioning was importance of sex, fol-
lowed by psychological status, physical health, relationship status and emotional sat-
isfaction with partner, sexual arousal, frequency of sexual intercourse, and physical 
pleasure [165]. These findings confirm the earlier data from the Melbourne Women’s 
Midlife Health Project [166]. In both longitudinal studies, relationship variables and 
dissatisfaction with partner relationship, attitudes toward sex and aging, vaginal dry-
ness, and cultural background have a greater impact on most aspects of sexual func-
tion than the transition to early perimenopause and hormonal factors. Major risk 
factors for sexual dysfunction include poor health status, depression, certain medica-
tions, history of physical abuse, sexual abuse, or both. A recent publication from the 
WHI Observational Study demonstrated an association of sexual disorders with sleep 
disturbances, maintained after corrections for confounders [167]. Sexual dysfunction 
may be associated with medical disease or neurological conditions affecting the auto-
nomic nervous system (e.g. in diabetes mellitus), with pharmacological treatment, e.g. 
serotonergic antidepressants, with medical therapies, with pelvic radiation, or with 
surgical procedures. Dysfunction may also be associated with past or current psycho-
logical factors that may have influenced psychosexual development [156].

Clinical evaluation should include medical history, sexual history, and a physical 
examination. Laboratory data are of limited value, except when warranted by his-
tory or physical examination.

Endocrine Changes
Oestrogens: The endocrine changes, which underlie menopausal transition, are pre-
dominantly the consequence of a marked decline in ovarian follicle numbers [168]. 
In the perimenopause, the increase in FSH appears to be an important factor in the 
maintenance of estradiol (E2) concentrations until late in reproductive life until it 
drops in the postmenopause. Endogenous E2 levels may be important predictors of 
change in sexual function in elderly women who are sexually active [169].

Androgens: In women, levels of testosterone, androstenedione, DHEA and 
DHEAS peak in the third to fourth decade of life and then decline with age. 
Concentrations of testosterone fall by about 50% during reproductive life, between 
the ages of 20 and 40. Levels of total testosterone and DHEAS are unchanged by the 
menopausal transition, but bioavailable free testosterone may rise [168, 170–173]. 
In the Melbourne study, DHEA and DHEAS decline with age, without any specific 
influence of the menopause [171, 172]. In contrast, the SWAN study observed in 
most women an increase of four adrenal androgens (DHEA, DHEAS, androstenedi-
one, and androstenediol [Adiol]) during the menopausal transition [174].

Treatment
Sexual dysfunction should only be treated if it reduces sexual satisfaction and 
causes distress. At high risk for distress are women with pathological causes of low 
testosterone including hysterectomy with and without bilateral oophorectomy at 
any age, primary ovarian insufficiency, hypopituitarism, adrenal insufficiency and 
iatrogenic ovarian suppression.
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Non-Pharmacologic Interventions
Non-pharmacologic interventions include education, office-based counselling, psy-
chotherapy, cognitive-behavioural therapy (CBT) and couple therapy. CBT adds 
attention to cognitive restructuring of distortions and myths that may be related to the 
sexual difficulty, and places a heavy emphasis on “in session” and homework assign-
ments. In a RCT, only 26% of women with HSDD randomized to the CBT condition 
met diagnostic criteria for this disorder at post-treatment, stabilizing at 36% at one-
year follow-up. Compared to the control group, CBT also led to significant improve-
ments in the quality of the sexual and marital life, sexual satisfaction and pleasure, 
perception of sexual arousal and several other related factors [156]. Couple therapy 
is commonly a component of, or adjunct to sex therapy. It focuses on interpersonal 
issues such as communication training that affect the sexual relationship.

Non-Hormonal Pharmacological Treatment

Bupropion
Although there are no approved non-hormonal treatments for low sexual desire, 
Bupropion has been used for this purpose. Bupropion is an antidepressant approved 
for treating nicotine dependency. It has been shown to improve desire in some 
women with and without depression (off-label use) [175]. Of a group of non-
depressed women diagnosed with hypoactive sexual desire receiving bupropion 
hydrochloride in single-blinded manner, 29% responded. None had responded to an 
initial four-week placebo phase [156]. Further studies are needed.

Flibanserin  Treatment with flibanserin, on average, resulted in one-half additional 
satisfying sexual event per month while statistically and clinically significantly 
increasing the risk of dizziness, somnolence, nausea and fatigue [176]. The actual 
evidence is graded as very low and does not allow to recommend its use.

Hormonal Treatment

MHT (Including Tibolone)
Systemic MHT is not recommended for sexual dysfunction in the absence of vaso-
motor symptoms, if sexual dysfunction is not directly associated with desire, or in 
the absence of a feeling of distress. A Cochrane analysis concluded that MHT with 
oestrogens alone or in combination with progestogens is associated with an improve-
ment in sexual function when used specifically in women with menopausal symp-
toms or who were in early postmenopause, but not when used for any postmenopausal 
woman [177]. On the other hand, MHT and tibolone are the first-line treatment for 
women with spontaneous or iatrogenic (e.g. chemotherapy, irradiation) premature 
menopause suffering from decreased or absent libido [58, 177]. Figure 4.5 demon-
strates the efficacy of an individualized MHT on sexual satisfaction in women pre-
viously exposed to bone marrow transplantation after whole body irradiation [178].
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Evidence regarding raloxifene and bazedoxifene does not suggest an important 
effect on sexuality.

Vaginal oestrogen may be needed in addition to systemic MHT in patients pre-
senting with concomitant vaginal atrophy and dyspareunia.

Testosterone (T) Therapy  Exogenous T has demonstrated efficacy in treating loss 
of desire in subgroups of postmenopausal women [58, 179–185]. It is not clear 
from any human data if sexual benefit from T is via the androgen receptor or 
solely via the oestrogen receptor from aromatization of T to E2. Women with 
complete androgen insensitivity syndrome mostly report healthy desire and 
response [122].

There is no indication for the general prescription of androgens for sexual dys-
function other than hypoactive sexual desire disorder. T therapy in otherwise healthy 
women with low sexual desire is very rarely indicated, and only justified after the 
exclusion of all known general risk factors, in particular a partnership problem 
[180–184]. Endogenous T levels do not predict the response to androgen therapy. 
Both hysterectomy alone or with bilateral oophorectomy result in a significant loss 
of androgen production [186, 187] (Fig. 4.6). MHT combined with androgen substi-
tution should not be withheld to these women.

Unfortunately, since the withdrawal of the T-patch approved for the treatment of 
women with distressing low sexual desire, other physiological T preparations have 
not been approved for use in women. The remaining practical solution is to 

Effect of MHT on Sexual Satisfaction
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Fig. 4.5  Efficacy of Menopausal Hormone Therapy (MHT, HRT) on low sexual desire. Efficacy 
of an individualized MHT on sexual satisfaction in 102 women previously exposed to bone mar-
row transplantation after whole body irradiation (modified from [178])
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prescribe, as an off-label-use, an androgen preparation approved for males. Some 
suggestions are presented in Table 4.3. These off-label treatments have to be adapted 
to each individual patient. Because short- and long-term safety data are lacking in 
women, these patients should be supervised closely to avoid unwanted hyperandro-
genic side effects.

DHEA Administration
A recent systematic review concluded that DHEA improved aspects such as sexual 
interest, lubrication, pain, arousal, orgasm and sexual frequency [188, 189]. DHEA 
was efficient in populations with sexual dysfunction where other causes of HSDD 
have been excluded, especially in perimenopausal and postmenopausal women, and 
in women suffering from adrenal insufficiency or hypopituitarism. The doses suc-
cessfully used have been 25–50/day, ≥100 mg/day should not be used routinely. 
DHEA treatment has to be supervised closely due to limited data concerning its 
safety.
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Fig. 4.6  Both hysterectomy alone or with bilateral oophorectomy result in a significant loss of 
androgen production. In the Rancho Bernardo Study. 684 women, aged 50–89  years, were 
surveyed for hysterectomy and oophorectomy status and had plasma samples obtained between 
1984–1987. Of these, 438 (67%) had not undergone hysterectomy or oophorectomy (intact), 
123 (18%) reported hysterectomy with bilateral oophorectomy, and 123 (18%) reported hyster-
ectomy with conservation of 1 or both ovaries. After adjustment for age and body mass index, 
both total and bioavailable testosterone levels were reduced by more than 40% (P < 0.001) in 
hysterectomized women with bilateral oophorectomy compared to those in intact women, with 
intermediate levels observed in hysterectomized women with ovarian conservation. (a, 
P < 0.001 vs. intact. b, P < 0.001; c, P < 0.01 vs. hysterectomy with ovarian conservation). 
(modified from [187])
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4.3	 �Quality of Life

Changes of Health related quality of life (HRQL) in climacteric women are integrat-
ing all the negative and positive factors a woman lives in her menopausal transition 
due to the physiologic changes occurring in this period [190] and secondary to the 
treatments that may be used [22, 44, 46, 48, 49, 58]. Symptoms experienced during 
menopause as well as socio-demographic characteristics affect HRQL in climac-
teric women. HRQL is the only global criterion that is decisive for their daily well-
being. In symptomatic climacteric women, HRQL may decrease seriously: the more 
and the heavier the symptoms are, the lower is HRQL. It has to be emphasized that 
HRQL is highly influenced by many non-menopausal factors, such as basic socio-
cultural conditions, education, mood, concomitant physical diseases, and the per-
sonal attitude against menopause [22].

MHT may reverse a decline of HRQL if the deterioration is due to postmeno-
pausal hormonal changes. Low HRQL will be significantly improved by MHT in 

Table 4.3  Remaining approved androgen preparations for female use and practical suggestions 
for off-label androgen treatment in women

All these off-label treatments have to be adapted meticulously to each individual patient. Because 
short- and long-term safety data are lacking, these women should be supervised closely to avoid 
unwanted hyperandrogenic side effects
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women suffering from severe VMS, sleeping problems, musculo-skeletal pain or 
depressive mood induced by menopausal oestrogen-deficiency [22, 93, 191–193]. 
In a RCT in 367 women suffering from climacteric symptoms, use of sequential 
transdermal MHT (E2 50 μg/day weeks 1 and 2; E2 50 μg/day + NETA 250 μg/day 
weeks 3 and 4) raised the global mean HRQL score (“Women’s Health 
Questionnaire”, 22 questions adapted from Hunter [194]) from 2.97 (basal) to 3.15 
at three and 3.21 at 6 months (p < 0.001) [95].

However, MHT does not increase HRQL in peri- and postmenopausal women 
without climacteric symptoms [22, 195]. In asymptomatic postmenopausal women, 
all measures ameliorating unfavourable non-hormonal factors may improve HRQL 
among postmenopausal women. These measures include partnership and sexual 
counselling, psychosocial measures as well as the optimal medical treatment of 
concomitant diseases such as diabetes mellitus, cardiovascular diseases or psychiat-
ric disorders not linked to menopause.
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5Progress in Recommendations 
on Menopause, MHT and POI

Nick Panay

5.1	 �The New Recommendations

NICE UK uses the GRADE (Grading of Recommendations, Assessment, 
Development and Evaluations) systematic approach for assessing the quality of evi-
dence and strength of recommendations in their guidelines. It is the first time that 
this organisation has considered the subject of menopause. Due to the rigorous 
nature of the data analysis and the cost-effective approach to treatment options, the 
guidance is usually closely adhered to in the UK and respected by other organisa-
tions and countries. In a press statement issued on 8 June 2015, Rod Baber, the then 
IMS President, commented “IMS believes that the guidance is based on the best 
available evidence and offers best practice advice on the care of menopausal women. 
We know this will resonate around the world…”.

To oversee the guideline development process, NICE worked with a Guideline 
Development Committee, chaired by Professor Mary Ann Lumsden, current 
President of the IMS and comprising of 15 expert advisers in menopause manage-
ment and post-reproductive care. The group included gynaecologists, specialist 
general practitioners, specialist menopause nurses and physicians; lay women in the 
group ensured the patient perspective was taken into account. There were 117 reg-
istered stakeholder organisations including the British Menopause Society whose 
opinions were taken into account in formulating the scope and the final version of 
the guidelines. The key issues in the scope of the guidelines included the diagnosis 
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and classification of menopause stages, the evidence-based management of symp-
toms with hormone therapy and alternatives, the effect of HRT on long-term meno-
pause conditions and the diagnosis and management of POI.

The guideline was published in full in November 2015; work is now concentrat-
ing on developing a number of quality standards as benchmarks of clinical excel-
lence that health service providers will be expected to adhere to. This will hopefully 
drive funding of menopause services from the UK Department of Health to train 
more menopause specialists and to develop facilities to deliver these services. This 
is vitally important given the starvation of resources for menopause management 
over the last decade. Work is also continuing to secure funding for the research rec-
ommendations published by the group to achieve scientific advances in the field of 
menopause medicine. The limitation of the NICE recommendation is that due to 
NICE methodology and limited data, it was not possible to issue advice on the pros 
and cons of hormone therapy regimens with different types of oestrogen and pro-
gestogens/progesterone.

The ESHRE guidelines are the first to be produced on the evidence-based man-
agement of POI with a view to improving the holistic care of women with this 
condition. A special interest group in reproductive endocrinology collaborated to 
produce this best practice guideline. The scope of the guideline is to offer the best 
practice advice for the management of women with POI, including the manage-
ment of older women who initially presented under the age of 40  years. The 
guideline aims to assist healthcare professionals in the initial assessment of POI 
including making the diagnosis, determining the causation and performing basic 
assessments. Guidance is also provided on the consequences of the condition and 
hormone therapy. Bone health, cardiovascular problems, life expectancy, psycho-
sexual, psychological, neurological and fertility implications have all been con-
sidered. Fertility issues include not only fertility preservation and treatment but 
also assessment of fitness for pregnancy and obstetric risks specific to patients 
with POI.

The limitation of the ESHRE guidelines on POI is that there is a lack of long-
term randomised prospective trial data upon which to base the management guide-
lines. Much of the guidance is therefore based on expert opinion rather than clinical 
trials. It is hoped that good quality long-term observational trial data from POI 
databases [1] and registries [2] (https://poiregistry.net/) can be used to support and 
develop the guidelines in the future. In the meantime, it is important that HCPs are 
provided with some information to achieve the best practice given current clinical 
knowledge.

The 2016 IMS recommendations are the first to be published since the guidelines 
of 2013 [3]. The recommendations constitute a more thorough analysis of the data 
through incorporation of levels of scientific evidence and systematic review of new 
data. Recommendations are graded according to the strength of the evidence. 
Authors of the document have been commissioned to provide each section based on 
their expertise as global opinion leaders and are drawn from both within and outside 
the International Menopause Society. The guidelines facilitate the state-of-the-art 
management of menopause symptoms and the prevention of chronic diseases of 
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midlife and beyond. The IMS maintains its awareness of the geographical variations 
related to different priorities of medical care, different prevalence of diseases and 
country-specific attitudes of the public, the medical community and the health 
authorities towards menopause management.

As with the previous IMS guidelines, a consensus statement has also been pub-
lished to provide key practice points which will be relevant across many global 
organisations [4]. The 2016 revised consensus on menopause hormone therapy 
(MHT) as with the 2013 version brought together menopause and other societies 
from the four corners of the globe. The original consensus was achieved as a result 
of an initiative by the IMS to update the 2011 recommendations on postmenopausal 
hormone therapy and simultaneously extract the key points for incorporation into a 
unified statement. In order to achieve as wide a coverage and uptake as possible, the 
global statement has been simultaneously published in Maturitas (the journal of the 
European Menopause Society) and will also be made available on the websites of 
NAMS, APMF, The Endocrine Society and IOF.

Statements and guidelines are only as good as knowledge in the field and the 
available data; for instance, it was clear from the discussions leading to the latest 
recommendations and consensus versions that considerable uncertainty and contro-
versy remain as far as the issue of breast cancer and its relationship to MHT is 
concerned. In an ideal world, a much larger study than WHI would be conducted, 
using appropriate doses of state-of-the-art hormones in early postmenopausal 
women and in premature ovarian insufficiency [5]. Funding for such a study is not 
likely to be forthcoming in the near future. In the absence of such data, a pragmatic 
way forward could be through the establishment of global registries to facilitate 
evidence-based practice and refinement of guidelines. There is also concern that 
much of the data used to formulate the consensus have arisen from studies per-
formed in the USA and Europe. The impact of menopause and the usage of MHT 
differ in many ways in Asia, Africa and South America; this limits the relevance of 
global recommendations in these areas and warrants further research to facilitate 
region-specific modifications of the guidelines.

The revised global consensus and recommendations are potentially very useful 
tools; how can these best be used to positively influence the care of menopausal 
women? In my view, these are the six points which should be acted upon to maxi-
mise their impact.

	1.	 Regulators/health policy
For global recommendations to have a significant impact, it is vital that the 
global consensus, recommendations and society-specific adaptations should be 
used to positively influence governmental departments of health and medical 
authorities such as the FDA, EMA and MHRA. It is only through such action 
that the negative advice currently being issued by the regulators will be changed. 
In the UK, possibly as a result of the recommendations issued by the BMS to 
the government in 2011, the Department of Health commissioned NICE to draw 
up the menopause diagnosis and management guidelines as previously 
discussed.
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	2.	 The prescribers—education and training of health professionals
The revised consensus, recommendations and society-specific adaptations can 
be used as an opportunity to draw up, or modify, locally relevant guidelines and 
training courses in menopause management. It is ultimately through education 
and training of the main prescribers, in most countries the primary care physi-
cians, that the aspirations of global and national societies can change clinical 
practice for the better. The WHI study did incalculable damage to the confidence 
of primary care to prescribe HRT—it will take many years of retraining to restore 
expertise and confidence in this area.

	3.	 Media—engaging positively
It is vitally important that we engage positively with the media; the messages are 
often complex and need to be stated clearly and made locally relevant. A global 
consensus will go some way to initiate the conversation. It is imperative that we 
inform the journalists and the public that expert opinion regarding the WHI has 
moved on. Breast cancer is a key issue because women fear this the most; we 
have to present the small risks in absolute numbers and put them into perspective 
for the media to report, so that the public is not unduly alarmed. Most journalists 
will publish well-balanced informative articles if they are given the correct infor-
mation to begin with!

	4.	 Pharma industry—withdrawal of R&D in MHT and alternatives
There has been a huge reduction in the funding of research and development of 
MHT which has paralleled the downturn in MHT usage globally. The problem 
has been compounded by the withdrawal of many safe, efficacious products such 
as hormone implants and transdermal testosterone, purely due to commercial 
profitability reasons. There were no licenced alternatives when the withdrawal of 
hormone implants was announced; this left many women in a very difficult posi-
tion as none of the alternatives had worked for them. Despite protestations from 
the menopause societies, the decision could not be reversed because although 
immoral, it was not illegal. A global consensus on MHT will go some way to 
demonstrate to the pharma industry the scale of the menopause problem and the 
need for a full range of products to facilitate individualisation of therapy. It is 
hoped that this will convince the pharma industry to further invest in research 
and development of new products.

	5.	 The menopausal woman—sources/access to information
Misinformation following the WHI has resulted in many women with severe 
menopause symptoms being too scared to use MHT due to fears of breast cancer 
and cardiovascular disease. Many have been unable to access treatment because 
of prescribing restrictions in primary care. The global consensus and recommen-
dations should be used to cascade information from secondary to primary care 
through to menopausal women. This will give them the confidence to approach 
their primary care physician or gynaecologist for appropriate treatment. There 
are too many symptomatic women being told that menopause is a natural state; 
it is normal for them to suffer symptoms and that there is nothing that can be 
done to improve their quality of life.
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	6.	 Type of HRT
Important progress has been made in clarifying that different types of MHT have 
different actions and different risk profiles. In particular the dose and duration 
should be individualised. Recent data are encouraging that with some MHT 
options, there is no significant increase in risk of any type of cancer even with 
long-term use. The revised consensus and recommendations highlight that 
optimum MHT is more refined than just prescribing a standard oral systemic 
oestrogen/progestogen combination. In addition to this, they emphasise that 
local symptoms are often best treated with local therapy and that androgens may 
be required if sexual desire is low.

�Conclusion

The NICE, ESHRE, updated IMS recommendations and global consensus should 
form the template upon which to rebuild confidence in prescribing MHT.  We 
believe that these new guidelines and recommendations will lead to genuine prog-
ress in the diagnosis and management of women with premature ovarian insuffi-
ciency and natural menopause. However, guidelines and recommendations are 
only as good as the information from which they are derived, and it is therefore 
vital that active research continues to provide the raw materials from which fur-
ther guidelines can be developed and refined. The ongoing task is to ensure that 
the interpretation of new data and reanalysis of old data are as accurate as possible 
and that this information is translated into actions which optimise the health of our 
patients. New research is starting to demonstrate that benefits can be maintained 
and risks minimised through refinement of MHT preparations; this will hopefully 
stimulate further funding in the ongoing development of new refined preparations 
[6]. The excellent collaborative efforts of the menopause societies will only pay 
dividends if we work in harmony with governmental departments of health, regu-
lators, pharma industry, media, primary care and women’s advocacy groups to 
achieve our goal of optimisation of menopausal women’s health.
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6Female Infertility and Autoimmunity

Paolo Giovanni Artini and Patrizia Monteleone

6.1	 �Autoimmune Disorders in Fertile Patients

Autoimmune diseases occur when the immune system attacks and destroys the 
organs and tissues of its own host. Eighty percent of autoimmune patients are 
women, and autoimmune disorders often start in women of childbearing age. These 
diseases are a heterogenous group of pathologies. Some are systemic, like systemic 
lupus erythematosus, antiphospholipid syndrome, polymyositis, and dermatomyo-
sitis, while others are organ specific, like thyroid autoimmune disease and celiac 
disease. The problem with autoimmune disease is that, once it has developed, a 
wider range of autoimmune reactions may be triggered, so that an individual may 
develop more than one autoimmune disorder. The following review focuses on thy-
roid autoimmunity and its association with other autoimmune diseases suspected of 
interfering with female reproductive outcome (Fig. 6.1).

6.2	 �Thyroid Autoimmunity

Thyroid autoimmunity (TAI) is characterized by the presence of antithyroid anti-
bodies, which include anti-thyroperoxidase (TPO-Ab) and antithyroglobulin 
antibodies (TG-Ab), with or without clinical or subclinical thyroid dysfunction [1]. 
Thyroid insufficiency and TAI have independently been associated with unfavor-
able fertility and pregnancy outcomes. TAI represents the most common autoim-
mune disorder in women, affecting 5–20% of the females in childbearing age [2]. 
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Thyroid autoantibodies seem to interfere with female reproduction from conception 
to embryo implantation to early pregnancy.

The presence of thyroid antibodies in euthyroid patients is associated with 
unexplained subfertility [3]. No association, however, seems to exist between thy-
roid autoimmunity and the clinical pregnancy rates after in vitro fertilization (IVF) 
[3, 4]. It is possible that IVF, especially IVF/ICSI, allows to overcome the interfer-
ence of thyroid antibodies with natural conception. A very large cross-sectional 
analysis reported a lack of association between TAI and ovarian reserve, evaluated 
as AMH [5]. However, a recent study found that thyroid autoimmunity has a nega-
tive effect on the outcome of controlled ovarian hyperstimulation in euthyroid 
women with a preserved ovarian follicle reserve undergoing assisted reproductive 
technology (ART) [6]. In this study, the presence of thyroid antibodies determined 
significantly lower ratio between serum estradiol concentration on the day of 
pickup and the total number of recombinant FSH (r-FSH) units administered, a 
significantly higher dose of administered r-FSH and lower number of retrieved 
metaphase II oocytes.
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Fig. 6.1  Antithyroglobulin (anti-TG) and anti-thyroperoxidase (anti-TPO) levels in follicular fluid 
and serum of infertile women with documented thyroid autoimmunity undergoing IVF.  From: 
Monteleone et al. [26]
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Past studies have affirmed that similar rates of pregnancy are present in euthyroid 
women with and without TAI and that the disorder is not deemed to alter implanta-
tion of the embryo [7, 8]. A very recent case-control study [9] has shown that thy-
roid autoimmunity, mainly due to positive TPO antibody status, was associated to 
poorer embryo quality in euthyroid women with low-normal TSH levels or high-
normal TSH levels, suggesting that implantation may indeed be impaired in women 
with thyroid autoimmunity.

Thyroid autoimmune disorder without overt thyroid dysfunction is significantly 
associated with a three- to fivefold increase in overall miscarriage rate [3, 10, 11], 
and a recent meta-analysis confirmed the association of thyroid antibodies and 
recurrent miscarriage [3]. Following conflicting results in the literature [12–14], 
recently, Poppe et al. performed a prospective study to delineate the impact of TAI 
on the outcome of ART [15]. The results showed that the pregnancy success rates 
were comparable between women with and without TAI, but the miscarriage rate 
was significantly higher in women with TAI (53% vs. 23%; p = 0·016). Together 
with previously published studies, it indicates a negative impact of TAI on the out-
come of pregnancy following ART. Therefore if, on the one hand, it seems that ART 
can overcome the interference of thyroid antibodies with natural egg fertilization, it 
does not seem to annul the negative effect on embryo implantation.

How thyroid autoimmunity can affect reproductive outcome is still an unan-
swered question. Various mechanisms have been proposed. One hypothesis could 
be that despite euthyroidism at baseline, the presence of thyroid autoimmunity 
increases the risk for developing subclinical hypothyroidism in situations involving 
increased estrogen levels, such as ovarian hyperstimulation or pregnancy [16–19]. 
In other words, in conditions of increased demand, the thyroid of women with auto-
immunity becomes insufficient and subclinical hypothyroidism ensues. A recent 
meta-analysis has revealed that levothyroxine supplementation versus placebo/no 
treatment determines a significant increase in delivery, increase in implantation of 
embryos, and decrease in miscarriage in women [20].

The second hypothesis is that thyroid antibodies can be considered an expression 
of a generalized autoimmune disorder, causing an immune imbalance that nega-
tively affects fertility and pregnancy outcome [2]. Quantitative and qualitative 
changes in the profile of endometrial T cells and a shift in cytokine production, 
consisting of reduced IL-4 and IL-10 and increased interferon-γ, may hamper preg-
nancy outcome [21]. At the same time, polyclonal B cell activation is two to three 
times more frequent in thyroid autoimmunity [21] and is associated with increased 
titers of non-organ-specific autoantibodies [22]. Very recently, it was demonstrated 
that women with repeated implantation failure following IVF and thyroid autoim-
munity present decreased percentage of CD3+CD8+ Tc cells, related to recurrent 
miscarriage, fetal growth restriction, and preeclampsia, and increased Th/Tc ratio 
with respect to women with repeated implantation failure but without TAI [23].

Thirdly, antithyroid antibodies may directly target zona pellucida, and placental 
antigens, thus affecting embryo implantation [2]. The zona pellucida and thyroid 
tissue seem to share similar antigens, as demonstrated by Kelkar et al. [24] in an 
experimental study where human anti-zona pellucida antibodies recognized anti-
gens within murine thyroid tissue. The fact that IVF-ICSI, which requires no inter-
action between the sperm cell and the zona pellucida, produces a similar pregnancy 
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outcome in TAI-positive and TAI-negative women [25] seems be in line with this 
hypothesis.

Finally a potential hypothesis was provided by our research group [26] based on the 
observation that antithyroid antibodies are present in the follicular fluid of euthyroid 
women undergoing IVF. We found that the follicular fluid concentrations of anti-TG and 
anti-TPO were measurable in all TAI-positive women and in concentrations approxi-
mately half with respect to those found in serum at oocyte retrieval. In our study, oocyte 
fertilization, grade A embryos, and pregnancy rates were lower in women with thyroid 
autoimmunity than in negative controls, while early miscarriage rates were higher. We 
hypothesized that the presence of antithyroid antibodies may cause antibody-mediated 
cytotoxicity in the growing ovarian follicle and damage the maturing oocyte, thereby 
reducing its quality and its developmental potential.

6.3	 �Thyroid Autoimmunity and Other  
Reproductive Disorders

In a study by Poppe et al. [27], a significantly higher prevalence of TPO-Ab was 
found in infertile women, compared to controls, precisely 18% vs. 8%, and, among 
these women, the highest prevalence of positive antibodies was observed in women 
with infertility due to endometriosis. Endometriosis and thyroid autoimmunity may 
share a common autoimmune dysfunction; endometriosis has frequently been asso-
ciated with a variety of immunological changes, such as the presence of polyclonal 
B lymphocyte cell activation, abnormal B and T lymphocyte cell function, and 
chronic inflammatory tissue damage [28, 29].

Another association has been observed between TAI and polycystic ovary syn-
drome (PCOS) [30, 31]. These data have been confirmed by a recent case-control 
study in which the prevalence of TPO-Ab was significantly higher in PCOS patients 
than in controls [32]. Other non-organ-specific antibodies, such as antinuclear anti-
bodies and smooth muscle antibodies, have been more frequently detected in PCOS 
patients [33] as well as anti-ovarian antibodies of all isotypes (immunoglobulin (Ig) 
G, IgA, IgM), almost as high as in patients with primary ovarian failure [34].

Finally, thyroid autoimmune disease seems to be the most common autoimmune 
disease associated with premature ovarian failure [35–38].

6.4	 �Thyroid Autoimmunity and Other  
Autoimmune Disorders

6.4.1	 �Antiphospholipid Antibody Positivity

There are reports of a significant association between thyroid autoimmunity and 
non-specific antibodies, such as antiphospholipid (aPL) antibodies, specifically 
lupus anticoagulant, anticardiolipin, and beta-2 glycoprotein I.  These antibodies 
were shown to directly react with human placental trophoblast [39, 40]. The 
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presence of antiphospholipid antibodies has been proven to cause pregnancy mor-
bidity. Specifically, a history of three or more consecutive spontaneous abortions 
before 10 weeks of gestation, one or more unexplained fetal loss beyond 10 weeks 
of gestation, or one or more premature births of a morphologically normal neonate 
before 34 weeks of gestation due to eclampsia or preeclampsia, in the presence of 
antiphospholipid antibodies and no other known autoimmune disease, are diagnos-
tic criteria for the antiphospholipid syndrome [41]. Treatment of this syndrome to 
avoid adverse obstetric outcome during pregnancy is well established [41]. 
Antiphospholipid antibody positivity on the other hand cannot be currently associ-
ated to infertility and is not predictive for success or failure of IVF [42]. Studies 
have explored the outcome of IVF in aPL-positive women and found no association 
between aPL positivity and the number of IVF cycles or fertility success rates [42]. 
Therefore, the assessment of antiphospholipid antibodies is not indicated among 
infertile couples undergoing IVF, and therapy is not justified based on existing data 
[42]. This area deserves further research, however, as there is very recent evidence 
that aPL positivity is associated with decreased levels of anti-Mullerian hormone, 
therefore of ovarian reserve, in infertile women [43].

6.4.2	 �Celiac Disease

The association of autoimmune thyroid disease with celiac disease has been well 
described in the literature [44–46].

Celiac disease is an autoimmune enteropathy caused by an abnormal immune 
response to dietary gluten and characterized by the production of antigliadin, anti-
endomysial, and tissue transglutaminase antibodies. This disease may not cause 
gastrointestinal symptoms and go undiagnosed for a long while, leading to long-
term complications on reproductive health. In a recent meta-analysis of the litera-
ture, it is reported that patients with unexplained infertility, recurrent miscarriage, 
or intrauterine growth restriction have a nearly five-, six-, or eightfold, respec-
tively, increased risk of being affected by celiac disease compared with the gen-
eral population. [47]. In vitro studies have indicated that anti-transglutaminase 
antibodies may cause placental damage at the fetomaternal interface by direct 
binding to trophoblast cells and endometrial endothelial cells [47]. It is important 
to suspect celiac disease in women suffering from the abovementioned reproduc-
tive disorders especially in light of the fact that adherence to a gluten-free diet 
may annul the negative impact of the disease on general and reproductive health 
[48, 49].

6.4.3	 �Systemic Autoimmune Disorders

Finally, thyroid autoimmunity has been frequently seen concurrently with sys-
temic autoimmune diseases such as systemic lupus erythematosus and Sjogren 
syndrome [50].
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�Conclusion

It is becoming increasingly clear that autoimmune diseases, namely, thyroid 
autoimmunity, which are on the rise in the female population, contribute to the 
factors that negatively affect fertility and obstetric outcome. Thyroid autoimmu-
nity may be present in women suffering from other reproductive disorders, such 
as endometriosis, polycystic ovary syndrome, and premature ovarian insuffi-
ciency. Moreover, women who develop thyroid autoimmunity are more suscep-
tible to developing other autoimmune disorders that have also associated to poor 
reproductive outcome, such as celiac disease and antiphospholipid syndrome. 
The field of autoimmunity and female infertility has many unsolved questions. 
Further research focused on understanding the true prevalence of autoimmune 
disorders in infertile women, and the causal mechanisms is much needed to 
develop diagnostic and management strategies.
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7.1	 �Menopause and Fertility

For most women, the menopause is a natural and permanent pause of menstruation 
due to ovarian ageing and natural loss of ovarian function. It is considered as a bio-
logical and not just a chronological phenomenon, usually occurring in the late 40s 
or early 50s [1, 2]. Reproductive menopause is recognized as a pause of reproduc-
tive ability due to the decline of ovarian reserve with age. Menopause has been 
classified as primary in Turner’s syndrome or secondary including natural or prema-
ture menopause. Premature menopause describes definitive loss of ovarian function 
before the age of 40. It can be either spontaneous or induced by surgical treatment, 
radiotherapy, chemotherapy or treatment with gonadotropin-releasing hormone 
analogues [3].

Premature menopause represents temporary or permanent loss of ovarian func-
tion in women before the age of 40. In these women, the possibility of natural con-
ception falls to approximately 2%, whereas the possibility of conception after 
in vitro fertilization (IVF) is less than 4% [4].

The time period preceding menopause, called perimenopause, involves a transi-
tion period of variations in the menstrual cycle and endocrine levels. A decrease in 
the levels of ovarian steroid hormones is observed due to the loss of ovarian follicu-
lar function [1]. During perimenopause, women experience a quantitative as well as 
a qualitative decline of ovarian reserve with age [5, 6]. Evidently, this is reflected by 
an observed decrease in the number of follicles and an increase in oocyte aneu-
ploidy rates. Since oocyte number and quality are significantly affected by advanced 
maternal age, the ovarian follicle reserve seems to be an important factor 
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determining the outcome of assisted reproductive technologies (ART), irrespective 
of maternal chronological age.

As expected, a decrease in the probability of clinical pregnancy is observed with 
advanced maternal age. Based on the latest European IVF Monitoring (EIM) data 
published in 2016, the effect of women’s age on fertility outcome is clearly shown. 
Pregnancy rates per aspiration after IVF or intracytoplasmic sperm injection (ICSI) 
declined from 29.6% and 29.3% in women aged less than 35 years to 13.5% and 
12.6% in those aged 40 years or more, respectively [7]. Moreover, the probability of 
live birth in women >40 years of age is small and decreases significantly with each 
additional year [8, 9].

While fertility declines with age, perimenopausal conception remains a challenge 
regarding the chances of pregnancy achievement, taking into consideration the health 
risks as well as the socio-ethical issues raised. Ovarian stimulation for IVF remains 
one of the most popular treatment options available for achieving a pregnancy in peri-
menopausal women. Approximately 20% of all IVF cycles are performed in patients 
aged 40 years or more. However, advanced age is associated with poor IVF outcome, 
a poor response to ovarian stimulation and increased rates of cycle cancellation. 
Moreover, there are fewer oocytes retrieved, fewer embryos available for transfer, 
lower embryo quality, lower implantation rate and higher miscarriage rate [10].

Although IVF is widely used in the management of infertility in women of 
advanced age, the extremely low pregnancy rates achieved in these patients neces-
sitate to consider alternative options with higher success rates, such as oocyte 
donation.

7.2	 �Oocyte Donation

7.2.1	 �Pregnancy Outcomes

Since the first successful pregnancy achieved in 1984 with donated oocytes in a 
woman with premature ovarian failure [11], oocyte donation represents an effica-
cious and well-established treatment option in ART, especially in women of 
advanced maternal age [12]. Although initially used for treating women with a vari-
ety of disorders, including premature ovarian failure, Turner’s syndrome, avoidance 
of genetic disease transmission or poor oocyte quality following conventional 
assisted reproduction, oocyte donation was soon expanded in the management of 
perimenopausal or menopausal infertility.

Higher pregnancy and delivery rates, as well as lower miscarriage rates, have 
been reported with the use of donated oocytes in women of advanced age [12–15]. 
Based on the latest EIM data published in 2016 regarding oocyte donation [7, 16], 
a substantial increase in pregnancy and delivery rates was shown with the use of 
donor oocytes as compared to own oocytes in women of ≥40 years old (Table 7.1). 
However, it should be noted that, although the probability of live birth after oocyte 
donation is high in older IVF recipients, it seems to decline with increasing mater-
nal age [17].
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Regarding endometrial preparation for fresh embryo transfer in oocyte donation 
cycles, no difference has been reported in live birth rates when comparing a constant 
dose versus an increasing dose of oestrogens either with oral or transdermal supple-
mentation [18]. Thus, oestrogen dose and administration route did not seem to affect 
pregnancy outcomes in oocyte donation cycles after fresh embryo transfer.

Considering pregnancy outcomes in oocyte donation cycles using cryopreserved 
donor oocytes, a recently published study showed similar efficiency in terms of 
oocyte-to-baby rates, by using vitrified versus fresh oocytes. Moreover, the proba-
bility of live birth using vitrified oocytes appeared to increase progressively with the 
number of oocytes consumed by the recipients [19].

In another recently published retrospective cohort study, evaluating donor thy-
roid function with recipient pregnancy outcome in fresh donor oocyte cycles, donor 
TSH levels ≥2.5  mIU/L were found to be associated with decreased recipient 
implantation and clinical pregnancy rate, suggesting that thyroid function may neg-
atively impact the probability of pregnancy achievement among donor oocyte recip-
ients [20].

7.2.2	 �Pregnancy Complications

Pregnancy complications are considerably increased in women of advanced maternal 
age. The factors affected by age include increased rate of oocyte chromosomal anom-
alies, hypertension, diabetes, placenta praevia, a higher incidence of caesarean section 
as well as increased maternal and foetal mortality and morbidity [10]. Moreover, 
obstetrical and perinatal risks seem to be increased in pregnancies with oocyte dona-
tion due to the unique condition of pregnancy achievement with an immunologically 
allogeneic embryo. Due to the inadequate immune response between the mother and 
the foreign foetus leading to reduced trophoblastic invasion of the spiral arteries, 
oocyte donation appears to be an independent risk factor for preeclampsia. Hence, 
increased risks for preeclampsia have been reported after oocyte donation compared 
to natural conception, especially in women of advanced maternal age [21, 22].

Several studies have reported on the obstetrical and perinatal outcomes after 
oocyte donation, the assessment of which remains of significance importance. In 
one of the first studies published, evaluating pregnancy outcomes after oocyte dona-
tion, a high incidence of obstetric and neonatal complications was reported, includ-
ing first trimester bleeding, preeclampsia, intrauterine growth restriction (IUGR) 
and caesarean section [23]. Subsequent studies, comparing obstetrical and perinatal 
complication rates between women who conceived with donated oocytes and those 

Table 7.1  IVF pregnancy and delivery rates with own and donor oocytes in Europe [7, 16]

Pregnancy rates (%) Delivery rates (%)
Year 2011 2012 2011 2012

Own oocytes ≤34 years 37.0 29.6 28.6 22.7
Own oocytes ≥40 years 16.4 13.5 9.9 8.1
Donor oocytes 41.6 45.1 24.6 28.2

7  Oocyte Donation in Perimenopausal and Menopausal Women



98

who conceived through IVF with autologous oocytes, showed that pregnancies after 
oocyte donation were associated with a significantly higher risk of first trimester 
bleeding, abnormal placentation, preeclampsia, pregnancy-induced hypertension 
and caesarean section compared with IVF pregnancies using autologous oocytes 
[24, 25].

In a recently published systematic review of relevant studies regarding maternal 
and foetal complications from pregnancies conceived through oocyte donation, the 
risk of placental disorders, such as gestational hypertension and preeclampsia, 
appeared to be higher in oocyte donation pregnancies when compared to IVF preg-
nancies. In addition, twin pregnancies were associated with poorer outcomes, espe-
cially when combined with concomitant obstetric complications [21].

In agreement with previous studies, a retrospective population-based cohort 
study from Sweden, evaluating perinatal outcomes in singletons after oocyte dona-
tion vs. IVF/ICSI and spontaneous conception during a 10-year period (2003–2012), 
demonstrated that singleton oocyte donation pregnancies were associated with a 
significantly increased risk for preeclampsia [adjusted odds ratio (aOR), 3.1; 95% 
CI, 2.2–4.2], postpartum haemorrhage (>1000 mL) (aOR, 2.7; 95% CI, 2.0–3.5), 
preterm birth (<37  weeks) (aOR, 1.8; 95% CI, 1.3–2.5) and low birthweight 
(<2500 g) (aOR, 1.7; 95% CI, 1.2–2.4) as compared with IVF/ICSI and spontane-
ous conception pregnancies. Moreover, the rate of large-for-gestational age babies 
was significantly increased in singletons born after oocyte donation with frozen 
cycles when compared with fresh cycles (OR: 5.3, 95% CI: 1.3–21.5) [26].

The recently published systematic review and meta-analysis of obstetric and 
neonatal complications after oocyte donation vs. IVF/ICSI showed elevated risk for 
preeclampsia in singleton and in multiple pregnancies, preterm birth and low birth-
weight in singletons [27], (Table 7.2).

Similarly, studies evaluating women of advanced maternal age (aged ≥40 years, 
>43 years, ≥45 years or ≥50 years) demonstrated high rate of complications in all 
groups, especially among twin pregnancies achieved by IVF with oocyte donation 
[28–30]. Given the increased risks of adverse maternal and neonatal outcomes asso-
ciated with multiple pregnancies after oocyte donation, it seems necessary to pro-
vide proper counselling of the intended parents prior to fertility treatment with 
donated oocytes and to encourage single embryo transfer, especially in women of 
advanced maternal age.

Primary ovarian failure is a common feature of Turner’s syndrome. This syn-
drome is associated in most cases with ovarian dysgenesis, and only a few spontane-
ous pregnancies have been reported in the literature [31]. However, the progress in 

Table 7.2  Meta-analysis of obstetric and neonatal complications after OD vs. IVF/ICSI [27]

AOR 95% CI
Preeclampsia Singleton 2.11 1.42–3.15

Multiples 3.31 1.61–6.80
Preterm birth Singleton 1.75 1.39–2.20
Low birthweight Singleton 1.53 1.16–2.01
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reproductive medicine has made it feasible for women with Turner’s syndrome to 
achieve successful pregnancies using oocyte donation. Considerable success rates 
of pregnancy achievement have been reported in patients with Turner’s syndrome 
after oocyte donation. However, it should be highlighted that these pregnancies are 
associated with substantial maternal and obstetrical complications, including car-
diovascular complications, preeclampsia, gestational hypertension, foetal growth 
restriction and caesarean section [32–35]. For these reasons, it has been suggested 
that women with Turner’s syndrome should be screened for abnormalities of the 
aorta, the aortic valve and the cardiovascular system before undergoing oocyte 
donation and be followed closely during their pregnancy.

Oocyte donation has proven to be an effective option of infertility treatment, 
particularly in perimenopausal and menopausal women. However, obstetrical and 
neonatal complications seem to be increased in pregnancies with oocyte donation, 
raising ethical and social considerations associated with pregnancy achievement in 
women of advanced maternal age. In order to minimize the risk of serious complica-
tions, appropriate management strategies with regard to oocyte donation should be 
evaluated after careful selection of patients. Moreover, a detailed medical evaluation 
and a thorough counselling of patients interested in receiving donated oocytes need 
to be offered.

�Conclusions
•	 Maternal age is the single most important factor affecting oocyte number and 

quality.
•	 Biological age, e.g. ovarian reserve, seems to affect ART outcome indepen-

dently of maternal chronological age.
•	 Poor ART results in women with advanced age are mainly due to chromosom-

ally abnormal oocytes.
•	 Using donor oocytes, excellent ART results can be achieved in older women.
•	 Obstetrical and neonatal complications seem to be increased in pregnancies 

with oocyte donation.
•	 Women with Turner’s syndrome, before applying oocyte donation, should be 

screened for abnormalities of the aorta, the aortic valve and the cardiovascular 
system and should be followed closely during pregnancy.

•	 The ethical and social issues associated with pregnancies in women of 
advanced age need to be addressed.
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8Thyroid Disorders in Climacteric Women

Anna Brona, Andrzej Milewicz, Justyna Kuliczkowska-
Płaksej, and Marek Bolanowski

8.1	 �Introduction

The appearance of menopause is combined with the incidence of many diseases 
typical of middle age, i.e., thyroid disorders, osteoporosis, and cardiovascular dis-
eases. Thyroid disorders, especially subclinical hypothyroidism and subclinical 
hyperthyroidism, are frequent medical conditions among postmenopausal women. 
The prevalence of metabolic syndrome and osteoporosis significantly increases in 
postmenopausal women [1]. Many symptoms appear due to decreased estrogen 
level; however, chronic diseases influence quality of life as well. One of them is 
thyroid diseases, which are associated with risk factors for osteoporosis and cardio-
vascular diseases. Some symptoms of chronic diseases may mimic or modify the 
clinical expression of climacteric symptoms. Menopause and thyroid disease may 
present with similar symptoms, i.e., sweating, heart palpitations, insomnia, irritabil-
ity, or mood changes, which suggest menopause, hyperthyroidism, or both. In addi-
tion, weight gain, constipation, skin atrophy, and hair atrophy are climacteric 
symptoms as well as symptoms of hypothyroidism [2]. With aging, the level of 
thyroid-stimulating hormone (TSH) remains within normal range and occasionally 
has a tendency to increase [3]. Reduction of thyroid iodine uptake, free thyroid 
hormone synthesis, and catabolism of free thyroxine (FT4) are observed. In addi-
tion, reverse triiodothyronine (rT3) level increases [3].
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8.2	 �Thyroid and Bone Metabolism

The decrease in bone mass with age in postmenopausal women is well documented 
[4]. Thyroid hormones are important regulators of bone formation and remodeling. 
Triiodothyronine (T3) stimulates osteoblast activity both directly and indirectly 
through various growth factors and cytokines. It also has a direct impact on osteo-
clast differentiation [5, 6]. Changes in thyroid hormone levels within normal range 
are associated with bone mineral density (BMD) and fracture in healthy euthyroid 
postmenopausal women. It has been shown that FT4 and free triiodothyronine 
(FT3) in upper laboratory range is related to decreased BMD and FT4 in upper labo-
ratory range is associated with increased bone loss at the hip [7].

Abe et al. demonstrated direct effects of TSH on skeletal remodeling, osteoblas-
tic bone formation, and osteoclastic bone resorption, via the TSH receptor present 
on osteoblast and osteoclast precursors [8]. Other authors suggested that TSH bone-
protective action is mediated by inhibiting osteoclastogenesis [9]. Vestergaard et al. 
indicated an increased fracture risk within the first 5 years after diagnosis of hyper-
thyroidism and the first 10 years after diagnosis of hypothyroidism [10].

8.2.1	 �Thyroid Function and Osteoprotegerin and Osteocalcin

The relationship between increased follicle-stimulating hormone (FSH) and lutein-
izing hormone (LH) with the markers of bone turnover was found in postmeno-
pausal women, i.e., a higher release of osteocalcin in the systemic circulation [11].

Osteoprotegerin (OPG) and osteocalcin (OC) are produced by the osteoblast. OPG 
is a decoy receptor of the receptor activator of nuclear factor kappa-B ligand (RANKL) 
and influences osteoclast differentiation and activation. OC is a secretory glycoprotein, 
produced mainly by bone osteoblast. Age and various other factors have an impact on 
circulating OPG and OC levels. Thyroid function exerts effect on bone remodeling and 
bone cell metabolism, as well as the serum levels of these molecules [12].

Polovina et al. indicated a positive association between the serum osteocalcin 
level and TSH in euthyroid and subclinical hypothyroid postmenopausal women, 
but they did not find differences in osteocalcin levels in these groups [13].

Shinkov et al. demonstrated an almost linear positive association between OC 
and the thyroid hormones in the postmenopausal women [12]. They also reported 
lower OPG levels in the euthyroid subjects compared to those with elevated or sup-
pressed TSH [12]. The higher OPG level in hyperthyroidism may be explained by 
the increased bone turnover due to elevated thyroid hormones and reduced TSH 
[14]. The increased OPG level in hypothyroidism is poorly understood.

8.2.2	 �Hyperthyroidism and Fractures

Thyroid hormones stimulate bone resorption, and overt hyperthyroidism is asso-
ciated with increased bone turnover and an increased risk of osteoporosis and 
fractures [15].
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Many studies reported a decreased BMD in women after menopause with sub-
clinical hyperthyroidism [15, 16].

Abrahamsen et al. demonstrated the relationship between a single first measure-
ment of decreased TSH and an increased long-term risk of hip fractures in older 
women [17]. In another study, they indicated that the higher risk of major osteopo-
rotic fractures in hypothyroid postmenopausal women was associated with exces-
sive levothyroxine dosing (LT-4) [18].

Data from the available prospective cohort studies suggest an increased risk of 
hip fractures and non-spine fractures in subclinical hyperthyroidism. Higher frac-
ture risk was reported in adults with grade 2 subclinical hyperthyroidism [6, 19]. 
Thus, the European Thyroid Association recommends performing BMD (and pos-
sibly biochemical markers of bone turnover) in women after menopause with TSH 
below 0.1 mIU/l (grade 2 subclinical hyperthyroidism) [6, 19].

Prospective studies showed an improvement in BMD after ATDs or RAI therapy 
in postmenopausal women with subclinical hyperthyroidism and a continuous 
decrease of BMD in untreated patients [15, 16]. Femoral and lumbar spine BMDs 
increased by 1.9% and 1.6% respectively, 1  year after RAI treatment. However, 
there are no data showing that treatment of subclinical hyperthyroidism reduces the 
risk of fracture [15, 16].

8.2.3	 �Hypothyroidism and Fractures

Hypothyroid patients tend to exhibit higher bone density. Despite somewhat higher 
bone quantity, hypothyroidism is related to an increased fracture risk before and 
after diagnosis [13].

The results of studies examining the influence of subclinical hypothyroidism and 
L-T4 replacement therapy on bone have generated considerable interest but also 
controversy [5]. Some studies indicated that treatment with replacement doses of 
L-T4 caused a decrease in BMD [5]. Other showed the relationship between this 
treatment and accelerated decrease in BMD but not typical of osteoporosis [5].

Baqi et al. [20] reported a favorable bone status in postmenopausal women with 
normal TSH levels compared to those with low TSH levels [5]. The available data 
suggest that the preservation of bone after menopause depends on TSH [5]. Polovina 
et al. found evidence for association between FRAX score and TSH in postmeno-
pausal women. They indicated that the main FRAX score and hip FRAX score were 
significantly higher in the group with subclinical hypothyroidism than in the con-
trols [13].

In a large, population-based study, Abrahamsen et al. indicated that increased 
risk of hip and major osteoporotic fractures in postmenopausal women is strongly 
associated with the cumulative duration of low TSH, probably from excessive thy-
roid hormone replacement therapy. They did not identify any independent clinically 
significant effects of hypothyroidism itself on fracture risk in women [18].

Fadejev et al. [21] found that the combination of L-T4 and levotriiodothyronine 
(L-T3) in the treatment of primary hypothyroidism leads to a higher rate of bone 
resorption [13].
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Pedrera-Zamorano et al. studied a group of 180 postmenopausal women treated 
with L-T4 and estimated bone mass in the phalanx using the quantitative ultrasound 
(QUS) measurements of the phalanx. They reported no differences between the 
treated patients and untreated controls [5]. La Vignera et al., in a study of 99 post-
menopausal women between 50 and 56  years of age and treated with L-T4 for 
1 year, indicated a slight but significant reduction in the BMD of the lumbar verte-
brae measured by DXA, which was more pronounced in patients on suppressive 
therapy than in those on replacement therapy [22]. Other authors observed no reduc-
tion in BMD in postmenopausal women with subclinical hypothyroidism who were 
on L-T4 treatment [5].

8.3	 �Subclinical Hypothyroidism and Cardiovascular Risk

There is ongoing debate on cardiovascular risk and subclinical thyroid disease [23]. 
The mechanisms relating subclinical hypothyroidism to cerebrovascular conditions 
such as stroke are yet not completely understood. Studies demonstrated association 
between subclinical hypothyroidism and increased carotid arterial stiffness, elevated 
serum low-density lipoprotein cholesterol and apolipoprotein-B, elevated mean 
platelet volume, and altered low-density lipoprotein-C oxidizability [24]. However, 
the results of studies examining these associations are contraindicatory [25].

Like overt hypothyroidism, subclinical hypothyroidism has been related to 
increased risk for heart failure and atherosclerotic disease [23]. In the literature it is 
suggested that subclinical hypothyroidism is associated with higher risk of incident 
coronary heart disease (CHD) events and deaths, but evidence has not been consis-
tent [23]. In some patients with subclinical hypothyroidism, FT4 levels are very 
close to those typical of overt hypothyroidism. These lower FT4 levels in more 
severe forms of subclinical hypothyroidism could be associated with an increase 
vascular resistance. This effect may be mediated via impaired inhibition of collagen-
induced platelet aggregation [24].

Data on the relationship between subclinical hypothyroidism and myocardial 
infarction (MI) from one large cross-sectional study [26] and three follow-up stud-
ies are inconclusive [23]. Le Grys et al. examined the association between subclini-
cal hypothyroidism and subsequent risk for MI in a large prospective cohort of 
postmenopausal US women aged 50–79 years [23]. Specifically their objective was 
to determine whether subclinical hypothyroidism at baseline is independently asso-
ciated with risk for incident MI in the 7  years after enrollment in the Women’s 
Health Initiative Observational Study (WHI-OS). They did not find evidence for an 
association between subclinical hypothyroidism and risk for MI. The lack of asso-
ciation between subclinical hypothyroidism and MI was not changed by the pres-
ence or absence of TPOAb and also did not vary by the severity of subclinical 
hypothyroidism (mild TSH 4.69–6.99 mU/l or moderate/severe TSH ≥ 7.00 mU/l) 
[23]. They did not have information on lipid levels but found that the proportion of 
antihyperlipidemic medication used to be similar, regardless of subclinical hypothy-
roidism status. They suggested that if the primary mechanism of MI progression in 
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subclinical hypothyroidism is through increased LDL-C, the lack of association 
may be due to the predominantly older population in the study (approximately 70% 
of study population [including women] was 65 years of age or older at baseline) 
[23]. Lipid levels are strong predictors of cardiovascular disease including MI 
among middle-aged adults, but not among older adults, in which this association 
remains controversial [23, 27].

In another study, the same authors investigated an association between subclini-
cal hypothyroidism and risk for incident ischemic stroke in the same group of post-
menopausal women from the WHI-OS, but there was no evidence for such 
association [24]. Several studies have demonstrated an improvement in cardiovas-
cular outcomes associated with subclinical hypothyroidism after treatment with 
LT-4, although evidence has not been consistent [24].

The influence of estrogen on LT-4 intake in postmenopausal women should be 
taken into account due to the antagonistic effect of estrogen use on efficacy of LT-4 
therapy [28].

8.4	 �Hyperthyroidism and Cardiovascular Risk

In two large prospective studies, an increased risk of atrial fibrillation (AF) was 
found in elderly subjects with subclinical hyperthyroidism [15].

A recent systematic review, including six prospective studies, did not confirm an 
increased risk of stroke in subclinical hyperthyroidism [29]. Meta-analysis performed 
by the Thyroid Studies Collaboration Group did not show higher risk of stroke in 
subclinical hyperthyroidism patients in comparison to euthyroid controls [30].

The results of a population cohort study have shown that subclinical and overt 
hyperthyroidism is associated with increased all-cause mortality compared to 
euthyroid individuals [15]. In another prospective cohort studies, patients with sub-
clinical hyperthyroidism had an increased risk of total mortality, CHD mortality, 
and incident AF. The risk of CHD mortality and AF were higher among adults with 
grade 2 subclinical hyperthyroidism [30, 31].

8.5	 �Risk of Thyroid Cancer

Thyroid cancer incidence is three times higher in women than in men and is the 
ninth most frequent among females worldwide [32]. It has been suggested that hor-
monal and reproductive factors may determine or modulate the risk of thyroid can-
cer [32]. Experimental data have shown that estrogens exert the promoting effect on 
the growth of thyroid cancer cells through a pathway mediated by estrogen recep-
tors alpha and beta [32, 33].

Caini et al. performed a meta-analysis and indicated that increasing age at first 
pregnancy or birth and hysterectomy were associated with increased thyroid cancer 
risk. In their study women with younger age at menopause had a borderline signifi-
cant reduced thyroid cancer risk [27].
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Estrogen receptors (ERs) are present on both normal and neoplastic thyroid cells 
[27, 28]. ERs are likely to have an impact on the function of the thyroid gland 
mainly at puberty, in early pregnancy, and breastfeeding [27]. Endocrine disruptors 
may activate ERs [27]. It is suggested that a continuous activation of the ERs may 
cause the growth of thyroid and promote development and progression of well-
differentiated thyroid cancers [27].

The role of estrogens in the physiology and pathology of both the thyroid gland 
and the uterus may explain the frequent association of uterine leiomyomas (a lead-
ing cause of hysterectomy) and thyroid nodules [34].

The activation of ERs of thyroid gland cells is not probably the only cause of 
development and progression of well-differentiated thyroid cancers. Except this, 
overweight and obesity may play a role [32].

8.6	 �Subclinical Hyperthyroidism

The incidence of endogenous subclinical hyperthyroidism varies considerably, 
between 0.6 and 16% [15]. The differences result from diagnostic criteria, the age 
and sex of population studied, and the TSH assay used for evaluation and iodine 
intake [15]. It is estimated that subclinical thyroid diseases affect 23.2% of post-
menopausal women; among them 26.2% are hyperthyroid [3].

One of the most important documents on thyroid diseases published recently was 
the European Thyroid Association Guideline on subclinical hyperthyroidism. 
Although it has not been written specially for postmenopausal women, the recom-
mendations may be very useful for everyday practice.

The diagnosis of subclinical hyperthyroidism is based on biochemical findings, 
i.e., a decreased serum TSH level and normal thyroid hormone levels [15]. 
Subclinical hyperthyroidism comprises two categories: grade 1 subclinical hyper-
thyroidism with low but detectable serum TSH levels (e.g., TSH 0.1–0.39 mIU/l) 
and grade 2 subclinical hyperthyroidism with suppressed serum TSH levels (<0.1 
mIU/l) [15].

The most common forms of subclinical hyperthyroidism comprise Graves’ disease 
in younger patients (≤65 years) in iodine-replete areas and toxic adenoma and toxic 
multinodular goiter in older patients (>65 years) and in iodine-deficient areas [35].

The management of subclinical hyperthyroidism depends on age and comorbidi-
ties. Recent meta-analyses indicate that subclinical hyperthyroidism is associated 
with increased risk of CHD mortality, incident AF, heart failure, fractures, and 
excess mortality in patients with serum TSH levels <0.1 mIU/l (grade 2 subclinical 
hyperthyroidism) [15].

Furthermore, there is evidence that treatment is indicated in patients older than 
65 years with grade 2 subclinical hyperthyroidism to potentially avoid these serious 
cardiovascular events, fractures, and risk of progression to overt hyperthyroidism [15].

According to the task force’s statement, treatment could be considered in patients 
older than 65 years with TSH levels 0.1–0.39 mIU/l (grade 1 subclinical hyperthy-
roidism) because of their increased risk of AF and might also be reasonable in 
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younger (≤65 years) symptomatic patients with grade 2 subclinical hyperthyroid-
ism because of the risk of progression, especially in the presence of symptoms and/
or underlying risk factors or comorbidity [15].

The task force’s final conclusion is that there are no data to support treating sub-
clinical hyperthyroidism in younger asymptomatic patients with grade 1 subclinical 
hyperthyroidism. These patients should be followed without treatment due to the 
low risk of progression to overt hyperthyroidism and the weaker evidence for 
adverse health outcomes [15].

Subclinical hyperthyroidism may progress to overt hyperthyroidism. In grade 1 
subclinical hyperthyroidism, it is uncommon, about 0.5–0.7% of patients over 
7 years. In grade 2 subclinical hyperthyroidism, it is more frequent, about 5–8% of 
patients each year [36, 37]. Subclinical hyperthyroidism may remain stable or 
resolve in euthyroidism. Progression to overt hyperthyroidism or normalization of 
TSH is more common than persistent subclinical hyperthyroidism in patients with 
GD [15].

8.7	 �Subclinical Hypothyroidism

Subclinical hypothyroidism is more common with advancing age and may affect 
10–15% of postmenopausal women [24] (according to other authors 5–20%) [23]. 
Overt hypothyroidism may affect 1–3% of postmenopausal women [23]. A higher 
prevalence was found in the LAVOS study in which 24.2% of postmenopausal 
women had TSH level >5.5 mIU/mL [1]. In the PolSenior study, 7.95% of women 
over 55 years had elevated serum TSH [1]. Subclinical hypothyroidism is defined as 
a serum concentration of TSH above the upper limit of the reference range when the 
concentration of serum-free T4 (FT4) is within the reference range [5].

Important questions about subclinical hypothyroidism are if it increases cardio-
vascular risk and which subjects should be treated with LT-4 [38]. There are no 
special guidelines for postmenopausal women; therefore, it is necessary to find rel-
evant information in guidelines for general population.

Subclinical hypothyroidism comprises two categories: mildly increased TSH 
levels (4.0–10.0 mU/l) and more severely increased TSH levels (>10.0 mU/l), both 
with FT4 within reference range [38]. Subclinical hypothyroidism with mildly 
increased TSH comprises about 90% of subclinical hypothyroidism cases in general 
population [38].

Most patients with subclinical hypothyroidism do not have typical hypothyroid 
symptoms. The Colorado thyroid disease prevalence study demonstrated that sub-
clinical hypothyroid patients complained of drier skin, poorer memory, slower 
thinking, weaker muscles, greater tiredness, more muscle cramps, more feeling 
cold, deeper and hoarser voice, puffier eyes, and more constipation compared to 
euthyroid controls [39].

European Thyroid Association recommends considering a trial of LT-4 replace-
ment therapy in younger subclinical hypothyroidism patients (<65  years, 
TSH < 10 mU/l) with symptoms suggestive of hypothyroidism [38].
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Replacement therapy is also recommended for younger subclinical hypothyroid-
ism patients (<65 years) with TSH level > 10 mU/l even if there are no symptoms of 
hypothyroidism, [38].

Replacement therapy is recommended for patients with persistent subclinical 
hypothyroidism and diffuse or nodular goiter in order to normalize serum TSH lev-
els [38].

LT-4 should be administered daily, approximately 1.5 μg/kg/day (e.g. 75 or 
100 μg/day for a woman). Treatment in patients with cardiac disease and in the 
elderly should be started with 25 or 50 μg of LT-4 daily. The dose of LT-4 should 
be increased by 25  μg/day every 14–21  days until a full replacement dose is 
reached [38].

Several foods specifically impair LT-4 absorption: milk, coffee, soya products, 
and papaya [38, 40]. Medications that interfere with LT-4 absorption (iron salts, 
calcium salts, cholestyramine, raloxifene and antacids, sucralfate, H2 receptor 
blockers, and proton pump inhibitors) should be avoided or taken 4 h or more after 
LT-4 ingestion [41].
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9Thyroid Function and Pregnancy 
Outcome After ART: What Is 
the Evidence?

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

Thyroid function is a crucial player on both fertility and early embryo development. 
Nowadays, it has been proved that thyroid hormone receptors are present in almost 
all reproductive organs, implying an important role of thyroid hormones on repro-
ductive function [1]. It is known that thyroid hormones are necessary for brain 
development, as they direct the neuronal and glial cell differentiation and prolifera-
tion and influence axonal and dendritic development, synapse formation, cell migra-
tion, and myelination [2]. The role of thyroid function on fertility and early 
pregnancy has been recognized by nearly all international scientific societies 
involved with reproduction and endocrinology, and specific guidelines have been 
developed [3–6].

Subclinical hypothyroidism during pregnancy has been associated with adverse 
reproductive outcomes [7, 8]. Similarly, the presence of thyroid autoimmunity 
(TAI) is associated with an increased risk of unexplained infertility, spontaneous 
miscarriage, repeated miscarriage, premature birth, and postpartum thyroiditis [7, 
8]. A Cochrane meta-analysis showed a favorable role of levothyroxine (LT4) in 
regard to spontaneous miscarriages and a beneficial role of selenium (Se) for thy-
roid function postpartum [9]. According to this meta-analysis, LT4 can decrease the 
risk of spontaneous miscarriage [relative risk (RR) 0.19, 95% confidence interval 
(CI) 0.08–0.39)] and premature birth (RR 0.41, 95% CI 0.24–0.68) [9].

The association of thyroid function and assisted reproductive technology (ART) 
has attracted major interest. Ovarian stimulation (OS), a common part of ART, has 
been suggested to have an impact on thyroid function [10, 11]. OS results in 
increased serum estradiol (E2) concentrations that lead to an increase of thyroxin-
binding globulin (TBG) production (Fig.  9.1). Thus, the number of circulating 
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thyroxin-binding sites is also increased. As a result, free thyroxin (fT4) concentra-
tions are decreased and TSH production is induced [12].

Data from observational studies suggest that TSH concentrations are influenced 
by OS. Poppe et al. [13] have reported high TSH and low total thyroxine (T4) con-
centrations after OS; however, other studies have failed to demonstrate such an 
effect [14, 15]. It has been suggested that TSH may be increased during or within 
1 month after OS; however, a recent systematic review has been proved inconclu-
sive [16]. In another study by Poppe et al. [17], 77 women free of thyroid disease 
were studied. Though in vitro fertilization (IVF) or intracytoplasmic sperm injec-
tion (ICSI) procedures were reported to have an impact on thyroid function, these 
changes had no influence on the outcome of pregnancy.

TAI is an entity that has been suggested to influence the reproductive outcome of 
fertile or infertile women, either in association or independently from thyroid func-
tion. It has been reported that women with the presence of TAI have an increased 
risk of spontaneous miscarriage after OS [18]. The exact mechanism of this associa-
tion is not known. A meta-analysis of published studies on infertile women that 
have achieved pregnancy following ART has demonstrated that the presence of TAI 
is associated with an increased risk of spontaneous miscarriage (RR 1.99, 95% CI 
1.42–2.79) in comparison with the absence of ΤΑΙ. In a following meta-analysis of 
13 studies that involved 966 patients with TAI and 7331 controls [7, 8], subclinical 
hypothyroidism, as compared to normal thyroid function, was associated with 
increased risk of preeclampsia and perinatal mortality [7, 8]. In the same study, TAI 
was associated with an increased risk of unexplained subfertility, miscarriage, 
recurrent miscarriage, preterm birth, and postpartum thyroid disease. However, 
when pregnancies achieved by IVF and spontaneous pregnancies were studied 
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separately, early miscarriages in the former were not associated with the presence of 
TAI, though they were increased in the latter given the presence of TAI [7, 8]. 
Geva et al. [19] have shown a decreased pregnancy rate in subfertile women with 
TAI following IVF, in comparison to those without TAI (13.6% vs. 25.0%, p < 0.05). 
Ηowever, this observation was not always confirmed [20, 21]; on the contrary, the 
opposite has also been suggested [22]. In a recent meta-analysis, Busnelli et al. have 
concluded that in euthyroid women undergoing IVF/ICSI cycles, TAI is associated 
with a significant decreased live birth rate (OR 0.73; 95% CI 0.54–0.99, p = 0.04) 
[23–26].

A number of retrospective studies have been published on thyroid function and 
reproductive outcomes following ART. In a retrospective study by Fumarola et al. 
[27], women with TSH concentrations lower than 2.5 μΙU/ml had increased rates of 
clinical pregnancy comparing to those with TSH higher than this threshold (22.3% 
vs. 8.9%, respectively, p  =  0.045). In another study that involved 158 euthyroid 
women (TSH 0.5–4.5 μIU/ml) following IVF, lower TSH was not associated with 
favorable reproductive outcomes [28]. Karmon et al. [29], in a study of egg donors, 
evaluated the association between TSH concentrations in donors and reproductive 
outcome in the recipients. Only fresh donor oocyte IVF cycles were used. The 
authors concluded that donor’s TSH was associated with clinical pregnancy rate, 
implying a role of thyroid function directly to the oocyte.

In a study of 540 women that had underwent ICSI, LT4 replacement in those 
with TSH >2.5 μΙU/ml together with age and ovulation induction with human cho-
rionic gonadotropin (hCG) were predictive factors for pregnancy rate [30]. 
However, in another study, replacement with LT4 for clinical or subclinical hypo-
thyroidism was not associated with implantation or the live birth rate [31]. A meta-
analysis of randomized controlled trials (RCTs) on the role of replacement with 
LT4 for subclinical hypothyroidism in women undergoing ART has shown that LT4 
replacement is associated with significantly higher delivery rate, with a pooled RR 
of 2.76 (95% CI 1.20–6.44; p = 0.018; I2 = 70%) [32]. In the same meta-analysis, 
LT4 replacement was associated with a significantly lower miscarriage rate with a 
pooled RR of 0.45 (95% CI 0.24–0.82; p = 0.010; I2 = 26). LT4 replacement was 
also associated with a significantly higher number of fertilized oocytes [two trials; 
standardized mean difference (SMD) 0.55, 95% CI 0.03–1.08; p  =  0.039] and 
implantation rate (one trial; RR 1.81, 1.01–3.25; p = 0.049). No association was 
found between LT4 replacement and clinical pregnancy rate, number of retrieved 
oocytes, number of mature oocytes, number of embryos transferred, or number of 
embryos cryopreserved.

Gizzo et al. [33] tried to see whether specific drugs used for hypothalamic inhibi-
tion in ART settings may have a specific impact on the thyroid function of euthyroid 
women and whether this difference is clinically significant, in regard to pregnancy 
rates. Indeed, they have found that TSH concentrations were increased after GnRH 
antagonist administration, though the same was not true for GnRH agonists. The 
presence of GnRH receptors (GnRH-Rs) in both thyrotroph cells of the adenohy-
pophysis and the ovarian granulosa cells [34, 35] provide some insight of a possible 
mechanism for this association.
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In conclusion, the evidence of the influence of thyroid function or the presence 
of TAI to ART outcome is limited; however, there is evidence to support the use of 
LT4 intervention in case of suboptimal thyroid function and/or the presence of 
TAI. The need for thyroid function screening in women attempting undergoing ART 
is generally recognized and should include TSH measurement prior to any ART 
application and TAI assessment in selected cases (i.e., personal history of autoim-
munity, family history of thyroid disease).
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10PCOS: Implications of Cardiometabolic 
Dysfunction

Bart C.J.M. Fauser

10.1	 �Introduction

Polycystic ovary syndrome (PCOS) represents the most common endocrine disor-
der in women of reproductive age with a reported incidence of 6–15%, depending 
on the criteria used for defining this heterogeneous condition [1–4]. According to 
the Rotterdam criteria, at least two of the three following features must be present: 
ovulatory dysfunction, clinical or biochemical hyperandrogenism and polycystic 
ovarian morphology [2, 3]. Other possible underlying pathologies must be excluded. 
Familial clustering of this heterogeneous condition has clearly been shown although 
the aetiology and the genetic determinants of PCOS remain uncertain [5–7]. Needs 
for medical intervention in women with PCOS vary significantly depending on the 
stage of life (Fig. 10.1).

An association between PCOS and cardiometabolic dysfunction (such as hyperin-
sulinemia, dyslipidaemia, hypertension and obesity) is common. Numerous studies 
have convincingly demonstrated in recent years that—not surprisingly—even single-
ton pregnancies in women with PCOS are more often complicated by gestational 
diabetes and pregnancy-induced hypertension (Fig. 10.2). As woman age, an increased 
incidence of type 2 diabetes mellitus emerges [8, 9]. Considering the presence of 
metabolic risk factors already present in many women with PCOS at a young age, it 
is generally believed that chances for developing cardiovascular disease in later life 
are significantly increased (Fig. 10.3). Evidence generated so far, however, remains 
inconclusive. A large heterogeneity exists in women with PCOS, and therefore, car-
diovascular risk profiles may vary with PCOS phenotype, age and ethnicity.

Features such as hyperandrogenemia and obesity in women with PCOS were 
clearly associated with metabolic syndrome (MetS) and insulin resistance (IR) 
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([10–12]). Metabolic features of women with PCOS compared to healthy con-
trols were assessed in a meta-analysis in which 35 studies were included. Women 
with PCOS had a less favourable metabolic profile in comparison to healthy con-
trols, even when matched for body weight. The latter suggests that BMI in itself 
does not solely explain the observed metabolic abnormalities in women with 
PCOS [13].

A large proportion of women with PCOS will undergo infertility treatment to 
establish a pregnancy. Several pregnancy complications are more common in women 
with PCOS [14, 15], such as gestational diabetes mellitus (GDM), preeclampsia and 
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preterm birth [16, 17]. Some preliminary studies even suggest that PCOS offspring 
has an increased risk for unfavourable cardiometabolic features such as increased 
fasting serum glucose, insulin, triglyceride, total cholesterol and LDL.

10.2	 �Surrogate Markers for Subclinical 
Cardiovascular Disease

The metabolic dysfunction described in the different stage of life implicates an 
increased risk for cardiovascular disease. Endothelial dysfunction is the starting 
point of progression towards cardiovascular disease. The flow-mediated dilation 
(FMD) is a technique developed to measure vascular dysfunction. This assessment 
is used to measure artery dilator response to reactive hyperaemia induced by a brief 
period of artificial limb ischaemia. A decreased FMD is a prognostic marker for 
cardiovascular disease in general, but more specifically it independently predicts 
occult coronary artery disease [18]. FMD in women with PCOS is reported exten-
sively in a large meta-analysis in which 21 published studies were included (908 
women with PCOS versus 566 controls). A sub-analysis involved seven of the four 
mentioned studies in which cases and controls were matched on BMI. The pooled 
mean FMD was 3.4% (95% confidence interval (CI) =1.9–4.9) lower in PCOS com-
pared to controls, with substantial heterogeneity between studies. In the sub-
analysis, the PCOS-mediated reduction in FMD was 4.1% (95% CI  =  2.7–5.5). 
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Heterogeneity remained substantial (I(2) =81%). Moreover, the size of the FMD 
difference was not significantly influenced by BMI or age [19].

Measuring carotid intima media thickness (CIMT) is an accepted non-invasive 
method for diagnosing atherosclerosis [20]. CIMT is a structural change in the vascu-
lar system visualized by ultrasonography which is a strong predictor of cardiovascular 
events in both males and females [21]. In a meta-analysis regarding CIMT in the 
PCOS population, a total of 19 studies were included: 1123 women with PCOS con-
form NIH criteria versus 923 controls. Mean ages of included women range from 21 
to 39 years old and BMI from 21 to 41 kg/m2. The summary estimate of the mean 
difference in CIMT among women with PCOS compared with controls was 0.072 mm 
(95% CI: 0.040–0.105 with p-value < 0.0001) for highest quality studies and 0.084 mm 
(95% CI 0.042–0.126 with p-value = 0.0001) for good quality studies [22].

A third parameter which is a non-invasive method for the evaluation of vascular 
health is the Agatston score [23]. This score is used for quantification of coronary 
artery calcium (CAC). Coronary atherosclerosis on its turn is related to coronary 
heart disease and all-cause mortality [24, 25]. In women with PCOS, we do see 
more often any versus non-coronary atherosclerosis in comparison with non-PCOS 
controls [26]. When looking at continuous data of Agatston scores, higher Agatston 
scores are reported in women with PCOS, compared to controls [27, 28]. Another 
small study of 48 patients reports that obese PCOS patients and obese controls with 
quite similar cardiovascular risk profiles do differ in prevalence of coronary athero-
sclerosis, in disadvantage of the obese PCOS patient group [27]. This finding sug-
gests that PCOS influences atherosclerosis, disregarding BMI, adiposity distribution, 
inflammation and metabolic markers. This all leads to the hypothesis that older 
women with PCOS have an increased risk for developing cardiovascular disease.

10.3	 �Long-Term Cardiovascular Outcomes and Implications

The long-term health implications of metabolic dysfunction in women with PCOS 
remain uncertain until now. PCOS is diagnosed during the reproductive lifespan: 
mostly in woman’s early 20s and 30s when there is a wish to conceive. However, 
cardiovascular disease becomes manifest three to four decades later. Due to this 
large time gap, large well-phenotyped cohorts of women with PCOS with sufficient 
long-term follow-up are lacking. We are restricted to using surrogate outcomes or 
small follow-up studies in women previously diagnosed with PCOS or cross-
sectional studies in postmenopausal women with a presumed PCOS history. 
Selecting the best suitable surrogate outcomes for cardiovascular disease (CVD) is 
only possible when we fully understand the mechanism underlying CVD in women. 
This mechanism differs from the pathophysiology seen in males. Unfortunately the 
majority of conducted research was based on the male concept of cardiovascular 
disease. It is generally known that cardiovascular disease in women is present 
approximately 10 years.

Several retrospective cohort studies were published on long-term health outcomes 
(for overview, see Table 10.1). Three small retrospective studies found no evidence 
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of an increased risk for coronary heart disease (CHD) and mortality in women with 
PCO. These studies were all prone to selection and/or information bias due to their 
design and heterogeneous inclusion criteria. The largest retrospective study on this 
subject was conducted by retrieving all women of which a PCOS diagnosis (n = 2560) 
was registered at hospitalization in Western Australia. A similar number of age-
matched controls were selected from the same source. These data were combined 
with national registries on pregnancy, cancer and mortality. In contrast to the previ-
ous three mentioned smaller studies, Hart et al. show that ischaemic heart disease 
(IHD) (HR 2.89 (95%CI 1.68–4.97)) and all-cause mortality (HR 1.89 (95%CI: 
1.12–3.17)) were higher in women with PCOS [32]. However, the use of a hospital 
registry as starting point for this study may give rise to inclusion bias.

Data on CVD and mortality in peri- and postmenopausal women with PCOS 
remains scarce and inconsistent. In 1992, Dahlgren et al. [33] estimated that the risk 
for a myocardial infarction was increased seven times in peri- and postmenopausal 
women with PCOS compared to healthy controls. After re-analysis of this data and 
extended follow-up, no significant difference was found in CVD between women 
with PCOS and healthy controls [34]. A small study of 28 PCOS patients and 752 
controls in which an increased rate of NIDDM was seen in PCOS patients supports 
that women with PCOS have an increased risk for CAD. In a larger study (n = 713) 
of postmenopausal women, the number of present features of the putative PCOS 
phenotype, in women without diabetes mellitus, is also associated with 

Table 10.1  Summary of retrospective studies concerning cardiovascular outcomes in women 
with PCOS

Publication Study design Intermediate outcomes CVD outcomes
Pierpoint 
et al. [29]

786 PCOS, compared to 
national rates
Mean age = 26.4 years, 
mean FU at 30 years
Histological evidence of 
PCO, clinical signs and/or 
ovarian dysfunction and 
androgen excess

Similar diabetes mellitus Similar mortality, 
all cause and CV
Increased 
diabetes-related 
mortality in PCOS

Wild et al. 
[30]

61 PCOS vs. 63 controls
Mean age 56.7 years 
(38–98), FU at 31 years
AE, Rotterdam criteria

More diabetes, 
hyperlipidaemia, obesity, 
hypertension

CHD similar

Elting et al. 
[31]

345 PCOS vs. 8950 controls
Mean age 38.7 at FU
Oligo- or amenorrhoea and 
elevated LH

More hypertension and 
diabetes mellitus

Similar cardiac 
complaints

Hart and 
Doherty [32]

2.566 PCOS vs. 25.660 
controls
Median age = 35.8 years
Rotterdam criteria used from 
2004 (not for inclusions 
between 1997 and 2004)

More diabetes mellitus, 
obesity, hypertensive 
disorders, depression

More ischaemic 
heart disease, 
CVA, all-cause 
mortality
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CAD. However, this association is not significant in the total PCOS population con-
sisting of women with and without diabetes [35]. Postmenopausal women (n = 497) 
with a history of irregular menses and hyperandrogenism, with disregard of ovarian 
morphology, show an increased risk for self-reported MI and stroke, compared to 
controls (n = 20,249).

There are multiple possible hypotheses concerning possible mechanisms behind 
the absence of increased CVD in postmenopausal women with PCOS despite the 
metabolic derangements present early in life. The increased androgen levels in 
women with PCOS could have an influence on CVD in a later life. In a large cohort 
in Sweden consisting of 6440 perimenopausal women (age between 50–59 years), 
lower serum androgen levels were found in women with PCOS who have CAD com-
pared to women without CAD. This might suggest that androgens have a protective 
role in progression to CAD in women with PCOS [36]. In the general Dutch female 
population (34–55 years old), the prevalence of diabetes mellitus increases with age. 
This was also the case in women with PCOS. However, cardiac complaints were not 
more often reported by women with PCOS but were more often reported in the gen-
eral Dutch population as age increases. Another remarkable observation was that 
BMI differences between PCOS patients and the general population lose its signifi-
cance as age increases [31]. This phenomenon could also play a role in similar CVD 
risk among woman with PCOS and healthy controls. It should be noted in this con-
text that the normalization of regular menstrual cycles with increasing age along with 
a later age of menopause in women with PCOS may also affect cardiovascular risk. 
Finally, other—as yet unknown—protective factors may exist.

�Conclusion
Woman with PCOS have increased risk for cardiovascular disease based on an 
unfavourable cardiovascular profile and surrogate markers for cardiovascular 
disease such as FDM, IMT and CAC.  Whether these women truly have an 
increased risk for cardiovascular disease and mortality is still unknown. Large 
cohorts, all subjected to multiple biases, show contrasting results on the increased 
prevalence of CVD in peri- and postmenopausal women. The role of androgens 
in later life in women with PCOS remains unclear and must be clarified. More 
importantly is the need for large prospective cohort studies with well-pheno-
typed women with PCOS and standardized follow-up.
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11Why Metformin Is so Important 
for Prevention and Therapy 
in Climacteric Women

Justyna Kuliczkowska-Plaksej, Andrzej Milewicz, 
Anna Brona, and Marek Bolanowski

Metformin (MET) is the most widely used oral antidiabetic agent, currently recom-
mended as first-line therapy not only for all newly diagnosed type 2 diabetes mel-
litus (DM2) patients but also for prediabetic syndromes associated with insulin 
resistance (IR). MET has been used in the treatment of DM2 for over 50 years and 
has been found to be safe and efficacious both as monotherapy and in combination 
with other oral antidiabetic agents and insulin. Its major clinical advantage is not 
causing hypoglycemia or weight gain. Besides its use in DM2, there is interest in 
the use of MET for the treatment of polycystic ovary syndrome, diabetic nephropa-
thy, and gestational diabetes [1]. This drug also counteracts the cardiovascular com-
plications associated with DM2 [2]. Another possible benefit for MET use is the 
prevention of DM2 in obese prediabetic patients, antiproliferative effect associated 
with decreased cancer risk and improved cancer prognosis, and anabolic impact on 
bones [3, 4].

MET exerts its antihyperglycemic effect mainly by decreasing hepatic glucose 
production through suppression of gluconeogenesis and by reduction of intestinal 
glucose absorption. New data suggests that MET could also be implicated in down-
regulation of gluconeogenic genes by a transcription-independent process [1]. 
Moreover, MET improves glucose uptake and utilization by peripheral tissues such 
as skeletal muscles and adipose tissue. Although the exact mechanism of MET 
action is still not fully elucidated, it acts mainly via activation of AMP-activated 
protein kinase (AMPK), a critical energy sensor of cellular energy homeostasis that 
integrates multiple signaling networks. MET decreases cellular respiration via 
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inhibition of the respiratory chain complex 1 [5]. All of these effects lead to 
improved insulin sensitivity and decrease in basal and postprandial glucose levels. 
Although MET exerts its effects mostly via AMPK, this mechanism may not explain 
all of the therapeutic effects of the drug.

After menopause, women exhibit a higher prevalence of metabolic syndrome 
(MS) and higher risk of cardiovascular disorders (CVD). Moreover, several cancer 
subtypes are more frequent in obese postmenopausal women due to obesity itself 
and hyperestrogenism caused by excessive peripheral aromatization in the adipose 
tissue. The prevalence of DM2 over the past three decades has increased fourfold, 
and there is also global obesity epidemic. Taking into account the negative impact 
of DM2 and obesity on chronic health concerns of aging women such as CVD, 
osteoporosis, and cancer, the newest data about pleiotropic effects of MET make 
this promising drug potentially useful not only in the treatment of DM2 but also in 
case of many other disorders.

11.1	 �Metformin in Prediabetic States and Obesity

Obesity is a major cause of morbidity and mortality, closely associated with DM2 
and CVD [6]. As obesity is usually associated with IR, it seems reasonable that 
improvement in insulin sensitivity could play a crucial role in the weight loss. As 
MET is known not only for its antihyperglycemic and IR lowering effects but also 
for associated weight loss, it could be an ideal drug for obese patients not only with 
DM2 but also with MS. For that reason, these effects of MET have been studied in 
obese subjects without DM2. Despite the main effects of MET such as reduction of 
gluconeogenesis and intestinal glucose absorption, MET is engaged in many other 
metabolic pathways. MET is involved in restoring of leptin sensitivity and reducing 
of leptin resistance, decreasing of ghrelin level, and increasing of glucagon-like 
peptide-1 (GLP-1) which contributes to anorectic effect [7]. MET is also involved 
in irisin secretion from skeletal muscles which is associated with beneficial effects 
of physical activity on metabolism [8]. Besides these mechanisms, there are evi-
dences that MET can act centrally by increasing proopiomelanocortin and decreas-
ing neuropeptide Y expression and thus contributes to diminished appetite and food 
intake [6]. In the study on 199 obese subjects, MET use was associated with a mean 
weight loss of 5.8 kg, whereas control group has a mean weight gain of 0.8 kg. 
16.2% of patients lost greater than 10% of their body weight [9]. In the BIGPRO1 
study on obese subjects without DM2 treated with 850 mg of MET for 1 year, there 
was a mean loss of weight of 1.2 kg [10]. In the study of Malin et al., a 12-week 
therapy with 2000 mg of MET induced a weight loss of 3 kg in prediabetic patients 
[7]. In the meta-analysis of studies on overweight/obese subjects without DM2, 
MET monotherapy was associated with a mean of 1.92 kg weight loss and a 38% 
reduction of the incidence of developing DM2 [11]. In the Diabetes Prevention 
Study (DPP), the use of MET in prediabetic patients promoted significant weight 
loss greater than 5% of the initial body weight in 29% subjects compared to 13% in 
the placebo group, although intensive lifestyle changes were the most efficacious. 
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Subjects treated with MET reduced their body weight of 2.1 kg and reduced their 
incidence of developing DM2 by 31% [12]. In the DPP Outcome Study, the exten-
sion of DPP Study in order to evaluate the long-term benefits of MET therapy after 
10 years, MET was found to be safe and well tolerated and was associated with 
significant and durable weight loss and 18% reduction of the incidence of DM2 in 
comparison with control group. Although patients from control group maintained a 
stable body weight, their waist circumferences increased during follow-up [13]. 
Many other studies have demonstrated significant reduction in the incidence of 
DM2 with metformin use [5, 6]. These results indicate that MET is not only useful 
in DM2 treatment but also is effective in the prevention of obesity and DM2  in 
population of obese prediabetic patients.

11.2	 �Metformin and Cardiovascular Diseases

CVD are associated with 52% deaths among DM2 patients, and approximately 
30% of DM2 patients will develop diabetic cardiomyopathy and heart failure [14]. 
Many studies have shown that MET use is associated with decreased risk of 
micro- and macrovascular complications of diabetes and significantly reduced 
rate of diabetes-related mortality, all-cause mortality, and myocardial infarction 
[5]. In the UK Prospective Diabetes Study (UKPDS), patients treated with MET 
had reduced risk of any diabetes-related end points by 32%, diabetes-related death 
by 42%, and all-cause mortality by 36% in comparison with patients on sulfonyl-
urea or insulin therapy [15]. Diabetes-related end points included sudden death, 
death from hyperglycemia or hypoglycemia, fatal or nonfatal myocardial infarc-
tion, angina, heart failure, stroke, renal failure, and ophthalmological complica-
tions. In the 10-year follow-up of UKPDS, MET-treated obese patients continued 
to show a reduction in myocardial infarction (33%) and death from any cause 
(33%) [16]. Numerous studies have confirmed the UKPDS conclusions. In the 
study of Kooy et al., MET treatment for 4.3 years was followed by improvement 
in the secondary, macrovascular end point—composite of myocardial infarction, 
heart failure, acute coronary syndrome, stroke, peripheral artery disease, and sud-
den death [17]. In the study of Hong et al. on 304 patients with DM2 and coronary 
artery disease randomized to receive glipizide or MET, after 5 years of therapy, 
patients from MET group had fewer major cardiovascular events [18]. But despite 
these results, in the meta-analysis of 35 clinical trials, MET was not associated 
with significant reduction or increase of cardiovascular events overall [19]. MET 
seems to be more beneficial in longer trials on younger patients. According to 
several studies, MET monotherapy was associated with improved survival, 
whereas combined therapy with sulfonylurea was associated with reduced sur-
vival [19]. Studies concerning the impact of MET on CVD risk factors—lipid 
concentration and blood pressure—have brought conflicting results. Several data 
revealed no differences in lipids and blood pressure after MET, whereas the others 
have demonstrated significant reductions in total cholesterol, LDL, triglycerides 
levels, and diastolic blood pressure [6, 20].
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There are numerous studies that clearly demonstrated that the use of MET in 
case of congestive heart failure and diabetic cardiomyopathy had beneficial effects. 
The main hypothesis that MET is absolutely contraindicated in case of heart failure 
and myocardial infarction due to increased risk of lactic acidosis and cardiac mor-
tality has been questioned. The Food and Drug Administration (FDA) withdrew the 
absolute heart failure contraindication from MET [21]. Moreover, clinical practice 
guidelines recommend MET as a first-line therapy in DM2 patients with heart fail-
ure. There are numerous beneficial effects of MET on cardiovascular risk factors. 
MET improves mitochondrial respiration and ATP synthesis in myocardial cells 
which in turn improves left ventricular function and remodeling [5, 6]. Furthermore, 
MET improves cardiac contractility by suppressing glucose 6-phosphate accumula-
tion and decreasing hyperinsulinemia and tumor necrosis factor α (TNFα) in the 
myocardium and circulation [5, 6]. In addition, newer data indicates that MET has 
direct anti-hypertrophic effect on cardiomyocytes and vascular anti-inflammatory 
effect [22]. Moreover, MET exhibits antithrombotic action by the impact on PAI-1, 
ICAM-1, and VCAM-1 production and by the inhibition of platelet aggregation 
[23]. MET given at the time of reperfusion has reduced myocardial infarct size in 
both diabetic and nondiabetic hearts [20]. In cardiomyocytes, MET reduced apop-
tosis by increasing antiapoptotic proteins.

11.3	 �Metformin and Pancreatic β-Cells

Among many newly described actions, MET also exerts beneficial effects on β-cell 
function such as insulin release, transcriptional regulation, and islet cell viability. 
MET is able to restore insulin secretion which is usually altered by chronic expo-
sure to free fatty acids and hyperglycemia in human islets and cell lines. Human 
islet cell lines incubated with high glucose exhibit decreased glucose-stimulated 
insulin secretion that is associated with decreased ATP production—all of these 
effects can be reversed by MET via inhibition of the activity of mitochondrial com-
plex 1. Under glucolipotoxicity condition, MET preserves β-cell viability by several 
mechanisms; all of them remained unclear and warranting further investigation 
[24].

11.4	 �Metformin and Bone Metabolism

Many clinical observations indicate that there is a significant decrease in bone quality 
in patients with type 2 diabetes mellitus (DM2) known as diabetic osteopathy. 
Despite normal bone mass density (BMD), diabetic patients have twofold increase in 
hip, vertebral, and extremity fractures [25]. There are many mechanisms explaining 
the etiopathogenesis of diabetic osteopathy such as low-grade chronic inflammation, 
hyperglycemia, abnormal cytokine and growth factor secretory pattern, and exces-
sive accumulation of AGEs in extracellular matrix [26]. The newest data suggest that 
not only DM2 is associated with decreased bone quality but also MS and its 
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components. Until recently, it was believed that obesity was rather protective against 
fracture. This hypothesis was mainly based on the observation that BMI was posi-
tively correlated with BMD and that obese subjects had lower incidence of hip frac-
tures [27]. A study from the Fracture Liaison Service in the United Kingdom reported 
for the first time a high prevalence of obesity (27%) in postmenopausal women pre-
senting with a fragility fracture [28]. Results of the Global Longitudinal Study of 
Osteoporosis in Women (GLOW) conducted in postmenopausal women as well as 
the results of the Million Women Study and NHANES have revealed a comparable 
prevalence and incidence of fractures in normal weight and obese women [29, 30]. 
Results of the studies on the role of the main components of MS, hyperinsulinemia, 
and IR on bone metabolism have brought contradictory results. Hyperinsulinemia 
might be protective; however, the bone can become insulin resistant; thus, the pos-
sible anabolic insulin effects are abolished [26, 28]. According to new data, insulin 
reduces the production of osteoprotegerin, leading to increased bone resorption [31]. 
Osteoporosis is a common problem in the population of postmenopausal women, 
caused mainly by the loss of protective effect of estradiol and as a result of aging. 
Low-trauma fractures affect one in three postmenopausal women and are associated 
with significant morbidity, mortality, and economic cost [28]. According to the fact 
that postmenopausal women are especially prone to develop MS and DM2, studies 
on the effect of commonly used antidiabetic agents on bone metabolism are espe-
cially important. Recently, in  vitro and in  vivo studies have proven the potential 
beneficial anabolic effects of MET [26]. In in vitro studies, it has been found that 
MET modulates the physiology of osteoblasts and osteoclasts. Corizo et al. showed 
a dose-dependent increase in osteoblast proliferation, differentiation, and mineraliza-
tion after MET use [32]. MET increased the osteoblastic transcription of osteocalcin 
genes, stimulated osteoprotegerin, and simultaneously reduced receptor activation of 
nuclear factor κ-B ligand (RANKL) mRNA and protein synthesis by osteoblastic 
cells and thus prevented the increase in apoptosis, caspase-3, and alteration in intra-
cellular oxidative stress induced by AGEs [26]. In the culture of stromal cells from 
the bone marrow, MET stimulated alkaline phosphatase and mineralization and 
shifted the balance toward osteogenesis [33, 34]. In animal studies in vivo, most of 
these effects were also confirmed [26]. MET treatment stimulated the repair of bone 
lesions in vivo in diabetic and nondiabetic rats, whereas in insulin-resistant mice, it 
was associated with higher BMD, total bone volume, and mineral apposition in com-
parison with animals treated with rosiglitazone [34]. MET treatment improved BMD 
and bone microarchitecture in ovariectomized rats [35], although it was not con-
firmed by another study [36]. There are only few clinical studies in humans. 
Randomized, placebo-controlled studies are still unavailable. Vestergaard et al. and 
Melton et al. have found the beneficial effect of MET on the risk of fracture at any 
site in diabetic patients [25, 37]. This effect was not confirmed by another case-con-
trol study, but it was probably related to an insufficient sample size [38]. A Diabetes 
Outcome Progression Trial (ADOPT) has shown that MET-treated group had a lower 
risk of fracture in comparison with rosiglitazone-treated patients, for every skeletal 
site assessed [39]. In a randomized double-blind study comparing the effects of MET 
alone or in combination with rosiglitazone, MET monotherapy was associated with 
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a significantly higher BMD in the hip and lumbar spine [40]. Results of the study 
comparing the potential anti-osteoporotic effects of MET versus sitagliptine in post-
menopausal women were inconclusive—MET had no effect on alkaline phosphatase 
and urinary D-pyridinoline levels in contrast to sitagliptine-treated group, but finally 
BMD was unchanged in both groups [41].

Taken together, preclinical and clinical studies have brought promising results 
concerning the influence of MET on bone metabolism. Although several studies 
have been unable to confirm the beneficial effects of MET, many other studies have 
provided evidence for anabolic action of MET. MET should not be considered an 
anti-osteoporotic drug, but as it is one of the most widely prescribed antidiabetic 
drug with micro- and macrovascular benefits, this anabolic effect on the bones could 
be an additional benefit in the context of frequent MS, DM2, and diabetic osteopa-
thy in the population of postmenopausal women.

11.5	 �Metformin in Oncology

Numerous studies have confirmed the association between DM2 and increased risk 
of malignancy [3, 4]. The most probable mechanism of this association is the effect 
of IR and secondary hyperinsulinemia which may exert mitogenic effect via the 
insulin-like growth factor-1 (IGF-1) receptor [42]. Women without DM2 with 
increased fasting insulin level (in the upper quartile) have increased risk of distance 
recurrence and death in comparison with patients with insulin levels in the lowest 
quartile [3, 4]. Furthermore, increased levels of estrogen caused by extensive aro-
matization from excess adipose tissue in postmenopausal obese women lead to the 
growth of estrogen-responsive tumors [3, 4]. All of these observations support the 
necessity for studies on anticarcinogenic properties of antidiabetic drugs. Several 
studies have revealed reduced incidence (even a 30% lower) of cancer in MET-
treated group in comparison with patients treated by other groups of antidiabetic 
drugs [43]. In vitro and in vivo studies suggested that MET was associated with 
reduced risk of several obesity-related types of cancer, but the obtained results are 
not always unequivocal. In a cohort study, MET use was associated with 44% lower 
cancer mortality compared with an age-matched general population [44]. Many 
data have proven that MET exerts antiproliferative effect against various types of 
cancer via insulin and non-insulin mechanisms. One of them is the activation of 
AMPK, which in turn blocks signaling via the phosphatidylinositol 3-kinase and 
mitogen-activated protein kinase (MAPK) pathways involved in downstream sig-
naling of the insulin and IGF-1 receptors. Another mechanism is the inhibition of 
mammalian target of rapamycin (mTOR) signaling by activated AMPK which 
finally leads to inhibition of proliferation of cancer cells. Furthermore, the MET-
induced AMPK activation is mediated by the tumor suppressor liver kinase B1 
(LKB1) which has antitumor properties [45]. Moreover, MET is able to inhibit cell 
cycle progression by decreasing cyclin D1 expression and inhibiting telomerase 
activity [46, 47]. The indirect effects of MET are mediated by its glucose-lowering 
capabilities and subsequent reduction of insulin concentration.
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11.6	 �Metformin and Ovarian Cancer

Obesity and hyperandrogenism are known risk factors of ovarian cancer [48]. 
Several studies conducted in humans have proven potentially beneficial effect of 
MET on the prevention and survival outcomes of ovarian cancer, but the majority of 
this evidence comes from observational studies. Zhang et al. in the review of 28 
studies reported that MET decreased mortality associated with ovarian cancer [49]. 
In the study concerning epithelial ovarian cancer in diabetic patients, the 5-year 
disease-specific survival rate in the MET group was significantly increased in com-
parison with the control group. Even after adjustment for background factors such 
as BMI, tumor grade, histology, and chemotherapy, MET remained an independent 
predictor of survival [50]. In vitro studies have proven that combined therapy with 
MET could have additional beneficial effects by improving chemotherapeutic effi-
cacy and circumventing chemoresistance in epithelial ovarian cancer. Micromolar 
MET therapy in combination with chemotherapy resulted in significant cytotoxicity 
in comparison with chemotherapy alone at concentrations that usually are not effec-
tive [51]. Further controlled clinical trials in humans are required to verify this 
potential beneficial synergistic effect of MET on ovarian cancer prevention and 
survival.

11.7	 �Metformin and Cervical Cancer

There are only few clinical studies concerning MET effect on cervical cancer. One 
study on cell culture system demonstrated that MET was able to inhibit the growth 
of certain cervical cancer cells via blockage of mTOR signaling exerted by activa-
tion of AMPK after MET application [52].

11.8	 �Metformin and Endometrial Cancer

The association between obesity and endometrial cancer is well recognized and 
concerns both pre- and postmenopausal women—40–50% of endometrial cancers 
may be due to obesity which is associated with a twofold to fivefold increased risk 
[53]. Women affected by DM2 have also an increased risk of endometrial cancer 
both before and after menopause, independently of obesity. There is also increased 
risk of endometrial cancer in women without DM2 but with hyperinsulinemia and 
IR. Insulin reduces the liver production of SHBG, and hyperinsulinemia is associ-
ated with higher levels of free testosterone. Furthermore, insulin has direct prolif-
erative effect on the endometrium, working similar to IGF-1, and specific insulin 
receptors were found in normal endometrial and endometrial cancer cell lines [48, 
54]. Over 80% of cases of endometrial cancer occur after menopause. After meno-
pause, the endometrium is frequently exposed to endogenous hormonal stimulation 
according to women’s metabolic pattern. Prospective studies showed that endome-
trial cancer risk in postmenopausal women is positively associated with levels of 
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estrogens and androgens and inversely associated with SHBG level [54]. In in vitro 
studies, MET inhibits the growth of various endometrial cancer cells lines, attenu-
ates the invasion and metastasis of endometrial cancer cell lines, and enhances che-
mosensitivity to cisplatin and paclitaxel [47]. In the studies of Cantrell et al. and 
Shao et al., MET inhibited cell growth in a dose-dependent manner, resulting in G1 
phase cell cycle arrest and induction of apoptosis [47, 55]. Preclinical studies 
showed that AMPK activation by MET inhibits the activity of aromatase promoter 
in the adipose tissue [3, 4]. Xie et al. have observed that MET and progesterone had 
a synergistic effect in the treatment of endometrial cancer [56]. MET was respon-
sible for increased progesterone receptor expression and inhibition of mTOR sig-
naling which enhances the efficacy of medroxyprogesterone acetate in the treatment 
of endometrial cancer [57]. In one population-based study, women with endometrial 
and ovarian cancer treated with MET at the time of diagnosis exhibited lower risk 
of mortality in comparison with the non-MET-treated group [58]. In the retrospec-
tive study of Nevadunsky et al., MET therapy was associated with improved overall 
survival rates in case of non-endometrioid endometrial cancer compared to non-
MET users; however, cancer progression and recurrence rates were not reported 
[59]. In Ko et al.’s study, MET treatment was associated with improved recurrence-
free survival and overall survival but not time to recurrence [60]. These results were 
not confirmed by all studies. In a case-control analysis study using the UK-based 
General Practice Research Database including 2554 cases exhibiting endometrial 
cancer, the risk of endometrial cancer did not differ between patients who had ever 
used MET and those who had never used MET [61]. MET probably could be an 
adjuvant drug in the treatment of endometrial cancer and could be added to lifestyle 
modifications in other high-risk women—with prediabetes, MS, and obesity with or 
without proven endometrial hyperplasia.

11.9	 �Metformin and Breast Cancer

DM2 is known to be associated with increased risk of breast cancer and is also 
linked to adverse breast cancer outcome [62]. Patients with increased level of fast-
ing insulin and C-peptide and higher values of HOMA are at increased risk of 
death from breast cancer [63]. Despite these observations, recently two large 
population-based cohort analyses have questioned the association between DM2 
and increased risk of breast cancer. In the British Columbia Linked Health 
Database and in the Danish National Diabetes Register and Cancer Registry, inci-
dence of breast cancer was not associated with DM2 [64, 65]. Despite these con-
troversies, some observational studies described lower incidence of breast cancer 
with MET use. In the study of Chlebowski et al., 68,019 postmenopausal women 
including 3401 with DM2 were observed for a mean of 11.8 years, among them 
3273 with invasive breast cancer. In women with DM2, MET use was associated 
with a lower incidence of breast cancers positive for both estrogen receptor and 
progesterone receptor and negative for human epidermal growth factor 2 (HER2) 
overexpression [66]. Breast cancers in MET users were more likely to be ductal 
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and less likely to be poorly differentiated, but none of these differences were sta-
tistically significant. Ruiter et  al. have reported statistically significantly lower 
incidence of breast cancer in women who used MET compared with those who 
used sulfonylurea [67]. Some preclinical studies suggested predominant MET has 
influence on triple-negative cancer, cancer that does not express the genes for 
estrogen and progesterone receptor and HER2 [68]. Typically, this type of breast 
cancer develops in perimenopausal women with high BMI and seems to be highly 
sensitive to MET therapy. Liu et al. have proven that MET was able to inhibit cell 
growth of triple-negative breast cancer at the similar dose that is used in the treat-
ment of DM2 by suppressing Ki-67, arresting the cell cycle in G1 phase, and 
inducing apoptosis via caspase-8 and caspase-9 [68]. Although the use of MET 
was not associated with improved survival in patients with triple-negative breast 
cancer, there was a trend for decreased distant recurrence [3]. However, in Berstein 
et al.’s study in 90 women with breast cancer and DM2, the incidence of proges-
terone receptor-positive cancer was higher in MET users [69]. Jiralerspong et al. 
have demonstrated the efficacy of MET in diabetic women exhibiting breast can-
cer in a retrospective study [70]. The complete response was 24% in MET-treated 
women compared to 8% in non-MET-treated patients. The optimal dosage of 
MET to be effective as antitumor drug is not established, but in xenograft models, 
it was 1500–2250 mg per day [3].

In recent years, a vast number of studies have highlighted the therapeutic poten-
tial of MET in the context of many diseases. Metformin works through multiple 
diverse mechanisms, and many of them are still under investigation. Many recent 
data confirm the pleiotropic actions of metformin and its beneficial effects on CVD, 
pancreatic β-cells, bones, and cancer. There are many other novel aspects of metfor-
min, including immunoregulatory and antiaging effects. Many clinical trials con-
cerning these novel actions of MET are still conducted.
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12Metabolic Changes and Metabolic 
Syndrome During the Menopausal 
Transition

Alessandro D. Genazzani, Alessia Prati, and Giulia Despini

12.1	 �Introduction

Menopausal transition represents a peculiar moment for all women since great and 
relevant changes take place, due to the ongoing phenomenon of ageing and in part 
due to the hormonal changes that take place starting from the early perimenopause. 
Indeed perimenopause and menopause are characterized by accelerated physical, 
psychological and neuroendocrine changes. The whole variety of adverse changes 
that occurs in response to the altered hormonal environment typical for the meno-
pausal transition, such as the sharp reduction of oestrogen plasma levels, results in 
a dramatic increase in the risk of cardiovascular diseases (CVD) [1, 2]. Such risk 
increase is in great part coincident with the prevalence of specific metabolic and 
hemodynamic impairments triggered by the increase of insulin resistance [2, 3], of 
blood pressure [4], of visceral adiposity, of pro-inflammatory cytokines [5] and of 
oxidative stress [1, 6]. Interestingly, all these elements are specifically relevant fac-
tors of the metabolic syndrome (MS) and of obesity [7].

12.2	 �Obesity and Metabolic Syndrome (MS)

The WHO (World Health Organization) defines obesity as a chronic condition, 
characterized by an excessive weight gain due to an extreme fat mass deposition 
with great negative effects on health and quality of life (QoL). Obesity has multifac-
torial aetiology, with an increased incidence on overall population, in particular in 
the childhood and adolescents, and it will further increase its prevalence in the next 
decades.
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More or less one third/one fourth of women are overweight or obese [8]. There are 
two different kinds of obesity: visceral or central obesity (android) and peripheral 
obesity (gynoid). The central obesity, typical of men and of postmenopausal women, 
is characterized by an increase of waist circumference, as measured with the waist/
hip ratio (WHR) being normal below 0.80. In the gynoid obesity, typical of the fertile 
women, fat is mainly localised in the thighs and buttocks, and these different fat 
distributions reflect the different body structures between male and female, due to the 
ancestral different roles of the two genders: abdominal obesity permits manhunting, 
running and escaping, while the gynoid fat distribution in women protects the preg-
nancy (if present) from the mechanical and metabolic point of view [9]. Moreover, 
around menopausal transition, many women experience weight gain and increase in 
central adiposity. The central/visceral obesity is associated with important changes 
of lipids and glucose profiles, insulin-resistance and/or diabetes mellitus, with an 
increase of metabolic and cardiovascular risk. The central and the peripheral fat mass 
show also structural differences in the fat cell: the adipocyte of the gynoid obesity 
has a small size, a higher insulin sensibility and a more oestrogenic receptor density, 
thus promoting a higher fat mass deposition than in the android fat cells. On the con-
trary, the latter result more responsive to androgenic stimulation and produce and 
release a greater amount of pro-inflammatory adipocitokines in the portal circula-
tion. The different oestrogenic or androgenic responsiveness of the fat cells, depend-
ing on the site of fat deposition, may explain the reason of the different obesity 
localisation in the two genders and during the women life [10].

A positive relationship exists between the waist girth increase and the worsening 
of cardiovascular profile, also in normal-weight people, especially in women [11]. 
In fact, more than BMI (body mass index), the main positive predictive factor of the 
negative obesity impact on health is the abdominal fat. According to the International 
Diabetes Federation (IDF) criteria, the waist circumference is the main diagnostic 
element of the metabolic syndrome (MS), which links the visceral adiposity with 
the worsening of metabolic profile (Table 12.1).

The MS represents a whole heterogeneous disorder, which correlates to high 
mortality and morbidity rates and high economics and social costs. The syndrome 
affects 20–25% of the general population with an increased prevalence with ageing, 
in particular among the 50–60-year-old people. The characteristics of MS are vis-
ceral obesity, abnormal lipid and glucose profiles and high blood pressure: the spe-
cific physiopathological feature is represented by the insulin resistance which can 
explain each of the metabolic impairments; the insulin resistance promotes the stor-
age of fat tissue at visceral level which becomes less sensitive to insulin action, and 
as a consequence, a higher lipolytic activity takes place, and this increases the 
NEFA (non-esterified fatty acids) release into liver circulation. NEFA cause an 
abnormal glucose and triglycerides synthesis that in turn compromises the hepatic 
insulin clearance. Furthermore, the fat mass is not considered as a simple energetic 
store but an active endocrine tissue that releases a large number of adipocitokines, 
some of which have a pro-inflammatory and pro-atherogenic functions (such as 
TNF-α, IL-6, leptin, adiponectin, omentin) [5] with an active role on the modulation 
of the insulin sensitivity: in fact the reduced secretion of adiponectin has a crucial 
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role in inducing insulin resistance and in determining the increase of triglycerides 
and of small, dense LDL particles. Increased leptin secretion may be responsible for 
sympathetic nervous system over activity and hypertension, while reduced omentin 
may have an important role in the development of atherogenic processes [12].

The insulin resistance, in turn, can be triggered also by other problems: an intrin-
sic/structural cell disorder, due to receptorial or post-receptorial function defects, or 
an acquired disorder, such as an excessive weight (overweight or obesity), that 
increases the amount of fat and induces a change of the receptor-binding ability of 
hormones. It can depend also on familial predisposition, especially when there are 
diabetic relatives and often on the combination of many elements above described.

Moreover insulin resistance promotes sodium retention at the kidney level, with 
a consequent negative impact on blood pressure homeostasis. Finally, when the pan-
creatic compensatory mechanisms to insulin resistance become inadequate, the fast-
ing glucose increases, and, due to reduced glucose cell intake, the diabetes 
progressively appears: the metabolic syndrome is taking place, etc.

12.3	 �Relationship Between Obesity, MS  
and Menopausal Transition

As we know, the menopausal transition is characterized by an early (more or less 
10 years before the menopause) and progressive increase of FSH levels, linked to a 
decrease of inhibin production by the ovaries; at the same time, the higher fre-
quency of anovulatory cycles induces a progesterone fall during the luteal phase, 

Table 12.1  Criteria for metabolic syndrome (MS) diagnosis

WHO (1999) ATP-III (2001) IDF (2005)
Fasting glucose Diabetes mellitus, 

impaired glucose 
tolerance

>110 mg/dl >100 mg/dl or 
previously type II 
diabetes

Blood pressure ≥140/90 mmHg or use 
of medication

>130/85 mmHg or 
use of medication

>130/85 mmHg or 
use of medication

Dyslipidemia (TG) ≥150 mg/dl ≥150 mg/dl ≥150 mg/dl
Dyslipidemia 
(HDL-CH)

<35 mg/dl for male
<39 mg/dl for female

<40 mg/dl for male
<50 mg/dl for 
female

<40 mg/dl for male
<50 mg/dl for 
female

Central obesity WHR > 0.9 in male
>0.85 for female and/or 
BMI > 30

Waist 
circumference
≥102 cm for male
≥88 cm for female

Waist circumference
>94 cm for male
>80 cm for female 
of Caucasian race

Microalbuminuria Urinary albumin 
excretion ratio ≥20 μg/
min or albumin/
creatinine ratio 
≥30 mg/g

Diagnostic criteria MD type II or IGT and 
2 criteria

3 or more criteria Central obesity and 
2 criteria
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thus resulting in a relative hyperestrogenism, followed by a stable hypoestrogenism 
when menopause finally takes place. At present, though a large number of publica-
tions have been produced, the change of body weight during menopausal transition 
represents an important topic of discussion.

In general weight changes depend on an increase of energetic input and/or a 
decrease of energy consumption, mostly due to physical activity and to the resting 
energy expenditure. It’s well known that women after the 45–50 years old, in the 
presence of no changes of their lifestyle (feeding and physical activity), show a 
progressive body weight increase. What is the cause of this?

Whereas weight gain per se cannot be attributed to the menopause transition, the 
change in the hormonal milieu at menopause is associated with an increase in total 
body fat, and in particular there is an increase in abdominal fat [13]. Lovejoy et al. 
[14] showed that all along the perimenopausal interval, there is an increase of 
abdominal fat mass, concomitant with climacteric hypoestrogenism, with a slow 
increase of body weight despite the slight reduced amount of total calories intake.

From the clinical point of view, it’s important to know the metabolic condition of 
our patients: during the reproductive life, they might have suffered for some meta-
bolic disorders, including thyroid dysfunctions or diabetes mellitus and/or insulin 
resistance, as in the case of PCOS (polycystic ovary syndrome) or overweight/obe-
sity. The exposure to environmental factors, till the beginning of childhood, can 
affect the normal weight and worsen it: in general, a number of systemic diseases 
might affect and induce the metabolic change(s) that will occur in menopausal 
transition.

The gonadal steroid hormones have specific metabolic effects during perimeno-
pausal transition. As mentioned before, menopausal transition is characterized by 
low level of oestrogens and/or hyperestrogenism associated to low luteal progester-
one levels. This event is greatly related to the higher amount of anovulatory men-
strual cycles. Indeed, during the luteal phase of the menstrual cycle, the typical 
increase of P/E2 ratio induces the increase of body temperature of about 0.4 °C [15]: 
this temperature’s rise causes an elevation of basal metabolism of about 200  Jk 
(50 kcal) a day [16]. On the contrary, the absence of progesterone increase, during 
the menopausal transition, determines the lack of such energy consumption in rest-
ing conditions typical of the luteal phase (about 50  kcal a day, for 12–14  days: 
approximately 600–700 kcal every month). This event is at the basis of the increased 
fat mass deposition during perimenopause [17] that can be interpreted as a reduction 
of the physiological burning of fat during the luteal phase.

This decline of the energetic consumption seems to be not exclusively dependant 
from the progesterone deficiency but also from other factors, such as the amount of 
lean mass, the sympathetic nervous system (SNS) activity, the endocrine status and 
the ageing-mediated physiological changes. In fact the decline of basal metabolism 
observed in postmenopausal women may depend also form ageing [18]. However, 
the basal metabolism decreases more during menopausal transition than what could 
be attributed to the ageing process [19]. Probably oestrogen depletion contributes to 
accelerate this decline. As the perimenopause becomes menopause, the progressive 
reduction of oestrogen levels induces a progressively worsening of the insulin 
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resistance that is also increased by the concomitant cortisol rise (typical of ageing 
and menopause). This latter event physiologically induces gluconeogenesis, a typi-
cal compensatory mechanism that starts to occur to people above 55–60 years of 
age, and later promotes the increase of insulin resistance. In addition hypoestrogen-
ism partly induces also the fall of GH levels that facilitates the storage of abdominal 
fat mass with a decrease of lipid metabolism [20, 21]. In addition the lack of oestro-
gens during the menopausal transition promotes the different fat storage: instead of 
mainly in the gluteal and femoral subcutaneous region, fat is mainly stored at the 
abdominal level [22], and thus oestrogen deficiency is expected to result in decreased 
peripheral fat mass [23].

Further confirmations in regard to the oestrogens’ role on fat mass control come 
from experimental studies on animal models: the oestrogen treatment in ovariect-
omised mice reduces the fat mass and the adipocyte cell size, independently from 
the energy intake. In particular, oestradiol seems to accelerate the fat oxidation path-
ways in the muscles and the adipocyte lipolysis [24].

According to what was discussed up to now, the decrease of basal metabolism 
induces the gain in fat mass which, in turn, may contribute to improve the incidence 
of obesity-related diseases, such as worsening of cardiovascular profile and a higher 
risk to develop type II diabetes. The increase of visceral adiposity further worsens 
the insulin sensibility, in particular at the liver level so that higher amounts of insu-
lin are needed to control glucose intake at tissue levels. All these changes determine 
the increase of the rate of incidence of the MS in overweight/obese women during 
the menopausal transition.

Recently, it has been suggested that another possible link between menopausal 
hypoestrogenism, appetite control and weight gain is the increase of orexin-A 
plasma levels [25]. This hypothalamic neuropeptide is involved in the regulation of 
feeding behaviour, of sleep-wake rhythm and of neuroendocrine homeostasis [26, 
27]. In postmenopausal women, while oestrogens show low levels, plasma orexin-A 
levels are significantly higher, and this seems to participate in the increase of the 
cardiovascular risk factors, such as high glycaemia, abnormal lipid profile, increased 
blood pressure and high BMI [28].

12.4	 �The Management of Obesity  
and MS During Perimenopause

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

It’s important to know if the patient suffered in the past for PCOS and/or premen-
strual syndrome and premenstrual dysphoric disease (PMS and PMDD).  
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It is well recognised that insulin resistance is a frequent feature of the PCOS and 
that 50–60% of the patients are overweight/obese [29]. Recently we demonstrated 
[30] that patients with PCOS and insulin resistance have double chance to suffer 
from PMS/PMDD and mood disorders up to depression, during their reproductive 
life and more frequently during the menopausal transition. This condition seems to 
be due to a reduced production of neurosteroids, in particular of allopregnanolone, 
which is considered the most powerful endogenous anxiolytic and antidepressant 
substance derived from progesterone metabolism [31]. PCOS and hyperinsulinemic 
patients, during menopausal transition, have a higher risk to suffer from more 
intense climacteric symptoms, in particular those due to neurosteroids deficiency 
(i.e. allopregnanolone), like mood disorders, depression and anxiety, if they don’t 
reduce insulin resistance and their weight [32].

In the presence of overweight/obesity, it is necessary to assess the presence of 
insulin resistance, even in nonobese women; in fact, perimenopausal women may 
have a normal weight, thanks to their lifestyle, though they have an insulin resis-
tance predisposition, which can be disclosed only by an OGTT (oral glucose toler-
ance test). This test is usually done over 4 h, but it can be performed also with two 
blood samples, at time 0 (i.e. before drinking the glucose) and 60 or 90 min after 
glucose load of 75 g of sugar dissolved in a glass of water: a hyperinsulinism is 
diagnosed when insulin response is higher than 60 microU/ml [33, 34]. In women 
with a history of PCOS, an insulin resistance is frequently confirmed both during 
pre- and postmenopause [35].

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

An endurance training (aerobic exercise for 45 min a day, three times a week) has 
been shown to promote body weight and fat mass losses and to reduce both waist 
girth and blood pressure in overweight/obese women [36]. Moreover, these inter-
ventions decrease plasma triglyceride, total cholesterol and low-density lipoprotein 
levels and increase high-density lipoprotein plasma concentrations [36]. The best 
improvement in metabolic risk profile has been observed in women with two or 
more determinants of the MS but still with no coronary heart disease [37]. In addi-
tion, the physical exercise amplifies the triggers on anorectic response limiting 
food’s introduction [38]. Unfortunately, the association of diet and physical activity 
results effective in the short period and shows an increasing lower compliance and 
higher difficulty to maintain the weight loss in the long term. Quite often, in these 
cases, a psychological support is needed.

In normal-weight women with climacteric symptoms, the hormonal replace-
ment therapy (HRT) has been successfully demonstrated to protect against peri-
menopausal changes of body composition [39, 40]. In these patients, no significant 
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variations in weight, fat mass content and distribution has been observed probably 
also, thanks to the route of administration of HRT. In particular transdermal oes-
trogens seem to be more protective against fat mass increase and android fat dis-
tribution [41, 42]. Oral oestrogens have been associated with a small increase in 
fat mass and a decrease in lean mass [43]. Similar effects on body composition 
and on fat tissue have been observed when administering tibolone and 
raloxifene.

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

Overweight, obesity and metabolic syndrome are tightly linked with the chang-
ing of the hormonal pattern during the menopausal transition. In fact, as previously 
mentioned, the progressive decline of oestrogens and progesterone plasma levels 
promotes some metabolic impairment, such as the worsening of insulin resistance 
or the increasing of central fat mass storage. At the same time, obesity is an impor-
tant factor that affects the changes of hormonal profiles during menopausal transi-
tion since women with higher BMI were more likely to start the perimenopause 
earlier though moving slower towards the menopause if compared to those with a 
lower BMI [44]. If during fertile age, these women had PCOS and overweight/obe-
sity, it is more likely that insulin resistance led them not only to a MS predisposition 
but also to mood disorders that might be more severe as soon as menopausal transi-
tion occurs. Recent findings sustain such hypothesis since it has been reported that 
menopausal women who suffered from PCOS have higher adiponectin and lower 
leptin [45] and a higher insulin response to OGTT [35] than menopausal women 
with no history of PCOS.

12.5	 �Influence of Overweight/Obesity on Menopausal 
Transition and on Menopausal Symptoms

Excess of body weight up to obesity has been demonstrated to alter menstrual cycle 
length and hormonal pattern in premenopausal women. The age of natural meno-
pause (ANM) can be delayed in women who are not smokers, exercise a lot, not 
vegetarians and with higher BMI [44]. Being obese induces a later ANM since 
obese women show a higher oestrogenic milieu due to a higher activity of aromatase 
and type 1 17β-hydroxysteroid dehydrogenase [46]. Conversely, the decline of 
plasma oestradiol levels is more rapid in normal-weight or nonobese women.
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As it can be argue there is a possible relationship between the fat deposits and 
menopause onset since obesity affects the magnitude of the hormonal changes 
observed and experienced during the menopausal transition [13]. However, the 
severity of the many menopausal symptoms depends on a number of factors, and 
among them there are not only the hormonal changes typical of the transition but 
also psychological factors. In fact during the menopausal transition, as weight 
increases so do menopausal symptoms.

In addition to the higher risks for a number of chronic diseases, overweight and 
obese women often show psychosocial impairments that lead to a lower self-esteem 
and poor general well-being. Recent review concluded that obese postmenopausal 
women have a lower QoL if compared to normal-weight women [47, 48], and 
excess of weight up to obesity during menopausal transition is an indicator of poor 
sexual functioning [13]. Excess of weight in peri- and postmenopause increases the 
intensity of sexual complaints and facilitates urinary incontinence. Moreover 
arousal, orgasm, lubrication and satisfaction are inversely correlated with BMI and 
insulin resistance and metabolic syndrome [49].

Recent data support also the fact that obesity might induce a lower bone loss dur-
ing the menopausal transition than nonobese women [50]. In fact low BMI has been 
associated with osteopenia and osteoporosis, while obese women resulted to have a 
lower risk of osteoporosis and fractures [51]. However, the Global Longitudinal 
Study of Osteoporosis in Women [52] supported a different conclusion since it dem-
onstrated that the fracture risks of ankle and upper leg were higher in obese women 
but mainly in those that have experienced early menopause and that reported two or 
more falls in the last 12 months [52]. Most of these women had also a higher preva-
lence of other diseases such as diabetes, CVD, asthma and emphysema, thus sug-
gesting that obesity in menopausal women might be in general less protective than 
in normal-weight women [13, 52].

12.6	 �How to Prevent Weight Gain

When dealing with prevention of weight gain, the only logical solutions include 
physical activity, caloric-restricted diet and, eventually, specific antiobesity drugs or 
bariatric surgery.

As previously mentioned, physical activity is relevant to counteract the body 
weight increase, independently from age and menopausal condition [53]. It is 
important to point out that physical activity cannot block or prevent weight gain 
related to ageing, but it can protect against the development of obesity. An activity 
of 45 min at least three times in a week really improves the control of body weight 
and maintains elasticity and lean mass despite the decrease of fat mass [13].

It is obvious that calorie restriction induces reduction of body weight and fat 
similarly to physical exercise. If the body weight is reduced to 5% or more, this 
reduces the risk factors for CVD, that is, hypertension and dyslipidemia, and dia-
betes [54]. When being obese during menopause, the diet should provide a low 
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amount of calories but not below 800 Kcal/day [55]. Whatever the diet is, the 
adherence to the diet is the most important factor for the success, independently 
from the nutrient composition. Ideally the diet should try to avoid the loss of pro-
teins, promoting the use of fat as source of energy. If the diet is low in carbohy-
drate, mono- and polyunsaturated fat and protein from fish, nuts and legumes 
should be suggested.

Regarding antiobesity drugs, these compounds are substances that suppress 
appetite and give the sense of satiety, increasing the metabolism but mainly interfer-
ing on the absorption of the nutrients of the food [56]. Among these substances, 
there are orlistat, sibutramine and rimonabant. All of them have been demonstrated 
to improve body weight, but only one (orlistat) is now available, being sibutramine 
and rimonabant withdrawn due to severe side effects [13, 57]. Obviously natural 
remedies can be helpful such as herbal preparations and can be used as supplements 
to aid weight loss [13]. Last but not least important to mention is metformin. This 
drug has been approved for the treatment of diabetes, and a great use has been done 
to control weight gain in young women with obesity and PCOS [29], but only when 
compensatory hyperinsulinism is present, metformin administration is highly effec-
tive on metabolism [58]. Though it cannot be considered as a drug to induce weight 
loss, metformin is relevant to counteract the risk of diabetes and maintain a lower 
level of insulinemia [13, 29].

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

�Conclusions

Weight gain and obesity have been improving during the last decade so much 
that 20% of the world population is almost obese and women are slightly more 
interested by this event than men. Nevertheless it has been observed that weight 
gain is highly related to ageing rather than to menopausal transition though hor-
monal changes during the menopausal transition contribute to increase the 
abdominal fat and abdominal obesity [13]. Any excess in abdominal fat means a 
higher risk for CVD, diabetes, cancer and poor QoL.

Weight control is then essential during the perimenopause and later during 
menopause, but it is clear that the most important event is a specific and con-
stant control of the diet and of the physical exercise far before the perimeno-
pause. This control has to be adopted for a lifetime, and a specific lifestyle and 
an investment for the future health have to be considered, especially when age-
ing affects and impairs organ and system functions. Hormone replacement ther-
apy is not associated with weight gain and certainly improves QoL and 
symptoms and counteracts accumulation of abdominal fat in peri- and post-
menopausal women.
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13Weight and Body Composition 
Management After Menopause: 
The Effect of Lifestyle Modifications

Irene Lambrinoudaki, Eleni Armeni, and Nikolaos Tsoltos

13.1	 �Definition and Prevalence of Obesity

Obesity is characterized by excessive accumulation of fat in the adipose tissue, 
which is attributed to a positive energy balance and subsequent weight gain [1]. The 
definition of obesity is based on the body mass index (BMI), calculated using the 
following equation: BMI = weight (kg)/height2 (m2) [2]. Classification of obesity 
according to BMI is presented in Table 13.1. However, similar values of BMI cor-
respond to varying body fat and body composition in different individuals and pop-
ulations [1, 2]. According to the World Health Organization (WHO), obesity is 
associated with many chronic diseases, including coronary heart disease and stroke, 
type 2 diabetes mellitus, as well as musculoskeletal disorders, respiratory symp-
toms, and several types of cancer [1].

Accumulation of body fat in the intra-abdominal region is associated with an 
increased metabolic risk, especially in women. Central obesity is reflected by an 
elevated waist to hip ratio (WHR), defined as >0.85  in women, or simply by an 
increased waist circumference [1, 2]. The predictive ability of waist circumference 
with respect to the risk of metabolic complications and cardiovascular disease is 
more pronounced in women compared to men [1]. As reported by the WHO, an 
increased risk of metabolic complications can be expected in women with a waist 
circumference ≥80 cm and a substantially increased risk in women with a waist 
circumference ≥88 cm [1].

The prevalence of overweight and obesity is highest in the region of North 
America and lowest in the region of Southeast Asia, according to WHO data in the 
year 2014 [3]. Women are far more likely to be obese compared to men [3]. In many 
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European countries and in the United States of America, more than half of women 
are overweight [3]. Aging represents a major determinant of this problem, since the 
prevalence of obesity has been shown to increase steeply with advancing age [4].

13.2	 �Obesity and the Menopausal Transition

The menopausal transition is closely related with alterations in body composition 
[5]. Aging increases physical inactivity and mood instability, factors associated with 
sarcopenia and obesity [5]. In addition, estrogen deprivation inflicts various adverse 
metabolic changes with respect to energy regulation, food consumption, body 
weight homeostasis, as well as the secretion of adipokines [6]. Overall, the effect of 
aging in combination with the postmenopausal estrogen decline leads to central 
body fat accumulation and visceral adiposity [5, 7]. The latter is a major determi-
nant of insulin resistance and hyperinsulinemia, conditions that further decrease 
energy expenditure [5, 8–10].

13.3	 �Management of Adiposity in Menopause

Management of obesity and body composition in postmenopausal women 
consists of:

•	 Lifestyle modification, including healthy eating and physical activity
•	 Medical treatment
•	 Bariatric surgery

This review will address the effect of lifestyle modification in the prevention and 
treatment of postmenopausal obesity and sarcopenia.

Body Mass Index

<18.5kg/m2

UNDERWEIGHT

18.5 –
24.99kg/m2

NORMAL
RANGE 

³25kg/m2

OVERWEIGHT

pre-obese:
25.0kg/m2 to
29.99kg/m2

obese class I:
30kg/m2 to
34.99kg/m2

obese class II:
35.0kg/m2 to
39.99kg/m2

obese class
III:

³40.0kg/m2  

Table 13.1  Classification of body mass index values (Adapted from [1, 2])
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13.4	 �Healthy Diet

13.4.1	 �Eating Patterns

The pattern of food intake is directly related with metabolic pathways which affect 
body weight and fat accumulation [11, 12]. Beneficial eating patterns include the 
“DASH” (Dietary Approaches to Stop Hypertension) diet and the “Mediterranean” 
diet, whereas “Western” diets are considered as harmful [13–15]. The main charac-
teristics of each diet are presented in Table 13.2.

The impact of the DASH diet on weight loss is still under investigation; however, 
available studies have shown beneficial effects on weight maintenance [16]. The 
National Heart, Lung, and Blood Institute and the American Heart Association rec-
ommend adherence to the DASH diet to manage elevated blood pressure and to 
reduce the risk of coronary heart disease [17, 18].

The effect of the Mediterranean diet on long-term weight loss has been exten-
sively studied. A recent systematic review [19] analyzed five randomized controlled 
trials (RCTs) with a total sample of 998 overweight or obese adults trying to lose 
weight, who were followed up for at least 12 months. The results of this review 
showed that the Mediterranean diet is superior to low-fat diets concerning weight 
loss and comparable to low-carbohydrate diets [19]. A large prospective cohort 
study [15] showed that adherence to the Mediterranean diet was associated with a 
moderate reduction of weight, during a follow-up period of up to 5 years. In addi-
tion, up to 10% risk reduction to develop obesity was observed in individuals with 
a high vs lower adherence to the Mediterranean diet [15].

“Western”-type diets are considered unhealthy. A higher risk of cardiovascular 
disease has been observed in individuals adhering to a dietary pattern that consists 
mainly of fats and processed meat compared to individuals consuming mainly 
whole-grain products and fruits [14]. Higher consumption of less healthful foods 
(e.g., low-fiber bread and cereals, red and processed meat, cottage cheese, tomato 
foods, regular soft drinks, and sweetened beverages) has been positively associated 
with a higher rate of carotid artery atherosclerosis progression, independently of 
traditional cardiovascular risk factors, over a follow-up period of 5 years [12].

Table 13.2  Main characteristics of common eating patterns (Adapted from [13–15])

Beneficial eating patterns Harmful eating pattern
• DASH (Dietary Approaches to Stop Hypertension) diet
– Rich in fiber (whole-grain cereals)
– Rich in fruits, vegetables, and low-fat dairy
– Low in saturated and trans fat, cholesterol
• Mediterranean diet
– �Rich in vegetables, beans, legumes, nuts, fruits, whole 

grains, and seeds
– Olive oil is the main source of monounsaturated fat
– Low to moderate wine consumption
– Low to moderate amount of dairy products, poultry, and fish
– Reduced intake of red meat

“Western” diet
– �Rich in red and processed 

meat
– Rich in saturated fat
– Rich in sugar and salt
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13.4.2	 �Eating Patterns and Adiposity After the Menopause

Alterations in diet quality have been associated with changes in central body fat 
accumulation in postmenopausal women. The Women’s Health Initiative 
Observational Study [20], including a total of 67,175 participants who were fol-
lowed up for 3 years, evaluated the association between quality of food intake and 
adiposity, using a food frequency questionnaire and waist circumference measures, 
respectively. This study concluded that 10% improvement in diet quality prevented 
the increase in central adiposity usually seen in the menopausal transition [20]. 
Vitamin D3 may also play a role in weight loss after menopause. In an RCT evaluat-
ing 218 overweight/obese women 50–75 years old participating in a weight loss 
program, women randomized to vitamin D3 supplementation who managed to 
become D3 replete showed greater reductions in BMI and abdominal circumference 
compared to vitamin D3-deficient women [21].

13.4.3	 �Diet to Prevent Sarcopenia After the Menopause

Sarcopenic obesity occurs in up to 20% of older populations and is defined as obe-
sity in individuals with reduced muscle mass [22]. This condition is increasingly 
prevalent and results to a higher risk for disability and mortality in the aging popu-
lation [22, 23]. In this context, dietary advice aiming at weight loss should ensure 
the consumption of an adequate amount of protein to avoid loss of muscle mass 
[22, 23].

A growing body of evidence has analyzed the effect of dietary interventions on 
muscle cell regeneration. Nutrients shown to prevent sarcopenia and their respective 
food sources are presented in Table 13.3. A muscle preserving eating pattern should 
include high-quality protein, derived from fish (e.g., codfish protein), dairy products 
(e.g., whey protein), and eggs, in quantities of approximately 25–30 g/meal. Protein 
should be combined with a relatively low proportion of carbohydrates, as co-
ingestion of carbohydrates has been shown to exert a negative effect on protein 
turnover [22–24].

N-3 polyunsaturated fatty acids (n-3 PUFAs): →
Fish, egg, dairy products

Polyphenols → green tea

Vitamin D3 → fish / fortified dairy products /
supplements 

Table 13.3  Nutrients and 
food sources which promote 
muscle cell regeneration 
(Adapted from [24])
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13.4.4	 �Diet Recommendations for a Healthy Body Composition

A healthy diet is of paramount importance for the middle-aged woman, since it 
controls body weight and prevents central obesity, sarcopenia, and chronic diseases 
in later life [25]. Dietary recommendations for a healthy body composition include 
the following [25]:

•	 High consumption of fruits, vegetables, and fiber
•	 Limited consumption of saturated fats, red meat, refined carbohydrates, energy-

dense food, and salt
•	 Consumption of at least 25–30 g protein per meal derived mainly from fish, eggs, 

and dairy products
•	 Vitamin D repletion

13.5	 �Physical Activity

13.5.1	 �Physical Activity and Aging

Regular physical activity increases longevity and quality of life and contributes to 
the prevention and management of chronic diseases [26]. Regular exercise has posi-
tive effects on overall health, by improving well-being, functional reserve, and per-
formance [26]. Physical inactivity, on the other hand, leads to muscle wasting, 
cardiovascular deconditioning, and perception of performance loss, which further 
decrease physical activity and complete the “vicious circle” [26]. Unfortunately, 
physical inactivity is very prevalent among Europeans, with women being more 
inactive than men [27].

13.5.2	 �Physical Activity and Cardiovascular Benefits

Exercise improves various cardiovascular physiological pathways. The most impor-
tant effects of exercise include a reduction of systemic inflammation, which is com-
bined with an improvement of endothelial function and atherosclerotic plaque 
passivation [26]. Moreover, exercise promotes ischemic preconditioning, which 
prevents ischemia-induced damage. Finally, regular physical activity increases 
maximal oxygen uptake, which is associated with enhanced muscle metabolism, 
pulmonary function, functional capacity, cardiac output and stroke volume, and 
lower cardiovascular and all-cause mortality [26].

An increasing body of evidence has documented the cardiovascular benefit of 
exercise in the middle-aged female population. A recent intervention study evalu-
ated the effect of exercise on adiposity indices and cardiovascular risk factors after 
the menopausal transition, in 100 healthy perimenopausal women, throughout a 
period of 12 months [28]. According to the findings of this study [28], women in the 
intervention group showed a significant decrease in waist circumference measures 

13  Weight and Body Composition Management After Menopause



158

(changes at 6 months, intervention vs control, −0.73 ± 3.39 cm vs 1.02 ± 3.50 cm; 
p-value  =  0.012), WHR values (changes at 6 months, intervention vs control, 
−0.02 ± 0.04 vs −0.003 ± 0.04; p-value = 0.020), as well as levels of systolic blood 
pressure (changes at 6  months, intervention vs control, −7.52  ±  13.0  mmHg vs 
−0.63 ± 11.69 mmHg; p-value = 0.012) compared with women in the control group. 
Moreover, higher physical activity has been related to a decrease in the risk of atrial 
fibrillation conferred by obesity, as reported in a recent sub-analysis of the Women’s 
Health Initiative database [29]. In addition, physical activity of vigorous intensity 
during leisure time has been associated with a lower mortality (HR = 0.54, 95% CI 
0.34–0.86) compared with exercise of low-moderate intensity (HR = 0.72, 95% CI 
0.48–1.08) in middle-aged individuals [30].

13.5.3	 �Physical Activity, Body Weight, and Adiposity

The effect of lifestyle interventions in postmenopausal women for the prevention 
and management of obesity has been evaluated by various studies. The long-term 
effects of dietary changes combined with physical activity to induce weight loss 
have been assessed in the participants of the WOMAN study (The Women on the 
Move through Activity and Nutrition study) [31]. Lifestyle change was associated 
with a significant reduction in waist circumference and more weight loss compared 
to women receiving only health education at 30 months (lifestyle change vs health 
education: waist circumference, −8.3 ± 8.3 cm vs −2.8 ± 6.0 cm, p-value < 0.05; 
≥10% weight loss, 31% vs 9%) [31]. Interestingly, the positive effects of lifestyle 
alterations on adiposity measures remained significant at 18 months after the termi-
nation of the intervention [31]. A recent systematic review [32] of five RCTs aimed 
to assess the effectiveness of long-term physical activity interventions among post-
menopausal women with excess body weight. All five RCTs analyzed in this review 
concluded that simple and easy to implement exercise programs like walking or 
cycling improved adiposity measures, such as body weight, waist circumference, as 
well as percent of body fat, lean mass, subcutaneous and intra-abdominal fat, and 
physical functioning, e.g., peak power output, peak maximal fitness, peak relative 
fitness, pedometer steps, and the maximum rate of oxygen consumption [32].

13.5.4	 �Physical Activity and Sarcopenia

Sarcopenia, the reduction of muscle mass and strength, is a consequence of aging, 
physical inactivity, unhealthy low-protein diet, vitamin deficiency, and steroid hor-
mone decline [33].

Aging leads to mitochondrial dysfunction, due to increased production of reac-
tive oxygen species which damage mitochondrial DNA, lipids, and proteins [33]. 
Physical activity, on the other hand, exerts positive effects on mitochondrial func-
tion, which is mediated by the following pathways [33]:

•	 Improved mitochondrial protein synthesis and efficient ATP synthesis
•	 Reduced generation of reactive oxygen species
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•	 Increased mitochondrial turnover
•	 Improved clearance of damaged mitochondria
•	 Decreased apoptosis

The effect of exercise on sarcopenia has been addressed by many studies. A 
resistance training program for 4 months resulted in a significant reduction of body 
fat percentage and fat body mass as well as an increase in lean body mass and 
muscle strength in a group of healthy postmenopausal women [34]. Similarly, 
combined resistance and endurance training of moderate intensity for 12 weeks 
improved dynamic and isometric muscle strength and decreased arterial stiffness, 
heart rate, and mean arterial pressure in previously inactive postmenopausal 
women [35].

13.5.5	 �Physical Activity Recommendations

The benefits of physical activity in the management of postmenopausal adiposity 
consist of the following:

•	 Increased energy expenditure
•	 Improved cardiorespiratory fitness, which further reduces inactivity
•	 Increase in muscle mass and strength which prevents sarcopenia and frailty

Recommendations regarding physical activity are summarized in Table  13.4. 
Physical activity should consist of at least 150 min/week of moderate intensity exer-
cise, like walking, or at least 75 min/week of vigorous intensity exercise, like run-
ning. Table  13.5 presents examples of beneficial exercise programs which can 
improve cardiovascular conditioning and body composition in menopause.

Table 13.4  Recommended amount of physical exercise in the postmenopausal population 
(Adapted from [36])

Physical activity recommendations

At least 150 min of moderate-intensity aerobic physical activity or at least 75 min of 
vigorous-intensity aerobic physical activity throughout the week
Aerobic activity should be performed in bouts of at least 10 min duration
Muscle-strengthening activities should be done involving major muscle groups on 2 or more 
days a week

Table 13.5  Beneficial exercise programs for cardiovascular conditioning and body composition 
improvement in menopause

Type of 
exercise Frequency Intensity

Duration 
(min) Reference

Walking Daily 40–60% maximal heart rate 45–60 Ma et al. [37]
Swimming 3–4 times/week Mild 30–60 Nualnum et al. [38]
Running 3–4 times/week 40–60% maximal heart rate 20–40 Williams [39]
Resistance 
training

3–4 times/week 50% maximal heart rate 45–60 Conceicao et al. [34]
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�Conclusion
Menopause and aging are independently associated with weight gain, central 
adiposity, and sarcopenia, conditions which increase the risk for chronic disease 
and disability. This risk can be dramatically reduced by appropriate lifestyle 
modifications, which consist of:
•	 �Consumption of whole-grain products, fruits, and vegetables combined with 

enough protein intake from fish, egg, and dairy products
•	 �Physical activity incorporated in the routine of an individual which consists of at 

least 150-min moderate activity or 75-min vigorous activity exercise per week
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14Healthy Bones After Menopause: 
What Has to Be Done?

Martin Birkhaeuser

14.1	 �Introduction

Osteoporosis is one of the most frequent and most devastating diseases. Fragility 
fractures (minimal trauma fractures) belong to the most important morbidity and 
mortality causes in the elderly. Usually they occur as a result of a fall from standing 
height. In women, the incidence of vertebral fractures starts to rise steeply in the 
first years after menopause, whereas the incidence of hip fractures rises sharply 
around the age of 70. Globally, during the year 2000, there were an estimated 9 mil-
lion new fragility fractures, of which 1.6 million were at the hip, 1.7 million at the 
wrist, 0.7 million at the humerus and 1.4 million symptomatic vertebral fractures 
[1]. In the age group of 50–80 years corresponding to the life period after meno-
pause, around 36% of classical fragility fractures occur in those below age 65 years 
[2, 3]. In the UK, this amounts to more than 100,000 fractures per year in women 
aged 50–65 years, over 9000 of which are hip fractures ([2, 3]; www.uk2u.net). 
Nonetheless the importance of osteoporosis is still largely underestimated by lay 
people and by doctors. Prevention of osteoporotic fractures should be one of the 
major goals of menopause specialists.

14.1.1	 �Definition of Osteoporosis

Osteoporosis leads to weakness of the skeleton and increased risk of fracture. The 
World Health Organization (WHO) has defined osteoporosis as a systemic skeletal 
disease characterised by low bone mass and micro-architectural deterioration of bone 
tissue, with a consequent increase in bone fragility and susceptibility to fracture.
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14.1.2	 �Epidemiology

In developed countries, lifetime risk for a normal woman aged 50 years to suffer an 
osteoporotic fracture at any place is 52.3% [1, 4–8], and the likelihood of a fracture 
at any of the four major sites (spine, femoral neck, wrist, proximal humerus) is 40% 
or more. Forty per cent is close to the probability of coronary heart disease. In a 
woman at the menopause, the remaining lifetime probability after a major fracture 
is less favourable than the one after breast cancer.

14.1.2.1	 �Vertebral Fractures
Vertebral fractures remain most of the time ignored, even if they cause pain. Less 
than 10% result in hospitalisation [9, 10]. They may cause acute pain, loss of func-
tion and loss of quality of life but may also occur without serious symptoms. They 
occur typically in the mid-thoracic or thoracolumbar regions of the spine [9]. In 
Europe, the prevalence defined by radiological criteria increases with age and is 
12% in females (range 6–21%). The age-standardised incidence of morphometric 
fracture is 10.7 per 1000 person-years in women [11], increasing markedly with 
age. Vertebral fractures often recur. New fractures are most likely in nearby verte-
brae. The consequent disability increases with the number of fractures.

14.1.2.2	 �Distal Forearm (Wrist) Fractures
In Europe, the annual incidences of distal forearm fractures in female were 7.3 per 
1000 person-years in 2002 [12]. Wrist fractures are most likely to occur in women 
over 65 years old. There is an increase in age adjusted between 45 and 60 years of 
age. Then the trend stabilises or slightly increases. Functional recovery of distal 
radial fractures is usually good or excellent [12].

14.1.2.3	 �Humerus Fractures
No reliable figures are available.

14.1.2.4	 �Hip Fractures
The worldwide annual incidence of hip fracture is approximately 1.7 million [13]. 
They are more common in northern than in southern countries. This might be due to a 
different duration, intensity and efficiency of sunlight in stimulating vitamin D produc-
tion in the skin. The sex ratio of hip fractures F/M is 4/5. 90% of the hip fractures occur 
in people over 50 years old [14]. Hip fracture is associated with serious disability and 
excess mortality. Women who have sustained a hip fracture have a 10–20% higher 
mortality than would be expected for their age [15]. Recovery is slow and rehabilitation 
is often incomplete, with many patients permanently institutionalised in nursing homes.

14.2	 �General Prevention of Fragility Fractures

General prevention of osteoporosis and fragility fractures is not restricted to women 
at risk. It is of utmost importance that general preventive measures are undertaken 
even without diagnostic investigations to reduce the incidence of osteoporosis and 
of fragility fractures.
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Primary prevention of osteoporosis includes all measures preventing the occur-
rence of osteoporosis. Primary prevention starts in adolescence. Its target is to 
obtain an optimal peak bone mass in adolescence and young adulthood, to slow 
down the physiological decrease of bone mineral density (BMD) after menopause 
up to the advanced age and to avoid a pathological loss of bone mass leading to 
osteoporosis.

Secondary prevention aims at the hindrance of fracture occurrence manifestation 
in already osteoporotic women. In contrast to primary prevention, secondary pre-
vention usually demands a complete investigation before preventive measures can 
be started. Often a specific treatment has to be initiated being beyond the scope of 
the field of postmenopausal osteoporosis.

General prevention ensuring a normal bone metabolism includes [16–18]:

14.2.1	 �Supplementation with Vitamin D

•	 50–70% of adults living in developed countries are undersupplied with vitamin 
D [19]. In elderly patients suffering from an acute hip fracture, more than 50% 
display a severe vitamin D deficiency (25-hydroxy-vitamin D = 25-OHD < 30 
nmol/l). Less than 5% reach the actually recommended target for an optimal 
prevention of fractures and falls of 75 nmol/l (30 ng/ml) [20].

•	 In postmenopausal women, 800–1000 IU vit D/day is needed, in the elderly up 
to 2000 IU/day. 25(OH)D values should be maintained above the required serum 
level of 75 nmol/l (30 ng/ml). Vitamin D supplementation improves also muscle 
strength in the lower limbs, reducing the risk of falls by 20% [21–23]. In addi-
tion, vitamin D reduces the incidence of all cancers by 17% and cancer mortality 
by 29% [24, 25]. It may reduce the incidence of arterial hypertension to about 
30% [26], the risk of myocardial infarction to about 50% and cardiovascular 
mortality to less than 50% [27, 28]. However, RCT confirming these preliminary 
findings are still missing.

•	 The safe upper limit for the daily intake of vitamin D is 4000 IU for adults and 
for children above the age of 9 years [29]. Therefore, all dosages recommended 
by the various guidelines available today are within the safe range.

14.2.2	 �Total Calcium Intake

Calcium intake should reach 1000–1200 mg/day. Mostly this target can be reached 
by a balanced nutrition and by the use of drinking water rich in calcium. An addi-
tional calcium supplementation should only be prescribed if an adequate calcium 
intake cannot be reached by nutrition. An excessive calcium intake >1500 mg/day 
may lead to an increased cardiovascular risk, particularly in the presence of renal 
insufficiency [30–34].

14.2.3	 �Protein Intake

A minimal protein intake of 1 g/kg body weight per day should be guaranteed for the 
maintenance of the musculoskeletal function. Protein deficiency and underweight 
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(body mass index < 20 kg/m2) due to an inadequate nutrition are risk factors for 
osteoporotic fractures [16, 17, 35, 36]. Weight increase leads to a risk reduction. 
After an osteoporotic fracture, a protein supply of at least 1 g protein/kg body weight 
per day reduces the rate of complications such as decubitus, severe anaemia and 
infections of the lung and the kidney and thus the days of hospitalisation [37].

14.2.4	 �Physical Activity, Prevention of Falls, Healthy Lifestyle

Regular physical activity and prevention of falls are indispensable in the elderly. 
The goal is the stimulation of muscle strength and the coordination of movements 
[16, 17, 35, 38]. Immobilisation should be avoided if ever possible. After the age of 
70 years, a history of falls should be taken every year. In case of an increased risk, 
the causes have to be investigated. Trip hazards at home have to be eliminated, and 
the use of psychotropic substances and the abuse of alcohol and nicotine avoided.

14.3	 �How to Recognise Postmenopausal Women 
at Increased Risk

14.3.1	 �Medical History and Clinical Findings

The most relevant fracture risk factors [16, 17] are based on family and personal 
history as well as on the presence of other diseases (secondary causes of osteoporo-
sis). Their clinical importance, in function of the available evidence (grading A–D), 
is presented in Table 14.1 [16].

The specific questions to be asked concern the following domains:

–– General well-being and alimentation (including vitamin D and calcium defi-
ciency, alcohol and drug addiction). Sleeping pills and tranquillisers are both 
increasing the risk of falls.

–– History of fractures and of falls, subjective complaints and sudden back pain.
–– Diseases and intake of drugs known to have an impact on bone metabolism and/

or equilibrium, such as seizure medication, immunosuppressive drugs, glucocor-
ticoids, heparin, lithium and excess thyroxine (thyroid replacement).

The clinical examination has to be targeted at signs of osteoporosis and of 
increased risk of falls:

–– Body height and weight (BMI): is there a decrease of body height > 3 cm?
–– Deformities of the spine and other signs for a vertebral compression fracture. 

This often results in the curvature of the spine at the shoulders. In older people, 
this is sometimes called a ‘widow’s hump’ or a ‘dowager’s hump’.

–– Indications for other fractures.
–– Signs pointing to a secondary osteoporosis or a malignancy.
–– Signs pointing to an increased risk of falls, such as poor sight, muscle weakness, 

poor equilibrium and coordination and neurological affections.
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14.3.2	 �Additional Diagnostic Steps and Diagnosis 
of Osteoporosis

In all women with the suspicion of an increased fracture risk on the basis of their 
medical history or of clinical signs, additional diagnostic steps are recommended 
[16, 17, 35]. The diagnosis of osteoporosis is based on the presence of fragility 
fractures or (in women without prevalent fractures) on the results of the measure-
ment of bone mineral density (BMD).

14.3.2.1	 �Conventional X-Ray (Fracture Detection)
Traditional X-rays can identify suspected spine fractures. Assessment of vertebral 
fractures is recommended in case of acute newly developed back pain, if strong and/
or unchanged for several days, and in unexplained chronic back pain. To diagnose, 
X-rays of the thoracic and lumbar spine (a/p and lateral image, depending on clini-
cal examination and fracture evaluation) are done, for follow-up usually lateral 
image only. Today, vertebral fracture assessment by DXA (VFA) is also regarded as 
adequate. VFA has a lower radiation exposure (3 μSV only) than X-ray, but its 
image quality is lower.

Table 14.1  Clinical risk factors associated with an increased fracture risk in women [16]

Women, age <50 years 50–60 years >60 years
Vertebral fractures + (D) + (A) + (A)
Oral glucocorticoids >5.0 mg/d
Prednisolon equivalents >3 months

+ (A) + (A) + (A)

Cushing syndrome + (B) + (B) + (A)
Primary hyperparathyroidism (pHPT) + (B) + (B) + (B)
Hypogonadismus (incl. premature menopause) + (D) + (B) + (B)
Therapy with glitazones + (D) + (A)
Non-vertebral fracture(s) after the age of 50 ** + (A)
Therapy with aromatase inhibitors ** + (A)
Anti-androgen therapy ** + (A)
Rheumatoid arthritis ** + (A)
Proximal fracture of the hip in one parent + (A)
Low body weight (BMI < 20) + (A)
Current cigarette smoking + (A)
High alcohol intake (>2 units/day) + (A) + (A)
Multiple falls (more than 1 within the last 12 months) + (A)
Immobility (cannot leave the house without help by 
someone else)

+ (A–B)

Diabetes mellitus type 1 + (A)
TSH levels <0.3 mU/l + (B)

**To be decided case by case, see www.SVGO.ch [16]+Indication for diagnostic intervention 
(DXA, poss. additional laboratory investigation)A–D: evidence grading:A: At least one study of 
evidence 1a, or several concordant studies of evidence 1bB: At least one study of evidence 2a or 
3a, or several concordant studies of evidence 2b, 2c or 3bC: At least one study of evidence 3b, or 
several concordant studies of evidence 4D: No study of evidence 4 or better, only studies of evi-
dence 5
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14.3.2.2	 �Densitometry by Dual-Energy X-Ray Absorptiometry 
(DXA) for the Measurement of BMD

Without a suspicion of vertebral fracture, the first diagnostic step is the determina-
tion of BMD by DXA. According to the WHO, DXA (dual-energy X-ray absorpti-
ometry) is still the gold standard for the measurement of bone mineral density 
(BMD) and for the diagnosis of osteoporosis [16, 17, 35, 39]. DXA is usually per-
formed at the lumbar spine and the hip. It is recommended in the presence of verte-
bral fracture(s), peripheral fracture(s) and secondary causes and risk factors. At the 
lumbar spine, the average T-score is determined by a measurement of those verte-
brae of L1–L4 on which it is possible to make an evaluation. At least two vertebrae 
must be assessable. Assessment is impaired in spondylophytes, vertebral fractures, 
severe degenerative changes (>grade 2 according to Kellgren), significant scoliosis 
and torsion scoliosis as well as atherosclerosis.

The results of DXA measurements are express as T-score (Table 14.2). The rec-
ommended reference range (IOF) is the NHANES III reference database [39–41]. 
For diagnostic purposes, the Z-score is only used in premenopausal women.

The prevalence of low BMD and of osteoporosis rises with increasing age. At the 
age of 80 years, 50% of all healthy women have a T-score of ≤2.5 and are therefore 
osteoporotic. There is a significant correlation between age and T-score at the femo-
ral neck and the absolute 10-year fracture risk. But normal BMD or osteopenia do 
not protect against hip fractures [8, 17, 35, 42, 43] (Table 14.3).

Table 14.2  Densitometric classification at the spine or at the hip of osteoporosis by DXA 
measurement

Status Hip BMD
Normal T-score of −1 or above
Osteopenia T-score lower than −1 and greater than −2.5
Osteoporosis T-score of −2.5 or lower
Severe (established) 
osteoporosis

T-score of −2.5 or lower, and the presence of at least one fragility 
fracture

The World Health Organization has defined a number of threshold values (measurements)  for 
osteoporosis. The reference measurement is derived from bone density measurements in a popula-
tion of healthy young adults (called a T-score). Osteoporosis is diagnosed when a person’s BMD 
is equal to or more than 2.5 standard deviations below this reference measurement [16, 17]
Osteopenia is diagnosed when the measurement is between 1 and 2.5 standard deviations below 
the young adult reference measurement

Table 14.3  Relation between bone mineral density (BMD) and fracture risk

BMD N (total) 10 years fracture incidence Number of women with fractures (%)
Normal 204 7% 15 (11%)
Osteopenia 322 21% 67 (50%)
Osteoporosis 142 37% 52 (39%)
All women 668 20% 134 (100%)

Data from: OFELY study [42]
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Limitation to the Use of DXA  Osteodensitometry by DXA is not a cost-effective 
screening method. It should be used selectively in function of age and other relevant 
risk factors.

14.3.2.3	 �Alternative Procedures to Evaluate Bone Density
Quantitative ultrasound measurements and peripheral BMD can also provide infor-
mation about the fracture risk [16, 17, 35]. However, before starting osteoporosis 
treatment, a measurement of BMD by DXA cannot be replaced by ultrasound 
measurements.

14.3.2.4	 �Scintigraphy
In case of suspicion of a malignancy, scintigraphy of the skeleton is recommended 
(exception: the first step in a suspicion for multiple myeloma is a MRI).

14.3.3	 �Evaluation of Fracture Risk by FRAX©

The individual 10-year risk of osteoporotic fractures can be evaluated by a 
computer-based algorithm, the Fracture Risk Assessment Tool (FRAX©, 
www.sheffield.ac.uk/FRAX/; 38, 44, 45). FRAX© is a scientifically validated 
risk assessment tool, endorsed by the World Health Organization. It exists in 
specific versions for most countries, established by using local epidemiological 
data. FRAX© is based on age and on individual risk factors. It can be calculated 
with or without BMD value at the femoral neck. Use of FRAX© without BMD 
is appropriate when BMD is not available or if individuals should be identified 
who may benefit from a BMD measurement [16, 17, 35, 38, 44, 45]. Where 
DXA is available, BMD testing can be performed alongside the assessment of 
fracture probability using clinical risk factors. Measurements other than BMD 
or T-score at the femoral neck by DXA are not recommended for use in FRAX©. 
FRAX© with BMD predicts fracture risk better than clinical risk factors or 
BMD alone.

However, there are three important limitations to the use of FRAX®: FRAX® can 
only be used in women ≥40 years of age and without a treatment of osteoporosis; it 
is not appropriate to use FRAX© to monitor treatment response; fracture severity 
cannot be quantified in FRAX© (for additional clinically relevant limitations, see 
ref. 38, 44, 46).

The intervention level based on the 10-year fracture probability (%) calculated 
by FRAX is increasing from the age of 50 to the age of 85 [17, 38, 44, 45]. 
Figure 14.1 shows the intervention threshold set at a fracture probability equivalent 
to a woman with a previous fragility fracture. If DXA has not yet been done, BMD 
testing is recommended in individuals in whom fracture probabilities (assessed 
from clinical risk factors alone) are close to the intervention threshold (left-hand 
panel). This minimises the risk of misclassifying a high-risk patient as low risk and 
vice versa.
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14.3.4	 �Other Diagnostic Steps

Biochemical analysis should be done in the presence of fractures combined with 
indications from medical history and/or clinical examinations for particular fracture 
risks due for secondary osteoporosis. In this review, the further diagnostic steps in 
secondary osteoporosis are not discussed (see [16, 17, 35]).

Bone Turnover Markers  Although bone turnover markers (BTMs) may predict 
fracture risk independently from BMD in postmenopausal women, they are not used 
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for screening purposes [16, 17, 35]. BTMs are used for monitoring treatment in the 
individual. As adherence is an important issue of long-term therapy in chronic dis-
ease, some BTM (mainly s-CTX and s-PINP) may be used in clinical practice to 
assess the patient’s adherence to treatment [17, 47, 48].

Clinical Diagnostic Tests  The evaluation of muscle strength and coordination is 
important in elderly women prone to falls. The risk of falls can be effectively evalu-
ated by examinations such as the ‘timed up and go test’ or the ‘chair-rising test’ in 
combination with the ‘tandem stance test’ (for further information, see DVO (www.
dv-osteologie.org; [16, 17, 35])).

14.4	 �Menopausal Hormone Therapy (MHT) Including 
Tibolone for Fracture Prevention

14.4.1	 �Oestrogen and Oestrogen + Progestin

14.4.1.1	 �Efficacy
Bone architecture and quality has to be maintained as early as in the peri- and early 
postmenopause. Prescription of MHT for primary prevention of fragility fractures 
should be part of an overall preventive strategy including general preventive mea-
sures and lifestyle recommendations (see above). In peri- and postmenopausal 
women at risk of fracture and younger than 60 years or within 10 years of meno-
pause (‘window of opportunity’), the International Menopause Society (IMS) rec-
ommendations on MHT and preventive strategies for midlife health, updated in 
2016 [49], consider MHT as one of the first-line therapies for the prevention and 
treatment of osteoporosis-related fractures, because a first vertebral fracture should 
be avoided. Although treatment of osteoporosis can reduce the increased risk for a 
subsequent fracture, it cannot eliminate the excess risk of a first fracture.

Oestrogen deficiency leads to a rapid loss of BMD. Already before 2002, some 
RCTs, many observational studies and several meta-analyses documented that 
MHT prevents menopausal bone loss when begun around or early after menopause 
[50–53]. In contrast to all trials done with selective oestrogen receptor modulators 
(SERMs), bisphosphonates, denosumab or strontium ranelate, the WHI trial using 
MHT is the first RCT demonstrating that a therapeutic intervention reduces the risk 
of fractures in women without increased fracture risk at the hip, vertebrae and wrist 
and with mean T-scores in the normal to osteopenic range [49, 54–59]. These data 
are consistent with the earlier observational data and meta-analyses mentioned 
above [50–53]. In the CEE  +  MPA study, active therapy reduced (in the global 
analyses) all fractures significantly by 24% (RR, 0.76; 95% CI, 0.69–0.83) and hip 
fractures by 33% (95% CI, 0.47–0.96). In the CEE-alone study, CEE reduced all 
fractures by 29% (RR, 0.71; 95% CI, 0.45–0.94) and hip fractures by 29% (RR, 
0.71; 95% CI, 0.64–0.80) (see Table 14.4; [54, 56]). Regarding the effect of therapy 
on all fractures, a beneficial effect was seen in all groups categorised by decade after 
menopause. If the fracture data are analysed both by decade of age and by decade 
after menopause, the MHT effect on hip fractures (but not on vertebral fractures) 
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was only apparent in women older than age 70 years or more than 20 years after 
menopause, consistent with the epidemiological data concerning hip fracture.

14.4.1.2	 �Low-Dose and Ultra-low-Dose Administration of MHT
Low-dose and ultra-low-dose oestrogen administration (Table 14.5) has been shown 
to be effective for the treatment of climacteric symptoms, particularly hot flushes 
[49, 50, 59–61]. It has been postulated that lower than moderate doses might be 
effective also for the prevention of osteoporosis [62–68]. An ultra-low-dose oestro-
gen patch (14 μg oestradiol transdermally per day) has been licensed for osteoporo-
sis prevention by the US Food and Drugs Administration, but not in Europe. 
However, the percentage of so-called non-responders (>2% of bone loss at the lum-
bar spine within 26 lunar months) is increasing in parallel to dose reduction [69]. It 
reaches 3% in the moderate, 8% in the low-dose, 13–22% in the ultra-low-dose regi-
men and 51% in the placebo group [69]. Furthermore, there is no evidence for 
fracture reduction with lower than standard dosages. In addition, for low- and ultra-
low-dose regimens, no long-term data are available concerning cardiovascular and 
oncological risks.

Therefore, the efficacy of lower than standard oestrogen administration on bone 
has to be controlled by the determination of serum bone markers (approx. at 3 
months) and later by DXA measurements of BMD (at 2 years after initiating MHT) 
if MHT has been given for prevention of bone loss.

14.4.1.3	 �Cost-Effectiveness
The numbers of women on CEE alone or CEE + MPA in the WHI trials can be 
expressed as the number of women whose fractures were prevented over a 5-year 
period of use. For CEE alone, this represents 27.1 women per 1000 per 5 years, and 

Table 14.4  WHI: Effect of CEE + MPA and CEE alone on fracture risk

CEE + MPA [54] HR (95% CI)a CEE alone [57] HR (95% CI)a

Hip 0.67 (0.47–0.96) 0.65 (0.45–0.94)
Spine 0.65 (0.46–0.92) 0.64 (0.44–0.93)
Forearm/Wrist 0.71 (0.59–0.85) 0.58 (0.47–0.72)
Total 0.76 (0.69–0.83) 0.71 (0.64–0.80)

aHazard ratio (nominal 95% confidence interval)

Table 14.5  Terminologies for dosing of different oestrogens in hormone replacement preparations. 
Available doses may vary in different countries. Bioequivalence not tested (modified from [60])

High Moderate Low Ultra-low
Conjugated equine estrogens (mg) 1.25/0.9a 0.625 0.3/0.45
Micronized 17β-estradiol (mg) 4.0 2.0 1.0 0.5
Estradiol valerate (mg) 2.0 1.0
Transdermal 17β-estradiol (μg) 100 50 25 14a

aJust one per oral (0.9 mg conjugated equine oestrogens) and one transdermal (14 μg 17β-oestradiol) 
product available in the USA only. 14  μg 17β-oestradiol is indicated only for prevention of 
osteoporosis
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for CEE + MPA, 21.8. women per 1000 per 5 years. Therefore, MHT use for osteo-
porosis prevention and primary prevention of fragility fractures is cost-effective 
[70]. MHT is a first-line treatment for fracture prevention in younger postmeno-
pausal women, with or without increased risk.

14.4.1.4	 �Continuation of MHT After the Age of 60 Years
The evidence does not support any restrictions imposed on MHT when given as a 
bone-specific drug. Continuation of MHT for the indication offracture prevention is 
fully justified: there are no reasons to place arbitrary limitations on the duration of 
MHT [49, 59] provided that MHT is individualised and tailored according to symp-
toms and the needs of the patient. Whether or not to continue therapy should be 
decided at the discretion of the well-informed woman and her health professional.

14.4.1.5	 �Consequence of Oestrogen Discontinuation on Bone
Discontinuation of oestrogens results in bone loss at a rate similar to that seen in 
early menopause [71–75], but the once gained preventive effect is maintained. The 
PERF study [75] demonstrated at 5, 11 and 15 years after stopping MHT that 
administration of oestrogens in early postmenopause offers a significant long-
lasting benefit for the prevention of postmenopausal bone loss and osteoporotic 
fracture. In PERF, odds ratio (OR) for fractures at 15 years is 0.48 (CI 0.26–0.88) in 
former oestrogen users. In PERF, the number needed to treat to prevent any fracture 
is 7 [75]. PERF has been confirmed by the WHI study [76, 77]. In the CEE + MPA 
arm, fracture reduction continues significantly for 13 years after the end of the inter-
vention phase (OR 0.81; 95% CI, 0.68–0.97), in the CEE-only arm non-significantly 
(OR 0.91; 95% CI, 0.72–1.15). This risk reduction corresponds to −5 and −2 cases, 
respectively, per 10,000 women-years [76].

In contrast to the restart of bone loss after discontinuation of MHT, gains in bone 
mass induced by alendronate (with or without oestrogen) are sustained for at least 
1 year after all therapy was discontinued [102]. These data underscore the different 
mechanisms by which bisphosphonates and oestrogens affect bone remodelling.

14.4.1.6	 �Initiation of MHT for Bone Protection 
After the Age of 60 Years

Initiation of MHT after the age of 60 years for the indication of fracture prevention 
is considered second-line therapy and requires individually calculated benefit/risk, 
compared to other approved drugs. If MHT is elected, the lowest effective dose 
should be used.

14.4.1.7	 �Safety Concerns
Healthy women younger than 60 years should not be unduly concerned about the 
safety profile of MHT where there are indications for its use. The available evidence 
suggests that there is a probable therapeutic window of benefit for long-term fracture 
prevention as well as cardioprotection and possibly for aspects of long-term neuropro-
tection if MHT is prescribed in midlife and continued for several years. Initiated within 
this ‘window of opportunity’, the benefits of MHT outbalance the risks [49, 50, 59].
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14.4.2	 �Tibolone

Tibolone is a synthetic steroid belonging to the progestogen family of 
19-nortestosterone derivatives. Tibolone is a prodrug. Its three active metabolites 
3-alpha-hydroxy-tibolone, 3-beta-hydroxy-tibolone and delta4-isomer metabolite 
possess an affinity to oestrogen, progesterone and androgen receptors [78]. Tibolone 
has properties of E + P as well as of a SERM [78]. The International Menopause 
Society (IMS) classes tibolone among the substances suitable for menopausal hor-
monal therapy [49, 50]. The effects of Tibolone on breast are discussed in chapter 4.

Tibolone is given per orally and is effective for the prevention of osteoporosis 
and fractures. There is evidence in elderly women for its significant reduction of the 
incidence of vertebral and non-vertebral fractures [78–81]. In the LIFT trial, a RCT 
in older women (mean age 68.3; range 60–85 years) having an increased fracture 
risk (T-score of −2.5 or less at the hip or spine or a T-score of −2.0 or less and 
radiological evidence of a vertebral fracture), the effect of a low-dose treatment by 
tibolone 1.25 mg/day (half of the usual dosage) has been compared to placebo [79]. 
After 34 months (mean) of tibolone administration, a significant reduction of the 
risk of vertebral (RR, 0.55; 95% CI, 0.41–0.74; p < 0.001) and non-vertebral (RR, 
0.74; 95% CI, 0.58–0.93; p = 0.01) fractures was observed.

14.5	 �Fracture Prevention with SERMs

Selective oestrogen receptor modulators (SERMs) are not steroid hormones such as 
oestradiol, but their non-steroidal structure is such that they are able to bind to the 
oestrogen receptor where they possess agonistic as well as antagonistic properties 
[18, 50]. In 1998, the first modern SERM, raloxifene, has been registered for pre-
vention and treatment of osteoporosis, followed in 2009 by lasofoxifene and in 2011 
by bazedoxifene. In Europe, only raloxifene and bazedoxifene are available on the 
market for osteoporosis prevention.

14.5.1	 �Raloxifene

In postmenopausal women with osteoporosis, raloxifene at a dose of 60 mg per day 
was associated with reduced risks of vertebral fractures and ER-positive breast can-
cer, an adequate endometrium protection, but an increased risk of venous thrombo-
embolic events and no detectable effect on the endometrium. In a meta-analysis of 
seven clinical trials [82], raloxifene (60 mg/day) reduced the risk for vertebral frac-
tures at the average significantly by 40% (RR 0.60; 95% CI 0.49–0.74). Raloxifene 
reduced vertebral fracture risk in the presence of osteoporosis as well as of osteope-
nia [83]. Another more recent meta-analysis concluded that the effect on the risk for 
vertebral fractures calculated by FRAX® is greater in younger than in older women 
[84]. There is evidence that the preventive effect of raloxifene at the spine still 
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continues at 8 years after treatment initiation [50, 82–84]. On the other hand, for 
raloxifene, there is no direct evidence that it decreases hip fracture risk. A reduction 
of the risk for non-vertebral fractures and hip fractures has only been shown in post 
hoc analyses in women with prevalent vertebral fractures [50, 82–84]. An important 
beneficial side effect of raloxifene treatment is the reduction of oestrogen receptor 
(ER)-positive breast cancer. In the USA (but not in Europe), raloxifene is also 
licensed for prevention of breast cancer.

14.5.2	 �Bazedoxifene

Bazedoxifene was associated with a significant 39% decrease in incident morpho-
metric vertebral fractures (hazard ratio HR = 0.61; 95% CI = 0.43–0.86; p = 0.005) 
and a non-statistically significant 16% decrease in all clinical fractures (hazard ratio 
HR = 0.84; 95% CI = 0.67–1.06; p = 0.14) compared to placebo [85–87]. In a 2-year 
extension of the 3-year study [88], bazedoxifene showed sustained efficacy in pre-
venting new vertebral fractures in postmenopausal women with osteoporosis and in 
preventing non-vertebral fractures in higher-risk women. At 5 years, the incidence 
of new vertebral fractures in the intent-to-treat population was significantly lower 
with bazedoxifene 20  mg (4.5%) and 40/20  mg (3.9%) versus placebo (6.8%; 
p < 0.05), with relative risk reductions of 35% and 40%, respectively.

Non-vertebral fracture incidence was similar among groups. In a subgroup of 
higher-risk women (n = 1324; femoral neck T-score ≤ −3.0 and/or ≥1 moderate or 
severe or ≥2 mild vertebral fracture(s)), bazedoxifene 20 mg reduced non-vertebral 
fracture risk versus placebo (37%; p = 0.06); combined data for bazedoxifene 20 
and 40/20 mg reached statistical significance (34% reduction; p < 0.05).

14.5.3	 �Bazedoxifene + CEE

In women with a uterus, bazedoxifene can be used to oppose the stimulatory effects 
of conjugated equine oestrogens (CEE) on the endometrium. This combination not 
yet available in Europe, also known as tissue-selective oestrogen complex, has been 
shown to prevent the bone loss associated with menopause, but the effect on fracture 
reduction has not been explored [89].

14.6	 �Non-hormonal Anti-resorptive Therapies  
and Osteo-anabolic Treatment

Initiation of MHT in the age group 60–70 years requires an individually calculated 
benefit/risk ratio and the consideration of other available drugs. MHT should not be 
initiated after age 70 years. Therefore, in elderly women non-hormonal anti-resorp-
tive substances are becoming the first-line therapeutic methods.
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14.6.1	 Bisphoshonates

Nitrogen-containing bisphosphonates are potent inhibitors of bone resorption. They 
have been proven in numerous randomised controlled outcome trials (RCTs) in 
postmenopausal osteoporosis to reduce significantly the incidence of fragility frac-
tures [90–92]. They are suitable first-line treatments for women with postmeno-
pausal osteoporosis. After the age of 60 years, alendronate, risedronate, ibandronate 
and zoledronic acid all provide fracture protection for patients with postmenopausal 
osteoporosis [93–96]. Ibandronate and zoledronic acid have the most persistent 
anti-fracture effect.

For alendronate, a meta-analysis of 11 RCTs [93] confirmed the significant 
reduction of vertebral fractures observed in the FIT trial. For vertebral fractures, 
the pooled estimate for prevention trials (n = 1355; RR, 95% CI) was 0.45 (0.06–
3.15), the pooled estimate for treatment trial (n = 8005; RR, 95% CI) 0.53 (0.43–
0.65) and the global pooled estimate (n = 9360; RR, 95% CI) 0.52 (0.43–0.65). 
The risk ratios for non-vertebral fractures with alendronate (10 mg and greater) 
decreased significantly for the global pooled estimate (RR 0.51; 95% CI 
0.38–0.69).

In osteoporotic postmenopausal women, per oral risedronate 5 mg daily, oral 
risedronate (delayed-release 35 mg) once weekly or 75 mg risedronate monthly has 
been shown to possess a high efficacy in preventing vertebral, non-vertebral and hip 
fractures in osteoporotic women, along with increased safety and tolerability [94]. 
In osteopenia, risedronate increases significantly BMD and, as shown by a post hoc 
analysis, reduces significantly fragility fractures (combined morphometric vertebral 
and non-vertebral fractures) [94].

Ibandronate reduces the risk of vertebral fractures by 50–60% [95]. For ibandro-
nate, an effect on non-vertebral fractures was only demonstrated in a post hoc analy-
sis of women with a baseline of BMD T-score below −3 SD. There are no adequate 
data showing a significant reduction of hip fractures [95].

Zoledronic acid [96] is a long-acting bisphoshonate. A once-yearly infusion of 
zoledronic acid during a 3-year period is associated with a significant and sustained 
decrease in the risk of vertebral, non-vertebral and hip fractures. In postmenopausal 
women with osteoporosis, zoledronic acid reduces over 3 years the risk of vertebral 
and hip fracture by 70% and 41%, respectively, versus placebo. The 70% reduction 
in the vertebral fracture rate was greater than the 3-year reduction previously 
observed for oral bisphosphonates (40–50%). Intravenous zoledronic acid decreases 
the risk of fracture and of mortality when given shortly after a first hip fracture. 
Zoledronic acid has a favourable safety profile. Most side effects are the well-doc-
umented association between oral bisphosphonates and gastrointestinal adverse 
events, as well as between acute phase reactions and intravenous administration. 
Serious adverse effects such as atypical subtrochanteric fracture and osteonecrosis 
of the jaw are very rare in women receiving bisphosphonates for fracture preven-
tion in the presence of postmenopausal osteoporosis, and not for oncological indi-
cations [97, 98].
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14.6.2	 �Adherence, Drug Holiday

Adherence may be insufficient in some patients treated by oral drugs. In these 
patients, the administration of non-oral bisphosphonates or denosumab is 
recommended.

In women with low fracture risk, a ‘drug holiday’ after 5–10 years of bisphos-
phonate treatment has been recommended. Limited data suggest that patients at 
lower risk can start a drug holiday after 5 years of oral or 3 years of intravenous 
bisphosphonate treatment, whereas patients at higher risk should continue oral 
treatment for 10 years or intravenous treatment for at least 6 years [99]. Patients at 
low risk may remain off treatment as long as bone mineral density is stable and no 
fractures occur, whereas women at very high risk of clinical vertebral fractures may 
benefit by continuing bisphosphonates beyond 5 years.

14.6.3	 Denosumab

Denosumab [100–103] is a humanised monoclonal antibody that works by decreas-
ing the activity of the receptor activator of nuclear factor kappa-B ligand. In contrast 
to bisphosphonates, denosumab has a short half-life so that its anti-resorptive effects 
as well as its adverse effects are rapidly reversible. Denosumab is given as a subcu-
taneous injection in a physician’s office (60 mg every 6 months). This might lead to 
a better adherence to therapy. Denosumab reduces median bone formation rate to 
zero after 2–3 years use. In postmenopausal women, denosumab increased BMD at 
3 years in the spine, the hip and the distal third of the radius and decreased vertebral, 
non-vertebral and hip fractures. Over 8 years, mean BMD continued to increase 
significantly at each time point measured, for cumulative 8-year gains of 18.4 and 
8.3% at the lumbar spine and total hip, respectively. Continuous use of denosumab 
to 8 years maintains the reduced fracture rates and appears to be safe [100]. The 
relative risk of serious adverse events is low. Osteonecrosis of the jaw has only been 
seen in cancer patients receiving very high doses of denosumab.

The effects of denosumab are not sustained when treatment is stopped, so there 
is no drug holiday with this medication [104]. There are reports showing that BMD 
may decrease very rapidly after stopping Denosumab, leading to early fractures.

14.6.4	 Strontium Ranelate

Strontium ranelate [105, 106] has both a mild anabolic effect and a mild anti-
resorptive effect on bone tissue. Administered for 5 years, it produces significant 
reductions in the incidence of non-vertebral, hip and vertebral fractures in post-
menopausal women with osteoporosis. Long-term treatment with strontium ranelate 
is associated with sustained increases in BMD over 10 years. During post-marketing 
surveillance, some rare but serious side effects have been reported. Because of the 
increased risk for myocardial infarction and venous thromboembolic events 
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observed in post-marketing surveillance, EMA recommended in 2014 that stron-
tium ranelate should only be used for the treatment of severe osteoporosis in post-
menopausal women at high risk of fracture [107].

14.6.5	 Parathyroid Hormone

Parathyroid hormone (PTH [1–84]) and human recombinant PTH [1–34] (teripa-
ratide) [108, 109] are the only anabolic agents available today. They work by pro-
moting bone formation (osteo-anabolic therapies). Teriparatide reduces efficiently 
the risk of new vertebral and non-vertebral fractures in postmenopausal women 
with and without prior fractures. The efficacy of teriparatide to prevent corticoste-
roid-induced osteoporosis is higher than the one of bisphosphonates. Its use is only 
limited by its high price. With sequential treatment, BMD gain is maintained or 
increased with alendronate or with raloxifene, but lost if parathyroid hormone or 
teriparatide is not followed by an anti-resorptive agent. These findings have clinical 
implications for therapeutic choices after the discontinuation of teriparatide or para-
thyroid hormone: sequential therapy after teriparatide or PTH is mandatory although 
fracture data are missing.

�Conclusion

The goal of osteoporosis treatment is the prevention of fracture. DXA mea-
surement of BMD is the gold standard for the diagnosis of osteoporosis and 
osteopenia (T-score of ≤ −2.5 osteoporosis or T-score of  < −1.04  > −2.5 
osteopenia).

Postmenopausal women need a dietary reference intake (DRI) of 1000–
1500 mg of elemental calcium, of 800–1000 IU Vit D (in elderly women up to 
2000 IU) and a minimal protein intake of 1 g/kg body weight per day. Regular 
physical activity, prevention of falls and a healthy lifestyle are indispensable in 
the elderly. Choice of therapy should be based on a balance of effectiveness, risk 
and cost. Intervention thresholds for therapy can be based on 10-year fracture 
probability but will be country specific. The individual 10-year risk of osteopo-
rotic fractures can be evaluated by a computer-based algorithm, the Fracture 
Risk Assessment Tool (FRAX©). FRAX© allows to calculate the intervention 
level based on the 10-year fracture probability (%). The intervention level is 
increasing from the age of 50 to the age of 85.

MHT is the first choice for fracture prevention in women <60 years and/or 
less than 10 years from menopause [111]. In postmenopausal women with a 
simultaneously increased breast cancer risk, SERMs should be preferred. MHT 
decreases fracture risk at all vertebral and non-vertebral localisations including 
significantly by 25–40% [110]. The option of MHT (including tibolone) or selec-
tive oestrogen receptor modulators (SERMs) is an individual decision in terms of 
quality of life and health priorities as well as personal risk factors such as age or 
time since menopause and the risk of diseases, such as venous thromboembolism 
and stroke (both are not increased in transdermal MHT), ischemic heart disease 
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and breast cancer [110, 111]. MHT has been shown to be an effective treatment 
for the primary prevention of fracture at all sites in healthy and in at-risk women 
before the age of 60 years or within 10 years after menopause [50, 90 110, 111]. 
Within this window of opportunity, the benefits of MHT outbalance the risks.

In women aged 60 years or more and in women with a contraindication 
against MHT, non-hormonal anti-resorptive therapies such as bisphosphonates 
or denosumab are first-choice treatments [110]. If costs are considered without 
taking into account adherence, some older bisphosphonates have the best cost/
benefit ratio. Following the recommendation of EMA, strontium ranelate should 
only be used for the treatment of severe osteoporosis in postmenopausal women 
at high risk of fracture.

For economic reasons, the anabolic agent teriparatide is reserved for the treat-
ment of severe osteoporosis.
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15The Effect of Menopause and HRT 
on Coronary Heart Disease

John C. Stevenson

15.1	 �Introduction

Coronary heart disease (CHD) is a leading cause of death in women. Whilst many 
risk factors for CHD are common to both men and women [1], the deficiency of 
female gonadal steroids is an additional risk for women. Thus, menopause leads to 
an increase in CHD in addition to that due to ageing. This is well demonstrated by 
studying the effects of early menopause where it is easy to compare CHD risk with 
that of normal age of menopause [2]. It therefore seems logical to see if hormone 
replacement therapy (HRT) can reverse the effects of menopause on CHD risk. This 
chapter will examine the metabolic and vascular effects of menopause and HRT.

15.2	 �Effects of Menopause on Metabolic Parameters

Oestrogen deficiency has profound metabolic and vascular effects. It is associated 
with adverse changes in lipids and lipoproteins. There is an increase in total and 
LDL cholesterol, together with apolipoprotein B, an increase in triglycerides, and a 
decrease in HDL cholesterol and apolipoprotein A1 [3]. Levels of lipoprotein (a), an 
independent coronary risk factor, also increase. There may be increased oxidation 
of LDL particles which encourages atheroma formation. Glucose and insulin 
metabolism also changes at the menopause. Whilst there is no immediate change in 
circulating glucose and insulin concentrations, this masks a decrease in pancreatic 
insulin secretion with a simultaneous decrease in insulin clearance [4]. Following 
the menopause, there is a steady decrease in insulin sensitivity so that postmeno-
pausal women become increasingly insulin resistant. There is often an increase in 
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fat mass, but more importantly, there is a redistribution of body fat with a relative 
increase in central fat [5]. This results in further abnormalities of lipids, lipopro-
teins, glucose, and insulin metabolism due to increased fatty acid fluxes into the 
portal vein. It is possible that there are increases in blood pressure associated with 
the menopause although it is difficult to separate menopausal effects from those of 
ageing, but there is an increased incidence of hypertension in postmenopausal 
women [6]. There is also an impairment of vascular endothelial function [7]. All of 
these changes encourage the development of atheroma. Recently, a highly accurate 
epigenetic marker of ageing has been studied in large female populations to assess 
the effects of menopause [8]. An increased epigenetic age acceleration was associ-
ated with earlier menopause and with bilateral ovariectomy, whilst HRT use was 
associated with a lower epigenetic age.

15.3	 �Effects of HRT on Metabolic Parameters

Oestrogen replacement results in a decrease in total and LDL cholesterol and an 
increase in HDL cholesterol [9]. This effect is greater with oral than with transder-
mal oestrogen. Triglycerides are increased with oral oestrogen but decreased with 
transdermal oestrogen administration. These effects may be modified by progesto-
gen administration. Androgenic progestogens such as norethisterone acetate 
(NETA) and medroxyprogesterone acetate (MPA) can blunt the increase in HDL but 
may also blunt the increase in triglycerides induced by oral oestrogens. Non-
androgen progestogens such as micronised progesterone and dydrogesterone do not 
impede the increase in HDL [10]. Oral oestradiol improves glucose tolerance and 
reduces insulin resistance more than transdermal oestradiol [11]. High-dose, but not 
low-dose, conjugated equine oestrogens can impair glucose tolerance. The effects 
of progestogens can modify these oestrogen-induced effects. Androgenic progesto-
gens increase insulin resistance [11], whilst non-androgenic progestogens are neu-
tral in this respect [12]. HRT reduces the central deposition of body fat [13], thus 
reversing the menopausal effect. Oral oestrogens increase coagulation activation 
and are associated with a transient increase in venous thromboembolism (VTE). 
This is avoided with the use of transdermal oestrogen [14] and possibly reduced 
with very low-dose oral oestrogen.

15.4	 �Vascular Effects of HRT

Oestrogen induces vasodilatation by stimulating nitric oxide production and by 
reducing the release of the potent vasoconstrictor, endothelin-1. It also inhibits cal-
cium channels and activates BKCa channels [15]. Oestrogen reduces angiotensin-
converting enzyme activity and is usually associated with small decreases in blood 
pressure. The addition of drospirenone, a progestogen with antimineralocorticoid 
effects, results in a further decrease in blood pressure [16]. Oestrogen has a dose-
dependent effect on matrix metalloproteinases which are involved with vascular 
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remodelling [17]. Thus high-dose oestrogen could potentially destabilise atheroma-
tous plaques but at lower doses oestrogen may normalise the remodelling processes 
and potentially reduce atheroma formation.

15.5	 �HRT and CHD Outcomes

Many observational studies have shown that postmenopausal HRT use is associ-
ated with a 40–50% reduction in cardiovascular outcomes, primarily CHD events. 
There is also good evidence that HRT use is associated with reduced CHD mortal-
ity. In a study of over 90,000 women, those initiating HRT below age 60 years 
showed a significant reduction in CHD death, whereas in those initiating HRT 
above age 60 years, the reduction was non-significant [18]. A recent study using 
national registry data examined the effects of stopping HRT on cardiovascular 
outcomes [19]. The study population comprised over 330,000 postmenopausal 
women who discontinued HRT, and the standardised mortality ratios were com-
pared with those expected for the general population. A significant increase in 
mortality was seen during the first year after HRT cessation but thereafter returned 
to that expected. Compared with those women continuing HRT, the mortality was 
higher during the first year following HRT cessation and was still significantly 
increased beyond the first year. This probably reflects the continuing CHD benefit 
of HRT on those remaining on the treatment. It is not known whether the women 
discontinuing HRT did so abruptly or gradually. Numerous studies looking at the 
effects of HRT on surrogate outcomes for CHD have been conducted. A series of 
studies of cynomolgus macaques gave rise to the concept of the timing hypothesis 
or window of opportunity for CHD prevention. In the first study [20], monkeys 
were given a normal diet, made surgically menopausal, and then given an athero-
genic diet and randomised to either conjugated equine oestrogens or placebo. At 
the end of the study, the amount of atheromatous plaque was reduced by 70% in 
the oestrogen group compared with placebo. In a second study [21], the monkeys 
were put on an atherogenic diet to induce atheroma formation before being made 
surgically menopausal. They continued on the atherogenic diet and were ran-
domised to either conjugated equine oestrogens or placebo. At the end of this 
study, the oestrogen group still had 50% less atheromatous plaque than the pla-
cebo group. In a third study [22], the monkeys were made surgically menopausal 
and put onto an atherogenic diet, but there was then a delay of the equivalent of 6 
human years before being randomised to conjugated equine oestrogens or pla-
cebo. At the end of this study, there was no difference in atheromatous plaque 
between the oestrogen and placebo groups. These studies suggested that early 
intervention with HRT after the menopause is needed to get CHD benefit. There 
is a support for this concept from human studies. A clinical trial of healthy women 
in the early postmenopausal period showed less progression of atheroma as 
assessed by ultrasound measurement of carotid artery intima-media thickness in 
those randomised to oral oestradiol compared with placebo [23]. In contrast, a 
study of elderly women with established CHD showed no difference in atheroma 
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progression as measured by coronary angiography between those randomised to 
conjugated equine oestrogens alone, those randomised to conjugated equine oes-
trogens plus MPA, or those randomised to placebo [24]. In the ELITE trial com-
prising almost 650 healthy postmenopausal women treated for around 6 years, 
oral oestradiol 1 mg daily reduced carotid artery atheroma progression if initiated 
within 6 years of the onset of menopause, whilst no such effect was seen in those 
initiating treatment beyond 10 years postmenopause [25]. However, no effect was 
seen on coronary artery calcium scores. The KEEPS trial enrolled over 700 
women within 3 years of menopause onset and randomised them to either conju-
gated equine oestrogens 0.45 mg daily, transdermal oestradiol 50 mcg, or placebo 
[26]. After 4 years, there was no difference between the groups in terms of carotid 
artery intima-media thickness changes and those of coronary artery calcification 
scores. It has been suggested that the women were too healthy to show any change 
in atheroma development. Irrespective of effects on atheroma development, there 
is also evidence that oestrogen can improve myocardial ischemia in women with 
CHD [27]. Several randomised clinical trials have been conducted for both pri-
mary and secondary prevention of CHD events. The Heart and Estrogen/Progestin 
Replacement Study (HERS) comprised over 2500 postmenopausal women, aver-
age age 67 years, with established CHD randomised to conjugated equine oestro-
gens 0.625  mg plus MPA or placebo [28]. After 4  years, there was no overall 
benefit or harm seen with the HRT group, although there was a significant trend to 
reducing CHD events with the HRT. It seems likely that the dose of oestrogen was 
inappropriately high for the age of the participants. This was also true for a study 
in over 1000 women with CHD, mean age 62 years, using oestradiol valerate 2 mg 
daily, which showed a non-significant reduction in cardiac mortality [29]. There 
was a high dropout rate. Another secondary prevention study in only 255 women, 
mean age 67 years, used an inappropriately high dose of transdermal oestradiol 
80 μg and showed no overall benefit or harm but again had a high dropout rate 
[30]. Finally, in a pilot study, 100 women with CHD, mean age 68 years, were 
randomised to a lower dose of oral oestradiol 1 mg daily plus NETA or placebo 
and showed a non-significant 30% reduction in CHD events after 12 months [31]. 
The largest primary prevention randomised clinical trial was the Women’s Health 
Initiative (WHI) [32]. Over 16,500 postmenopausal women, mean age 63 years, 
were randomised to conjugated equine oestrogens 0.625 mg plus MPA 2.5 mg 
daily. After 5.6 years of intervention, there was no overall benefit for CHD events. 
Almost 11,000 hysterectomised women, mean age 63 years, received conjugated 
equine oestrogens 0,625 mg alone or placebo; after just over 7 years of interven-
tion, there was no overall CHD benefit. However, in the oestrogen-alone arm, 
there was a significant reduction in a composite CHD outcome in those initiating 
treatment below age 60  years, and with long-term follow-up post-intervention, 
there was a significant reduction in CHD events compared with placebo. A 10-year 
prospective clinical trial of over 1000 women in the early postmenopause ran-
domised healthy women to oral oestradiol 2  mg daily plus NETA if 
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non-hysterectomised or to no treatment [33]. There was an additional 6-year 
observational post-trial follow-up. Women on HRT had a significant reduction of 
a composite endpoint of myocardial infarction, death, or hospital admission with 
heart failure. There was no increase in adverse outcomes with the HRT, including 
stroke, VTE, and breast cancer, during the 16 years. A meta-analysis of 23 ran-
domised clinical trials of HRT versus placebo or no treatment included over 
39,000 women [34]. Those initiating HRT below age 60 years or within 10 years 
of menopause had a one-third reduction in the endpoint of myocardial infarction 
or death. Those initiating HRT above age 60 years or beyond 10 years of meno-
pause had an increase in events during the first year but then showed a 20% reduc-
tion after 2 years. A more recent meta-analysis of 19 randomised clinical trials of 
HRT versus placebo or no treatment included over 49,000 women [35]. Those 
initiating HRT within 10 years of menopause had a 50% reduction in the endpoint 
of myocardial infarction or death, whilst there was no significant effect in those 
initiating HRT beyond 10 years postmenopause.

�Conclusion

Both menopause and HRT have profound effects on metabolic risk factors for 
CHD. Loss of ovarian function leads to adverse changes in lipids and lipoproteins, 
glucose and insulin metabolism, and body fat distribution. There are also adverse 
changes in arterial function. These changes result in an increased incidence of 
CHD. HRT will reverse many of these changes and may result in decreases in 
CHD. However, this benefit is dependent on a number of factors. The age at initia-
tion of HRT is clearly very important, with the greatest benefits of CHD event 
reduction being seen in those initiating treatment close to the onset of menopause, 
although it should be emphasised that initiating HRT at later ages does not neces-
sarily result in overall CHD harm. But lack of benefit in terms of CHD events in 
older women, including those with established CHD, may well be due to inappro-
priate dosing of oestrogen. Many of the beneficial arterial effects of oestrogen are 
dose dependent, and it is likely that using appropriately lower starting doses in 
older women would avoid any cardiovascular harm and may prove of benefit. Not 
only the dose at initiation but also the route of administration of HRT could be 
important, certainly in terms of athero-thrombotic events. There are haemostatic 
advantages for non-oral oestrogen administration compared with oral administra-
tion, although this could in part be related to dosage. There appear to be differences 
according to the type of progestogen used in HRT, with some adverse metabolic 
and vascular effects seen with androgenic, compared with non-androgenic, proges-
togens. The totality of current data suggests that HRT is beneficial for the primary 
prevention of CHD in postmenopausal women. Age at initiation requires individu-
alisation of doses and types of hormones, and their route of administration also 
needs to be considered. The optimal duration of HRT use for CHD prevention 
remains unknown. For women wishing to come off HRT, it would seem prudent at 
present to reduce the dose gradually rather than stop abruptly.
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In the ancient Rome, average life duration was 23 years; in Sweden at the end of the 
eighteenth century, 36.6 years for women and 33.7 for men; and in many European 
countries at the beginning of the twenty-first century, life expectancy was 72 and 
76 years, respectively. The menopause (period in women’s life 1 year after the last 
menstruation until the end of life) and involutive hypoandrogenism in males (testos-
terone below 12 nmol/L and typical symptoms) are characterized by decrease of 
gonadal steroids and initiating of cardiovascular diseases (CVD). Rahman [1] found 
that women who entered early menopause (40–45 years) had 40% increase of heart 
disease. Meta-analysis confirmed these data (Table 16.1).

Table 16.1  Cardiovascular risks and mortality in postmenopausal women—meta-analysis

Authors Study Location
Follow-up 
(years) Number Nos.

Li (2013) BWHS USA 13 11,052 6
Amagal (2009) Jichi medical school cohort 

study
Japan 9.2 3824 6

Gallagher 
(2011)

Textile worker study China 9.11 267,400 5

Jacobsen (2003) Norwegian women cohort 
study

Norway 20.6 19,731 7

P.S. NOS—Newcastle-Ottawa scale for cohort study; 6–8—higher quality study
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Decrease of estradiol in women and testosterone in men represents independent 
risk factor for dyslipidemia, inflammation, obesity, insulin resistance, hypertension, 
endothelial dysfunction, and autonomous nervous system disturbances leading to 
CVD.  Menopausal replacement therapy with estradiol regulates eating behavior, 
increases lipolytic adrenaline effects, decreases orexigenic peptides, protects from 
hepatic steatosis, improves insulin sensitivity, and decreases mortality rate of isch-
emic heart disease (IHD) 10 years after stopping therapy in a case that therapy was 
initiated before 60 years of age [2].

Estradiol increases hepatic excretion of apolipoprotein A and low-density lipo-
proteins, decreases apolipoprotein B, lipoprotein lipase transcription, adipose pro-
liferation, plasminogen activator inhibitor (PAI), C-reactive protein and interleukin 
6, and regulates PPAR γ [3]. In men testosterone decreases cholesterol, LDL, and 
proinflammatory cytokines and increases insulin sensitivity. Rossano [4] found that 
cholesterol and HDL are more important for male cardiovascular system and tri-
glycerides and LDL for women’s.

Low estradiol induces hyperaldosteronism, endothelial dysfunction, autonomous 
nervous system dysfunction, ventricular arrhythmias, natrium retention and potas-
sium loss, prothrombotic activity, myocardial fibrosis, and necrosis. Hormone 
replacement therapy with estradiol corrects all these disturbances. Total testosterone 
is inversely correlated with blood pressure in men (BP) [5].

Markers of autonomous dysfunction, heart rate variability, and baroreceptor sensi-
tivity (short-term regulation of BP) are changed in hypoestrogenic milieu. Estradiol 
therapy increases antioxidant enzymes (catalase, superoxide dismutase) [6].

Estradiol exerts direct vascular effects:

–– Acute: Ca antagonism, antioxidant, dilatation, decreased endothelin and angio-
tensinogen II, and anti-inflammation.

–– Chronic: Ca antagonist and decrease of oxidative stress, ACE activity, protection 
from vascular hypertrophy, and myocyte hypertrophy.

–– Women have less obstructive coronary artery disease and preserved systolic 
function.

Coronary arteries are twice more normal in coronary disease (compared to men), 
but intramural plaques are more frequent, and they have subintimal atherosclerosis 
and vasospastic disease. In a case of discontinuation of estradiol therapy before age 
of 60 years, increase mortality rate in the first year due to plaque rupture, arrhyth-
mia, and myocardial infarction was observed [7]. Enzyme aromatase converts tes-
tosterone and androstenedione to estradiol in cardiac myocytes. Testosterone 
regulates cardiac action potential and calcium homeostasis in women’s heart cells 
and has positive effects on endothelial cells.

Testosterone therapy in male dilatates blood vessels. In the acute myocardial 
infarction, high estradiol and low testosterone were found. Intracoronary infusion of 
testosterone induced coronary dilatation and increased coronary blood flow in men 
with coronary disease [8]. Fourts Tromso Study (1994–1995) analyzed on 1568 
subjects the impact of endogenous testosterone on risk for myocardial infarction 
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and all-cause mortality [9]. Men with free testosterone in a lowest quartile had a 
24% greater risk for all-cause mortality due to ischemic heart disease [10]. Gender 
differences in myocardial response to ischemia are found (Table 16.2).

Polymorphic variants in genes including estrogen receptor, MDR1, APOZ, ACE, 
preproendothelin-1, and microsomal triglyceride transfer protein (MTP) have been 
identified that have gender-specific effects on the action of specific common drugs 
to treat age-associated CVD.

16.1	 �The Role of Mitochondria in Aging

Mitochondria play essential role during the initial steps of sex steroid hormone bio-
synthesis. Import of cholesterol from the outer to the inner mitochondrial mem-
brane is a rate-limiting step involving interaction between the steroid acute 
regulatory protein (StAR) and molecular complex. Cholesterol is converted by cyto-
chrome P450 side-chain cleavage to pregnenolone. In male, pregnenolone is con-
verted to 17 αOH pregnenolone, dehydroepiandrosterone (DHEA), androstenedione, 
and testosterone. In female it is converted to estradiol.

Decline of sex steroids and accumulation of mitochondrial damage may create a 
positive feedback loop that contributes to the progressive degeneration in tissue 
function. Mitochondrial reactive oxygen species (ROS) promotes mitochondrial 
damage in ovarian follicles, too. Estradiol can inhibit mitochondrial ROS generat-
ing in cardiomyocytes. While estradiol protects normal cells from oxidative stress, 
it exacerbates oxidative stress in damaged cells. So, the most important fact is to 
initiate therapy on time.

Low testosterone in male reduces expression of mitochondrial respiratory genes. 
Androgen receptor overexpression in myocytes increases mitochondrial enzyme 
activity and oxygen consumption. Testosterone therapy increases mitochondrial 
biogenesis, improves mitochondrial quality, and increases physical activity [11].

Experiments on Macaca fascicularis monkeys showed decrease in the expres-
sion of key enzymes in glycolysis (pyruvate kinase, alpha enolase, triosephosphate 
isomerase), glucose oxidation (pyruvate dehydrogenase E1 beta subunit), and the 
tricarboxylic acid cycle in left ventricular samples from old male monkeys.  

Table 16.2  Myocardial response to acute ischemia

Characteristics Female Male
Apoptotic rate in periinfarction region Lower Tenfold higher
Bax expression in periinfarction region Lower Greater
Duration of cardiomyopathy Longer Shorter
Myocardial healing Earlier Delayed
Infarction expansion index Lower Higher
Mortality rate Three times lower Greater
Cardiac decompensation Later onset Earlier onset
Cardiac function Better Worse
Remodelling Better Maladaptive
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These glycolytic glucose oxidation and TCA enzymes were not observed in young 
males and old females. The changes in glycolytic and mitochondrial metabolic 
pathway in old monkeys’ hearts were similar to changes observed in hearts affected 
by diabetes mellitus or left ventricle dysfunction and could be involved in cardio-
myopathy of aging.

Heart muscles of males grow bigger and thicker with age, while in females it 
retains its size or gets smaller. So, aging does not lead to myocyte loss and myocyte 
cellular reactive hypertrophy in women indicating that gender difference may play 
detrimental effects on the aging process (Table 16.3).

In study group of subjects aged 54–94 years during 10 years, weight of the left 
ventricle increased in men 8 g and decreased 1.6 g in women. The difference in size, 
volume, and pumping ability occurred independently of other risk factors (weight, 
blood pressure, cholesterol levels, exercise). Myocardial apoptosis is increased in 
aging males compared to females. Changes in myocardial ERα expression, localiza-
tion, and association with structural proteins have been found in end-stage failing 
hearts of patients with dilating cardiomyopathy.

16.2	 �Gonadal Hormones and Arrhythmias

Steroid hormones are regulators of calcium channel expression. Membrane density 
of the cardiac L-type Ca channel is regulated by estradiol in women and suggests 
that estradiol decrease leads to an increase in the number of cardiac L-type Ca chan-
nels, abnormality in excitability, and increase risk of arrhythmias. Therapy with 17 
beta-estradiol has antagonistic effects on Ca channels when acutely administered 
through smooth muscles and cardiac myocytes decreases [12] .

Estrogen, via estrogen receptor-dependent mechanism, differentially alters the 
response of male and female cells to hypoxia. Intrinsic electrical difference result-
ing from variable ion channel expression and diverse sex hormone regulation via 
long-term genomic and acute non-genomic pathway was found [13].

Receptors for estradiol alpha and beta are found on cardiomyocytes, fibroblasts, 
and endothelial cells. In women, lower expression levels of K+ channel α and β 
subunits were found. QT interval is a period of ventricle activation and repolariza-
tion. Women show higher basic heart rate than men as well as LONGER QT inter-
val, shorter QRS duration, and lower QRS voltage.

Table 16.3  Gender-dependent factors influencing cardiovascular prognosis

Characteristics Female Male
Cardiac weight Preserved Reduction (1 g/year
Myocyte number Preserved Reduction 64 million/year
Myocyte volume Preserved Increased
Mononucleate/binucleate myocytes Constant Decreased
Apoptotic index Low 3 times higher
Apoptotic rate Increased Decreased
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While estrogen may exacerbate arrhythmia susceptibility, during reproductive 
period, progesterone is protective and decreases QT interval [14]. Progesterone 
receptors are located at vascular smooth muscle cells and cardiac myocytes. The 
ratio between estradiol and progesterone is very important in sudden, unexpected, 
transient arrhythmias in the luteal phase, especially in women with premenstrual 
syndrome. QT interval is longer in the follicular phase than in luteal phase. 
Progesterone inhibits L-type Ca channels currents, and action potentials are shorter 
in the luteal phase protecting from arrhythmias [15]. Testosterone increases repolar-
izing K+ current density and protects against arrhythmias in women. Women with 
long QT tend to have a higher prevalence of sick sinus node syndrome, atrioven-
tricular tachycardia, idiopathic right ventricle tachycardia, and dysrhythmic events.

In heart failure, prolonged action potential duration, decreased cell excitability, 
increased Na/Ca exchange, preserved β adrenergic responsiveness, and decreased 
outward K currents were observed. Therapy with estradiol may regulate Ca influx 
through reverse Na/Ca exchange by lessening the magnitude of the rise in Na during 
myocardial infarction in ischemic heart. Biomarkers of cardiovascular disease 
including troponin, C-reactive protein, phosphorylase, A2, E-selectin, adiponectin, 
lipid peroxides, and resistin have gender-specific distribution and expression.

The greatest density of androgen receptors is in the heart! Cardiac fibroblasts 
derived from male rats were more susceptible to hypoxia compared to females.

In males with heart failure, the hearts are prone to arrhythmias and contractile 
dysfunction. Testosterone therapy induces rapid vasodilatation. Acute application of 
testosterone increases intracellular calcium in osteoblasts, platelets, skeletal mus-
cles, and cardiac myocytes. Testosterone rapidly elicits voltage-dependent calcium 
oscillations and IP3 receptor-mediated calcium release from cardiomyocytes. 
Cardiac excitation triggers a rise in intracellular calcium and contraction known as 
excitation contraction coupling (EC). ECE is initiated when calcium enters the cell 
via L-type calcium channels during phase 2 of the action potential (AP). The small 
influx of calcium triggers the release of much larger amount of calcium through Ca 
release channels in the sarcoplasmic reticulum (SR) in the process known as 
Ca-induced Ca release. Calcium is released from SR in the form of discrete subcel-
lular units called Ca sparks that fuse to form Ca transient. Calcium then binds to 
contractile proteins (myofilaments) which results in sarcomere shortening and car-
diac contraction. One of the important regulators of cardiac contractility functions 
is phospholamban (PLB). During systole, PLB binds to Ca pump and prevents Ca 
from being pumped back into the sarcoplasmic reticulum (SR). During muscle 
relaxation PLB is in its phosphorylated state which removes its inhibitory effects 
out of SR Ca ATPase (SERCA) and restores low Ca levels in the cytoplasm. PLB is 
highly expressed in the failing heart and may be a mechanism of systolic contractile 
dysfunction. In men the expression of PLB is increased. PLB has also been shown 
to be phosphorylated by cAMP-dependent protein kinase and Ca/calmodulin-
dependent protein kinase. Calmodulin 3 has a low expression in men. In failing 
hearts induced expression of Na/K–ATPase-α1 induces decrease of Ca efflux, 
increasing cytoplasmatic Ca, and Ca-depending arrhythmia occurs.
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Chronic testosterone withdrawal influences cardiac calcium-handling mecha-
nism in ventricular myocytes, and AP is prolonged. The decrease of SR calcium 
release is a consequence of:

–– Decreased density of L-type Ca channels, so less calcium is available to trigger 
SR calcium release.

–– The magnitude of calcium sparks may decline. The decline in SR Ca uptake 
arises through a reduction in PLB. Contractions are attenuated in myocytes and 
relaxation is slowed. Prolonged AP can increase probability of early depolariza-
tion which can trigger arrhythmias [15].

Brugada syndrome is present in males eight times more compared to females. 
Ventricular tachycardia is characterized by ST-segment elevation in the right precor-
dial leads (V1–3) and right bundle branch block. Lower expression of repolarizing 
ion channel subunits was found.

�Conclusion

Gonadal hormones show sex-specific characteristics on cardiovascular system. 
Follow-up and treating of all disturbances of estradiol, progesterone, and testos-
terone, predominantly, are necessary in order to avoid diseases and improve 
quality of life.
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17.1	 �Introduction and Risk Assessment

In developed countries breast cancer (BC) occurs in one out of eight women during 
her lifetime, estimating the life expectancy of 85 years. About 10% of BC is associ-
ated with genetic risk factors, essentially mutations of BRCA1 and BRCA2, how-
ever, but the majority of BC are sporadic. Risk factors for BC are primarily related 
to age and to estrogen exposure (early menarche, late menopause, nulliparity, use of 
exogenous hormones); in addition high-risk population also includes women with 
atypical hyperplasia and patients with ductal or lobular carcinoma in situ.

The lifetime cumulative risk of breast cancer for women with BRCA1 or BRCA2 
mutations is very high ranging from 45 to 65%; this population has an elevated 
ovarian cancer risk as well [1]. The Ovarian cancer estimated lifetime risks is 
36–46% and 10–27% in BRCA1 and BRCA2 mutation carriers, respectively. 
Therefore for these women, a close surveillance is suggested as well as medical and 
surgical options, including chemoprevention, bilateral salpingo-oophorectomy, and 
mastectomy.

Outside of genetic risk factors, for the general population, it is important to iden-
tify women at high risk of breast cancer: patients with previous thoracic RT < 30 y 
of age, women diagnosed with lobular carcinoma in situ, and women with an esti-
mated 5-year breast cancer risk ≥1.7% [2]. Several mathematical models to esti-
mate this risk have been proposed; currently the most used is the National Cancer 
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Institute (NCI) Breast Cancer Risk Assessment Tool which is a modified version of 
the Gail model that consider age, race, age at first pregnancy, family history, and 
history of atypical hyperplasia; individuals with a 5-year risk of 1.66% or greater 
are considered at risk [3]. All the models have a limited reliability, and, as a matter 
of fact, up to 60% of BC occurs in women with no known risk factors; the available 
models do not include some risk factors such as obesity, diet, mammographic den-
sity, and use of HRT. A higher accuracy could be obtained by incorporating infor-
mation on genotypes as well.

A recent report published in the New England Journal of Medicine [4] underlines 
the importance of atypical hyperplasia as an independent factor for the inclusion of 
patients in chemoprevention programs. Atypical hyperplasia is a high-risk benign 
lesion that is found in approximately 10% of biopsies with benign findings. In stud-
ies with long-term follow-up, atypical hyperplasia has been shown to confer a rela-
tive risk for future breast cancer of 4. Another large cohort study at the Mayo Clinic 
[5] published on 2014 confirms the cumulative high risk of breast cancer among 
women with atypical hyperplasia. Indeed, 25 years after a biopsy showing atypical 
hyperplasia, breast cancer (either in situ or invasive) developed in 30% of the 
women, with greater numbers of foci associated with a higher risk. Hartman and co. 
conclude suggesting that absolute risk data about women diagnosed with atypical 
hyperplasia should be used instead of models to describe breast cancer risk in this 
population. Guidelines for high-risk women should be updated to include women 
with atypical hyperplasia. Analyses of data from the subgroup of women with atypi-
cal hyperplasia were performed in four of the placebo-controlled trials (NSABP 
P-1, MAP.3, IBIS-I, and IBIS-II). A total of 2009 women with atypical hyperplasia 
were randomly assigned to receive an active agent or placebo in these trials. 
Relative-risk reductions in the atypical hyperplasia subgroup ranged from 41 to 
79%, which suggested an even greater benefit than in the total population treated 
with the active agent in these trials.

Women with a life expectancy of ≥10 years and no diagnosis or history of breast 
cancer who are considered to be at increased risk for breast cancer based on any of 
the above-mentioned assessments, should receive individualized counseling to 
decrease breast cancer risk. Strategies for prevention of breast cancer include life-
style factors (avoidance of obesity, maintaining physical activity, moderation in 
alcohol intake), chemoprevention therapy with risk reduction agents, and risk reduc-
tion surgery [2].

17.2	 �Risk Reduction Mastectomy (RRM)

Retrospective analyses with median follow-up periods of 13–14 years have indi-
cated that bilateral risk-reducing mastectomy decreased the risk of developing 
breast cancer by approximately 90% in moderate- and high-risk women and in 
known BRCA1/2 mutation carriers [6]. Further results from smaller prospective 
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studies with shorter follow-up support the conclusion that RRM provides a high 
degree of protection against breast cancer in women with a BRCA1/2 mutation.  
A recent meta-analysis including 2635 patients demonstrated a significant risk 
reduction in breast cancer incidence in BRCA1 and BRCA2 mutation carriers 
receiving RRM (HR 0.07; 95% CI 0.01–0.44; p = 0.004).

In the 2007 guidelines issued by the Society of Surgical Oncology, indications 
for bilateral prophylactic mastectomies in patients without a cancer diagnosis 
included BRCA mutations or other genetic susceptibility genes, strong family his-
tory with no demonstrable mutation, histological risk factors (including atypical 
ductal or lobular hyperplasia, or lobular carcinoma in situ confirmed on biopsy); a 
further indication was a difficult surveillance [7]. The position statement states that 
rarely, bilateral prophylactic mastectomies may be warranted for an exceptional 
patient with no family history or high-risk histology such as patient with extremely 
dense fibronodular tissue that is difficult to evaluate with standard breast imaging, 
several prior breast biopsies for clinical and/or mammographic abnormalities, and 
strong concern about breast cancer risk. In the same guidelines, potential indica-
tions for prophylactic contralateral mastectomy in patients with a current or previ-
ous diagnosis of breast cancer were risk reduction (see indications as listed above), 
difficult surveillance (patients with clinically and mammographically dense breast 
tissue or diffuse indeterminate microcalcifications in the contralateral breast), or 
reconstructive issues (symmetry/balance).

The 2017 NCCN Breast Cancer Risk Reduction Panel supports the use of RRM 
for carefully selected women at high risk for breast cancer who desire this interven-
tion, exclusively considering BRCA1/2 or other genetic mutations and previous his-
tory of LCIS [2]. There are no data regarding RRM in women with prior mantle 
radiation exposure. As regards atypical hyperplasia, the Society of Surgical 
Oncology recognizes it as a possible but not routine indication for bilateral prophy-
lactic mastectomy [7]. The recent report published in the New England Journal of 
Medicine on atypical hyperplasia and possible surgical risk reduction interventions 
concludes that, in current practice, with minimal data available on this topic and 
with chemopreventive agents for risk reduction available, atypical hyperplasia is 
generally not an indication for prophylactic mastectomy [8].

Women considering RRM should first have appropriate multidisciplinary 
consultations, a clinical breast examination and bilateral mammogram if not per-
formed within the past 6 months. If results are normal, women who choose RRM 
may undergo the procedure with or without immediate breast reconstruction. 
Axillary node assessment has limited utility at the time of RRM. Women under-
going RRM do not require an axillary lymph node biopsy unless breast cancer is 
identified on the pathologic evaluation of the mastectomy specimen. Following 
RRM, for monitoring breast health, women should continue with annual exams 
of the chest and the reconstructed breast because there is still a small residual 
risk of developing breast cancer. Mammograms are not recommended in this 
situation [2].
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17.3	 �Bilateral Risk-Reducing  
Salpingo-Oophorectomy (RRSO)

The absence of reliable methods of early detection and the poor prognosis associ-
ated with advanced ovarian cancer have lent support for the performance of bilateral 
risk-reducing salpingo-oophorectomy (RRSO) that decreases the risk of developing 
ovarian and fallopian cancer by 85–95% in BRCA1/2 mutation carriers when per-
formed before age 50 [9]. RRSO is also reported to reduce by approximately 50% 
the risk for breast cancer in BRCA mutation carriers when performed in premeno-
pausal age. The results of several studies suggest that RRSO may be associated with 
a greater reduction in breast cancer risk for BRCA1 mutation carriers compared 
with BRCA2 mutation carriers [10, 11].

The decreased hormonal exposure following surgical removal of the ovaries is 
the basis for the reductions in breast cancer risk after RRSO; results from Eisen 
et al. suggest the reductions in breast cancer risk is greater when the surgery is per-
formed in younger women (OR 0.41 (95% CI, 0.25–0.68) for RRSO performed at 
age 40 years or younger versus odds ratio 0.47 (95% CI, 0.28–0.80) for RRSP per-
formed in carriers aged 41–50 years). Nonsignificant risk reduction of breast cancer 
was found for women aged 51 years or older [11]. Data are limited about the opti-
mal age for RRSO. Considering that the mean age at diagnosis of ovarian cancer is 
50.8 years for BRCA1/2 mutation carriers [12], current guidelines for ovarian can-
cer risk management recommended bilateral salpingo-oophorectomy at the comple-
tion of childbearing or by age 35 to 40 [2]. Considering the slight advance of the 
diagnosis in BRCA 1 carriers than in BRCA 2, in the first group of patients, the 
RRSO could be proposed as soon as possible after the completion of childbearing, 
delaying the surgery after 40  years only after careful consideration of risks and 
benefits. In BRCA2-mutated patients, instead, the action may be brought between 
40 and 50 years considering the progressive reduction of the protective effect against 
breast cancer [13].

Following prophylactic salpingo-oophorectomy, a 1–4.3% residual risk for a pri-
mary peritoneal carcinoma in BRCA1 and BRCA2 mutation carriers still exists [14]. 
It cannot be excluded that in some cases peritoneal carcinoma foci are actually 
metastases of subclinical disease that was present at the time of surgery (occult car-
cinomas), so that undiagnosed cancers at the time of surgery will be considered pri-
mary peritoneal cancer when they become clinically apparent. Possibly fewer 
peritoneal cancers will be diagnosed after salpingo-oophorectomy if the comprehen-
sive pathology review of the specimens is performed on all patients [15]. Fisch et al. 
in paper based on a series of 159 female BRCA1 or BRCA2 carriers who underwent 
prophylactic oophorectomy showed that 2–10% of BRCA1/2 carriers who undergo 
prophylactic salpingo-oophorectomy will be found to have occult carcinomas if the 
ovaries and the tubes are rigorously examined. No cancers were detected among 
women who had the operation at age 39 or younger [16]. The conclusion is that a 
rigorous operative and pathologic protocol for RRSO increases the detection rate of 
occult ovarian malignancy in BRCA mutation carriers, influencing the postoperative 
management with additional staging, chemotherapy, and follow-up in affected 
women. Also, the peritoneal lavage cytology can detect occult carcinoma at the time 
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of RRSO [17] and should always be performed [2]. The additional benefit of concur-
rent hysterectomy is not clear. Even if careful ligation of the fallopian tube at the 
uterine origin is performed, a small portion of interstitial fallopian tube in the cornua 
of the uterus is left in situ if hysterectomy is not performed, however, in the largest 
study on fallopian tube cancer to date, 92% of cancers originated in the distal or 
midportion of the tube. The concurrent hysterectomy can simplify HRT allowing 
estrogen-only supplementation and can reduce the endometrial cancer risk associ-
ated with tamoxifen treatment for a previous breast cancer [13]. However, the risk 
and benefits of concomitant hysterectomy should be discussed with each individual 
woman. As the majority of BRCA-associated ovarian cancers appear to originate in 
the fallopian tube, some authors propose prophylactic salpingectomy; data on short- 
and long-term outcomes of this prophylactic surgery is limited, and there are no 
studies directly comparing prophylactic salpingectomy with bilateral salpingo-
oophorectomy for BRCA-mutated women. A clinical trial led by Leblanc et al. is 
currently recruiting young BRCA mutation carriers for radical fimbriectomy 
(NCT016808074), but it is not expected to be complete until 2019 (http://clinicaltri-
als.gov). A two-stage procedure has been proposed: bilateral salpingectomy with 
delayed oophorectomy to prevent the adverse consequences of premature meno-
pause. Know et al. developed a Markov Monte Carlo simulation model to compare 
three strategies for risk reduction in women with BRCA mutations: bilateral sal-
pingo-oophorectomy, bilateral salpingectomy, and bilateral salpingectomy with 
delayed oophorectomy. The model estimates the number of future breast and ovarian 
cancers and cardiovascular deaths attributed to premature menopause with each 
strategy: bilateral salpingo-oophorectomy offers the greatest risk reduction for breast 
and ovarian cancer, but when considering quality-adjusted life expectancy, bilateral 
salpingectomy with delayed oophorectomy is a cost-effective strategy and may be an 
acceptable alternative for those unwilling to undergo immediate bilateral salpingo-
oophorectomy [18]. Finally, some authors proposed the tubal ligation as a feasible 
option to reduce the risk of ovarian cancer in women with BRCA mutations who 
have completed childbearing. Four main mechanisms are invoked: a screening effect, 
the alteration of ovarian function, a mechanical barrier to the ascent of endometrial 
or proximal fallopian tube cells into the peritoneal cavity, and the prevention of ret-
rograde transport of carcinogenic substances from the vagina. A meta-analysis of 13 
studies shows a reduced risk of epithelial ovarian cancer by 34%. The protective 
effect of tubal ligation was confirmed even in a subgroup of women 10–14 years after 
the procedure. The risk reduction was confirmed for the endometrioid and serous 
cancers but not for mucinous [19].

17.4	 �Treatment of Menopausal Symptoms  
in BRCA Mutation Carriers

The absence of reliable methods of early detection and the poor prognosis associ-
ated with advanced ovarian cancer have lent support for the performance of bilateral 
risk reduction RRSO; however, there are many concerns and worries about the 
resulting premature menopause.

17  Risk-Reducing Surgery and Treatment of Menopausal Symptoms 
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The most common symptoms are vasomotor symptoms (hot flashes, night sweats, 
palpitations), vaginal dryness, sexual dysfunction, cognitive dysfunction, poor 
sleep, and tiredness. Women who were premenopausal at the time of surgery expe-
rienced a worsening of hot flashes, night sweats and sweating, and a decline in 
sexual function 1 year after surgery. Menopausal disorders are more severe if RRSO 
is performed in premenopausal women than in postmenopausal women [20].

Premenopausal oophorectomy is also associated with an increased risk of osteo-
penia, osteoporosis, and fracture. Following oophorectomy, there is an increased 
prevalence of osteoporosis within 3 to 6 years of surgery; the loss of trabecular bone 
has been reported to be as high as 20% during the first 18 months following surgery. 
Several recent cross-sectional studies have examined bone health after salpingo-
oophorectomy in women with a BRCA mutation. Cohen et al. published a study of 
226 BRCA carriers after salpingo-oophorectomy [21]: among women who under-
went surgery before the age of 50 years, high rates of osteopenia (62%) and osteo-
porosis (9%) were reported. The 2010 Canadian guidelines for diagnosis and 
management of osteoporosis propose bone density measurement with DXA at the 
time of salpingo-oophorectomy and again 1–2 years after surgery; the timing of 
further bone density measurements should be individualized based on the results of 
these two measurements; to prevent osteoporosis, a recommended daily intake of 
1500 mg calcium from dietary and supplemental sources and supplementation with 
800 IU/day of vitamin D daily is suggested. In women with premature menopause, 
hormone replacement therapy (HRT), if not contraindicated, is advised to preserve 
bone mineral density; however, the duration of use is not clear [2].

Bilateral oophorectomy has also been shown to be a risk factor for coronary 
heart disease. A positive association between bilateral oophorectomy and increased 
risk of cardiovascular disease has been observed in a number of observational stud-
ies, including the Nurses’ Health Study (rate ratio 2.2) and the Mayo Clinic Cohort 
of Oophorectomy and Aging (HR 1.4). A recent study [22] links BRCA1 gene func-
tion with cardiovascular function, (RCA1 gene products work to prevent DNA dam-
age). The loss of BRCA1  in cardiomyocytes may result in adverse cardiac 
remodeling, poor ventricular function, and increased mortality in response to isch-
emic or genotoxic stress. Therefore BRCA1-mutated women may be at an increased 
risk for cardiovascular disease, even if there are no clinical studies to date to evalu-
ate this issue. Also in this context, HRT may mitigate the increase in cardiovascular 
risk associated with surgical menopause.

Several studies show that short-term HRT use does not negate the protective 
effect of RRSO on subsequent breast cancer risk in BRCA1/2 mutation carriers 
[23]. In a matched case-control study of 472 postmenopausal women with a BRCA1 
mutation, Eisen et al. examined whether or not the use of HRT was associated with 
subsequent risk of breast cancer [24]. The adjusted OR for breast cancer associated 
with ever use of HRT compared with never use was 0.58 (95% CI 0.35–0.96; 
P = 0.03); they concluded that HRT use was not associated with increased risk of 
breast cancer; indeed, in BRCA1-mutated women, it was associated with a decreased 
risk. In a recent review, Marchetti et al. [25] conclude that HRT generally reduces 
symptoms related to surgical menopause; short-term HRT seems to improve the 
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quality of life and does not seem to have an adverse effect on oncologic outcomes 
in BRCA1 and BRCA2 mutation carriers without a personal history of breast can-
cer. The 2013 NICE guidelines recommend HRT for women with no personal his-
tory of breast cancer, including BRCA1 or BRCA2 mutation carriers, having had 
bilateral salpingo-oophorectomy before their natural menopause. They should take 
combined HRT or estrogens only depending on having the uterus or not, until the 
time they would have expected natural menopause.

Estrogen therapy, however, is contraindicated for breast cancer survivors [26]. 
The Stockholm trial [27] was prematurely stopped in 2003 when the parallel 
HABITS trial [28] reported a higher recurrence rate in breast cancer patients who 
received systemic estrogens compared to women treated with placebo. At 4 years 
of follow-up, the HABITS study still found an increased risk of recurrence [29], 
whereas a recently updated analysis of the data from the Stockholm trial at 
10.8 years of follow-up did not show any excess of recurrence risk [30]. An alter-
native compound to conventional estrogen/progestogen treatment, tibolone, was 
tested versus placebo in the LIBERATE trial, showing a significant superiority to 
placebo in reducing vasomotor symptoms and improving sleep quality, sexual 
behavior, mood, and attraction but unfortunately also a significant increase in the 
recurrence rate [31].

Because of this concern, research efforts have focused on nonhormonal drugs to 
alleviate climacteric symptoms. Several substances have been tested: some of them 
give similar results to placebo that in itself provides a response in around 20–30% 
of women, while others have shown promising results.

�Conclusion

Women with a life expectancy ≥10 years and no diagnosis/history of breast can-
cer who are considered to be at increased risk for breast cancer should receive 
counseling to decrease breast cancer risk, considering lifestyle factors, therapy 
with risk reduction agents, and risk reduction surgery (in BRCA1/2 mutation 
carriers).

Bilateral risk-reducing mastectomy decreases the risk of developing breast 
cancer by at least 90%; it should be proposed to carefully selected women at high 
risk for breast cancer considering BRCA1/2 or other genetic mutations and pre-
vious history of LCIS. In current practice, atypical hyperplasia is not an indica-
tion for prophylactic mastectomy.

Bilateral risk-reducing salpingo-oophorectomy decreases the risk of develop-
ing ovarian and fallopian cancer by 85–95% and breast cancer by 50% in 
BRCA1/2 mutation carriers when performed in premenopausal age. Peritoneal 
washing should be performed at surgery, and pathologic assessment should 
include fine sectioning of the ovaries and fallopian tubes. The additional benefit 
of concurrent hysterectomy is not clear at the time. In women with no personal 
history of breast cancer, short-term HRT use does not negate the protective effect 
of RRSO on subsequent breast cancer risk, and it should be offered until the time 
of expected natural menopause.
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18Benign Breast Disease During  
Women’s Life

Svetlana Vujovic

The breasts are fountain of life, intimacy, and love. Gonadal hormones, predomi-
nantly, life style, and eating habits create changes in breast tissue.

18.1	 �Puberty

Breast buds, in which networks of tubules are formed, are generated from ectoderm. 
Until puberty male and female breast do not show any differences. The master regu-
lators of breast growth are estradiol, progesterone, growth hormone (GH), insulin-
like growth factor (IGF-1), and prolactin [1]. Estradiol and GH/IGF-1, through 
activating estrogen receptor α (ERα), specifically induce growth and transformation 
of the tubules into the maturated ductal system (Table 18.1).

The development of the female breast (thelarche) begins 3 years before men-
arche and fully developed by age 18.

18.2	 �Reproductive Period

In contrast to progesterone receptor (PR), ER expression in the breast is stable and 
differs relatively little in correlation with reproductive status, menstrual cycle phase, 
or exogenous hormone therapy [3]. Estradiol, progesterone, prolactin, and GH/
IHG-1 modulate growth factors (Table 18.2).

They regulate cellular growth, proliferation, and differentiation via activation of 
intracellular signaling cascades that control cell functions such as Erk, Akt, JNK, and 
Ark/Stat [4]. The liver is the source of approximately 80% of circulating IGF-1. 
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Although IGF-1 is responsible for most of the role of GH in mediating breast develop-
ment, GH itself has been found to play a direct augmentation role as well as it increases 
ER expression in the breast stromal (connective) tissue, while IGF-1 has been found 
not to do this. EGF receptor is molecular target of EGF, TGFα, amphiregulin, and 
heregulin. Estradiol and progesterone mediate ductal development through induction 
of amphiregulin expression and this downstream EGFR activation.

Insulin, glucocorticoids (cortisol), and thyroxin play permissive poorly under-
stood role. Leptin induces mammary gland epithelial cell proliferation. Androgens 
suppress the action of estradiol by decreasing the expression of ER [5]. Calcitriol, 
via vitamin D receptor, may be a negative regulator of ductal development but a 
positive regulator of lobuloalveolar development [6]. Vitamin D supplementation 
suppresses cyclooxygenase-2 expression and reduces and increases, respectively, 
the levels of prostaglandin E2 and TGF β2, known as inhibitory factors [7]. 
Overexpression of COX 2 induces hyperplasia of breast volume.

Adiponectin acts as insulin sensitizer and has anti-inflammatory actions. It can 
inhibit proliferation of endothelial cells and has been shown to exert antiprolifera-
tive effects on breast tissue [8]. In obese women adiponectin is low. Obesity is 
considered to be a chronic pro-inflammatory status. Adipose tissue contributes up to 
30% of circulating interleukin 6, an inflammatory cytokine which induces hepatic 
synthesis of C-reactive protein.

About 69% of women experience cyclical breast pain during luteal phase. 
Specific changes in breast tissue relating to stromal, ductal, and glandular tissue 
occur as a function of age. In early reproductive period, glandular component may 

Table 18.1  Estradiol and progesterone effects

Estradiol effects Progesterone effects
Induction of duct sprout Induction of ductal development and growth 

[2] via amphiregulin
Elongation of terminal duct buds Lobular development
Induction of bulbous structures penetration into 
the fat pad and branches

Complete maturation of ductal alveolar 
system

Stromal tissue growth
Adipose tissue growth
Nipple-areola complex increase
Prolactin increase

Table 18.2  Growth factors 
in breasts

Insulin-like growth factor 1 Tissue necrosis factor β
Insulin-like growth  
factor 2

Transforming growth factor α

Amphiregulin Transforming growth factor β
Epidermal growth factor Heregulin
Fibroblast growth factor Wnt
Hepatocyte growth factor RANKL
Tissue necrosis factor α Leukemia inhibiting factor
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respond to cyclic hormonal stimuli and exaggerated development of fibroadenoma. 
In late reproductive period, glandular tissue may become hyperplastic with scleros-
ing adenosis or lobular hyperplasia. During menopause atrophic changes of glandu-
lar tissue and stromal and fatty tissue occur, and with estradiol and progesterone 
replacement therapy, lobular tissue changes persist.

18.3	 �Benign Breast Disease

Benign breast diseases (BBD) represent all benign breast changes in women 
between 30 and 50  years of age. Eponyms are fibrocystic breast disease, 
Schimmelbusch’s disease, Recklus disease, Cooper’s disease, and Tillaux-Phocas 
diseases. Microscopic examinations can show fibrosis, adenosis, cysts, epitheliosis, 
and papillomatosis. Fibrocystic breast disease is not associated with increased risk 
of breast carcinoma.

18.3.1	 �Fibroadenoma

Fibroadenoma is a benign tumor in which epithelial cells are arranged in a fibrous 
stroma. They represent a hyperplasia or proliferative process in a single terminal 
duct unit. The peak of incidence is between 20 and 24 years. About 10% of fibroad-
enoma disappear each year. They stop growing after reaching 3–4  cm. Types of 
fibroadenoma are:

–– Pericanalicular
–– Intracanalicular
–– Giant intracanalicular

They are presented as painless firm, discrete, round, rubbery tumors, with well 
distinct Borders, and are freely mobile lumps. Fibroadenoma need not to be removed 
because they tend to remain unchanged or decrease in size approaching the meno-
pause and usually becomes nonpalpable. Phyllode tumors are often larger and reach 
3–6 cm.

18.3.2	 �Cysts

Breast cysts result from involution of the lobules primarily during perimenopausal 
years in anovulatory cycles or cycles with changed estradiol/progesterone ratio and 
higher insulin levels. Cystic disease is characterized by the presence of fluid-filled 
structures greater than 3 mm which are lined by a layer of epithelial cells. In about 
7–8% of women, macrocysts are present, in 50% cysts are solitary, and in 30% cysts 
can be detected. They are apocrine structures lined by secretory epithelial. It is pos-
sible to make a distinction between:

18  Benign Breast Disease During Women’s Life
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	1.	 Type 1 cysts: high potassium, low natrium, and chloride (Na:K < 3). Increased 
melatonin, estradiol, dehydroepiandrosterone sulfate (DHEAS), EGF, and 
decreased levels of TGF β2

	2.	 Type 2 cysts: low potassium, high natrium, and chloride (Na:K > 3)
	3.	 Type 3 cysts: intermediate electrolyte to types 1 and 2 [9]

Platelet-derived growth factor PDGF0, IGF, and gastrin-related peptide are found 
in cyst fluid. While PDGF is several times higher in cysts than in serum, IGF1 and 
IGF2 are lower in cyst fluid. Melatonin was found 5–23 times higher in cyst fluid 
compared to daytime melatonin and three- to fourfold higher than night levels [10]. 
Melatonin suppressed all proliferation and counteracts effects of growth hormone.

18.3.2.1	 �Pathophysiology of Benign Breast Disease
Benign breast disease is characterized by increased blood perfusion, capillary per-
meability, and mucocutaneous substances accumulation. Hyalinization, swelling, 
and organization, due to albumin accumulation, are key factors developing diffuse 
synchronous hyperplasia of epithelial tissue and interlobar connective tissue. 
Vascular, neural, and epithelial factors are involved in BBD.

	(a)	 Higher estradiol/progesterone ratio in the luteal phase

Progesterone levels begin dropping from about 35 years of age more frequently 
when anovulatory cycles start occurring. Progesterone insufficiency initiates benign 
breast disease.

Dynamic changes in estradiol and progesterone ratio become out of balance. 
Progesterone inhibits estrogen-induced mitosis and proliferation and causes differ-
entiation of the cells. It, also, inhibits prolactin production. Intramammary estradiol 
levels are 20 times higher compared to that one in peripheral blood. Estrogen 
increases mitosis and secretory activity in the pituitary but particularly the prolifera-
tion of prolactin cells. High prolactin levels suppress ovulation. Progesterone has 
many roles: protection against breast cysts, nocturnal diuretic, carcinoma preven-
tion agent, antianxiety agent, contributes to the formation of bones, and improves 
sexual drive during menopause. There is progesterone deficiency in cases of pre-
menstrual syndrome, insomnia, early miscarriages, painful or lumpy breasts, infer-
tility, unexplained weight gain, and anxiety.

The most important fact in the etiology of BDD is dynamic changes during the 
luteal phase in the ratio between estradiol and progesterone. Many women have 
ovulatory cycles but progesterone rapidly decreases after the midluteal phase induc-
ing the increase of E2/P.  Estradiol has an impact on breast cell proliferation of 
230%; however, progesterone decreases it by 400%. When given together with 
estradiol, progesterone inhibited estrogen-induced breast cell proliferation [11]. 
Progesterone has natriuretic effect due to suppression of renal tubular reabsorption 
and increment of cell filtration preventing retention of liquid within the breast gland. 
That is the mechanism of treating painful breasts. Also, progesterone has an effect 
on vascular network by decreasing capillary permeability and breast tissue edema.
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We examined effects of progesterone gel on the cyst volume and pain in the 
breast. During the sixth month of therapy with progesterone gel twice daily locally 
on the breast from day 16 to 26 of menstrual cycle, significant reduction of cyst 
number and size and decreased mastalgia were observed. There was a reduction of 
E2/P ratio on day 24 during therapy, compared to the ratio before therapy as well as 
ratio on day 21 of the cycle during therapy. The increase of progesterone on day 24 
was found in comparison with progesterone before therapy on the same day [12]. In 
a double-blind Italian study of the effects of micronized progesterone vaginal cream 
on the breast, decreased pain was observed in 64.9% of women with mastalgia ver-
sus 22% in control group [13].

Synthetic progestins have different effects on breast tissue depending on the pro-
gestin form. Some of them are androgenic, and others induce water retention. In 
oral contraceptives, especially monophasic, the ratio between estradiol and proges-
terone is stable. No increase of E2/P is seen in the luteal phase and cysts decrease, 
as well as mastalgia. Drospirenone, as a progestin component, has the best results, 
concerning mastalgia.

	(b)	 Transient hyperprolactinaemia

In the luteal phase, during higher estradiol levels, prolactin can increase. The 
addition of dopamine agonists can reduce prolactin levels. Such a therapeutic option 
treats consequences:

	(c)	 Suboptimal thyroid hormone secretion in the luteal phase can induce BBD but 
in a broader complex of other etiological factors.

	(d)	 Eating habits: methylxanthines (caffeine, chocolate, and cold drinks).

18.3.2.2	 �Clinical Characteristics of Benign Breast Disease
	1.	 Cyclical mastalgia represents pain severe enough to interfere with daily life or 

lasting over 2 weeks per month.
	2.	 It appears between30 and 40 years of age.
	3.	 Premenstrual syndrome is associated with BBD.

18.3.2.3	 �Diagnostic Procedures
–– Clinical examinations
–– Breast ultrasound
–– Mammography
–– Cyst fluid aspiration
–– Nuclear magnetic resonance

18.3.2.4	 �Therapy
	1.	 Progesterone – is the drug of choice as previously described and first-line ther-

apy for BBD.
	2.	 Oral contraceptives – individually given which is a good choice.
	3.	 Dopamine agonists.

18  Benign Breast Disease During Women’s Life



220

	4.	 Insulin sensitizers – not yet approved. In decreasing high insulin levels in the 
luteal phase and changing eating habits, they increase progesterone, change E2/P 
ratio, and decrease mastalgia and cysts volume (our unpublished data).

	5.	 Danazol
Food and Drug Administration advised danazol for mastalgia treatment. 

Unfortunately, many side effects (gaining weight, acne, hirsutism, etc.) make 
it not just unacceptable but harmful.

	6.	 Tamoxifen
With antiestrogen effects, it causes many side effects and is not acceptable.

	7.	 Vitamin E (400 IU), magnesium (600 mg), and vitamin B6 (50 mg)

18.3.2.5	 �Benign Breast Disease and Breast Carcinoma
Fibrocystic changes are associated with no risk of breast carcinoma. Latest studies 
of Carrol [14] indicate the antiproliferative effects of progesterone. Progesterone 
receptors counteract with estrogen receptors following stimulation of both hor-
monal pathways. Progesterone induces RANKL, and breast carcinoma with 
RANKL expression has lower Ki-67, a growth marker. Loss of progesterone recep-
tors was found in 20% of breast cancer cases. Treatment of breast carcinoma with 
progesterone is comparable to tamoxifen, and it lowers risk for estrogen-positive 
breast carcinoma. Meta-analysis provides evidence for the association between 
MTHFR genes; C677T in exon 4 at nucleotide C677T plays an important role in 
breast carcinoma [15].
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19.1	 �Introduction

Breast cancer is increasing worldwide and affects up to one in eight women who 
survive up to the age of 85 years in Western countries. Four out of five new cases of 
breast cancer are diagnosed in women over 50 years, with the peak in the 50–64 
years age range. The survival rate of breast cancer patients has significantly 
increased due to earlier diagnosis and advances in adjuvant treatment: at 5 years 
after initial diagnosis is 89%. There are now more than 2.5 million breast cancer 
survivors (BCSs) in the USA [1].

Advances in the early detection and treatment of breast cancer have provided 
gains in patients’ survival time. However, these gains are often accompanied by a 
variety of treatment-associated toxicities that influence the quality of life (QoL).

19.2	 �Menopausal Symptoms in Breast Cancer Survivors

Many of BCSs suffer from symptoms, which result directly from breast cancer adju-
vant treatment with chemotherapy, tamoxifen, aromatase inhibitors, and ovarian 
suppression [2, 3].

The most frequent symptoms are hot flushes, but also the genitourinary syndrome 
of menopause (GSM), a new terminology referring to the wide range of vaginal and 
urinary symptoms related to menopause, has become the main problem for BCSs [4].

These women experience vasomotor symptoms such as hot flashes, night sweats 
and palpitations, vaginal dryness, sexual dysfunction, cognitive dysfunction, poor 
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sleep and tiredness, osteoporosis, and fertility problems. Up to 20% of BCSs con-
sider stopping or actually cease endocrine therapy [2, 3].

Women can experience menopausal symptoms if chemotherapy results in pre-
mature cessation of ovarian function or as an adverse effect of endocrine therapies. 
Vasomotor symptoms are typically more severe in younger survivors because of the 
abrupt change in hormones and, when present, can have a significant impact on 
QoL. For younger women on endocrine therapies, 50–70% will likely experience 
hot flushes while on tamoxifen [5].

Sexual complaints are a common problem among BC survivors. They include 
sexual desire disorder/decreased libido (23–64% of patients), arousal or lubrication 
concerns (20–48% of patients), orgasmic concerns (16–36% of patients), and dys-
pareunia (35–38% of patients). Patients who receive chemotherapy tend to have 
more of these sexual concerns than those treated only with surgery and/or radiation. 
Treatment with aromatase inhibitors may cause vaginal dryness, dyspareunia (which 
can be severe), menopausal symptoms, and loss of sexual desire [5].

General psychosocial long-term and late effects are depression, worry, anxiety, 
fear of recurrence and fear of pain, challenges with body image and self-image, dif-
ficulties in relationship and in other social role, and end-of-life concerns such as 
death and dying [5].

These symptoms can be so troublesome that BCSs refer to doctors. The more 
frequent reasons for consulting a menopause clinic among BCSs are hot flushes 
(64%), vulvovaginal atrophy (44%), osteoporosis (29%), and mood changes 
(22%) [6].

19.3	 �Management of Symptoms

Management of menopause symptoms in BCSs is an unsolved problem during and 
after adjuvant therapy [7]. Much debate is ongoing about the safety of prescription 
of estrogens, even for a short period of time, and available guidelines do not help 
physicians and women to make a decision [8, 9]. At present, many trials have 
explored the safety of very low-dose vaginal estrogens that use new delivery modal-
ities. Some hope might derive from new drugs and/or physical therapy that were not 
previously available.

Hormonal supplementation is the most effective strategy in reducing menopausal 
symptoms in healthy postmenopausal women [7, 10]. Unfortunately, the safety of 
hormone replacement therapy (HRT) in BCSs has been seriously criticized after the 
results of randomized controlled trials (RCTs). Three RCTs on HRT after breast 
cancer diagnosis closed prematurely due to concern about the safety of treatment 
[11–13]. The HABITS [11] open RCT allocated either to HRT or to best treatment 
without hormones, and the main endpoint was any new breast cancer event. Until 
September 2003, 434 women were randomized; 345 had at least one follow-up 
report. After a median follow-up of 2.1 years, 26 women in the HRT group and 7 in 
the non-HRT group had a new breast cancer event. All women with an event in the 
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HRT group and two of those in the non-HRT group were exposed to HRT. These 
findings indicated an unacceptable risk for women exposed to HRT in the HABITS 
trial, and the trial was terminated on December 17, 2003. The Stockholm trial [12] 
was started in 1997 and designed to minimize the dose of progestogen in the HRT 
arm. Disease-free women with a history of breast cancer were randomized to HRT 
(n = 188) or no HRT (n = 190). The trial was stopped in 2003 after the HABITS 
study reported increased recurrence. However, the Stockholm material showed no 
excess risk after 4 years of follow-up. Reasons for different results were the greater 
progestogen exposure in HABITS trial (preferential use of continuous combined 
HRT), less concomitant use of tamoxifen in HABITS trial (21% versus 52% in 
Stockholm trial), and the shorter duration since primary treatment surgery and ran-
domization to HRT in HABITS trial (2.1 years) as compared to Stockholm trial 
(2.6 years).

At long-term follow-up, analysis of the data of the two RCTs confirmed the same 
results, with a significant increase of recurrence in patients in the HABITS trial 
(HR, 2.4; 95% CI, 1.3–4.2) [14] and no excess of the risk in the patients in the 
Stockholm trial (HR, 1.3; 95% CI, 0.9–1.9) [15].

The LIBERATE trial [13], started in 2002, was a multicenter, double-blind, 
placebo-controlled RCT designed to assess the safety and efficacy of tibolone (a 
compound that displays estrogenic, progestogenic, and androgenic properties) in 
women with climacteric symptoms and a history of breast cancer. After 1 year of 
treatment, tibolone significantly improved vasomotor symptoms and sleep quality, 
sexual behavior, mood, and attraction, compared to placebo [16]. The trial was 
stopped prematurely 6 months before the planned end because of a significant 
increase in the recurrence rate in women treated with tibolone as compared to the 
placebo group.

Current safety data do not support the use of systemic HRT in BCSs [17], how-
ever, in selected women and in conjunction with each woman’s oncologist, it can be 
considered for compelling reasons after nonhormonal and complementary options 
have been unsuccessful. Because there is a lack of safety data supporting the use of 
estrogen therapy or estrogen-progesterone therapy in BCSs [18], treatment of 
menopausal symptoms without hormones should be explored and may be the sole 
option in women with contraindications to HRT.

19.4	 �Nonhormonal Treatments for Hot Flushes  
in Breast Cancer Survivors

Alternative nonhormonal treatments for vasomotor symptoms are pharmacological 
and non-pharmacological. Several substances have been tested: some of them give 
similar results to placebo that in itself provide a response in around 20–30% of 
women. Pharmacological treatments include antidepressant such as selective sero-
tonin reuptake inhibitors (SSRIs), fluoxetine, citalopram, paroxetine, sertraline, and 
mirtazapine; selective noradrenaline reuptake inhibitors (SNRIs), venlafaxine and 
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desvenlafaxine and gabapentin; and phytoestrogen, black cohosh, and vitamin 
E. Non-pharmacological treatments include acupuncture, yoga, paced respiration, 
hypnosis, and diet. It is recommended that primary care clinicians should offer 
SNRIs, SSRIs, gabapentin, lifestyle modifications, and/or environmental modifica-
tions to help mitigate vasomotor symptoms [5].

The Cochrane Collaboration [19] analyzed 16 RTCs: 6 studies on SSRIs and 
SNRIs, 2 on clonidine, 1 on gabapentin, 2 each on relaxation therapy and homeopa-
thy, and 1each on vitamin E, magnetic devices, and acupuncture. Data on continu-
ous outcomes were presented inconsistently among studies, which precluded the 
possibility of pooling the results. Three pharmacological treatments (SSRIs and 
SNRIs, clonidine, and gabapentin) reduced the number and severity of hot flushes. 
One study assessing vitamin E did not show any beneficial effect. One of two stud-
ies on relaxation therapy showed a significant benefit. None of the other non-
pharmacological therapies had a significant benefit. Side effects were inconsistently 
reported. Clonidine, SSRIs and SNRIs, gabapentin, and relaxation therapy showed 
a mild to moderate effect on reducing hot flushes in BCSs.

The SSRIs and SNRIs can reduce hot flushes by 65% and begin working within 
the first week [20]. Patient response is variable, and if one drug does not improve 
hot flushes, another can be tried after 1–2 weeks drug trial. Paroxetine, citalopram, 
and escitalopram appear to have the fewest adverse effects.

Venlafaxine is an effective treatment for the relief of vasomotor symptoms in 
BCSs. The use of the low dose (37.5 mg/day) is associated with minimal side effects 
and produces a good improvement in hot flushes if pursued over 8 weeks [21].

Mirtazapine appears to be effective in reducing hot flushes in BCSs. The efficacy 
and safety of mirtazapine 30  mg⁄daily for 12 weeks reduce hot flushes in BCSs 
55.6% (p < 0.05) reduction in HF frequency and 61.9% (p < 0.05) reduction in HF 
score as compared to baseline [22].

Duloxetine and escitalopram showed a significant reduction in hot flush fre-
quency and in hot flush score with no significant differences between two groups. 
The beneficial effect is fast, with a reduction of more than 50% of hot flushes in the 
first month for both drugs [23].

Treatment with SSRIs/SNRIs may cause or complicate sexual dysfunction by 
reducing libido and causing anorgasmia. Most studies in depressed populations 
report sexual function does not vary by SSRI type. Others suggest that female 
orgasm disorder is most commonly associated with paroxetine and venlafaxine.

Treatment with SSRIs/SNRIs may interfere with tamoxifen by inhibiting the 
CYP2D6 enzyme. For women treated with tamoxifen, there may be a preference to 
avoid some SSRIs and SNRIs that are potent inhibitors of CYP2D6 enzyme with a 
consequent decrease in the efficacy of tamoxifen: among SSRIs, citalopram and 
escitalopram have a mild effect and can be given with tamoxifen, unlike paroxetine 
and fluoxetine, which both have large effect. As regards SNRIs, venlafaxine and 
desvenlafaxine are the safest choices for tamoxifen users, whereas duloxetine has a 
moderate effect. Although evidence supports SSRI and SNRI efficacy in reducing 
hot flushes [24], only paroxetine has been approved by the Food and Drug 
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Administration (FDA) for the treatment of moderate to severe vasomotor symptoms 
associated with menopause [25].

The use of gabapentin 900  mg/day compared to vitamin E for the control of 
vasomotor symptoms in 115 women with breast cancer has demonstrated the reduc-
tion of frequency by 57.05% in the gabapentin group. The effect of vitamin E was 
fairly small: hot flush frequency was reduced by 10.02%. Gabapentin was also par-
ticularly effective in improving the quality of sleep [26].

Phytoestrogens are a family of plant compounds with estrogenic and antiestro-
genic properties depending on dose and menopausal status. They are divided into 
two classes: isoflavones (with soy high concentration) and lignans (with flaxseed 
high concentration). The estrogenic activity is much less than 17-beta estradiol, and 
like other weak estrogens, such as tamoxifen, they can act like selective estrogen 
receptor modulators (SERMs). They have been considered as chemopreventive and 
chemotherapeutic and have nonhormonal antioxidant properties that may contribute 
to their physiological effect [27]. There is no evidence of effectiveness in the alle-
viation of menopausal symptoms with the use of phytoestrogen treatments. A review 
of the Cochrane Collaboration [28] that includes 43 RCTs showed significant differ-
ence overall in the frequency of hot flushes between red clover extract and placebo. 
Some trials found that the frequency and severity of hot flushes and night sweats 
were alleviated when compared to placebo but they are of low quality and under-
powered. There was no evidence of estrogenic stimulation of the endometrium 
when used for up to 2 years. The limit of this review was that nobody of the trial 
includes patients with previous breast cancer. Two studies [29, 30] on the use of 
phytoestrogen on BCSs suggest that soy-based supplements might affect the effi-
cacy of breast cancer treatment with aromatase inhibitors. Considering the high 
number of breast cancer patients using soy supplements to treat menopausal symp-
toms, the increased risk for adverse interactions with breast cancer treatment is of 
major concern and should be considered with care.

Also for the use of black cohosh, there is currently insufficient evidence to sup-
port its application on menopausal symptoms [31].

Including in non-pharmacological treatments, yoga and relaxation had a greater 
improvement in hot flush frequency, sleep disturbances, and levels of joint pain and 
fatigue on 37 BCSs suffering from vasomotor symptoms [32]. Also, acupuncture is 
better than placebo in relieving the burden of hot flushes, and after 3 months of 
treatment, it has the same results as venlafaxine. Women refer more libido and well-
being [27, 33, 34].

Another nonhormonal option to reduce hot flushes is the stellate ganglion block 
(SGB). The stellate ganglion is a sympathetic ganglion located at the level of C7. 
The mechanism of action of SGB in reducing hot flushes is unclear: it was sug-
gested that the SGB resets the temperature-regulating mechanisms by interrupting 
the connections between the central and sympathetic nervous systems. In the study 
by Lipov, SGB decreases the frequency of hot flushes and their severity [35]. Thus 
SGB in BCSs seems both safe and efficacious; however, it is an invasive 
procedure.
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19.5	 �Genitourinary Syndrome of Menopause 
and Vulvovaginal Atrophy

Management of GSM in BCSs is an unsolved problem during and after adjuvant 
therapy. Recently, the new terminology GSM has been proposed instead of vulvo-
vaginal atrophy, to better describe the constellation of symptoms and signs associ-
ated with menopause [4]. The syndrome includes genital symptoms such as dryness, 
burning, and irritation; sexual symptoms such as lack of lubrication, discomfort, 
and pain; and urinary symptoms such as urgency, dysuria, and recurrent urinary 
tract infections.

Lubricants and moisturizers are the first-line therapies [7], but they only provide 
poor benefit. Much debate is ongoing about the safety of prescription of vaginal 
estrogens, even for a short period of time, and available guidelines do not help phy-
sicians and women to make a decision [8, 9]. At present, many trials have explored 
the safety of very low-dose vaginal estrogens that use new delivery modalities. 
Some hope might derive from new drugs and/or physical therapy that were not pre-
viously available.

In BCSs vaginal dryness has been reported by 19–23% and 42–70% of pre- and 
postmenopausal patients, respectively, whereas dyspareunia has been reported by 
10–16% and 27–39%, respectively [36].

Up to 74% of women experience urogenital symptoms during breast cancer 
treatment [37, 38], and sexual intimacy and loving relationship with a partner are 
the spheres that are most negatively influenced by vaginal atrophy [39]. Breast can-
cer diagnosis and treatment may dramatically impair the quality of the couple rela-
tionship. Data indicate that the emotional intimacy and the sense of bonding, 
affection, and commitment may be improved in the majority of couples (60–70%), 
while the physical, erotic intimacy may be variably affected. The longer the time 
between surgery and having intercourse again, the higher the probability of sexual 
dysfunction. Patients and their partners should be reassured that there is no medical 
contraindication to sexual intimacy including touching the operated breast during 
breast cancer therapy and afterward [40].

Nonhormonal water-based lubricants and polycarbophil moisturizers are the 
first-line treatments for women with a history of hormone-dependent cancers, and 
they imply a moderate decrease of symptoms both for vaginal dryness and dyspa-
reunia; they are not more effective than placebo in relieving urogenital symptoms, 
and they present only a transient benefit. Vaginal estrogens are more effective than 
systemic estrogens to treat symptoms of urogenital atrophy, and the use of them in 
women with a history of hormone-dependent cancer is controversial. Low-dose 
vaginal estrogen improves vaginal symptoms in the majority of treated women, with 
plasma estradiol levels remaining in the range of postmenopausal levels, and the 
lowest dose possible should be used to obtain improvement [41]. The first studies on 
the topic directly analyzed breast cancer recurrence risk in BCSs using vaginal 
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estrogen. In the study of Dew on 1472 BCSs, 23.2% used a vaginal estrogen and 
about half (47%) were using tamoxifen. No increase in recurrence was observed 
after a mean follow-up of 5.5 years, but the design of this study does not confirm 
any absence of risk [42]. Kendall et al. (2006) demonstrated that the vaginal estra-
diol tablet 25 mcg significantly raises systemic estradiol levels, at least in the short 
term. This reverses the estradiol suppression achieved by aromatase inhibitors in 
BCSs [43]. Wills demonstrated that vaginal estrogen treatment, regardless of type, 
results in elevated circulating estradiol levels in the study population and suggests 
caution [44].

A recent committee opinion [45] assess that in women with a history of estrogen-
dependent breast cancer, vaginal estrogen should be reserved for those patients who 
are unresponsive to nonhormonal remedies, and the decision to use vaginal estrogen 
may be made in coordination with a woman’s oncologist. Additionally, it should be 
preceded by an informed decision-making and consent process in which the woman 
has the information and resources to consider the benefits and potential risks of low-
dose vaginal estrogen.

A new nonhormonal solution for treating GSM in BCSs is the vaginal laser. It 
acts by inducing the production of new collagen and elastic fibers. The Laser proce-
dure is an efficient, easy-to-use, quick, and safe procedure, without the need for 
long-term hormonal therapy [46, 47]. Fractional microablative CO2 [46] and Erbium 
laser [47] treatment are both associated with a significant improvement of sexual 
function and satisfaction with sexual life in postmenopausal women with VVA 
symptoms.

Another alternative to hormonal treatment for VVA in postmenopausal women is 
the novel SERM ospemifene. Ospemifene is a new oral compound that was origi-
nally developed as a treatment for postmenopausal osteoporosis. It has been 
approved by the US Food and Drug Administration and recently also by the 
European Medicines Agency for the treatment of moderate to severe symptomatic 
VVA in postmenopausal women who are not candidates for vaginal estrogens. 
Preclinical [48], clinical [49–52], and SERM class effects [53] assess ospemifene 
breast safety. SERM are a class of drugs that have antiestrogenic or neutral effects 
on the breast: clinical trials with tamoxifene and raloxifene have shown antiestro-
genic or neutral effects on the breast [53]. These observations suggest that ospemi-
fene might be proposed as a likely safe treatment option for BCSs suffering from 
VVA. In women with previous breast cancer, ospemifene can be used for the treat-
ment of VVA after the end of adjuvant treatments.

�Conclusion

Menopausal symptoms are common among BCSs and can adversely affect QoL 
and sexual health. Because a wide range of possible treatments is now available 
for BCSs, menopause after breast cancer should no longer be considered an 
unsolved problem but an interesting area of further clinical research.
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20Myoinositol and Inositol Hexakisphosphate 
in the Treatment of Breast Cancer: 
Molecular Mechanisms

Mariano Bizzarri, Simona Dinicola, and Alessandra Cucina

20.1	 �Introduction

Myo-Ins is among the oldest components of living beings, undergoing complex 
evolutionary modifications ultimately leading to the current multiplicity of func-
tions for inositol-containing molecules in eukaryotes [1]. Besides the biological role 
sustained in its free form, Myo-Ins and its phosphate derivatives—chiefly repre-
sented by InsP6—also serve as important components of structural lipids and 
secondary messengers.

Deregulation of inositol-based cellular pathways has been established in several 
pathological conditions [1]. Namely, both InsP6 and Myo-Ins showed to play criti-
cal roles in both carcinogenesis and breast cancer development. Conversely, InsP6 
and Myo-Ins display significant chemopreventive effects in vitro and in vivo, as 
they modulate a number of processes, including mRNA transcription, chromatin 
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remodeling, cytoskeleton configuration, and p53 activity, just to mention a few. 
These new findings prompted reassessing under a new light the molecular mecha-
nistic anticancer effect of inositols.

20.2	 �Molecular Mechanisms of Action

20.2.1	 �Cell Cycle Control and Apoptosis

Several studies have investigated the inhibitory activity of InsP6 on cancer cell 
growth. Results show that InsP6 induces G1 phase arrest and shortens S phase of 
cancer cells, mainly by modulation of cyclins; upregulation of p53, p57, p27, and 
p21; and downregulation of phosphorylated pRB. InsP6, by increasing the hypo-
phosphorylated form of pRB, increases pRB/E2F complexes formation thus 
blocking further progression along the cell cycle [2]. Furthermore, InsP6 down-
regulates several genes involved in cell cycle advancement while upregulating 
those activated in cycle inhibition. Downregulation of breast cancer proliferation 
occurs independently from the estrogen receptor (ER) status, as cell growth arrest 
has been achieved in both ER-negative and ER-positive cells [3]. While early 
studies suggested that InsP6 effect is rather cytostatic than cytotoxic [4], it has 
been later showed that InsP6 actively induces apoptosis. In fact, InsP6 triggers 
both cell growth inhibition and programmed cell death in numerous cancer cell 
lines including breast cancer [5]. Moreover, InsP6 synergizes with doxorubicin 
and tamoxifen in inducing apoptosis in drug-resistant cancer cell lines [6]. 
However, Myo-Ins has been shown having only a minimal pro-apoptotic activity, 
even if it significantly synergize with InsP6, both in vitro and in vivo, in inducing 
cancer inhibition [7].

According to the culture context, as an alternative of apoptosis or growth inhibi-
tion, cell differentiation occurs after InsP6 treatment. Induction of differentiation 
was evidenced in human erythroleukemia cells as well as in breast tumors after 
Insp6 addition [8, 9]. Why cancer cells respond so differently following InsP6 
administration is not yet clear. Probably, other factors, namely, other inositol phos-
phate derivatives, may participate in such processes, thereby driving the final output 
into diverse fates [10].

20.2.2	 �The p53 Network

Selective activation of p53 activity is a critical step when cells are selectively com-
mitted toward apoptosis and/or inhibition of proliferation. It is noteworthy that 
InsP6 increases p53 levels several folds, at both mRNA and protein level [11], even 
if p53 is not mandatory for InsP6/Myo-Ins pro-apoptotic activity as both apoptosis 
and inhibition of cell growth have been both observed in cancer cells lacking p53 
[12, 13]. Activation of p53, in turn, increases the endogenous synthesis of Myo-Ins 
through ISYNA1 gene modulation, thus reinforcing the apoptotic commitment 
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through to a positive feedback [14]. Furthermore, p53-dependent increase in intra-
cellular Myo-Ins synthesis is mandatorily required to sustain growth inhibition as 
well as for inhibiting chemotherapy-induced resistance in cancer cells [14]. 
Downstream of p53 InsP6 reduces pro-survival factors and upregulates caspases 
and other pro-apoptotic factors [15], while in normal cells, addiction of either InsP6 
or Myo-Ins did not induce any significant apoptotic effect. It is noteworthy that 
breast cancer cells show significantly reduced levels of Myo-Ins, as documented by 
metabolomic studies [16].

20.2.3	 �Inhibition of the PI3K/Akt Pathway

The PI3K/Akt pathways are a pivotal hub, upstream the activation of many survival 
pathways. PI3K triggers the phosphorylation-dependent activation of Akt. In turn, 
activated Akt modulates the function of numerous substrates involved in the regula-
tion of cell cycle progression, ultimately allowing cancer cells becoming more 
aggressive. Both InsP6 and Myo-Ins significantly reduce PI3K expression [17] (at 
both mRNA and protein level) and Akt activation by inhibiting its phosphorylation 
[18, 19]. InsP6 impairs directly PI3K activity and the PI3K-dependent activation of 
the tumor promoter-induced AP-1, as well as the phosphorylation-dependent activa-
tion of ERK and other mitogen-activated kinases (MAPK), both in vitro and in vivo 
[20, 21]. Given that PI3K/Akt pathway activity is mandatory required for triggering 
EMT, blocking PI3K would hinder the transformation of cancer cells into a more 
aggressive phenotype. Indeed, breast cancer cells treated in  vitro with Myo-Ins 
showed increased E-cadherin, downregulation of metalloproteinase-9, and redistri-
bution of β-catenin behind cell membrane, while motility and invading capacity 
were severely inhibited [19]. Those changes were associated with the downregula-
tion of PI3K/Akt activity, leading to a decrease in downstream signaling effectors: 
NF-κB, COX-2, and SNAI1. Moreover, Myo-Ins decreases presenilin-1 (PS1) lev-
els and inhibits its activity, thus decreasing both Notch-1 and SNAI1 levels. 
Furthermore, InsP6 impairs NF-κB in cancer cells, by inhibiting its activation or by 
preventing the nuclear translocation of NF-κB and NF-κB-luciferase transcription 
activity [5]. Those changes are associated with a dramatic cytoskeleton remodeling 
[19] thereby suggesting that Myo-Ins inhibits the principal molecular pathway sup-
porting EMT in breast cancer cells.

20.2.4	 �Inhibition of Invasiveness and Motility

Myo-Ins significantly hampers both motility and invasiveness of breast cancer 
cells [19]. This effect is due to cytoskeleton remodeling and the concomitant inhibi-
tion of metalloproteinases (MMPs) release [19]. Similarly, InsP6 significantly 
reduces the number of lung metastatic colonies in a mouse metastatic tumor 
model [22], while in MDA-MB-231 breast cancer cells, this effect is facilitated by 
reduced adhesion and MMP release [23].
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20.2.5	 �Wnt Signaling and Anti-Inflammatory Effects

Overexpression of the Wnt ligand—usually in association with deregulated 
γ-secretase activity—may lead to altered expression and redistribution of 
β-catenin and of several molecular factors belonging to the so-called inflamma-
tory pathway, like COX-2 and PGE2. Increased expression of the aforemen-
tioned molecules has been associated with carcinogenesis in numerous tissues, 
chiefly in colon cancer [24]. InsP6 downregulates both in vitro and in vivo the 
Wnt pathway via β-catenin inhibition, hence significantly reducing COX-2 at the 
mRNA and protein level [25]. Similarly, in breast cancer cells, Myo-Ins has 
proven to downregulate both NF-κB and COX-2 while relocating β-catenin 
behind cell membrane and inhibiting its nuclear translocation [19]. Inhibition on 
inflammatory markers is not limited to epithelial cells as inositol activity also 
probably interferes with the pro-inflammatory activity of stroma cells. Indeed, 
both InsP6 and Myo-Ins have demonstrated to prevent pulmonary fibrosis, breast 
density, and chronic inflammatory damage, likely by influencing the cross talk 
among cells and their milieu [26, 27]. Additionally, Myo-Ins modulates the 
expression of both TGFβ and its receptors, thus mitigating its pro-inflammatory 
effects [28]. Furthermore, InsP6 has been shown to exert valuable effects on 
fibroblasts by blocking the syndecan-4-dependent focal adhesion and microfila-
ment bound [29]. Syndecan-4, a heparan sulfate proteoglycan embedded into 
cellular membranes where it regulates cell-matrix interactions, binds to the 
fibroblast growth factor (FGF), fostering its coupling with the FGF receptor. 
InsP6 disrupts such interaction, thus preventing the FGF-based signaling [30]. 
Additionally, inositol-related effects on the cell microenvironment involve mod-
ulation of angiogenesis. Formation of new blood vessels is required for sustain-
ing cancer growth and invasiveness. Disruption of the structural relationships 
among cancer cells and their microenvironment promotes neo-angiogenesis, 
mainly through the release of vascular endothelial growth factor (VEGF) and 
basic fibroblast growth factor (bFGF). InsP6 negatively modulates both VEGF 
and bFGF release from tumor cells and impairs endothelial cell growth [31]. 
Likely, VEGF-reduced synthesis may be due to InsP6-mediated inhibition on 
PI3K/Akt and MAPK/ERK pathways, given that both of them are deemed to 
modulate VEGF upregulation [22]. Furthermore, the synergistic activity of 
hypoxia and insulin-like growth factor II (IGF-II) increases VEGF mRNA 
expression and upregulates IGF-1 protein that, in turn, reinforces VEGF release. 
Given that InsP6 has been shown to antagonize IGF-II activity by inhibiting the 
IGF-II receptor binding [32], it is likely that some InsP6 anti-angiogenic effects 
can be ascribed to this mechanism.

Overall, these data (Fig. 20.1) suggest that inositol and its phosphate derivatives 
exert several anticancer effects by interfering with numerous key biochemical 
pathways.
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Fig. 20.1  Anticancer mechanisms of inositol in breast cancer cells. Inositols (Ins)—including 
both InsP6 and Myo-Ins—modulate several biochemical pathways. Inositols inhibit pRB phos-
phorylation (P), thus fostering the pRB/E2F complexes formation and blocking further progres-
sion along the cell cycle. Phosphatidylinositol-4,5-bisphosphonate (PIP2) is metabolized to 
diacylglycerol (DAG) and Ins-trisphosphate (IP3) by phospholipase-C (PLC). Increased levels of 
IP3 and Myo-Ins enhance p53 activity and mitochondria-dependent apoptosis through increased 
Ca2+ release. Moreover, PI3K catalyzes the synthesis of PIP3 from PIP2. PIP3 is required for 
enabling the activation of ERK and Akt pathways. Indeed, by reducing both PI3K levels and its 
activity, inositols counteract the activation of the PKC/RAS/ERK pathway. Upstream of that path-
way, inositols disrupt the ligand interaction between FGF and its receptor (FGF-r) by interfering 
with syndecan (Synd) activity as well as with the EGF-transduction processes involving IGF-II 
receptor and AP-1 complexes. Downstream of PI3K inhibition, Akt activation through selective 
phosphorylation promoted by PDK and mTORC2 is severely impaired upon inositol addition. 
Downregulation of both Akt and ERK leads consequently to NF-κB inhibition and reduced expres-
sion of inflammatory markers, like COX-2 and PGE2. Inositol-induced downregulation of prese-
nilin-1 (PS1), when associated with inhibition of the PI3K/Akt pathway, counteracts the 
epithelial-mesenchymal transition (EMT), thus reducing Wnt activation, 𝛽-catenin (𝛽-cat) translo-
cation, Notch-1, N-cadherin (N-cad), and SNAI1 release. Inositols interfere also directly with 
different cytoskeleton components by upregulating focal adhesion kinase (FAK) and E-cadherin 
(Ec) and decreasing fascin (F) and cofilin, two main components of the pseudopodia. Reduced 
formation of membrane ruffling and pseudopodia, as well as inhibited release of metalloprotein-
ases (MMPs), severely impairs both motility and invasiveness of cancer cells. This effect is also 
supported by the inositol-induced inhibition on ROCK1/2 release and by the decreased levels of 
phosphorylated myosin light chain (MLC). Overall, these effects enable inositols to remodel 
F-actin (A) assembly and thus to reshape the cytoskeleton architecture. Blue arrow indicates pro-
moting effect; red line with bar indicates inhibitory effect
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20.3	 �Anticancer Activity Through Insulin Modulation

Myoinositol, as well as its isomer d-chiro-inositol (d-chiro-Ins), participates in both 
insulin and glucose metabolism, and deregulated Myo-Ins metabolism has been 
documented in several conditions associated with diabetes or insulin resistance [1]. 
When insulin binds to its receptor, two distinct inositol phosphoglycans (IPG), 
incorporating either Myo-Ins or d-Chiro-Ins, are released by insulin-stimulated 
hydrolysis of glycosyl-phosphatidylinositol lipids located on the outer leaflet of the 
cell membrane. IPGs affect intracellular metabolic processes, namely, by activating 
key enzymes controlling the oxidative and non-oxidative metabolism of glucose. 
Given that Myo-Ins may efficiently counteract insulin resistance and its metabolic 
complications [33], it is tempting to speculate that it may also prevent IGF-I increase 
associated to those conditions. In turn, insulin resistance and increased levels of 
IGF-I are frequently associated with cancer, and it is therefore conceivable that 
Myo-Ins modulation of insulin activity may efficiently contribute in reducing tumor 
risk. Indeed, InsP6 has been already shown to inhibit the IGF-I/IGF-II receptor 
pathway-mediated sustained growth in cancer cells [23, 32].

20.4	 �Antioxidant and Other Effects

Myo-Ins displays an appreciable antioxidant activity, while InsP6 is among the 
strongest antioxidants present in nature. By chelating polyvalent cations, InsP6 and 
Myo-Ins suppress the Fenton reaction and the consequent release of hydroxyl radi-
cals [34]. In biological tissues, InsP6 inhibits xanthine oxidase and reactive oxygen 
species production, thus dramatically inhibiting the free radical-based damage 
occurring in cells and tissues following inflammation, hypoxia, or exposition to 
radiation injury [35]. Myo-Ins counteracts oxidative damage in fish exposed to envi-
ronmental stresses and significantly inhibits systemic markers of oxidative stress in 
gynecological patients [1]. InsP6 scavenges superoxide radicals in vitro and in vivo, 
thus preventing formation of ADP-iron-oxygen complexes that trigger lipid peroxi-
dation. Indeed, after InsP6 administration lipid peroxidation is significantly inhib-
ited [36]. As an increase in both reactive oxygen species and lipid peroxidation has 
been associated with cancer development, it can be surmised that the antioxidant 
capabilities of InsP6 and Myo-Ins could account for their anticancer chemopreven-
tive effects.

20.5	 �Chemopreventive and Therapeutic Efficacy 
in Human Clinical Trials

Only a few pilot studies have been performed in order to ascertain the usefulness of 
inositols in clinical setting. InsP6 plus Myo-Ins treatment of colon cancer patients 
is associated with appreciable reduction in tumor burden and improved quality of 
life  [37]. Furthermore, significant longer survival and better quality of life have 
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been obtained in breast and lung cancer patients treated with InsP6 and Myo-Ins 
[38]. Again, InsP6 and Myo-Ins ameliorate the responsiveness to chemotherapy in 
breast cancer patients and markedly reduce the burden of side effects [38]. As previ-
ously noticed in animal studies, Myo-Ins has been demonstrated to exert a signifi-
cant chemopreventive activity. A study enrolling 26 smokers showed that Myo-Ins 
in a daily dose up to 18 g/p.o. is safe and well tolerated while inducing a significant 
regression of individual pulmonary dysplastic lesions (91% in the inositol-treated 
group versus 48% in control group) in a sample of heavy smoker individuals [39]. 
This effect is probably linked to the observed inhibition of PI3K activity in dysplas-
tic lesions.

�Conclusion

Myoinositol and InsP6 play major biological functions, including modula-
tion of cell cycle progression, apoptosis, and differentiation. Evidence is 
mounting that inositol acts on both cytosolic and nuclear targets in enabling 
cells to successfully copy with many different stressors, namely, during 
developmental processes and cellular differentiation [1]. Cancer can be con-
sidered a kind of “development gone awry,” in which the deregulation in the 
cross talk among cells and their microenvironment plays a relevant role. 
Given that inositol participates in the cell-stroma interplay, by modulating 
metalloproteinases, E-cadherin, focal kinase complexes, and many other 
cytoskeletal components, it can be hypothesized that inositol and its deriva-
tives may counteract cancer-related processes by specifically acting at this 
level, i.e., by restoring a “normal” cell-stroma relationship. A recent paper, 
indeed, strongly supports this hypothesis. In fact, InsP6 and Myo-Ins prevent 
the development and metastatic progression of colon cancer in mice by modi-
fying extracellular matrix proteins (collagen IV, fibronectin, and laminin), 
integrin-1, matrix metalloproteinase 9, as well as several growth factors 
(VEGF, bFGF, TGFβ) [40].

Studies in this field are welcome in order to deepen our understanding of ino-
sitol mechanisms.
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21The True Risks of HRT

John C. Stevenson

21.1	 �Introduction

Hormone replacement therapy (HRT) was widely used and considered a beneficial 
and relatively safe treatment for many years. But this changed with the publication 
in 2002 of the preliminary results of a large randomised clinical trial of HRT, the 
Women’s Health Initiative (WHI) [1]. It purported to show that there were substan-
tial risks of HRT that outweighed any possible benefits. In particular, it claimed that 
HRT use increased the risk of coronary heart disease (CHD), stroke, pulmonary 
embolism (PE) and breast cancer. This led to a large decrease in HRT use worldwide 
and resulted in suffering for many symptomatic postmenopausal women. But were 
these concerns about the safety of HRT actually justified? The evidence for the risks 
of HRT will here be examined.

21.2	 �Breast Cancer

An association between HRT use and increased breast cancer incidence has long 
been considered, with some, but not all, population studies showing such a link. 
WHI was the largest randomised clinical trial to look at risks and benefits in terms 
of clinical outcomes. Their preliminary publication [1] claimed to show an increase 
in breast cancer in postmenopausal women randomised to oestrogen-progestogen 
HRT, but this increase was not statistically significant, with the confidence interval 
including 1. A subsequent publication of the more complete data from the study 
showed a statistically significant increase in breast cancer incidence with oestrogen-
progestogen HRT [2]. However, when the data were subdivided according to 
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whether or not women had previously taken HRT, the survival curves for women 
taking HRT or placebo were identical, save for the placebo group previously 
exposed to HRT in whom there was an apparent decline in incidence with time [3]. 
Of more importance, when the data were adjusted for confounding variables, the 
increased breast cancer incidence in HRT users was no longer statistically signifi-
cant [3]. In the oestrogen-alone arm of WHI, there was no significant increase in 
breast cancer incidence [4], and in a later analysis of women who were at least 80% 
compliant with the treatment, they had a statistically significant reduction in breast 
cancer incidence relative to placebo [5]. With a cumulative follow-up of 13 years 
after the trial had ended, the incidence of breast cancer in women who had been 
randomised to oestrogen became significantly lower than that in the women ran-
domised to placebo [6]. There is therefore an apparent difference between users of 
combined HRT and users of oestrogen alone, presumably due to the addition of 
medroxyprogesterone acetate (MPA) in the former group. Observational studies 
have shown different incidences of breast cancer with the use of different progesto-
gens. In particular, in both the French E3N study [7] and the Finnish Cohort study 
[8], no increase in breast cancer incidence was seen with the use of dydrogesterone 
as the progestogen. The Million Women Study (MWS) [9] was a large observational 
study that suggested that oestrogen-progestogen HRT doubled the incidence of 
breast cancer, with oestrogen-alone therapy showing a smaller but still statistically 
significant increase. These findings reflect the difference seen between oestrogen-
progestogen users and oestrogen-alone users in the WHI, but the point estimates in 
the MWS are strikingly higher. MWS has been criticised because of biases which 
may have distorted the findings [10]. It is of note that there was no increase in breast 
cancer mortality in either arm of WHI [6]. Indeed, observational studies have shown 
a decrease in breast cancer mortality with HRT use [11]. When Shapiro et al. [12–
14] applied established principles of causality to studies of HRT and breast cancer, 
they found that the WHI oestrogen-alone arm (suggesting a reduction in breast can-
cer) fulfilled five out of ten such principles, the WHI oestrogen-progestogen arm 
fulfilled only two out of ten and the MWS fulfilled none of them. Thus it remains 
unproven that HRT causes breast cancer. Certainly oestrogen can act as a growth 
promoter to breast cancer and it may be that any increases in diagnosis of breast 
cancer with HRT users simply reflect the growth of pre-existing breast cancers in 
these women. There are many other factors that increase the risk of breast cancer 
more than HRT [15], and such confounding factors may not be adjusted for in HRT 
studies. HRT may or may not increase the risk of breast cancer, but if it does it 
would appear that the magnitude of any increased risk is so small that it cannot be 
reliably detected by present-day studies.

21.3	 �Ovarian Cancer

Some observational studies have linked HRT use to an increased incidence of ovar-
ian cancer. A meta-analysis of 42 studies included a cohort of over 12,000 cases 
[16]. There was a significant increase in ovarian cancer with oestrogen-progestogen 
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therapy, but the relative risk was very small at 1.11. With oestrogen alone it was 
slightly higher at 1.28. The Danish Sex Hormone Study included almost 910,000 
women aged over 50 years with a mean follow-up of 8 years [17]. They found a 
significantly increased incidence rate of 1.38 and an absolute risk increase of 1 per 
8300 women per year. The type of HRT and duration of use had no effect, and rather 
surprisingly they found that the increased risk disappeared after 2 years of stopping 
HRT.  The Collaborative Group looked at data from 52 epidemiological studies 
involving almost 21,500 women [18]. They found a significantly increased inci-
dence, regardless of whether they had taken the HRT for less than or more than 
5 years. They concluded that this increased risk may be largely or wholly causal. 
However, a rigorous epidemiological analysis of the study [19] found that the meta-
analysis did not establish that HRT causes ovarian cancer. The findings did not sat-
isfy the criteria of time order, bias, confounding, strength of association, 
dose-response, duration-response, consistency and biological plausibility. Rather 
than HRT causing ovarian cancer, the reverse may be true. Ovarian cancer can pres-
ent symptomatically with dyspareunia, lower abdominal pain and recurrent urinary 
tract infections, and such symptoms may be regarded as oestrogen deficiency symp-
toms in postmenopausal women thereby encouraging the use of HRT. The WHI did 
not find any significant increase in ovarian cancer associated with oestrogen-
progestogen use [6]. The EPIC cohort study [20] involving 370,000 women investi-
gated whether any reproductive or hormonal factors influenced survival from 
ovarian cancer. They found that HRT use was associated with a better survival. This 
is probably due to improved cardiovascular health benefits from the HRT. There is 
thus no convincing evidence that HRT causes ovarian cancer.

21.4	 �Stroke

An increase in ischaemic stroke, but not haemorrhagic stroke, in users of HRT has 
been found in some, but not all, observational studies. One of the largest observation 
studies, the Nurses’ Health Study, found a non-significant increase in ischaemic 
stroke in users of HRT [21]. No duration effect was observed. The vast majority of 
participants in this study used conjugated equine oestrogens in their HRT, and a 
dose-dependent effect was demonstrated, with a significant increase in stroke seen 
in those using a dose of 0.625 mg and above but not with lower doses. Observational 
data from the UK General Practitioners Research Database have shown that there 
appears to be no increased stroke risk with the use of low or standard dose (50 mcg) 
transdermal HRT [22], although an increased risk was seen with oral HRT and with 
high-dose transdermal HRT (>50 mcg). A major drawback to these findings is that 
age at initiation of HRT was not included in the study. In the WHI [6], an increase 
in stroke was seen in the intervention phase with both oestrogen-progestogen and 
oestrogen alone, but this was not seen in women initiating HRT below age 60 years. 
The overall increased risk with both therapies did not persist in the cumulative fol-
low-up. The dose of conjugated equine oestrogens used in both arms of the WHI 
was 0.625  mg. The Danish Osteoporosis Prevention Study (DOPS) randomised 
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over 1000 women in the early postmenopause to HRT with oral oestradiol 2 mg 
(plus cyclical norethisterone acetate in non-hysterectomised women) or to no treat-
ment [23]. The study was stopped after 10 years, but there was a further 6-year 
observational period. No increase in stroke was seen with the HRT during the clini-
cal trial or in the subsequent follow-up compared with no treatment. Overall, the 
risk of stroke with HRT appears to be related to age at initiation, dose of oestrogen 
and route of administration.

21.5	 �Venous Thromboembolism (VTE)

Observational studies have found an approximate doubling of VTE risk with oral 
HRT [24]. There is evidence of dose dependency, with a higher risk being seen with 
higher doses. However, an increased risk for VTE is not seen with transdermal HRT 
[25]. This is thought to be due to the avoidance of an hepatic first-pass effect of oes-
trogen affecting clotting factors. In the WHI, there was an increase in both deep vein 
thrombosis (DVT) and PE seen with both oestrogen-progestogen and oestrogen 
alone, although only DVT risk in the oestrogen-progestogen arm persisted in the 
cumulative follow-up [6]. No increased risk was seen in those initiating HRT below 
age 60  years. The original presentation of the full results of the WHI oestrogen-
progestogen arm demonstrated an astonishing bias [26], with the authors demon-
strating a more than sevenfold increase in VTE with HRT compared with placebo. 
This figure was achieved by comparing women taking HRT aged 70–79 years with 
those taking placebo aged 50–59 years, and age is a major risk factor for VTE. Had 
the authors chosen to compare VTE risk in women taking HRT aged 50–59 years 
with those taking placebo aged 70–79 years, they would have found a relative risk of 
0.7 as opposed to 7.5! DOPS found no increased risk in VTE [23].

21.6	 �Coronary Heart Disease

Many observational studies have shown a reduction of CHD associated with post-
menopausal HRT use, with the Nurses’ Health Study demonstrating both primary 
and secondary prevention of CHD [21, 27]. Randomised trials of HRT for second-
ary prevention of CHD have not shown any overall benefit, although it should be 
noted that they have also not shown any overall harm [28]. The WHI oestrogen-
progestogen arm initially reported a significant increase in CHD events with HRT, 
but this finding changed with subsequent publications of more complete data [29]. 
The oestrogen-alone arm showed no significant effect, but in the cumulative follow-
up, women initiating oestrogen-alone HRT below aged 60 years had a significant 
reduction in CHD [6]. DOPS also showed a significant reduction in a composite 
cardiovascular endpoint [23]. In their report on guidelines for the management of 
menopause [30], NICE (the UK National Institute for Health and Care Excellence) 
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concluded that HRT with oestrogen alone is associated with no, or reduced, risk of 
CHD, and HRT with oestrogen and progestogen is associated with little or no 
increase in the risk of CHD. Overall, there is no evidence of any harm for CHD from 
HRT, and HRT should therefore not be withheld from patients with, or at risk from, 
CHD providing appropriate starting doses of appropriate HRT regimens are used.

21.7	 �Gallbladder Disease

Findings from both observational studies and randomised clinical trials have dem-
onstrated an increased risk of gallbladder disease with HRT use in postmenopausal 
women. The MWS found an overall significantly increased risk for gallbladder dis-
ease with HRT compared with no treatment, with a hazard ratio of 1.64 [31]. There 
was a higher risk with conjugated equine oestrogens compared with oral oestradiol, 
a higher risk with oestrogen alone compared with oestrogen-progestogen and a 
higher risk with oral compared with transdermal therapy. Greater risks for gallblad-
der disease were seen with higher doses of both conjugated equine oestrogens and 
oral oestradiol compared with lower doses. The French E3N study also found a 
significantly increased risk for gallbladder disease with HRT use compared with no 
treatment [32], although the hazard ratio of 1.10 was considerably lower than that 
from the MWS. They confirmed a great risk with oral versus transdermal therapy, 
and with oestrogen-alone versus oestrogen-progestogen therapy, but did not find 
any difference between conjugated equine oestrogens and oral oestradiol. The WHI 
found a significantly increased risk of self-reported gallbladder disease equally with 
both oestrogen-progestogen and oestrogen alone during the intervention phase, with 
the magnitude of the risk being similar to that seen in the MWS [6]. There is there-
fore an increased risk for gallbladder disease with HRT use, although the absolute 
risk is very low. The risk is influenced by dose and type of HRT regimen, with lower 
risks associated with oestrogen-progestogen therapy, with lower hormone doses and 
with nonoral administration.

21.8	 �All-Cause Mortality

Pooled results from 19 randomised clinical trials of HRT including 16,000 post-
menopausal women initiating HRT below age 60 years showed a significant reduc-
tion in all-cause mortality [33]. These findings were confirmed in a Cochrane review 
of randomised clinical trials including almost 37,000 postmenopausal women 
where those women initiating HRT within 10 years of the onset of menopause had 
a significantly reduced all-cause mortality [34]. Those initiating HRT above age 
60 years had no difference from those taking placebo or no treatment. The WHI 
showed no effect of either oestrogen-progestogen or oestrogen-alone HRT on all-
cause mortality [6].
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�Conclusion

HRT is clearly a very safe treatment, particularly in those women initiating HRT 
in the age group below 60 years who are the vast majority in clinical practice. 
There may or may not be an increased risk of breast cancer diagnosis in women 
on combined oestrogen-progestogen HRT, but the magnitude of any risk is very 
low and less than the risk for breast cancer associated with many common life-
style factors. Conjugated equine oestrogens alone seem to result in a reduced risk 
of breast cancer, and there may be differences in breast cancer risk with different 
types of progestogens in HRT. There may or may not be an increased risk of 
ovarian cancer associated with HRT, but the risk is small and may simply reflect 
an increase in HRT use in women with undiagnosed ovarian cancer. The risk of 
stroke is not increased in women initiating HRT below age 60 years and is depen-
dent on starting dose and route of administration. VTE risk is also dependent on 
starting dose and route of administration. CHD is not adversely affected by HRT 
and may well be benefited. There is a small increased risk of gallbladder disease, 
again modified by starting dose and route of administration. The fact that all 
studies do not show any increase in all-cause mortality, and indeed show a 
decrease, confirms the absolute safety of HRT. Risks have been grossly over-
stated and are hugely outweighed by the many benefits of HRT.

References

	 1.	Writing group for the Women’s Health Initiative investigators (2002) Risks and benefits of 
estrogen plus progestin in healthy postmenopausal women. JAMA 288:221–232

	 2.	Chlebowski RT, Hendrix SL, Langer RD et al (2003) Influence of estrogen plus progestin on 
breast cancer and mammography in healthy postmenopausal women. JAMA 289:3243–3253

	 3.	Anderson GL, Chlebowski RT, Rossouw JE et al (2006) Prior hormone therapy and breast can-
cer risk in the Women’s health Initiative randomized trial of estrogen plus progestin. Maturitas 
55:103–115

	 4.	The Women’s Health Initiative Steering Committee (2004) Effects of conjugated equine estro-
gen in postmenopausal women with hysterectomy. JAMA 291:1701–1712

	 5.	Stefanick ML, Anderson GL, Margolis KL et al (2006) Effects of conjugated equine estrogens 
on breast cancer and mammography screening in postmenopausal women with hysterectomy. 
JAMA 295:1647–1657

	 6.	Manson JE, Chlebowski RT, Stefanick ML et  al (2013) Menopausal hormone therapy and 
health outcomes during the intervention and extended poststopping phases of the Women’s 
health Initiative randomised trials. JAMA 310:1353–1368

	 7.	Fournier A, Berrino F, Clavel-Chapelon F (2008) Unequal risks for breast cancer associated 
with different hormone replacement therapies: results from the E3N cohort study. Breast 
Cancer Res Treat 107:103–111

	 8.	Lyytinen H, Pukkula E, Ylikorkala O (2009) Breast cancer risk in postmenopausal women 
using estradiol-progestogen therapy. Obstet Gynecol 113:65–73

	 9.	Million Women Study Collaborators (2003) Breast cancer and hormone-replacement therapy 
in the million women study. Lancet 362:419–427

	10.	Whitehead M, Farmer R (2004) The million women study: a critique. Endocrine 24:187–193

J.C. Stevenson



251

	11.	Willis DB, Calle EE, Miracle-McMahill HL, Heath CW (1996) Estrogen replacement therapy 
and risk of fatal breast cancer in a prospective cohort of postmenopausal women in the United 
States. Cancer Causes Control 7:449. doi:10.1007/BF00052671

	12.	Shapiro S, Farmer RDT, Mueck AO, Seaman H, Stevenson JC (2011) Does hormone replace-
ment therapy cause breast cancer? An application of causal principles to three studies: Part 2. 
The Women’s health Initiative: estrogen plus progestogen. J Fam Plann Reprod Health Care 
37:165–172

	13.	Shapiro S, Farmer RDT, Mueck AO, Seaman H, Stevenson JC (2011) Does hormone replace-
ment therapy cause breast cancer? An application of causal principles to three studies: Part 
3. The Women's Health Initiative: unopposed estrogen. J Fam Plann Reprod Health Care 
37:225–250

	14.	Shapiro S, Farmer RDT, Stevenson JC, Burger HG, Mueck AO (2012) Does hormone replace-
ment therapy cause breast cancer? An application of causal principles to three studies: Part 4. 
The million women study. J Fam Plann Reprod Health Care 38:102–109

	15.	Bluming AZ, Tavris C (2009) Informing women about hormone replacement therapy. Cancer 
J 15:93–104

	16.	Greiser CM, Greiser EM, Doren M (2007) Menopausal hormone therapy and risk of ovarian 
cancer: systematic review and meta-analysis. Hum Reprod Update 13:453–463

	17.	Mørch LS, Løkkegaard E, Andreasen AH et al (2009) Hormone therapy and ovarian cancer. 
JAMA 302:298–305

	18.	Collaborative Group on Epidemiological Studies (2015) Menopausal hormone use and ovar-
ian cancer risk: individual participant meta-analysis of 52 epidemiological studies. Lancet 
385:1835–1842

	19.	Shapiro S, Stevenson JC, Mueck AO, Baber R (2015) Misrepresentation of the risk of ovar-
ian cancer among women using menopausal hormones. Spurious findings in a meta-analysis. 
Maturitas 81:323–326

	20.	Beševic J, Gunter MJ, Fortner RT et  al (2015) Reproductive factors and epithelial ovarian 
cancer survival in the EPIC cohort study. Br J Cancer 113:1622–1631

	21.	Grodstein F, Manson JE, Colditz GA, Willett WC, Spelzer FE, Stampfer MJ (2000) A pro-
spective, observational study of postmenopausal hormone therapy and primary prevention of 
cardiovascular disease. Ann Intern Med 133:933–941

	22.	Renoux C, Dell’Aniello S, Garbe E, Suissa S (2010) Transdermal and oral hormone replace-
ment therapy and the risk of stroke: a nested case-control study. Br Med J 340:c2519

	23.	Schierbeck LL, Rejnmark L, Tofteng CL et al (2012) Effect of hormone replacement ther-
apy on cardiovascular events in recently postmenopausal women: randomised trial. Br Med J 
345:e6409

	24.	Oger E, Scarabin P-Y (1999) Assessment of the risk of venous thromboembolism among users 
of hormone replacement therapy. Drugs Aging 14:55–61

	25.	Scarabin P-Y, Oger E, Plu-Bureau G (2003) Differential association of oral and transdermal 
oestrogen-replacement therapy with venous thromboembolism risk. Lancet 362:428–432

	26.	Cushman M, Kuller LH, Prentice R et al (2004) Estrogen plus progestin and risk of venous 
thrombosis. JAMA 292:1573–1580

	27.	Grodstein F, Manson JE, Stampfer MJ (2001) Postmenopausal hormone use and secondary 
prevention of coronary events in the Nurses’ health study. Ann Intern Med 135:1–8

	28.	Hulley S, Grady D, Bush T et al (1998) Randomized trial of estrogen plus progestin for sec-
ondary prevention of coronary heart disease in postmenopausal women. JAMA 280:605–613

	29.	Stevenson JC, Hodis HN, Pickar JH, Lobo RA (2009) Coronary heart disease and menopause 
management: the swinging pendulum of HRT. Atherosclerosis 207(2):336–340

	30.	National Institute for Health and Care Excellence (2015). Menopause: clinical guideline  – 
methods, evidence and recommendations (NG23), Version 1.5. https://www.nice.org.uk/guid-
ance/ng23/evidence/fullguideline-559549261. Accessed 23 Apr 2016

21  The True Risks of HRT

https://doi.org/10.1007/BF00052671
https://www.nice.org.uk/guidance/ng23/evidence/fullguideline-559549261
https://www.nice.org.uk/guidance/ng23/evidence/fullguideline-559549261


252

	31.	Liu B, Beral V, Balkwill A, Green J, Sweetland S, Reeves G (2008) Gallbladder disease and 
use of transdermal versus oral hormone replacement therapy in postmenopausal women: pro-
spective cohort study. Br Med J 337:a386

	32.	Racine A, Bijon A, Fournier A et al (2013) Menopausal hormone therapy and risk of chole-
cystectomy: a prospective study based on the French E3N cohort. CAMJ 185(7):555–561. 
doi:10.1503/cmaj.121490

	33.	Salpeter SR, Cheng J, Thabane L, Buckley NS, Salpeter EE (2009) Bayesian meta-analysis of 
hormone therapy and mortality in younger postmenopausal women. Am J Med 122:1016–1022

	34.	Boardman HMP, Hartley L, Eisinga E et al (2015) Hormone therapy for preventing cardio-
vascular disease in post-menopausal women. Cochrane Database Syst Rev 4:CD002229. 
doi:10.1002/14651858.CD002229.pub4

J.C. Stevenson

https://doi.org/10.1503/cmaj.121490
https://doi.org/10.1002/14651858.CD002229.pub4


253© International Society of Gynecological Endocrinology 2018
M. Birkhaeuser, A.R. Genazzani (eds.), Pre-Menopause, Menopause and Beyond, 
ISGE Series, https://doi.org/10.1007/978-3-319-63540-8_22

Menopause Hormone Therapy 
Customization

Irene Lambrinoudaki and Eleni Armeni

22.1	 �Introduction

Menopause is defined as the permanent cessation of menses which is attributed to 
the exhaustion of ovarian follicles [1]. The average age of menopause is usually 
51–52 years. The ovarian hormone senescence is associated with the occurrence of 
menopausal symptoms, including hot flushes and night sweats, sleep difficulties, 
depressive symptoms, headaches, musculoskeletal pain, and sexual dysfunction. 
A further morbidity is the genitourinary syndrome of menopause, manifesting as 
vaginal dryness, burning, pain at intercourse, or recurrent genitourinary infections. 
Postmenopausal estrogen decline leads to accelerated bone loss and to unfavorable 
metabolic alterations, establishing the pathogenesis of postmenopausal osteoporo-
sis and cardiovascular disease [2].

Menopausal hormone therapy (MHT) has long been used to treat menopausal 
symptoms and to prevent chronic disease. Evidence, however, has shown that uni-
versal uncontrolled administration of MHT may be associated with increased risks. 
Therefore, treatment today is based on solid indications and careful tailoring, so that 
efficacy is maximized with the lowest possible risk. In this context, women eligible 
for MHT can be classified into two treatment groups [1, 2]:

•	 Perimenopausal and postmenopausal women over 40 years
•	 Women with premature ovarian failure (POF) in whom ovarian senescence starts 

before the age of 40 years

Age at the final menstrual period is a significant predictor of morbidity. Women 
experiencing menopause before the age of 45 years have a higher risk of stroke and 
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ischemic heart disease (IHD), as well as all-cause mortality [3]. Compared to 
women experiencing a natural menopause, women with POF have a higher risk of 
osteoporosis, mood disturbances, and even premature death [4, 5]. Therefore, all 
women with POF require hormone replacement therapy until the age of natural 
menopause, irrespectively of the presence of menopausal symptoms [4]. This review 
will address the customization of MHT in the first treatment group, namely, women 
experiencing natural or iatrogenic menopause at a normal age.

22.2	 �Indications of MHT

The indications of MHT are the following [2]:

•	 Management of menopausal symptoms, which include hot flushes and night 
sweats, mood disturbances, fatigue, sleep disturbances, headaches, muscle and 
join pain, and sexual dysfunction

•	 Management of the genitourinary syndrome of menopause (GSM)
•	 Prevention of osteoporosis in symptomatic women at high risk of fracture

22.3	 �MHT Regimens and Follow-Up

Hysterectomized women are treated with estrogen-only regimens, while women 
with an intact uterus require the addition of a progestogen or a SERM to prevent 
endometrial hyperplasia. Tibolone is a synthetic steroid with estrogenic, andro-
genic, and progestogenic activity which can be administered to both hysterecto-
mized and non-hysterectomized postmenopausal women [2]. Available regimens 
can be classified according to the following characteristics [2]:

•	 Dose of estrogen (standard, low, ultra-low dose)
•	 Type of progestogen
•	 Mode of delivery (continuous combined vs sequential administration)
•	 Route of delivery (transdermal, oral, vaginal, subcutaneous preparations)

Doses are individualized according to the treatment goals and the woman’s 
age, years since menopause, and risk profile. The initial follow-up of women 
starting MHT should be in 2–3 months, to review the efficacy of treatment and 
to discuss possible side effects. Persistence of menopausal symptoms usually 
requires an increase in the estrogen dose. Frequent complaints of MHT users 
include unscheduled spotting or bleeding, breast tenderness, bloating, fluid 
retention, headaches, and mood swings. Symptoms may be more frequent in 
women devoid of estrogens for a long time; however, they tend to subside with 
time. Management includes decrease in estrogen dose, change of the type of the 
progestogen, or change in the route of administration. Once the woman is 
satisfied with her treatment, follow-up should ensue in an annual basis, 
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where  cost-benefit evaluation is performed and estrogen dose redefined. The 
duration of treatment depends on patient preference, cost-benefit analysis, and 
estrogen dose [2].

22.4	 �MHT and Coronary Heart Disease

Aging is associated with reduced physical activity, sarcopenia, and increased adi-
posity, which promote the development of atherosclerosis [6]. Beyond aging, post-
menopausal estrogen decline has both direct (i.e., activation of the renin-angiotensin 
system, increased endothelin 1 and angiotensin II, decreased nitric oxide synthase) 
and indirect adverse effects (i.e., visceral adiposity, insulin resistance, elevated 
blood pressure, dyslipidemia) on the cardiovascular system, further exacerbating 
the atherosclerotic process [6]. The formation of atherosclerotic plaques increases 
the odds of cardiovascular events, including ischemic heart disease (IHD) and stroke 
[6]. Hot flushes have been identified as an independent risk factor of cardiovascular 
disease in middle-aged women [7]. The results of the SWAN (Study of Women’s 
Health Across the Nation) have shown that women experiencing bothersome vaso-
motor symptomatology early after the menopause have increased subclinical ath-
erosclerosis compared to women with lower intensity of vasomotor symptoms, 
independently of demographic and cardiovascular risk factors [8].

The time of MHT initiation following the last menstrual period is the main deter-
minant of the cardiovascular effect of MHT.  Administration of MHT in young, 
recently postmenopausal women is associated with a favorable effect on cardiovas-
cular risk factors, including an improvement of the lipid profile, body composition, 
insulin sensitivity, arterial stiffness, and chronic inflammation [9]. Older postmeno-
pausal women, on the other hand, may have developed subclinical atherosclerosis 
with mature atherosclerotic plaques [9]. Administration of MHT in these women can 
promote plaque destabilization and increase the risk of an acute thrombotic event.

Customized administration of MHT has been related to favorable cardiovascular 
outcomes. A nationwide study from Finland, evaluating a total of 489,000 women 
during a follow-up period of 15  years, concluded that MHT users had 18–54% 
lower incidence of CHD as well as increased life expectancy by 12–38% [10]. The 
magnitude of the observed cardiovascular benefit was linearly associated with the 
duration of MHT use [10]. According to the findings of a recent Cochrane review, 
although MHT had no effect on cardiovascular outcomes in general, it was associ-
ated with up to 48% lower incidence of CHD and up to 30% lower mortality in the 
subgroups of women starting MHT within 10 years after their final menstrual period 
[11, 12]. The ELITE (Early vs Late Intervention Trial with Estradiol) randomized 
controlled trial reported a slower progression of subclinical atherosclerosis in post-
menopausal women receiving low-dose MHT as compared to placebo. The effect 
was evident only in women starting MHT within 6 years after menopause, whereas 
women starting MHT 10  years or more after menopause had no benefit [13]. 
Recommendations with respect to the customization of MHT in the context of car-
diovascular risk are presented in Table 22.1.
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22.5	 �MHT and Breast Cancer

MHT is associated with a small but significant risk of breast cancer, with a relative risk 
ranging between 1.25 and 1.35 [14–17]. The Million Women Study, a non-randomized 
survey, reported a higher risk of breast cancer (RR = 1.66) [18]. This effect is mainly 
evident with combined estrogen-progestogen preparations. On the contrary, the estro-
gen-only (ET) arm of the WHI (Women’s Health Initiative) study identified a lower 
risk of breast cancer in women receiving unopposed estrogen therapy for a period of 
7 years (RR = 0.77) [19]. According to the results of a large British cohort study on 
39,183 postmenopausal women, estrogen-only MHT use was not associated with an 
increase in the risk of breast cancer [20]. Further parameters that may affect breast can-
cer risk are treatment duration, type of the progestogen, and mode of delivery [20–22] 
(Table 22.2).

A careful evaluation of the patient risk profile is mandatory to minimize the 
MHT-associated risk of breast cancer in the clinical setting. Conditions that may 
interact with MHT include a low body weight, daily alcohol consumption, and a 
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Table 22.1  Individualization of menopausal hormone therapy (MHT) according to cardiovascu-
lar risk

Lowest effective
estrogen dose

Lowest breast 
exposure to 

progestogen (vaginal 
route)

Natural progesterone / 
dydrogesterone or 

SERM for endometrial 
protection

Sequential mode of 
administration

Annual cost-benefit 
analysis and estrogen 

dose re-setting

Table 22.2  Individualization of menopausal hormone therapy (MHT) in the context of breast 
cancer
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high mammographic density. Risk factors of breast cancer which do not interact 
with MHT include low parity, family history of breast cancer, and a previous breast 
surgery for benign condition [23, 24].

22.6	 �MHT and Thrombosis

Treatment with oral MHT is associated with a slightly elevated risk of stroke (RR 
range, 1.3–1.5) [25, 26] and a two- to threefold elevated risk of venous thromboem-
bolic events (VTE) [26, 27]. Pathophysiological mechanisms include atheroscle-
rotic plaque destabilization, in the case of stroke, as well as clotting factor induction 
through the first pass effect in the liver [25]. The absolute risk is small in young, 
recently postmenopausal women; however, the risk increases progressively with age 
and the presence of risk factors like obesity, immobilization, hypertension, diabetes, 
dyslipidemia, left ventricular hypertrophy, or atrial fibrillation, as well as in the 
presence of genetic thrombophilia [25]. According to large epidemiological studies, 
low-dose (E2 < =50 μg) transdermal MHT does not increase the thrombotic risk [27, 
28]. In addition, the type of progestogen in the MHT regimen might also alter the 
magnitude of the thrombotic risk [27, 29, 30]. Table 22.3 presents recommendations 
that should be considered when prescribing MHT in the context of VTE.

�Conclusion

MHT is the treatment of choice for the management of menopausal symptoms 
and the genitourinary syndrome of menopause, as well as for the prevention of 
osteoporotic fractures in symptomatic women. When administered timely after 
menopause, MHT probably exerts cardiovascular benefit. Careful patient evalu-
ation and individualization of the MHT regimen minimize possible risks. The 
duration of MHT administration is defined by cost-benefit analysis and the needs 
of the individual woman [31, 32].

Screening for risk factors

• Personal or family history of VTE

• Increasing age and menopausal age

• Immmobilization and Obesity

• Smoking

• Diabetes mellitus

Selecting the appropriate MHT
regimen

• Women with no risk factorsÆAny type
of MHT

• Women with risk factors for VTEÆLow
dose transdermal estradiol (£50µg) in
combination with micronized
progesterone, preferably through the
vaginal route

Table 22.3  Customization of menopausal hormone therapy in the context of thrombotic risk
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23GSM/VVA: Advances in Understanding 
and Management

Nick Panay

23.1	 �Introduction

There has been considerable debate whether the terms vulvovaginal atrophy (VVA), 
vaginal atrophy (VA) and atrophic vaginitis (AV) are entirely appropriate. The terms 
are not entirely accurate from a medical perspective and have limitations from a 
public perspective. From the medical point of view, (vulvo)vaginal atrophy does not 
necessarily lead to symptoms and does not include the urinary tract. From the public 
point of view, there is a reluctance to use the terms “vulva” and “vagina”, and atrophy 
is associated with negative connotations. A working group was convened by the 
International Society for the Study of Women’s Sexual Health (ISSWH) and North 
American Menopause Society (NAMS) in order to discuss the nomenclature with a 
view to developing new terminology [1]. The term genitourinary syndrome of meno-
pause (GSM) was agreed as it encompasses both genital and urinary tracts, which are 
often both affected, the symptoms are multiple (hence syndrome) and there is avoid-
ance of use of the term vagina which many women find embarrassing.

23.2	 �Impact of VVA/GSM on Quality of Life (QOL)

The impact of VVA/GSM on the quality of life of many women continues to be 
underestimated. Although the reasons for this are multiple and complex, it is clear 
that many women are reluctant to complain about the problem for risk of personal 
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embarrassment and cultural reasons. Healthcare providers do not proactively raise 
the issue in consultations because they are uncomfortable discussing sexual issues 
and for fear of opening a “can of worms”, with limited time to deal with the 
consequences. There is lack knowledge as to the available effective treatment 
options, both hormonal and alternative [2, 3].

Even though we have an ageing population where more than 50% of postmeno-
pausal women suffer with VVA, the subject is avoided both in social conversation and 
in the media. In a recent European survey, 54% of respondents said they discussed their 
sexual health concerns only when the healthcare professional asks. Thirty-three per-
cent said they were too shy to discuss their sexual health concerns [4]. Women and their 
sexual partners are in effect, suffering in silence. The issue is particularly frustrating 
because treatment is often simple and safe and can transform a woman’s quality of life.

23.3	 �Pathophysiology

With declining oestrogen, the mucosa of the cervix and the epithelium of the vagina 
and vulva thin and become susceptible to injury. The vaginal rugae diminish, lead-
ing to a smoother-appearing vaginal wall accompanied by diminished blood flow 
and a rise in pH (6–8). Together, these changes result in a pale appearance which 
may contain small petechiae and/or other signs of inflammation. The proportion of 
superficial to parabasal cells decreases with loss of glycogen and loss of lactobacilli. 
The loss of secretions leads to vaginal dryness and irritation.

23.4	 �Symptoms

Symptoms most commonly complained about include vaginal dryness (75%), pain 
during intercourse (40%) and vulval and vaginal pruritus and discharge. However, 
the urinary tract is also commonly affected leading to urinary frequency and urgency, 
nocturia, dysuria and incontinence in 15–35% of women greater than 60 years of 
age. Recurrent urinary tract infections occur in up to 20% of postmenopausal 
women due to atrophy of the urothelium in response to oestrogen deficiency. Women 
with lower urinary tract infections have a sevenfold greater risk for sexual pain dis-
orders and a fourfold increased risk for sexual arousal disorders [5]. In a recent 
European survey, 66% of women stated that vulval and vaginal symptoms interfered 
with their ability to enjoy sexual intercourse [4].

23.5	 �Diagnosis

Women experiencing sexual and urinary symptoms due to vaginal atrophy should be 
diagnosed and treated without delay in order to avoid a cascade of events which do not 
resolve spontaneously. The diagnosis of VVA/GSM is often made on symptoms 
alone—many healthcare professionals avoid examination of the patient, which is a 
mistake. There are other vulval and vaginal conditions which can lead to similar 
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symptoms such as vulval dermatoses, e.g. lichen sclerosis and vulval/vaginal malig-
nancy. The diagnosis has been largely subjective with few objective measures used to 
confirm the diagnosis and monitor progression and response to treatment. The mea-
surement of vaginal pH and the vaginal maturation index from vaginal smears pro-
vides some objective evidence. Although these measurements are commonly used in 
VVA/GSM studies, they are rarely used in day-to-day clinical practice.

23.6	 �Global Assessment Scales

Assessment tools have been developed to facilitate the formal diagnosis and classifi-
cation of the severity of GSM. One of the most commonly used tools for assessing 
vaginal health has been the vaginal health index. The user is asked to rate both the 
appearance of the vaginal mucosa and production of secretions on a scale from 1 to 
5 (Fig. 23.1) [6]. The drawback of this scale is that it does not take into account the 
impact on the vulva or the urinary tract. The absence of a vulval assessment tool was 
recently addressed by development of the vulval health index (Palacios S, 2015, The 
vulval health index (personal communication)) which assesses the appearance of the 
labia majora and minora, clitoris and introitus, colour of the tissues and the presence 
of other pathological features. There has also been an attempt to introduce a quality-
of-life impact modality (pain on intercourse) in this tool although the value of assess-
ing only one modality is limited (Fig. 23.2). A more comprehensive tool has recently 
been developed following the consensus group development of the term GSM [1]. 
The GSM assessment tool consists of three general categories of elasticity, lubrica-
tion and tissue integrity, an anatomical section which includes vulval, vaginal and 
urethral anatomy and two objective measures, vaginal pH and vaginal maturation. 
Each one of these seven components is scored from 0 to 3 according to severity 
(Fig.  23.3) to provide a semi-objective measure of vulval and vaginal atrophy. 
A numeric score is calculated by adding each one of the scores to give a total out of 
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Table 1: Gloria Bachmann Vaginal Health Index (VHI).
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Fig. 23.1  Vaginal health index [6]
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21 (0–7 = mild atrophy, 7–14 = moderate atrophy and >14 = severe atrophy). There 
is some inaccuracy in that there is overlap between the categories, and even though 
the tool assesses GSM, the score refers to degree of “atrophy” rather than the “syn-
drome” itself. It should be noted that both the vulva health index and the GSM tool 
still require validation and publication of outcomes from clinical trial usage.

23.7	 �Impact of VVA/GSM on Quality of Life

Despite the development of these assessment tools, the formal evaluation of impact 
of VVA/GSM on quality of life (QOL) remains a poorly addressed issue both in 
research and clinical practice. In the absence of specific VVA/GSM QOL rating 
scales, sexual QOL scales have been used as “surrogate rating scales” to assess the 
impact of GSM symptoms; but what about the impact in women who are not sexu-
ally active? There has been some recent progress in this area through adaptation of 
a dermatology quality-of-life scale [7]. By the admission of the authors of this 
paper, there was considerable work still to be done. However, a recently developed 
multidimensional vaginal ageing questionnaire (the day-to-day impact of vaginal 
ageing questionnaire DIVA) [8] could be a major step forward in the development 
of a practical, validated questionnaire which accurately assesses the impact of VVA/
GSM on personal, social and professional aspects of QOL.  Data from a recent 
European survey showed positive correlation between vulval, vaginal and urinary 
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symptom severity and DIVA scores, i.e. the more severe the symptoms the higher 
the DIVA scores indicating impairment of QOL [9].

In order to derive meaningful information from quality-of-life scales, we need to 
be clear about which questions we ask women and why we ask them. Women are 
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Fig. 23.3  Genitourinary syndrome of the menopause assessment tool [1]
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often confused by the meaning of terms such as “vaginal dryness”; to them, this 
could mean “lack of normal discharge”, “absence of lubrication during intercourse” 
or both. The “most bothersome symptom” question, now mandatory in FDA-
approved studies, attempts to individualise the assessment of the magnitude and 
severity of GSM but runs the risk of devaluing the other less bothersome symptoms 
which still impact on overall wellbeing and quality of life [10].

23.8	 �Improving Information to Women  
and Healthcare Providers

Whilst social and cultural taboos are difficult to deal with, we believe there are a 
number of action points which the wider medical profession (doctors, pharma 
companies, health departments and regulators) should urgently address to improve 
the situation. Firstly, formal research into VVA/GSM should be expanded to con-
firm the scale of the problem and the impact it has on quality of life. Although 
highly informative, all VVA/GSM surveys such as VIVA [3] are unavoidably 
biased by the type and size of study population selected, and information is limited 
by the choice of questions asked. Is the scale of the VVA/GSM problem even larger 
than we think because women are reluctant to admit to having symptoms? 
Guidelines issued by the International Menopause Society and other societies [11, 
12] are vitally important to improve awareness of VVA/GSM and in promoting the 
evidence-based management. Finally, it is imperative that menopause societies and 
pharma companies work with the regulators to change the labelling of vaginal 
oestrogen preparations, which currently carry precisely the same contraindications 
as systemic hormone therapy even though local oestrogen is not absorbed 
systemically.

23.9	 �The Need for New Products

The development of novel efficacious and safe interventions is essential to expand 
our armamentarium for managing VVA symptoms to provide approaches which 
suit all needs and desires. For instance, there will be some women who do not wish 
to use oestrogen or in whom oestrogen is genuinely contraindicated. Other women 
may find it uncomfortable or may not want, due to personal or cultural reasons, to 
use vaginal products. Emerging interventions include safe new laser treatments 
which avoid pharmacologically active agents [13], vaginally active oral selective 
oestrogen receptor modulators [10] and vaginal androgens such as DHEA [14]. 
Technological advances in nonhormonal physiological vaginal moisturisers should 
banish the use of vaginal lubricant gel to the examination couch [15]. It is vital that 
a wide armamentarium of treatment options exists to facilitate individualised man-
agement [16].
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�Conclusion
VVA/GSM has been neglected for too long by sufferers, their partners, society, 
the medical profession and the regulators. With an ageing population, it is likely 
that the problem will only grow as women live nearly half of their lives in a post-
menopausal state. The development of the new GSM nomenclature, new tools 
for assessing the severity and impact of the condition and the new intervention 
modalities such as laser, SERMS and androgens will facilitate the understanding 
and management of this distressing condition.

References

	 1.	Portman DJ, Gass ML (2014) Vulvovaginal atrophy terminology consensus conference panel. 
Genitourinary syndrome of menopause: new terminology for vulvovaginal atrophy from 
the International Society for the Study of Women’s sexual health and the North American 
Menopause Society. Menopause 21(10):1063–1068

	 2.	Nappi RE, Palacios S (2014) Impact of vulvovaginal atrophy on sexual health and quality of 
life at postmenopause. Climacteric 17(1):3–9

	 3.	Nappi RE, Kokot-Kierepa M (2012) Vaginal health: insights, views & attitudes (VIVA)–results 
from an international survey. Climacteric 15:36–44

	 4.	Nappi RE, Palacios S, Particco M, Panay N (2016) The REVIVE (REal Women’s VIews 
of treatment options for menopausal vaginal ChangEs) survey in Europe: country-specific 
comparisons of postmenopausal women’s perceptions, experiences and needs. Maturitas 
91:81–90

	 5.	Laumann EO, Paik A, Rosen RC (1999) Sexual dysfunction in the United States: prevalence 
and predictors. JAMA 281(6):537–544

	 6.	Bachmann GA, Notelovitz M, Kelly SJ et al (1992) Long-term non-hormonal treatment of 
vaginal dryness. Clin Pract Sex 8:12

	 7.	Erekson EA, Yip SO, Wedderburn TS, Martin DK, Li FY, Choi JN, Kenton KS, Fried TR 
(2013) The vulvovaginal symptoms questionnaire: a questionnaire for measuring vulvovaginal 
symptoms in postmenopausal women. Menopause 20(9):973–979

	 8.	Huang AJ, Gregorich SE, Kuppermann M, Nakagawa S, Van Den Eeden SK, Brown JS, 
Richter HE, Walter LC, Thom D, Stewart AL (2015) Day-to-day impact of vaginal aging ques-
tionnaire: a multidimensional measure of the impact of vaginal symptoms on functioning and 
well-being in postmenopausal women. Menopause 22(2):144–154

	 9.	Panay N. (2016). VVA from neglect to new treatment paradigm. IMS World Congress Prague. 
(Symposium)

	10.	Nappi RE, Panay N, Bruyniks N, Castelo-Branco C, De Villiers TJ, Simon JA (2015) The 
clinical relevance of the effect of ospemifene on symptoms of vulvar and vaginal atrophy. 
Climacteric 18(2):233–240

	11.	Sturdee DW, Panay N, International Menopause Society Writing Group (2010) 
Recommendations for the management of postmenopausal vaginal atrophy. Climacteric 
13:509–522

	12.	Management of symptomatic vulvovaginal atrophy: 2013 position statement of the North 
American Menopause Society. Menopause 20(9):888–902

	13.	Gambacciani M, Levancini M, Cervigni M (2015) Vaginal erbium laser: the second-generation 
thermotherapy for the genitourinary syndrome of menopause. Climacteric 18(5):1–19

23  GSM/VVA: Advances in Understanding and Management



268

	14.	Labrie F, Archer DF, Bouchard C, Girard G, Ayotte N, Gallagher JC, Cusan L, Baron M, 
Blouin F, Waldbaum AS, Koltun W, Portman DJ, Côté I, Lavoie L, Beauregard A, Labrie C, 
Martel C, Balser J, Moyneur É, Members of the VVA Prasterone Group (2015) Prasterone has 
parallel beneficial effects on the main symptoms of vulvovaginal atrophy: 52-week open-label 
study. Maturitas 81(1):46–56

	15.	Edwards D, Panay N (2016) Treating vulvovaginal atrophy/genitourinary syndrome of 
menopause: how important is vaginal lubricant and moisturizer composition? Climacteric 
19(2):151–161

	16.	Palacios S, Mejía A, Neyro JL (2015) Treatment of the genitourinary syndrome of menopause. 
Climacteric 18(Suppl 1):23–29

N. Panay



269© International Society of Gynecological Endocrinology 2018
M. Birkhaeuser, A.R. Genazzani (eds.), Pre-Menopause, Menopause and Beyond, 
ISGE Series, https://doi.org/10.1007/978-3-319-63540-8_24

F. Labrie 
Emeritus Professor, Laval University, Quebec, QC G1V 0A6, Canada 

Endoceutics Inc., Quebec, QC G1V 4M7, Canada
e-mail: fernand.labrie@endoceutics.com

24Intravaginal DHEA for the Treatment 
of Vulvovaginal Atrophy, Intracrinology 
at Work

Fernand Labrie

24.1	 �Introduction

Women now spend at least one third of their lifetime after menopause with the high 
probability of suffering from one or more of the menopausal problems secondary to 
sex steroid deficiency. These pertain to vulvovaginal atrophy (VVA) or genitouri-
nary syndrome of menopause (GSM) [1], hot flushes, osteoporosis, muscle loss, 
skin atrophy, fat accumulation, type 2 diabetes, cardiovascular problems, memory 
loss, and cognition loss [2–4].

After menopause, any sex steroid activity becomes exclusively dependent upon 
the ability of each tissue to transform DHEA into estrogens and androgens for local 
and intracellular use [5, 6]. This mechanism provides the hormones needed in each 
tissue without biologically significant changes in the concentration of serum E2 and 
testosterone which both remain at very low and biologically inactive concentrations 
in the blood during all the postmenopausal years in order to protect the uterus and 
probably other tissues from estrogenic stimulation in the absence of luteal proges-
terone [3, 7]. A critical requirement of postmenopause is thus to maintain serum E2 
at a concentration of 9.3 pg/ml or below [3, 8–13].
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As mentioned above, DHEA, after menopause, becomes the exclusive source 
of all intracellular estrogens and androgens needed for the normal functioning of 
individual tissues, including the vagina [6, 11, 14, 15]. Consequently, the decrease 
in DHEA availability with age is responsible for the sex steroid deficiency-
related menopausal symptoms which should logically be best corrected by 
replacing the cause of the problems, namely by replacement of the missing 
DHEA [3, 5, 7]. In fact, once the mechanisms of intracrinology controlling all 
sex steroids after menopause are known [3, 7, 14, 16], replacement with a physi-
ological amount of DHEA administered intravaginally for a strictly local action 
appears as the optimal therapeutic strategy [3, 7, 17] that provides both estrogens 
and androgens, the two missing sex steroids involved in the normal functioning 
of the vagina [11, 15].

With the cessation of estrogen secretion at menopause and the longer and longer 
life expectancy after menopause, it remains that both estrogens and androgens are 
essential for the normal functioning of most tissues during the whole life of women, 
including the vagina [11]. In this context, it should be mentioned that women are not 
only missing estrogens but have declining levels of androgens starting at the age of 
30 years with an average 60% decrease at time of menopause [9, 18, 19]. It should 
also be mentioned that postmenopausal women synthetize from DHEA in their 
peripheral tissues approximately 50% as much androgens as observed in men of the 
same age [6, 9, 11]. As a consequence of the low estrogenic and androgenic activi-
ties, the menopausal symptoms mentioned above have a major negative impact on 
the quality of life of the majority of postmenopausal women [20] and a proper cor-
rection of these symptoms requires both estrogenic and androgenic activity avail-
able only from treatment with DHEA.

Based upon this new understanding of the physiology of sex steroids in women, 
the objective was to develop a novel tissue-specific prohormone replacement ther-
apy using prasterone. Especially after intravaginal administration, this approach 
should provide the appropriate physiological amounts and ratios of androgens and 
estrogens only in the cells and tissues of the vagina in need of specific amounts of 
these two sex steroids, while avoiding exposure of the other tissues and the risk of 
systemic side effects.

The clinical efficacy and metabolism of intravaginal DHEA have been evaluated 
in six clinical studies, including three 12-week efficacy studies (ERC-210, ERC-
231, and ERC-238). This review is a combination of the efficacy data obtained in 
the three phase III clinical trials ERC-210 (NCT 01846442) [21, 22], ERC-231 
(NCT 01256684) [23] and ERC-238 (NCT 02013544) [24] IRB approval was 
obtained in all individual clinical trials. All studies were multicenter performed in 
the US and Canada, placebo-controlled, double-blind, and randomized phase III 
clinical trials aimed at analyzing the efficacy of 12-week daily intravaginal admin-
istration of 0.50% (6.5  mg) prasterone (DHEA) inserts, compared to placebo in 
postmenopausal women (Table 24.1).
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24.2	 �Results

As illustrated in Fig. 24.1, fairly close parallel effects on efficacy are observed in the 
three placebo-controlled, prospective, double-blind, and randomized 12-week clini-
cal trials ERC-210 [21, 22], ERC-231 [23], and ERC-238 [24]. Combination of the 
data thus gives similar values for the prasterone-induced changes between baseline 
and Week 12 as well as comparison with placebo using the ANCOVA test.

For parabasal cells, while decreases of 43.5%, 45.8%, and 29.5% were observed 
with prasterone over placebo in the three independent clinical trials, an average 
decrease of 35.1% (p < 0.0001 versus placebo) was observed in the integrated set of 
data (Fig. 24.1). Superficial cells, on the other hand, increased by 4.9%, 4.7%, and 
8.5% in studies ERC-210, ERC-231, and ERC-238, respectively (Fig. 24.2). When 
combining all data, an average 7.7% increase over placebo (p < 0.0001 versus pla-
cebo) was observed. Vaginal pH, the most easily accessible objective parameter of 
VVA, decreased by 0.99, 0.83, and 0.67 unit in the three above-mentioned clinical 
trials with a 0.72 pH unit decrease observed with prasterone over placebo in the 
combined set of data (p < 0.0001 versus placebo) (Fig. 24.3).

When the severity score of moderate to severe (MS) dyspareunia considered by 
women at baseline as their most bothersome symptom (MBS) of VVA is analyzed, 
decreases of −1.21, −0.40 and −0.35 score unit over placebo are observed in 

Table 24.1  Characteristics of the efficacy clinical studies performed with daily intravaginal 
0.50% prasterone ovules

Phase/Type

ERC-210 ERC-231 ERC-238

III/efficacy double-blind
III/efficacy 
double-blind

III/efficacy 
double-blind

Duration 12 weeks 12 weeks 12 weeks
Nb of sites (with 
subjects enrolled)

8 (2 US & 6 CDN) 30 (21 US & 9 
CDN)

38 (24 US & 14 
CDN)

Nb of women enrolled 218 (164 on DHEA) 255 (174 on DHEA) 558 (376 on DHEA)
Nb of women 
completed

199 (151 on DHEA) 222 (150 on DHEA) 527 (356 on 
DHEA)

Dose of prasteronea 0%, 0.25%, 0.50% and 
1.0%

0%, 0.25% and 
0.50%

0% and 0.50% (1:2 
ratio)

Most bothersome 
symptom (MBS) 
(moderate or severe)

Any of 3 VVA 
symptomsb

Pain at sexual activityc

Pain at sexual 
activity

Pain at sexual 
activity

CDN Canada, DHEA dehydroepiandrosterone, MBS most bothersome symptom, US United States, 
VVA vulvovaginal atrophy
a0% = placebo; 0.25% = 3.25 mg; 0.50% = 6.5 mg; 1.0% = 13 mg of prasterone (DHEA)
bPain at sexual activity, vaginal dryness or irritation/itching
cA post-hoc analysis was made on subset of women of the ITT population who had self-identified 
moderate to severe dyspareunia as MBS at baseline
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clinical trials ERC-210, ERC-231, and ERC-238, respectively, while an average 
decrease of −0.46 score unit (48.9% over placebo) (p < 0.0001) is observed in the 
combined set of data (Fig. 24.4).

Since a large proportion of women (about 80–85%) in studies ERC-231 and 
ERC-238 having MS/MBS dyspareunia also had MS vaginal dryness at baseline, it 
seemed important to analyze the data obtained on MS vaginal dryness, in agreement 
with the suggested importance of analyzing MS symptoms and not only MBS/MS 
symptoms in VVA studies [25].

For the 0.50% (6.5 mg) prasterone group (n = 62) of ERC-231, the mean severity 
score for vaginal dryness decreased from 2.37 ± 0.06 units at baseline to 0.92 ± 0.10 
unit at 12 weeks (p = 0.013 versus placebo). The improvement in ERC-231 was 0.43 
severity score unit (or 42%; p = 0.013 vs placebo) (data not shown). It is then of 
interest to see that of the 482 women in ERC-238 who had pain at sexual activity 
(dyspareunia) as their MBS VVA symptom at baseline, 283 (59%) women had mod-
erate and 122 (25%) had severe vaginal dryness. In the ANCOVA test, the difference 
due to treatment shows a 0.27 severity score unit superiority in ERC-238 of prasterone 
compared to placebo (+23.1%, p = 0.004 versus placebo) (data not shown).

It should be mentioned that in addition to the efficacy data on the maturation 
index, vaginal pH and VVA symptoms, at each visit in all studies, the physician or 
gynecologist performed a visual examination of the vagina with a speculum to eval-
uate the severity of the four main signs of VVA, namely vaginal secretions, vaginal 
epithelial thickness, vaginal epithelial integrity, and vaginal color. Highly 
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Fig. 24.1  Effect of daily intravaginal administration of 0.50% prasterone on the change in the 
percentage of parabasal cells from baseline to 12 weeks in clinical trials ERC-210 [22], ERC-231 
[23], and ERC-238 [24] (ITT population). The combined set of data are presented at right. Data are 
expressed as means ± SEM. The p values are for difference from baseline for the placebo group 
and difference from placebo for the DHEA group
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statistically significant effects of daily 0.50% prasterone were observed on these 
four parameters over placebo in all studies performed (p = 0.0002 or lower).

24.2.1	 �Acceptability of Vaginal Administration

There was a total of 373 women in the Per-Protocol population of ERC-238 who 
responded at the end of the study to a questionnaire on the acceptability of the appli-
cator in both treatment groups [26]. While it was planned that the applicator would 
be evaluated as suitable if at least 80% of participants have a global score ≤ 2 units, 
99% and 100% of participants had a score ≤ 2 units in the placebo and prasterone 
groups, respectively. When asked about “like and dislike the technique of drug 
administration,” 284 comments were positive, while 114 women gave no comment. 
Moreover, from 92–94% of women indicated that they were very confident to be 
able to use the applicator successfully in the future. The survey shows a high degree 
of satisfaction and of confidence to use the applicator successfully in the future [26].
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Fig. 24.2  Effect of daily intravaginal administration of 0.50% prasterone on the change in the 
percentage of superficial cells from baseline to 12 weeks in clinical trials ERC-210 [22], ERC-231 
[23], and ERC-238 [24] (ITT population). The combined set of data are presented at right. Data are 
expressed as means ± SEM. The p values are for difference from baseline for the placebo group 
and difference from placebo for the DHEA group
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24.2.2	 �Influence on the Male Partner

Sixty-six men having a partner treated with intravaginal prasterone and 34 others 
having a partner treated with placebo answered the questionnaires. Concerning the 
feeling of vaginal dryness of their female partner, the severity score following 
prasterone treatment improved by 81% (0.76 unit) over placebo (p = 0.0347). Thirty-
six percent of men having a partner treated with prasterone did not feel the vaginal 
dryness of the partner at the end of treatment compared to 7.8% in the placebo group. 
When analyzing the evaluation at 12 weeks compared to baseline, an improved score 
of 1.09 unit was the difference found for the prasterone group compared to 0.76 for 
the placebo group (p = 0.05 versus placebo). In the prasterone group, 36% of men 
scored very improved compared to 18% in the placebo group. No adverse event has 
been reported in male partners. Moreover, the male partner had a positive evaluation 
of the prasterone treatment received by his female partner [27].

24.2.3	 �Serum Steroids Remain Within Normal Values 
with Intravaginal DHEA

Whereas systemic and local estrogens have been the traditional treatment of VVA 
[28–31] the new understanding of sex steroid physiolgoy in women, namely intra-
crinology [14], has led to the demonstration that DHEA exerts not only estrogenic, 
but both estrogenic and androgenic action in the vagina [32, 33] (Table 24.2).
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Fig. 24.3  Effect of daily intravaginal administration of 0.50% prasterone on the change in vaginal 
pH from baseline to 12 weeks in clinical trials ERC-210 [22], ERC-231 [23], and ERC-238 [24] 
(ITT population). The combined set of data are presented at right. Data are expressed as means ± 
SEM. The p values are for difference from baseline for the placebo group and difference from 
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Fig. 24.4  Effect of daily intravaginal administration of 0.50% prasterone on the change from 
baseline to 12 weeks in the severity score of moderate to severe dyspareunia or pain at sexual activ-
ity considered as their most bothersome symptom by women at baseline in clinical trials ERC-210 
[22], ERC-231 [23], and ERC-238 [24] (ITT population). The combined set of data are presented 
at right. Data are expressed as means ± SEM. The p values are for difference from baseline for the 
placebo group and difference from placebo for the DHEA group

Table 24.2  Number of subjects with treatment-emergent adverse events equal or more common 
than 1% by primary system organ class and preferred term in women who received daily 0.50% 
prasterone or placebo (MedDRA Version 16.1) (Safety Population, Preferred Terms with an 
Incidence ≥1% in Any Treatment Group)

Primary system organ class Placebo n = 474 
(percentage)

0.50% DHEA (6.5 mg)a 
N = 1196 (percentage)Preferred termb

Number (%) of subjects with at least 
one TEAEc

226 (47.7) 627 (52.4)

Gastrointestinal disorders
 � Abdominal pain 14 (3.0) 21 (1.8)
 � Diarrhea 8 (1.7) 13 (1.1)
 � Nausea 14 (3.0) 19 (1.6)
General disorders and administration site complications
 � Application site discharge 16 (3.4) 99 (8.3)
 � Fatigue 6 (1.3) 7 (0.6)
Infections and infestations
 � Nasopharyngitis 22 (4.6) 40 (3.3)
 � Sinusitis 7 (1.5) 19 (1.6)
 � Urinary tract infection 21 (4.4) 57 (4.8)
Investigations

(continued)
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In an analysis integrating all data obtained in women aged 40–80 years enrolled 
with moderate to severe symptoms of vulvovaginal atrophy (VVA) who received 
daily intravaginal administration of 0.50% (6.5 mg) DHEA for 12 weeks (n = 723; 
ITT-S population) as compared with placebo (n = 266; ITT-S population), serum 
steroid levels (DHEA, DHEA-sulfate (DHEA-S), androst-5-ene-3β, 17β-diol 
(5-diol), testosterone, dihydrotestosterone (DHT), androstenedione (4-dione), 
estrone (E1), estradiol (E2), estrone sulfate (E1-S), androsterone glucuronide (ADT-
G), and androstane-3α, 17β-diol 17-glucuronide (3α-diol-17G)) were measured at 
Day 1 and Week 12 by liquid chromatography-tandem mass spectrometry (LC-
MS/MS) following validation performed according to the FDA guidelines 
[34–39].

In agreement with the mechanisms of intracrinology, all sex steroids remained 
well within normal postmenopausal values following administration of intravaginal 
DHEA. Serum estradiol, the most relevant sex steroid, was measured after 12 weeks 
of treatment at 3.36 pg/ml (cITT-S population) or 19% below the normal postmeno-
pausal value of 4.17  pg/ml. On the other hand, serum E1-S, the best recognized 
marker of global estrogenic activity has shown an average value of 209 pg/ml at 
12 weeks compared to 220 pg/ml in normal postmenopausal women. Moreover, 
serum ADT-G, the main metabolite of androgens, also remained well within normal 
postmenopausal values. The present data shows that a low daily intravaginal dose 
(6.5 mg) of DHEA (prasterone) which is efficacious on the symptoms and signs of 
VVA permits to achieve the desired local efficacy without systemic exposure, in 

Primary system organ class Placebo n = 474 
(percentage)

0.50% DHEA (6.5 mg)a 
N = 1196 (percentage)Preferred termb

 � Weight increased 6 (1.3) 21 (1.8)
Musculoskeletal and connective tissue disorders
 � Arthralgia 7 (1.5) 15 (1.3)
 � Back pain 11 (2.3) 15 (1.3)
 � Pain in extremity 6 (1.3) 8 (0.7)
Nervous system disorders
 � Headache 14 (3.0) 35 (2.9)
Reproductive system and breast disorders
 � Cervical dysplasia 6 (1.3) 21 (1.8)
 � Hot flush 13 (2.7) 32 (2.7)
 � Vaginal discharge 6 (1.3) 19 (1.6)
 � Vaginal hemorrhage 6 (1.3) 14 (1.2)
 � Vulvovaginal burning sensation 8 (1.7) 16 (1.3)
 � Vulvovaginal pruritus 8 (1.7) 17 (1.4)

aIncluding data of 0.50% DHEA (prasterone) doses from studies ERC-210, ERC-213, ERC-230 
(up to Week 16), ERC-231, ERC-234, and ERC-238
bSubjects were counted only once within each preferred term
cTEAE (treatment-emergent adverse event): Any event that starts or worsens after the start of study 
treatment through 30  days after the last dose of study treatment. (AEs coded with MedDRA 
version 16.1)

Table 24.2  (continued)
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agreement with the stringent mechanisms of menopause established after 500 mil-
lion years of evolution where each cell in each tissue is the master of its sex steroid 
exposure.

24.2.4	 �Sexual Function

Sexual dysfunction is a common problem with rates of up to 50% self-reported 
among women in community studies [40–42]. In the United States, it has been 
observed that 43% of women have sexual dysfunction of one type or another. The 
prevalence of sexual dysfunction increases after ovariectomy and with age [43, 44] 
with a higher incidence in postmenopausal women [45–48].

Our recent data have indicated the benefits of the local intravaginal action of 
DHEA on all domains of sexual dysfunction [49, 50], while the symptoms of VVA 
were also improved [21]. While it is recognized that estrogens improve the VVA 
symptoms by an action in the most superficial layer of the vagina, intravaginal 
DHEA improves both vaginal atrophy [21–23, 51] and sexual dysfunction [49, 50].

Study ERC-238 was a phase III, placebo-controlled, double-blind, prospective, 
and randomized study (NCT02013544, https://clinicaltrials.gov) having the pri-
mary objective to confirm the efficacy of daily intravaginal administration of 0.50% 
(6.5 mg) DHEA ovules (suppositories) for 12 weeks on moderate to severe (MS) 
pain at sexual activity as most bothersome symptom (MBS) of VVA as evaluated by 
a questionnaire and to evaluate, as secondary objective, the benefits on sexual dys-
function. Women were randomized in a 2:1 ratio between the 0.50% (6.5  mg) 
DHEA (prasterone) and placebo groups [52].

Placebo was administered daily to 157 women while 325 women received 0.50% 
(6.5 mg) DHEA daily for 12 weeks. All women were postmenopausal meeting the cri-
teria of VVA, namely moderate to severe dyspareunia as their most bothersome symp-
tom of VVA in addition to having ≤5% of vaginal superficial cells and vaginal pH > 5.0. 
The Female Sexual Function Index (FSFI) questionnaire was filled at baseline (screen-
ing and Day 1), 6 weeks, and 12 weeks. Comparison between DHEA and placebo of the 
changes from baseline to 12 weeks was made using the analysis of covariance test, with 
treatment group as the main factor and baseline value as the covariate.

The six domains and total score of the FSFI questionnaire were evaluated. The FSFI 
domain desire increased over placebo by 0.24 unit (+49.0%, p = 0.0105), arousal by 
0.42 unit (+56.8%, p = 0.0022), lubrication by 0.57 unit (+36.1%, p = 0.0005), orgasm 
by 0.32 unit (+33.0%, p = 0.047), satisfaction by 0.44 unit (+48.3%, p = 0.0012) and 
pain at sexual activity by 0.62 unit (+39.2%, p = 0.001). The total FSFI score, on the 
other hand, has shown a superiority of 2.59 units in the DHEA group over placebo or a 
41.3% greater change than placebo (p = 0.0006 over placebo).

The present data show that all the six domains of the FSFI are improved over 
placebo (from p = 0.047 to 0.0005), thus confirming the previously observed bene-
fits of intravaginal DHEA on female sexual dysfunction by an action exerted exclu-
sively at the level of the vagina, in the absence of biologically significant changes of 
serum steroids levels.
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While psychological factors are believed to play an important role in the loss of 
sexual desire/interest and arousal, many studies have reported a beneficial effect of 
androgens on sexual function in women [53–62]. These observations have resulted in 
an increased use of testosterone for this indication [63, 64], although some contro-
versy still exists concerning the efficacy of androgens on sexual dysfunction [65, 66].

There is growing evidence that low DHEA-S levels negatively correlate with 
sexual dysfunction in both pre- and postmenopausal women to a greater extent than 
testosterone levels [67–70]. Low serum DHEA has also been associated with 
increased sexual dysfunction over the menopausal transition [71]. In a study per-
formed in 560 women aged 19–65 years, a correlation has been observed between 
sexual desire and total and free testosterone, androstenedione and DHEA-S [72]. In 
women aged 45–65 years, androstenedione correlated with sexual desire. Globally, 
a correlation was found between circulating androgens and sexual desire.

The benefits of androgens have been observed when administered alone or in 
association with hormone replacement therapy (HRT) [60, 73–83]. In a placebo-
controlled trial performed in 60 postmenopausal women, testosterone therapy 
improved women’s sexual desire and mood without aromatization to estrogens [84]. 
Moreover, an aromatase inhibitor did not prevent the beneficial effects of testoster-
one propionate on sexual desire in postmenopausal women [85].

Of particular relevance to the beneficial effect of intravaginal DHEA on sexual 
dysfunction is the observation that nerve fibers are mainly located in the muscularis, 
a main site of action of androgens, and that treatment with testosterone increases the 
number and size of the nerve terminals in the rat vagina while estrogens and proges-
terone have no effect [86, 87]. Recently, treatment with DHEA, through its andro-
genic effect, but not estrogens, has shown an increase in the number and surface 
area of nerve fibers in the vagina of the rat [86, 88], thus providing a potential 
explanation for the benefits of treatment with intravaginal DHEA on sexual function 
in women [49, 50]. Most importantly, these benefits are achieved by an exclusive 
peripheral action of DHEA limited to the vagina with no biologically significant 
change in the serum levels of testosterone or other steroid, which remain well within 
the normal postmenopausal values [12, 89, 90].

In terms of mechanism of action, it is important to indicate, as mentioned earlier, 
that low libido and low coital frequency was not affected in postmenopausal women 
who received oral or percutaneous estrogens [91] even if a significant effect was 
observed on vaginal dryness and pain at intercourse, thus indicating a dissociation 
between the effect of estrogens on vaginal atrophy and sexual dysfunction [49]. 
Similar findings have been reported by Lobo et al. [56] and Gonzalez et al. [92]. In 
patients with both vaginal atrophy and FSD who were treated for 12 weeks with 
Premarin (conjugated equine estrogens) cream, Premarin + testosterone cream or 
placebo, an improvement in the sexuality score was observed only in the Premarin 
+ testosterone group while vaginal atrophy was improved in both the Premarin and 
Premarin + testosterone groups [93].

Although the role of psychological, biological, and interpersonal factors in sex-
ual function is a matter of debate [94], the present data clearly show that local intra-
vaginal changes induced by DHEA (prasterone) can exert beneficial effects on all 
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aspects of sexual function, including desire/interest, a characteristic component of 
brain function. It thus seems possible that increased favorable outputs from a health-
ier vaginal mucosa could influence the brain to express increased desire/interest 
without the need for a direct action of hormones on the brain.

24.2.5	 �No Effect of DHEA on the Endometrium: Safety: No Drug-
Related Effect of Intravaginal DHEA Except Application 
Site Discharge

As shown in Table 24.2 which indicates all treatment-emergent (which occurred 
from any cause during treatment) adverse events by primary system organ class and 
preferred term, no adverse event which could be reasonably considered drug-related 
was observed. This table indicates the adverse reactions of equal or more common 
occurrence than ≥1% in subjects who received intravaginal 0.50% prasterone 
(6.5 mg) or placebo. Application site discharge, the only observation with a higher 
incidence in the prasterone group, is likely due to melting of the hard fat used as 
vehicle of prasterone added to increased vaginal secretions secondary to treatment. 
Out of 1542 women who received intravaginal prasterone (3.25–13  mg), 0.45% 
(n = 7) discontinued due to this effect.

An atrophic or inactive endometrium was observed in all 668 non-hysterectomized 
women treated for 12 weeks or longer with intravaginal prasterone, including 389 
treated for 1 year with a daily dose of 6.5 mg prasterone [95].

Since the menopausal symptoms and signs caused by sex steroid deficiency are 
such a recent phenomenon, evolution did not have the required time to build the 
proper feedback mechanisms able to increase DHEA secretion in response to 
decreased concentrations of circulating DHEA. Medicine, however, should succeed 
in replacing the sex steroid precursor, namely DHEA, which becomes progressively 
deficient during the extended years of life. The advantage of sex steroid medicine is 
that accurate assays of estrogens and androgens are available [37–39] and specific 
replacement therapy can be achieved with precision once the sex steroid deficiency 
has been well identified. The situation of postmenopause is somewhat facilitated by 
the fact that DHEA is the unique source of both estrogens and androgens after 
menopause [6, 90] and properly replacing DHEA can correct the deficiency in both 
sex steroids.

At menopause, or at the end of the reproductive years, the secretion of E2 by the 
ovaries usually stops within a period of 6–12 months. Thereafter, throughout post-
menopause, serum E2 remains at biologically inactive concentrations or below the 
95th centile of normal postmenopausal values, namely at or below 9.3 pg/ml [90], 
and not 20 pg/ml as frequently used based upon values obtained by immuno-based 
assays lacking specificity, thus giving approximately 100% higher values than the 
accurate mass spectrometry (MS)-based assays. This difference is due to unidenti-
fied compounds other than E2, which interfere in the less specific assays. The main-
tenance of serum E2 at low biologically inactive concentrations eliminates 
stimulation of the endometrium and avoids the risk of endometrial cancer [96].
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The normal blood estrogen concentrations in women treated with physiological 
amounts of DHEA are not different from the situation observed in about 25% of normal 
postmenopausal women who have sufficiently high endogenous DHEA activity to 
avoid the symptoms of menopause: these women are not symptomatic and, conse-
quently, do not need DHEA replacement. The administration of intravaginal DHEA 
permits to increase DHEA availability locally in the vagina where the symptoms of sex 
steroid deficiency are present, especially pain at sexual activity and vaginal dryness. The 
local addition of exogenous DHEA permits to compensate for the absence of a specific 
stimulator of DHEA secretion when serum DHEA decreases and becomes 
symptomatic.
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25.1	 �Introduction

The female pelvic floor undergoes a large number of adaptive changes, related to 
life and endocrine events. The injuries and functional modifications of female pel-
vic floor due to pregnancy, life events, and aging are associated with several changes 
that may predispose to pelvic floor dysfunctions (PFD). Pelvic floor dysfunction 
globally affects micturition, defecation, and sexual activity and their incidence 
increases dramatically with age and menopause. Lower urinary tract dysfunctions, 
such as urinary incontinence (UI), detrusor overactivity (DO), overactive bladder 
syndrome (OAB), recurrent urinary tract infections (UTI), are prevalent in elderly 
women. These conditions can interfere with daily life and can lead to negative 
effects on health-related quality of life. Lower urinary tract symptoms and urinary 
incontinence have been associated with both systemic aging and menopause.

25.2	 �Bladder Aging: Functional and Structural Changes

Recent data suggest that several physiological and pathological bladder changes 
that frequently occur with aging are closely related to OAB.  The International 
Continence Society defines overactive bladder syndrome (OAB) as urinary urgency, 
with or without urgency incontinence, usually with frequency and nocturia, in the 
absence of infection or other pathology [1]. With aging, the adaptive mechanisms 
that are able to adjust the functional bladder capacity to urine production become 
less evident. The bladder sensation and ability to empty the bladder seem to decrease 
with advancing age as a possible consequence of neuronal loss and remodeling of 
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the bladder and urethra [2]. In women suffering from lower urinary tract symptoms 
(LUTS), there is a persistent correlation between age and terminal detrusor overac-
tivity and a reduction of the functional bladder capacity. These age related changes 
have also been detected at urodynamic testing [3]. From bladder structure point of 
view it seems that aging is associated with several changes in bladder properties. In 
bladders from OAB patients, an atypical pattern consisting of widened spaces 
between cells, reduction of intermediate cell junctions, increase of protrusion junc-
tions and ultra close cell abutments was observed [4]. Some studies have showed the 
relationship between aging, oxidative stress, inflammation, and bladder dysfunc-
tions [5, 6]. There is evidence that chronic bladder age related ischemia and oxida-
tive stress in the elderly may be important factors contributing to the development 
of LUTS but the association between cardiovascular risk factors (such as diabetes 
mellitus, hypertension, nicotine use, and hyperlipidemia) and OAB has been studied 
only recently [2]. From this point of view therapeutic strategies such as improve-
ment of LUT perfusion and control of oxidative stress may have beneficial effect.

25.3	 �Menopause, Estrogens, and Lower Urinary Tract

Most of the clinical manifestations of the bladder age-related changes become evi-
dent after menopause. The female genital and lower urinary tracts share a common 
embryological origin, arising from the urogenital sinus and both are sensitive to the 
effects of the female sex steroid hormones. Estrogen and progesterone receptors 
are present in the vagina, urethra, bladder, and pelvic floor musculature [7]. The 
genitourinary syndrome of menopause (GSM) is a new term that describes various 
menopausal symptoms and signs associated with physical changes of the vulva, 
vagina, and lower urinary tract. The GSM includes not only genital symptoms 
(dryness, burning, and irritation) and sexual symptoms (lack of lubrication, dis-
comfort or pain, and impaired function), but also urinary symptoms (urgency, dys-
uria, and recurrent urinary tract infections [UTI]) [8]. Low levels of circulating 
estrogen after menopause result in physiologic, biologic, and clinical changes in 
the urogenital tissues. Urinary frequency and urgency are common midlife com-
plaints; incontinence occurs in 15–35% of women over 60  years of age [9]. 
Recurrent UTI can affect postmenopausal women. This condition is attributable to 
impairment of bladder emptying with an increase in residual volume, to the pres-
ence of fecal and urinary incontinence and to the changes in vaginal flora, increased 
pH and change in the microbiome. These microbiological changes may be reversed 
with estrogen replacement following the menopause, offering a rationale for treat-
ment and prophylaxis [10–12]. There is considerable evidence to support the use of 
systemic and local estrogen therapy in the management of lower urinary tract dys-
function. Particularly estrogen therapy is effective for the treatment of urge urinary 
incontinence, overactive bladder, and it can reduce the recurrence of urinary tract 
infections [13, 14]. There is evidence to show that estrogen deficiency may increase 
the risk of developing OAB following the menopause and estrogen replacement 
may lead to an improvement in physiological voiding function whilst reducing the 
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risk of developing symptoms of overactive bladder [14]. The role of estrogens 
remains controversial as a beneficial effect on stress urinary incontinence. Estrogen 
therapy has been shown to lead to a reduction in total collagen concentration; this 
reduction in both quantity and strength of collagen may weaken bladder neck sup-
port and hence increase the risk of developing stress incontinence [15]. There is 
currently no role for systemic estrogen therapy in women with pure stress urinary 
incontinence [16].

25.4	 �Urinary Incontinence and Aging

According to the definition of the International Continence Society (ICS), UI “is the 
complaint of any involuntary leakage of urine.” Urgency urinary incontinence is 
defined as involuntary leakage of urine, accompanied or immediately preceded by 
urgency. Stress urinary incontinence is the complaint of involuntary leakage on effort 
or exertion or sneezing or coughing. Mixed urinary incontinence encompasses over-
active bladder syndrome and stress urinary incontinence. The complaint is of involun-
tary leakage associated with urgency and with exertion, effort, sneezing, or coughing 
[1]. Prevalence and severity of urinary incontinence increase with age.

•	 Overactive bladder syndrome

Overactive bladder syndrome is urinary urgency, with or without urgency incon-
tinence, usually with increased daytime frequency and nocturia, if there is no proven 
infection or obvious pathology [1]. There is evidence to show that estrogen defi-
ciency may increase the risk of developing OAB following the menopause [12]. The 
prevalence of overactive bladder syndrome increases with age (19.1% in women 
between 65 and 74 years of age) [17]. A wide range of treatments for OAB exists. 
According to the International Consultation on Incontinence (ICI) recommenda-
tions, initial management should start with conservative treatment modalities [18]. 
Behavior modification, which includes education about the disorder, lifestyle 
changes (such as avoiding caffeinated beverages, for example), as well as pelvic 
floor muscle training and bladder retraining, represent the first-line therapy options 
for this condition. Drug should be initiated after conservative methods have been 
tried and antimuscarinic drugs, combined with local estrogens, constitute first-line 
medical treatment in postmenopausal women with symptoms suggestive of an over-
active bladder [16]. Antimuscarinic agents may be associated with adverse effects. 
The human bladder tissue, the brain, the salivary glands, the cardiovascular system, 
and the eye contain muscarinic receptors. As a result, antimuscarinic agents are 
effective in treating OAB symptoms, but they may also be associated with adverse 
effects such as dry mouth, constipation, cognitive impairment, tachycardia, and 
blurred vision. These side effects are not uncommon and may lead to failure of treat-
ment due to people stopping the use of the drugs. The use of these medications is 
contraindicated in patients with narrow-angle glaucoma, urinary retention, or gas-
tric retention. Newer generation drugs such as solifenacin and fesoterodine have 
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been shown to be more efficacious than tolterodine [19]. A Beta-3 adrenergic ago-
nist (Mirabegron) has been introduced as a means of medical management of over-
active bladder syndrome. It is a safe, effective, and well-tolerated new class of drug. 
Mirabegron has a particular affinity for β3 adrenoceptors and improves the storage 
capacity of the bladder with little effect on the contractile ability of the bladder [20]. 
Mirabegron can improve the symptom in patients who had not adequate response to 
antimuscarinics and its tolerability profile offers potential to improve patients’ 
adherence with treatment for OAB.

In case conservative management and medical treatment are not successful after 
8–12 weeks, specialized management should be considered [18]. According to the 
American Urology Association and European Urology Association guidelines rec-
ommendations, OnabotulinumtoxinA intravesical injection and neuromodulation 
are considered the third-line treatments for patients without response to medical 
treatment [21]. OnabotulinumtoxinA is a neurotoxin that inhibits acetylcholine 
release from presynaptic neurons with decrease in acetylcholine availability in the 
neuromuscular junction and detrusor paralysis. The technique involves injection of 
onabotulinum-A in multiple sites throughout the bladder wall, avoiding injecting 
the trigone. This technique is being increasingly used to treat severe overactive 
bladder refractory to standard management both for neurogenic and idiopathic over-
active bladder. The most frequent adverse effects following the administration of the 
toxin are urinary retention and urinary tract infection. The duration of effect of botu-
linum toxin type A may range from 3 to 12 months. Intravesical botulinum toxin 
appears to be an effective therapy for refractory OAB symptoms, but as yet little 
controlled trial data exist on benefits and safety compared with other interventions, 
or with placebo [22]. Sacral nerve stimulation can be used as an alternative to botu-
linum injections in patients who are dissatisfied or in whom such treatment with 
botulinum toxin-A treatment fails [17]. Sacral nerve stimulation follows a test phase 
with temporary electrodes placed next to the S3 sacral nerve root. If sufficient 
symptomatic improvement is given, the definitive electrode can be placed, with a 
subcutaneous stimulator. Incontinence episodes and voiding frequency are both 
reduced while receiving sacral nerve stimulation, with a significative improvement 
of quality of life [23]. Percutaneous tibial nerve stimulation (PTNS) is a form of 
peripheral neuromodulation. PTNS uses a removable device with a fine needle, pen-
etrating the skin at the level of the posterior tibial nerve two fingers above the mal-
leolus medialis of the ankle. The indication of proximity to the nerve is the 
observation for intrinsic foot muscle contraction. The stimulus is applied for half an 
hour. Treatment is repeated at weekly intervals. There is strong evidence for the 
efficacy of PTNS on frequency and urgency urinary incontinence and limited evi-
dence for nocturia and urgency. Efficacy is comparable to that seen with antimusca-
rinics, but with fewer adverse effects.

�Conclusion

Recent data point that several physiological and pathological modifications that 
frequently occur with aging, such us chronic bladder ischemia and oxidative 
stress, are closely related to the development of LUTS, particularly to 
OAB. Additionally, it is highlighted that the low levels of circulating estrogen 
after menopause are an important contributor to the development of structural 
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changes associated with bladder overactivity and aging. Estrogen therapy is 
effective for the treatment of urge urinary incontinence, overactive bladder, and 
it can reduce the recurrence of urinary tract infections. Local estrogen therapy 
and behavior modification is a safe and effective first-line approach to lower 
urinary tract dysfunction in postmenopausal women. Drugs (antimuscarinic 
agents or beta-3 adrenergic agonist) should be initiated after conservative meth-
ods and should be combined with local estrogens. OnabotulinumtoxinA intra-
vesical injection and neuromodulation are considered the third-line treatments, 
for patients without response or with contraindication to medical treatment.
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26When is Tubectomy and When 
Ovarectomy/Adnexectomy Indicated 
at Necessary Hysterectomies Beyond 
the Reproductive Age?

Liselotte Mettler

26.1	 �Tubectomy

Prophylactic bilateral salpingectomy (PBS) without ovariectomy has been proposed 
as a new preventive approach to reduce the risk of sporadic neoplasia [1, 2] in 
women at average risk of ovarian cancer [3], without exposing these patients to the 
adverse effects of iatrogenic premature menopause.

Even if opinions vary regarding short- and long-term outcomes of PBS [4], con-
sistent preliminary data demonstrated its safety both in terms of ovarian reserve 
preservation and surgical complication [5, 6]; moreover, several authors have shown 
a significant reduction in OC risk among women with previous bilateral salpingec-
tomy compared to tubal preservation [7, 8] or unilateral salpingectomy [8].

A 2011 position paper by the Society of Gynecologic Oncology of Canada [3] 
encouraged physicians to discuss the risks and benefits of PBS at the time of hyster-
ectomy or tubal ligation with women at average risk for OC and this recommenda-
tion has been confirmed in 2015 by the American College of Obstetricians and 
Gynecologists [3].

The advantage of PBS has been estimated also in terms of cost-effectiveness. 
A  recent analysis on PBS (elective salpingectomy at hysterectomy or instead of 
tubal ligation) showed that salpingectomy with hysterectomy for benign conditions 
will reduce ovarian cancer risk at acceptable cost and is a cost-effective alternative 
to tubal ligation for sterilization [9].
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26.1.1	 �Salpingectomy/Permanent Contraception

Surgical sterilization is the most used method worldwide involving 8.1% of the 15- 
to 49-year-old married women in developed countries, and 22.3% of women of 
reproductive age in less-developed countries [10].

Surgical sterilization is often achieved by resection (i.e., during a Cesarean section) 
or laparoscopic coagulation of the isthmic portion of the fallopian tube (FT). The rem-
nant segment of the transected tube, however, frequently exhibits histological modifi-
cations that led to unsuccessful micro-reanastomotic procedures [11]; the most 
successful contraception, moreover, is recognized to be obtained by total salpingec-
tomy [12].

For those of women (1–2%) who regret the previous decision for sterilization for 
any reason, it was demonstrated that the best method to obtain a pregnancy would 
be IVF [13], so that bilateral salpingectomy doesn’t have any disadvantages in this 
population of women, while tubal preservation with subsequent tubal disease, defin-
itively impair the implantation of transferred embryos [14].

Hysteroscopic sterilization was recently introduced as an attempt to provide a 
less invasive but similarly effective alternative to the abdominal approach. Current 
methodologies, unfortunately, have limitations that make the procedure less promis-
ing than expected [15].

Considering the new theory on ovarian cancer (OC) pathogenesis, even if also 
tubal ligation seems to reduce the risk of epithelial ovarian cancer (EOC) of 33% 
both in no-BRCA1 [16] and BRCA1 carriers [17, 18], recent data demonstrated that 
excisional tubal sterilization confers greater risk reduction (64%) than other meth-
ods [19], thus representing the more advisable sterilization procedure to be adopted 
in the clinical practice.

Bilateral salpingectomy, indeed, would offer to those women requesting for per-
manent contraception not only the absolute prevention of intrauterine pregnancies 
and the almost complete elimination of tubal pregnancies, but also protection 
against EOCs, further providing the chance to assess, along the years, the efficacy 
of this risk-reducing procedure [10]. With increasing reports on adnexal malignan-
cies after the reproductive age the question whether to leave tubes and ovaries inside 
at hysterectomies became more and more important.

26.2	 �Single Center Study on Tubectomies 
and Partly Ovarectomies

Out of 1.014 laparoscopic hysterectomies performed between 2008 and 2015 at the 
Department of Obstetrics & Gynecology at the University in Kiel, Germany, 378 
Subtotal (SLH) and Total Laparoscopic Hysterectomies (TLH), partially performed 
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by conventional laparoscopic and partially by robotic assisted laparoscopic surgery 
resulted to be in females beyond the age of 50 years.

26.2.1	 �Methods

In 212 SLH and 166 TLH performed in females after the age of 50 years who were 
pre-menopausal or after the menopause all fallopian tubes were resected while only 
in 146 patients bilateral ovarectomy was performed.

26.2.2	 �Patients and Results

Neither intraoperatively nor in the consecutive 6 years any tubal or ovarian malig-
nancy was detected at a retrospective evaluation of this patient collective.

26.2.3	 �Conclusions on Salpingectomies

While bilateral tubectomy at hysterectomy is an accepted fact to prevent adenocar-
cinomas of tubes and ovaries, the question of ovarectomies before the age of 65 is 
discussable. As ovaries also possess other function than estrogen and progesterone 
production their resection has to be considered individually in cases of normally 
looking ovaries. In our 232 patients were the ovaries remained at hysterectomy—all 
patients had no family history of cancer—in the whole observation period of 6 years 
no genital malignancies occurred.

Recently, the origin of “epithelial ovarian cancer” has been questioned. The 
ovary contains no epithelial cells and metaplasia of surface Müllerian cells to epi-
thelial cells has been hypothesized to explain the types of epithelial ovarian cancer: 
serous, mucinous, and endometriod. The origin of epithelial ovarian cancer in the 
fallopian tubes is subjected at present to many studies and supports the resection of 
the fallopian tubes at hysterectomy as a required medical performance beyond the 
reproductive age.

The new proposed theory shifts the early events of carcinogenesis to the FT 
instead of the ovary [20], suggesting that types II tumors derive from the epithe-
lium of the fallopian tube, whereas clear cell and endometrioid tumors derive 
from endometrial tissue that migrate to the ovary by retrograde menstruation [21]. 
These observations have been mainly collected from women carrying BRCA1/2 
mutations and undergoing prophylactic salpingo-oophorectomy, in which most of 
the incidentally diagnosed in situ carcinomas or intraepithelial precursors of 
cancers (STIC) were detected not in the ovary but in the fimbrial end of the FT 
[22–24] (Fig 26.1).
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26.3	 �Ovariectomies/Adnexectomies

While together with ovariectomies both tubes are often also resected a tubectomy is 
a must with any indicated ovariectomy in nonmalignant cases.

In order to prevent the subsequent development of ovarian cancer prophylactic 
ovariectomy was first proposed in the 1970s. This proposal led to approximately 
250,000 US females having normal ovaries removed at the time of hysterectomy for 
benign disease every year in the United States of America.

However, endocrine studies first performed in the 1970s and subsequently con-
firmed, showed that the ovaries continue to produce androgens which are converted 
to estrone throughout a woman’s lifetime [25, 26].

In 2013, an analysis of the Nurses’ Health Study cohort examined health out-
comes after 28 years of follow-up for 16,873 (56.3%) women who had a hysterec-
tomy with bilateral oophorectomy for benign disease and 13,113 (43.7%) women 
who had a hysterectomy with ovarian conservation [27]. Although oophorectomy 
was associated with a much lower mortality from ovarian cancer, less than 1% of the 
women with ovarian conservation died of ovarian cancer. In contrast, more women 
who had bilateral oophorectomy died from lung cancer (HR  =  1.32), colorectal 
cancer (HR  =  1.56), total cancers (HR  =  1.18), and coronary heart disease 
(HR = 1.26) when compared with women who had ovarian conservation. Importantly, 
at no age was oophorectomy associated with an increased survival.

Studies from the Mayo Clinic had similar findings; women who had bilateral 
oophorectomy before age 45 had a 44% increased risk of cardiovascular mortality 
[28]. Rocca et  al. showed higher risks of anxiety/depression, dementia/cognitive 
impairment, and Parkinsonism in women who had their ovaries removed [29]. In 
addition, after oophorectomy about 90% of premenopausal women will have vaso-
motor symptoms and many women will also experience mood changes, a decline in 
well-being, a decrease in sexual desire, sleep disturbances, and headaches [30, 31]. 

Fig. 26.1  Histologic view 
of a serous tubal 
intraepithelial cancer 
(STIC)
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Additionally, vaginal dryness, painful intercourse, bladder dysfunction, and symp-
toms of depression may occur [32, 33].

In both the NHS and Mayo studies, these detrimental effects on health outcomes 
were not seen in women who took estrogen following oophorectomy. Therefore, 
some gynecologists have suggested that oophorectomy be performed at the time of 
hysterectomy for benign disease and these women be given prescriptions for meno-
pausal hormone therapy and statins to ward off harmful cardiovascular effects. But 
studies show that within 5 years of a first prescription, only 17% of women continue 
to take estrogen and fewer than 18% are still taking statins [34].

Recently, the origin of “epithelial ovarian cancer” has been questioned. 
Interestingly, the ovary contains no epithelial cells and metaplasia of surface 
Müllerian cells to epithelial cells has been hypothesized to explain the types of epi-
thelial ovarian cancer: serous, mucinous, and endometriod. With careful pathologic 
analysis of ovaries and tubes removed from BRCA positive women, precursor 
lesions called serous tubal intra-epithelial cancer (STIC) have been found in the fal-
lopian tubes, but no such precursor lesions have been found in the ovary. STIC 
lesions have the same p53 mutations as found in high-grade serous “ovarian” can-
cers. The more indolent and treatable Stage I low grade cancers, found rarely inside 
the ovary do not have these p53 mutations. Astonishingly, the deadly form of ovar-
ian cancer does not come from the ovary. Most aggressive “ovarian” cancers are, in 
fact, tubal cancers [21].

Bilateral salpingectomy has been proposed as an alternative to oophorectomy, as 
it removes the source of aggressive cancers but conserves functioning ovaries. 
Interestingly, a recent study found that women having hysterectomy and salpingec-
tomy had similar sonographically measured antral follicle counts, mean ovarian 
diameters, and similar blood levels of AMH and FSH. Therefore, it appears that the 
ovaries function normally after salpingectomy.

26.4	 �Adnexal Torsion

In pre-menopausal women, detorsion of the adnexa even in apparently severely 
injured ovaries can be accomplished with good recovery of ovarian follicles and 
hormonal function. The not infrequent black–blue appearance of a torsed adnexa 
results from venous and lymphatic stasis, but some blood supply continues from the 
ovarian or uterine artery [35]. Some studies suggest that time from the onset of pain 
to de-torsion best predicts viability of the ovary. One study found evidence of necro-
sis on microscopy only after 48  hours following the onset of pelvic pain [36]. 
Eighteen young women, ages 23–35, undergoing in-vitro fertilization and ovarian 
stimulation, were studied with sonography following detorsion of the adnexa [37]. 
There was no difference in mean antral follicle counts when the detorsed ovary was 
compared with the contra-lateral ovary at 6 months following surgery.

Oophorectomy is indicated when the mass is considered suspicious for a neo-
plastic lesion. Criteria for suspicious lesions include a high initial morphology 
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index, increasing size or complexity on serial sonography over a 6- to 12-week time 
period, or an elevated CA-125 in a postmenopausal woman.

It is well known that most ovarian tumors, even those with morphologic com-
plexity, resolve over time. However, tumors that have an increase in MI over time 
should be considered for surgical exploration, oophorectomy, frozen section, and 
surgical staging if malignancy is found.

26.4.1	 �Association of Ovariectomy to Breast and Colon Cancer

Women with BRCA 1 have 40% risk of having ovarian cancer in their lifetime and 
BRCA 2 confers a 20% lifetime risk. Women with a BRCA 1 mutation have an 
increased risk of ovarian/tubal cancer as early as age 35, and 2–3% of these women 
will develop ovarian cancer by age 40. The risk of women with the BRCA2 muta-
tion developing ovarian/tubal cancer occurs about one decade later [38]. Women 
with Lynch Syndrome, especially those with the MSH2 gene, have a lifetime risk of 
ovarian cancer of 33% and they also have a 40–60% risk of developing endometrial 
cancer.

In a BRCA positive woman, oophorectomy, or more correctly, adnexectomy, 
reduces the risks of ovarian/tubal cancer to less than 3%. Current recommendations 
suggest adnexectomy at the completion of child-bearing or: for BRCA 1, before age 
35–40; for BRCA 2, before age 50; for Lynch Syndrome, adnexectomy and hyster-
ectomy before age 40 [39].

26.4.2	 �Large Ovarian Masses, Endometriosis, and Oophorectomy

For women with severe, symptomatic endometriosis unresponsive to conservative 
management, bilateral oophorectomy concurrent with hysterectomy may decrease 
recurrent or persistent symptoms and the need for reoperation [40]. One study of 
women with symptomatic endometriosis compared outcomes between women who 
had a hysterectomy with ovarian conservation and women who had a hysterectomy 
with concurrent bilateral oophorectomy [41]. In the women who had ovarian con-
servation, 18/29 (62%) had recurrent pain and 9/29 (31%) required reoperation. In 
the group of women, who had both ovaries removed, 11/109 (10%) had recurrent 
pain and 4/109 (4%) required reoperation.

Another study of women with endometriosis found that of the 47 women who 
had a hysterectomy with ovarian conservation, 9 (19%) required further surgery 
over the 7 years of follow-up [42]. Of the 50 women who had a hysterectomy with 
bilateral oophorectomy, only 4 (8%) required reoperation. Preservation of both ova-
ries doubled the risk of reoperation regardless of the patient’s age. Nevertheless, 
given the problems associated with early menopause, the authors recommended that 
for women younger than 40 years, hysterectomy with ovarian conservation should 
be considered. In patients with endometriosis and ovarian cysts (Fig. 26.2) partial 
ovarian resection or ovarectomy depends on symptoms as abdominal pain, 
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dysmenorrhea, and dyspareunia as well as on the stage of endometriosis. Beyond 
the reproductive age an adnexectomy may be preferable.

Some women may be symptomatic from larger cysts, or they may not be com-
fortable with, or available for, close follow-up. For these women, surgery may be 
indicated. There is some evidence for removal of endometriomas, that ovarian func-
tion decreases after removal of cysts >4 cm when compared with cystectomy for 
cysts smaller than 4 cm [43]. However, a review of the literature found no studies 
showing loss of ovarian function related to the size of cyst removed. It may be pru-
dent to conserve ovarian tissue even in large cysts clearly thought to be benign.

26.5	 �Summary

Tubectomy and ovarectomy at the time of hysterectomies are being reconsidered. 
While ovarectomy decreases definitely the long-term health outcome of females the 
ovarian conservation is advised till the age of 65 years. Adnexal torsion can usually 
treated better by detorsion than by adnexectomy. However, in cases of endometrio-
sis ovarectomy does decrease necessary repeat surgeries.

Bilateral tubectomy should be performed in cases of hysterectomy at any age, 
carefully and not compromising the vascular supply of the ovaries. In addition, 
tubectomy definitely serves for permanent contraception. Living in the time of suc-
cessful uterine transplantations even tubectomy might be reconsidered in a different 
way in the medical literature.

a b

c

A B c

Fig. 26.2  Endoscopic image of endometriosis EEC stage I (a) EEC stage II (b) EEC stage III (c) 
A-frozen pelvis, B-right ovarian endometrioma, C-right ovarian endometrioma to be enucleated

26  When is Tubectomy and When Ovarectomy/Adnexectomy Indicated



300

References

	 1.	Parker WH, Broder MS, Chang E, Feskanich D, Farquhar C, Liu Z et al (2009 May) Ovarian 
conservation at the time of hysterectomy and long-term health outcomes in the nurses’ health 
study. Obstet Gynecol 113(5):1027–1037

	 2.	McAlpine JN, Hanley GE, Woo MM, Tone AA, Rozenberg N, Swenerton KD et al (2014) 
Opportunistic salpingectomy: uptake, risks, and complications of a regional initiative for ovar-
ian cancer prevention. Am J Obstet Gynecol 210(5):471e1–471e11

	 3.	Harris AL (2015) Salpingectomy and ovarian cancer prevention. Nurs Womens Health 
19(6):543–549

	 4.	Tone A, McAlpine J, Finlayson S, Gilks CB, Heywood M, Huntsman D et al (2012) It sounded 
like a good idea at the time. J Obstet Gynaecol Can 34(12):1127–1130

	 5.	Morelli M, Venturella R, Mocciaro R, Di Cello A, Rania E, Lico D et al (2013) Prophylactic 
salpingectomy in premenopausal low-risk women for ovarian cancer: primum non nocere. 
Gynecol Oncol 129(3):448–451

	 6.	Reade CJ, Finlayson S, McAlpine J, Tone AA, Fung-Kee-Fung M, Ferguson SE (2013) Risk-
reducing salpingectomy in Canada: a survey of obstetrician-gynaecologists. J Obstet Gynaecol 
Can 35(7):627–634

	 7.	Zhou B, Sun Q, Cong R, Gu H, Tang N, Yang L et al (2008) Hormone replacement therapy and 
ovarian cancer risk: a meta-analysis. Gynecol Oncol 108(3):641–651

	 8.	Falconer H, Yin L, Gronberg H, Altman D (2015) Ovarian cancer risk after salpingectomy: a 
nationwide population-based study. J Natl Cancer Inst 107(2):dju410

	 9.	Kwon JS, McAlpine JN, Hanley GE, Finlayson SJ, Cohen T, Miller DM et al (2015) Costs 
and benefits of opportunistic salpingectomy as an ovarian cancer prevention strategy. Obstet 
Gynecol 125(2):338–345

	10.	Dietl J, Wischhusen J, Hauslert SFM (2011) The post-reproductive fallopian tube: better 
removed? Hum Reprod 11:2918–2924

	11.	Stock RJ (1983) Histopathologic changes in fallopian tubes subsequent to sterilization proce-
dures. Int J Gynecol Pathol 2(1):13–27

	12.	Bartz D, Greenberg JA (2008) Sterilization in the United States. Rev Obstet Gynecol 
1(1):23–32

	13.	Boeckxstaens A, Devroey P, Collins J, Tournaye H (2007) Getting pregnant after tubal steril-
ization: surgical reversal or IVF? Hum Reprod 22(10):2660–2664

	14.	Cakmak H, Taylor HS (2011) Implantation failure: molecular mechanisms and clinical treat-
ment. Hum Reprod Update 17(2):242–253

	15.	Creinin MD, Zite N (2014) Female tubal sterilization: the time has come to routinely consider 
removal. Obstet Gynecol 124(3):596–599

	16.	Cibula D, Widschwendter M, Majek O, Dusek L (2011) Tubal ligation and the risk of ovarian 
cancer: review and meta-analysis. Hum Reprod Update 17(1):55–67

	17.	Antoniou AC, Rookus M, Andrieu N, Brohet R, Chang-Claude J, Peock S et  al (2009) 
Reproductive and hormonal factors, and ovarian cancer risk for BRCA1 and BRCA2 muta-
tion carriers: results from the international BRCA1/2 carrier cohort study. Cancer Epidemiol 
Biomark Prev 18(2):601–610

	18.	Narod SA, Sun P, Ghadirian P, Lynch H, Isaacs C, Garber J et al (2001) Tubal ligation and risk 
of ovarian cancer in carriers of BRCA1 or BRCA2 mutations: a case-control study. Lancet 
357(9267):1467–1470

	19.	Lessard-Anderson CR, Handlogten KS, Molitor RJ, Dowdy SC, Cliby WA, Weaver AL et al 
(2014) Effect of tubal sterilization technique on risk of serous epithelial ovarian and primary 
peritoneal carcinoma. Gynecol Oncol 135(3):423–427

	20.	Kurman RJ, Shih IM (2011) Molecular pathogenesis and extraovarian origin of epithelial ovar-
ian cancer--shifting the paradigm. Hum Pathol 42(7):918–931

	21.	Kurman RJ, Shih IM (2010) The origin and pathogenesis of epithelial ovarian cancer: a pro-
posed unifying theory. Am J Surg Pathol 34(3):433–443

	22.	Crum CP, Drapkin R, Kindelberger D, Medeiros F, Miron A, Lee Y (2007) Lessons from 
BRCA: the tubal fimbria emerges as an origin for pelvic serous cancer. Clin Med Res 
5(1):35–44

L. Mettler



301

	23.	Manchanda R, Abdelraheim A, Johnson M, Rosenthal AN, Benjamin E, Brunell C et al (2011) 
Outcome of risk-reducing salpingo-oophorectomy in BRCA carriers and women of unknown 
mutation status. BJOG 118(7):814–824

	24.	Powell CB, Chen LM, McLennan J, Crawford B, Zaloudek C, Rabban JT et al (2011) Risk-
reducing salpingo-oophorectomy (RRSO) in BRCA mutation carriers: experience with a 
consecutive series of 111 patients using a standardized surgical-pathological protocol. Int J 
Gynecol Cancer 21(5):846–851

	25.	Judd HL, Judd GE, Lucas WE, Yen SS (1974) Endocrine function of the postmenopausal 
ovary: concentration of androgens and estrogens in ovarian and peripheral vein blood. J Clin 
Endocrinol Metab 39(6):1020–1024

	26.	Fogle RH, Stanczyk FZ, Zhang X, Paulson RJ (2007) Ovarian androgen production in post-
menopausal women. J Clin Endocrinol Metab 92(8):3040–3043

	27.	Parker WH, Feskanich D, Broder MS, Chang E, Shoupe D, Farquhar CM et al (2013) Long-
term mortality associated with oophorectomy compared with ovarian conservation in the 
nurses’ health study. Obstet Gynecol 121(4):709–716

	28.	Rocca WA, Grossardt BR, de Andrade M, Malkasian GD, Melton LJ III (2006) Survival pat-
terns after oophorectomy in premenopausal women: a population-based cohort study. Lancet 
Oncol 7(10):821–828

	29.	Rocca WA, Bower JH, Maraganore DM, Ahlskog JE, Grossardt BR, de Andrade M et al (2007) 
Increased risk of cognitive impairment or dementia in women who underwent oophorectomy 
before menopause. Neurology 69(11):1074–1083

	30.	Nathorst-Boos J, von Schoultz B, Carlstrom K (1993) Elective ovarian removal and estrogen 
replacement therapy--effects on sexual life, psychological well-being and androgen status. J 
Psychosom Obstet Gynaecol 14(4):283–293

	31.	Elit L, Esplen MJ, Butler K, Narod S (2001) Quality of life and psychosexual adjustment 
after prophylactic oophorectomy for a family history of ovarian cancer. Familial Cancer 
1(3–4):149–156

	32.	Bachmann GA, Nevadunsky NS (2000) Diagnosis and treatment of atrophic vaginitis. Am 
Fam Physician 61(10):3090–3096

	33.	Shifren JL, Avis NE (2007) Surgical menopause: effects on psychological well-being and 
sexuality. Menopause 14(3 Pt 2):586–591

	34.	Buist DS, Newton KM, Miglioretti DL, Beverly K, Connelly MT, Andrade S et  al (2004) 
Hormone therapy prescribing patterns in the United States. Obstet Gynecol 104(5 Pt 
1):1042–1050

	35.	Oelsner G, Shashar D (2006) Adnexal torsion. Clin Obstet Gynecol 49(3):459–463
	36.	Chen M, Chen CD, Yang YS (2001) Torsion of the previously normal uterine adnexa. 

Evaluation of the correlation between the pathological changes and the clinical characteristics. 
Acta Obstet Gynecol Scand 80(1):58–61

	37.	Bozdag G, Demir B, Calis PT, Zengin D, Dilbaz B (2014) The impact of adnexal torsion 
on antral follicle count when compared with contralateral ovary. J Minim Invasive Gynecol 
21(4):632–635

	38.	Boyd J, Sonoda Y, Federici MG, Bogomolniy F, Rhei E, Maresco DL et  al (2000) 
Clinicopathologic features of BRCA-linked and sporadic ovarian cancer. JAMA 
283(17):2260–2265

	39.	McCann GA, Eisenhauer EL (2015) Hereditary cancer syndromes with high risk of endome-
trial and ovarian cancer: surgical options for personalized care. J Surg Oncol 111(1):118–124

	40.	Vercellini P, Barbara G, Abbiati A, Somigliana E, Vigano P, Fedele L (2009) Repetitive sur-
gery for recurrent symptomatic endometriosis: what to do? Eur J Obstet Gynecol Reprod Biol 
146(1):15–21

	41.	Namnoum AB, Hickman TN, Goodman SB, Gehlbach DL, Rock JA (1995) Incidence of 
symptom recurrence after hysterectomy for endometriosis. Fertil Steril 64(5):898–902

	42.	Shakiba K, Bena JF, McGill KM, Minger J, Falcone T (2008) Surgical treatment of endo-
metriosis: a 7-year follow-up on the requirement for further surgery. Obstet Gynecol 
111(6):1285–1292

	43.	Tang Y, Chen SL, Chen X, He YX, Ye DS, Guo W et al (2013) Ovarian damage after laparo-
scopic endometrioma excision might be related to the size of cyst. Fertil Steril 100(2):464–469

26  When is Tubectomy and When Ovarectomy/Adnexectomy Indicated



303© International Society of Gynecological Endocrinology 2018
M. Birkhaeuser, A.R. Genazzani (eds.), Pre-Menopause, Menopause and Beyond, 
ISGE Series, https://doi.org/10.1007/978-3-319-63540-8_27

M. Caretto • A. Giannini • E. Russo • P. Mannella 
Division of Obstetrics and Gynecology, Department of Experimental and Clinical Medicine, 
University of Pisa, Pisa, PI, Italy 

T. Simoncini (*) 
Division of Obstetrics and Gynecology, Department of Experimental and Clinical Medicine, 
University of Pisa, Pisa, PI, Italy 

Division of Obstetrics and Gynecology, Department of Clinical and Experimental Medicine, 
University of Pisa, Pisa, PI, Italy
e-mail: tommaso.simoncini@med.unipi.it

27Pelvic Floor Reconstructive Surgery 
in Ageing Women: Tailoring 
the Treatment to Each Woman’s Needs

Marta Caretto, Andrea Giannini, Eleonora Russo, 
Paolo Mannella, and Tommaso Simoncini

27.1	 �Introduction

The pelvic floor is a functional unit involved in multiple functions that extend 
beyond the support of pelvic organs. Pelvic floor dysfunction globally affects mic-
turition, defecation and sexual activity. Female pelvic organ prolapse (POP), sexual 
dysfunction, urinary incontinence (UI), chronic obstructive defecation syndrome 
(OFD), and constipation are just a few of the many facets of pelvic floor dysfunc-
tion, and their incidence increases dramatically with age and menopause. The pelvic 
floor in women is a complex and highly vulnerable structure. Injuries and functional 
modifications of this complex due to pregnancy, life events and aging often lead to 
pelvic organ prolapse. This anatomical and functional defect determines a variable 
association of complaints related to the urinary, genital and low intestinal tracts. 
Such symptoms are extremely common in aging individuals. They also often impair 
significantly quality of life. Pathophysiology of pelvic organ prolapse is unique in 
each patient, and its thorough understanding is key to successful treatment.
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27.2	 �Function and Dysfunction of the Pelvic Floor

Pelvic floor laxity depends on muscle injury and progressive pelvic floor weaken-
ing. These result from connective tissue degradation [1], pelvic denervation [2] and 
devascularization and anatomic modifications [3], all determining a decline in 
mechanical strength and dyssynergic pelvic floor function, predisposing to prolapse 
[4]. Pelvic floor consists of several muscles, all fundamental for the support and 
function of female pelvic structures. The levator ani constitutes the floor of the pel-
vis; it is composed of three different parts: the pubo-coccygeus, pubo-rectalis and 
ileo-coccygeus muscles. The pubo-coccygeus is the main part of the levator ani and 
it extends from the pubis toward the coccyx. The two parts (right and left) of the 
pubo-rectalis, behind the ano-rectal junction, arrange a muscular sling. The ileo-
coccygeus is the smallest part of the levator ani. In women with normal pelvic stat-
ics, smooth muscle fibers in the anterior vaginal wall are organized in tight bundles 
orientated in circular and longitudinal order. In comparison, in women with POP the 
vaginal muscularis presents a decline of overall smooth muscle amount, fewer, 
smaller and disorganized bundles [5]. Levator ani injury has an established role in 
the pathophysiology of prolapse but does not explain all pelvic organ prolapses. 
Thirty percentage of women with prolapse show no sign of muscle injury on mag-
netic resonance imaging, underlining the fact that the disease process involves other 
factors as well. In this chain of events, failure of one of the functional and structural 
elements of the pelvic floor complex, e.g. the levator ani, results in increased 
mechanical load on other components (connective tissue and smooth muscle), 
which will eventually fail, as well [6]. On the other side, connective tissue abnor-
malities and smooth muscle alterations may represent the leading event in the devel-
opment of prolapse [7]. Pelvic connective tissues are structured into a fascial sheet 
which covers the pelvic floor muscles and forms ligaments, connecting pelvic 
organs to the bony pelvis [8]. During evolution human female pelvis has undergone 
significant enlargement and architectural changes to allow for delivery of fetuses 
with increasing head diameters and upright standing and walking. Thus, connec-
tions of fascial structures to the pelvic sidewalls have progressively grown, suggest-
ing a central role in the stabilization of the pelvic viscera of connective tissue [9]. 
Qualitative and quantitative alterations in collagen content and structure and in 
genes related to collagen remodeling in women with genital prolapse and stress 
urinary incontinence have been identified, which may represent individual predis-
posing factors for these conditions [10]. The vascular network has an important role 
in the pelvic floor, as well, and particularly for urinary continence [11].

27.3	 �Menopause and Aging: Impact on POP and UI

The lower urinary and female genital tracts are strictly related and both derive 
embryologically from the urogenital sinus. Half of postmenopausal women report 
urogenital symptoms [12]; these generally appear soon after the menopausal transi-
tion and worsen with time. Most of these symptoms such as dyspareunia, dysuria, 
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frequency, nocturia, incontinence, and recurrent infections [13] are facilitated by 
declining levels of estrogens. Estrogen receptors (ER) are present in the epithelial 
tissues of the bladder, trigone, urethra, vaginal mucosa, and in the support structures 
of the utero-sacral ligaments, as well as in levator ani muscles and pubo-cervical 
fascia. Progesterone receptors are also expressed in the lower urinary tract, even if 
with less density than estrogen receptors. There is evidence that progesterone has 
adverse effects on female urinary tract function [14], since it is linked to an increase 
in the adrenergic tone, provoking a decreased tone in the ureters, bladder, and ure-
thra. This may explain why urinary symptoms worsen during the secretory phase of 
the menstrual cycle, and progesterone may be responsible for the increase in urgency 
during pregnancy, although the precise mechanism is not fully figured out. The role 
of menopause on pelvic floor dysfunction is unclear. Nor menopausal status [15] 
nor the length of hormone deficiency [16] has been associated with the risk or sever-
ity of POP. In spite of the evidence indicating generally positive effects of estrogens 
on the urogenital tract, and the biological rationale supporting the potential to 
strengthen or preserve the pelvic fascial and muscle system, there is no evidence 
supporting the use of estrogen therapy for the prevention or treatment of POP or UI 
in climacteric women [17]. In particular, available evidence does not show a benefi-
cial effect of the use of estrogen therapy, both local and systemic, on stress urinary 
incontinence. On the other hand, recent studies underline that local estrogen therapy 
is effective for the treatment of urge urinary incontinence, overactive bladder and it 
can reduce the recurrence of urinary tract infections. In women with overactive 
bladder symptoms, neuromodulatory effects of estrogens could be beneficial, as 
estradiol reduces the amplitude and frequency of spontaneous detrusor muscle con-
tractions [18].

27.4	 �Aging and Constipation

Aging can induce changes in the structure and function of the gastrointestinal tract, 
especially in the colon and in the ano-rectal region, which can impair bowel habits 
and evacuation mechanisms. Aging is associated with loss of neurons in both the 
myenteric and submucosal plexus (cholinergic neurons and interstitial cells of 
Cajal). In agreement, initial observations suggested that delayed colon transit time 
may occur with aging. However, more recent publications point out that in healthy 
elder individuals, in the absence of comorbidities, there is no significant change in 
gut transit time [19]. However prolonged colonic transit time reported in small 
groups of elderly patients could be due to an increased absorption of water, which 
may lead to the production of harder stools, as well as difficulty in evacuation. 
Adequate perception of rectal, anal, and perianal region is of paramount importance 
in order to have a normal defecation. However, within aging, there could be a 
reduced rectal sensation and an increased rectal compliance: these alterations 
require larger stool volumes to induce the classical “call to stool,” with a consequent 
difficult defecation, possibly of small feces. Thus, elderly people may need to have 
larger volumes of bowel content to stimulate rectal sensation and promote a normal 
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defecation. Changes in the anatomy of the anal canal, internal anal sphincter degen-
eration and external anal sphincter atrophy have been associated with aging as much 
as tissue atrophy resulting in reduced distensibility. These observations, taken 
together, could further explain the reason why aging predisposes to alterations of 
the pelvic floor. Moreover, a pudendal nerve injury can also play a role in the onset 
of constipation (e.g., obstructed defecation) in the elderly, particularly in women, 
leading to an abnormal perineal descent and causing a prolapse of the anal canal or 
of the anterior rectal mucosa with a consequent alteration of rectal emptying [20]. 
A recent study [21] seems to confirm this concept. In a group of 334 women with 
obstructed defecation, after eliminating the confounding effect of vaginal delivery 
from the risk factors, the authors find that rectocele, intussusception, rectocele asso-
ciated with intussusception, rectocele associated with mucosal prolapse, and grade 
III enterocele/sigmoidocele increase with age. Conversely, in women aged <50 years 
paradoxical contraction or lack of relaxation of the pelvic floor muscles seem to be 
the most frequent causes of obstructed defecation.

27.5	 �Personalizing Pelvic Floor Reconstructive 
Surgery in Aging Women

Urinary incontinence and pelvic organ prolapse have been considered for a long 
time a necessary compound of aging and their consequences have been accepted in 
spite of the enormous impact on quality of life. The use of aids such as diapers, 
sleepers for the night and pessaries has become widespread in elder women, and 
this has brought along significant direct costs to patients and to those health services 
covering for these tools. Access to surgical treatment has been traditionally limited 
in ageing women with pelvic floor dysfunction. Concurrence of chronic systemic 
diseases has often been a discouraging factor to candidate these women for 
surgery.

Tailoring surgical strategies is one of the most engaging parts of pelvic floor 
reconstruction. Surgery can be adapted to accomplish goals that can be very differ-
ent based on the age and functional status of the patient. Reconstruction of a failed 
pelvic floor can be obtained through re-creation of an anatomical support that 
resembles as much as possible the original. But it can also be achieved through an 
attempt to solve specific complaints, even without correcting completely anatomy. 
This is often the case in elderly individuals, where a multitude of factors affect the 
final result of any reconstructive surgery. This is due to the possibility that aging-
associated changes in the function of the bladder or of the rectum may be unveiled 
or decompensated by an untailored reconstruction. Thus a thorough understanding 
of the underlining functional status of pelvic organs is much more important in 
aging women than in younger ones before proceeding to surgery.

A simple evaluation of bladder function both during filling and during voiding is 
a critical step for pre-surgical assessment [22]. Urodynamic signs of overactive 
bladder are frequently found in aging individuals, even in the absence of clinical 
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symptoms. This condition is more frequent in elder women because of multiple 
causes, often difficult to detect and to correct [23]. Atrophy of the uro-genital muco-
sae often increases the sensitivity of the bladder wall to filling and to bacterial con-
tamination, enhancing muscarinic activity within the bladder. According to the 
integral theory of Papa Petros [24], intermediate or advanced prolapse of the blad-
der may per se induce bladder hyperactivity because of the stretching of the nerve 
fibers endowed in the elongated utero-sacral ligaments.

A correct understanding of the functional ability to empty the bladder is also key 
to surgical planning. Advanced bladder prolapse is frequently associated with clini-
cal urinary outlet obstruction, with difficult and incomplete voiding. Post-void 
residual urine volume is directly linked to vesico-urethral reflux and to recurrent 
urinary infections. These are dangerous per se, but also represent the most common 
cause of urinary urgency. On the other side, bladder outlet obstruction due to 
advanced cystocele can mask a latent stress urinary incontinence that will develop 
upon surgical anatomic correction. Understanding these variables is important to 
provide correct information to patients, in addition to providing an adequate surgi-
cal plan.

An extremely important diagnostic item before considering any pelvic floor 
reconstructive treatment in an elderly individual is to identify the presence of a 
hypotonic bladder. This condition is common in this age range due to bladder mus-
cle atrophy and to altered nerve control. It is not unusual that a woman with a par-
tially denervated bladder presents with a leading symptom of urinary incontinence 
due to bladder sphincter insufficiency. If a concomitant bladder muscle weakness is 
not recognized the performance of anti-incontinence procedures such as retro-pubic 
or trans-obturator slings may solve incontinence, while creating obstruction. This 
may require later removal of the mesh but in frail women may eventually lead to 
irreversible bladder over-distension requiring self-catheterization for the rest of 
life [25].

Thus, urodynamic evaluation is particularly important in the pre-operative 
workup of aging women with pelvic floor dysfunction [26]. A cystometric test and 
a urinary flowmetry can provide valuable elements to tailor reconstructive surgery 
and to enhance its outcomes with appropriate medical treatments.

Vaginal atrophy is frequent in aging women. Besides being bothersome, it also 
carries a higher risk of complications for pelvic floor reconstruction, particularly 
when trans-vaginal prostheses are needed. Risk of mesh erosion is higher in the 
presence of vaginal atrophy, and shrinkage of the prosthetic material can lead to 
intractable dyspareunia in women with an atrophic vagina. Pelvic floor surgeons 
frequently use pre- and post-operative administration of local estrogen preparations 
to overcome such problems, but compliance is low, often for the difficulty to insert 
cream applicators or suppositories in the presence of prolapse or after surgery.

Another key point to correctly tailor reconstructive surgery is the assessment of 
rectal and anal sphincter function. A frequent mistake is to overlook bowel function 
in those patients that are surgically treated for anterior prolapse [27]. Constipation 
and obstructed defecation are very common in older people [28] and many drugs 
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that are commonly used in this age range significantly worsen bowel function. It is 
also known that chronic constipation reduces the chances of success of surgical 
treatment, particularly in patients using drugs affecting bowel function. Altered def-
ecation dynamics and slow intestinal transit are associated with steady increases in 
abdominal pressure. Strained or lengthy defecation represents a common reason for 
surgical failure, due to the progressive tearing of the reconstruction. In such 
instances, education of the patient to correct eating and drinking habits, and possi-
bly the introduction of pharmacologic strategies to correct obstructed defecation, 
are mandatory [25].

On the opposite, some surgical procedures can lead to difficult or painful defeca-
tion. This is particularly common after suspension of the cervix or the vaginal cuff 
to the sacro-spinous ligaments with sutures or with meshes, because the suspended 
district pushes the rectum backwards to the sacrum. Some surgeons to reinforce 
fascial rectopexy use plication of the levator ani muscle. This procedure often deter-
mines painful intercourse and evacuation. The most troublesome condition is how-
ever when surgical reconstruction of a failed pelvic floor is performed in women 
with a deficient anal sphincter apparatus. These are patients that often present with 
impacted defecation, either because of a prominent rectocele that harbors the feces 
making expulsion difficult, or due to an obstructive enterocele squeezing the rectal 
ampule backwards. Such patients can be in a tight equilibrium, where the sphincter 
deficit compensates somewhat for the difficulty in defecation. However, if an effec-
tive correction of the obstructive component is achieved, these patients are more 
likely to develop gas or fecal incontinence, which is extremely invalidating and dif-
ficult to treat. A thorough understanding of fecal function through clinical assess-
ment or appropriate diagnostic tools is thus important to provide correct information 
to patients on the possible risks of surgery and to tailor reconstruction.

The complex aspects of pelvic floor dysfunction should be addressed by physi-
cians with a broader expertise that crosses disciplines, or in the context of multi-
disciplinary centers where urologists, gynecologists, and colo-rectal surgeons can 
interact to manage complex patients and to best cope with the multi-faceted aspects 
of pelvic floor dysfunction.

27.6	 �Tailoring Surgery for Urinary Incontinence 
in Elderly Individuals

Given the high incidence of urinary incontinence in the elderly population, much 
has been done in the recent years to develop adapted pelvic floor muscle training 
programs [29], more tolerable medical therapies [30] and less invasive and more 
effective targeted surgical approaches. Elder individuals should not be denied 
appropriate access to anti-incontinence surgery. Indeed, even at older ages, non-
surgical interventions are effective, but surgery is superior in terms of subjective and 
objective long-term success.
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The three main categories of anti-incontinence surgical procedures [31] are: (1) 
mid-urethral slings (2) urethral bulking agents, and (3) trans-abdominal retropubic 
urethropexies (Table 27.1).

Mid-urethral slings are the gold standard to treat stress urinary incontinence 
associated with urethral hypermobility. The rationale of these procedures stays in 
the restoration of a suburethral support that limits the movement of the mid-urethra 
during abdominal strain.

Different types of sub-urethral slings have been developed in the past 20 years, 
with the aim to obtain safer insertion. This has now led to an array of procedures 
that are also associated with slightly different functional effects, thereby permitting 
patient tailoring.

Retropubic placement of a sub-urethral sling (Tension-free Vaginal Tape—TVT) 
represents the first technique described. This procedure has high cure rates that have 
been shown to last up to 18 years after insertion. Due to the peculiar position of the 
sling, it also provides the best cure rate for women with urethral intrinsic sphincter 
deficiency. However, this technique is not devoid of risks, including, most impor-
tantly, bladder perforation, and de novo urge incontinence [32].

Trans-obturator placement of a sub-urethral sling (Trans-Obturator Tape—TOT) 
has been developed to avoid these complications and is nowadays considered by 
most urogynecologists a significant advancement over TVT in terms of intra-
operatory risks. However, with this procedure the tape is left within the thigh abduc-
tor muscles and can occasionally retract the posterior branch of the obturator nerve 
resulting in a rare but troublesome development of groin and upper thigh pain. Thus 
caution should be taken when using this type of mesh in younger patients or in 
women that are active in sport, since pain may be more pronounced with increased 
muscle exercise.

Groin pain associated with TOT has pushed the development of devices that 
minimize placement of mesh through the obturator and adductor muscles, leading 
to the development of shorter meshes that are still inserted with the aid of 

Table 27.1  Surgical strategies to correct urinary incontinence

Procedure Indication
Sub-urethral slings Stress urinary incontinence associated with urethral 

hypermobility
Retropubic tension-free vaginal tape 
(TVT)

SUI with ISD

Trans-obturator tape (TOT) SUI
Tension-free vaginal tape—obturator 
(TVT-O)

SUI

Minislings SUI
Bulking agents Stress urinary incontinence with ISD or fixed urethra
Bulking agents SUI with SUI or fixed urethra
Trans-abdominal procedures Contraindications to slings
Retropubic colposuspension SUI with ISD
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trans-obturator needles, the so-called TVT Obturator (TVT-O), with the mesh enter-
ing the internal obturator fascia to a minimal extent [33]. Further evolution of this 
quest for minimizing the amount of mesh placement has led to the development of 
the so-called “minislings,” or much shorter sub-urethral slings that present anchors 
allowing to fix them at the internal obturator fascia without penetrating the obturator 
muscle. These devices allow minimal surgical dissection, thereby making it possi-
ble their use in an ambulatory setting, and are not associated with pain. However, 
their long-term effectiveness needs to be demonstrated.

Currently, there is no data supporting the superiority of one of these procedures 
over the others in ageing women. Mastering all types of sub-urethral sling place-
ment techniques is particularly important in the management of elder individuals, 
where the presence of intrinsic sphincter deficiency (ISD) and overactive bladder 
(OAB) are common. For instance, a TVT may be the best choice in a patient with 
ISD, while it could be the worst in the presence of OAB, where a TOT or a TVT-O 
may be preferred. Elder individuals may be better candidates for minislings, so to 
minimize surgical risks and hospital stay, since long-term efficacy may be less of a 
worry.

Bulking agents have been specifically developed for the treatment of elder 
women [34]. These agents are represented by a variety of non-resorbable or very-
slowly resorbable dense preparations that can be injected in the peri-urethral space 
or under the urethral mucosa, at the level of the bladder neck. They result in the 
formation of a thickening of the urethral sphincter and in increased resistance to 
urine passage during abdominal stress. Placement of a bulking agent is a rather non-
invasive procedure, since it can be administered on an outpatient basis. Plus, it is 
effective to address ISD and this is useful in elder women. However, the high costs 
and the limited duration of therapeutic success, which is about 8–12 months, signifi-
cantly limit their widespread use. These agents are therefore often considered as the 
elective choice for those patients that, due to advanced age or co-morbidity, are best 
treated with a non-surgical procedure, so to avoid anesthesia.

Last, trans-abdominal retropubic urethral suspension procedures, such as the 
Burch or Marshall-Marchetti-Krantz procedures, can still be performed in selected 
cases. This is nowadays more acceptable than in the past, due to the standardization 
of these procedures through the use of mini-invasive techniques. The long-term cure 
rate for incontinence of retropubic suspension is lower than that of sub-urethral 
slings. Plus, these techniques provide a less reproducible elevation of the bladder 
neck, with the risk of over-correction with urinary outlet obstruction and de novo 
urgency. This is why most pelvic floor surgeons still prefer to insert a sub-urethral 
sling even when for other reasons a trans-abdominal procedure needs to be per-
formed. However, with the widespread use of slings by non-expert surgeons, it 
becomes more frequent to see recurrent incontinence in women treated with more 
than one sling. In these patients a further trans-vaginal approach can be difficult and 
more likely to fail. In such conditions a retro-pubic approach remains a valid alter-
native and should be available at least in third-level centers [25].
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27.7	 �Tailoring Surgery for Pelvic Organ Prolapse 
in Ageing Individuals

Pelvic organ prolapse (POP) is a common condition with an estimated incidence of 
up to 40% of women. The prevalence of POP is growing in Western countries due 
to increased life expectancy. In total, 30% of women aged 50–89 years require a 
consultation for pelvic floor dysfunction and the life-time risk of surgical repair is 
estimated at 11%, with almost one-third of the patients requiring repeat surgery.

A number of different surgical strategies to correct pelvic organ prolapse exist 
(Table 27.2). This field of surgery is nowadays undergoing a major technical and 
philosophical evolution.

The traditional approach used by urogynecologists to restore pelvic organ anat-
omy has been through the transvaginal route. Nearly 100 different techniques 
through the past 150 years have been described to repair POP trans-vaginally. The 
anatomical landmark and the surgical technique to perform trans-vaginal surgery 
are different compared with trans-abdominal procedures [35]. Trans-abdominal sur-
gery to treat POP has not been widespread before the laparoscopic era, due to its 
invasiveness. Therefore most urogynecologists still hold to the cultural heritage of 
the trans-vaginal approach. However, the new generation of laparoscopic surgeons 
has recently pushed the number of abdominal procedures, showing that miniinva-
sive trans-abdominal POP correction is feasible and as effective as the traditional 
laparotomic technique.

Table 27.2  Surgical strategies to correct pelvic organ prolapse

Apical defect Anterior defect Posterior defect Any prolapse
Trans-abdominal procedures
Sacral colpo/cervicopexy Abdominal 

paravaginal repair
Ventral rectopexy

Abdominal lateral 
suspension
Trans-vaginal/transrectal/transperineal procedures
Iliococcygeus fascia fixation Anterior 

colporraphy
Stapled transanal rectal 
resection (STARR) 
transtar

Colpocleisis

Levator myorrhaphy with 
apical fixation

Midline plication Delorme procedure

Mayo culdoplasty Lahodny’s 
procedure

Altemeier's procedure

Utero-sacral ligament 
suspension

Vaginal 
paravaginal repair

Posterior colporraphy

Sacrospinous ligament 
suspension

Anterior site-
specific repair

Nichols’ procedure

Richardson’s procedure
Posterior site-specific 
repair
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When approaching an aging woman with pelvic organ prolapse, the three main 
alternative surgical strategies are fascial reconstruction of the defect, use of trans-
vaginal augmentation or suspension with meshes, or abdominal suspension with 
meshes. In all cases total or supracervical hysterectomy can help achieve successful 
reconstruction, but its role is debated. The goals of any pelvic floor reconstructive 
surgery should be to achieve a durable result with the least invasive approach and a 
low rate of complications.

Fascial reconstructive techniques are performed transvaginally, and they are ade-
quate to address intermediate prolapses, particularly if no or little apical descent is 
present. However, they fail to ensure a durable result in the presence of more 
advanced prolapses, with rates of recurrence that exceed 50% in most series in the 
mid-term. A specific challenge with this approach is the difficulty to ensure a stable 
apical attachment to the apical compartment and the need to remove the uterus to 
make this step more achievable. On the other side, fascial procedures are extremely 
safe and the least invasive approach, allowing for loco-regional anesthesia and for 
prompt return to normal activities. In the attempt to achieve more solid reconstruc-
tion while maintaining the advantages of vaginal surgery, mesh augmentation tech-
niques have become popular. A number of shapes and materials have been developed, 
and kits have been designed by the industry to allow for more effective and easy 
application. Nowadays most kits allow for combined correction of anterior or pos-
terior defects, combined with apical suspension. These devices have been developed 
to allow for uterine-sparing surgery and to overcome the surgical challenge of apical 
suspension with traditional fascial techniques. While being effective, these meshes 
have reached the news due to the incidence of complications, mostly due to erosion 
of the organs around the mesh, or to shrinkage or migration of the mesh. Such com-
plications are often associated with bleeding, infections, pain, and troublesome 
intercourse, therefore requiring surgery for mesh removal. The use of “lighter” 
materials and a more careful selection of the correct candidates for this surgery have 
in part overcome these problems, yet it is more and more appreciated how place-
ment of these meshes should be performed only by experienced surgeons.

Aging women may specifically benefit from the more solid restoration of anat-
omy combined with the remarkably little invasiveness of these procedures. Aging 
per se may also make less relevant possible complications that may turn into reduced 
caliber of the vagina, which may instead be a strong disincentive for younger, sexu-
ally active, women. However, the high prevalence of urogenital atrophy and of con-
ditions that facilitate mesh infection, such as type 2 diabetes mellitus, sometimes 
warrants against the use of meshes in elderly individuals.

The last Cochrane revision on pelvic floor reconstructive surgery published in 
2013 [35] outlines how abdominal procedures (sacral colpo/cervicopexy) have 
superior outcomes in terms of anatomic and subjective and objective cure rates 
when compared to vaginal procedures, including trans-vaginal sacro-spinous liga-
ment suspension, utero-sacral ligament suspension and transvaginal meshes, par-
ticularly in elder women. As previously said, more widespread availability of skills 
in laparoscopic pelvic floor reconstruction has led to a revival of this excellent surgi-
cal technique. However, sacral colpopexy is a highly challenging procedure, 
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requiring extensive dissections deep in the pelvis, the position of a high number of 
sutures, often in areas where triangulation of laparoscopic instruments is not 
effective.

Furthermore, the sacrum is a dangerous area, where potentially life-threatening 
bleeding complications may ensue. These issues still limit the performance of sacral 
colpopexy only to a handful of experienced surgeons, therefore limiting patient 
access to this procedure. If available, sacral colpo/cervicopexy is an excellent pro-
cedure for aging individuals. Indeed, notwithstanding the long operating time, if 
performed with mini-invasive surgery it is not a painful procedure and return to 
daily activities is as speedy as with vaginal procedures.

Similar to anti-incontinence surgery, there is no specific guideline supporting 
one type of POP repair vs. the others. Experience of each surgeon is an important 
factor influencing the choice of the technique. Based on available evidence, in the 
presence of an advanced apical defect or with recurrent POP an abdominal approach 
is the best option for an elder woman, so to limit the risk of complications and of 
further surgeries due to failures. A fascial vaginal approach is warranted because of 
its low morbidity in those patients with intermediate bladder or rectal prolapse. 
Mesh augmentation should be limited to selected patients where the risk/benefit 
ratio may be particularly favorable [35].

27.8	 �Future Trends in Pelvic Floor Surgery in Aging Women

Robotic surgery is the new emerging trend in many areas of medicine. Although this 
emerging technique is still in its infancy, it already offers tangible advantages over 
traditional laparoscopy. Enhanced vision and precision in instrument movement 
make it easier to perform difficult dissections. The 7 degrees of freedom in the 
movement of the instrument tips allow for gentle grasping of tissues and for the 
placement of precise and effective intracorporeal sutures. These advantages are 
exploited at their maximum in pelvic floor reconstructive surgery, where the dissec-
tion of the vescico-vaginal septum and of the recto-vaginal septum can be particu-
larly complex. Better identification of the pre-sacral ligament and precision in 
managing the pre-sacral vessels also comes handy with robotic assistance.

Finally, the placement of stitches in narrow areas is much more precise and effec-
tive using robotic instruments. For these reasons, the potential advantages of robotic 
assistance for pelvic floor reconstruction have been explored. Robotic surgeons 
fiercely support the idea that the technical advantages of robotics do not simply 
make this complex surgery easier, but that it mostly improve its execution, thus pos-
sibly leading to better pelvic floor reconstruction [36]. Whether this is true or not is 
yet to be shown by appropriate trials. It is also likely that the ongoing evolution of 
the robotic platform, and the emergence of other types of medical robots will lead 
to even less invasive surgery and to a reduction in costs, thus making this surgery the 
best option available to treat complex and advanced POP in aging individuals.

An additional trend is the ongoing implementation of newer surgical strategies to 
better exploit the abdominal access for pelvic floor reconstruction. While so far the 
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only standardized abdominal procedure for POP has been sacral colpopexy, new 
techniques are emerging. Ventral rectopexy [37] has been developed by colo-rectal 
surgeons to treat rectal prolapse and obstructed defecation syndrome, and shares a 
number of features with sacral colpopexy, including the anchoring of a bio-
compatible mesh to the sacral promontory.

Alternative strategies to suspend the apical compartment that avoid the risks of 
sacral fixation are also gaining momentum. Lateral mesh suspension of the apex to 
the abdominal wall has been described, with seemingly effective results [38]. Such 
new approaches will soon broaden the surgical armamentarium needed to tailor 
pelvic floor reconstruction.

�Conclusions

Tailoring reconstructive surgery for incontinence or POP is particularly important 
in aging women. Thorough assessment of the functional status of the patient and of 
the pelvic organs is more important than in younger patients for decision-making 
regarding surgery. Careful discussion of the benefits and risks of every available 
procedure is of paramount importance, as much as a correct explanation of the 
expected functional results of surgery. This vibrant area of surgery is steadily 
evolving with the introduction of newer techniques and with technological 
advancements such safer prosthetic materials, anatomically designed mesh aug-
mentation kits or the new robotic approach. The expected increase in prevalence of 
pelvic floor dysfunction as Western populations age more calls for more research 
in this area, so to offer to aging women better and more tailored solutions for their 
complaints, and to provide them with significant improvements in quality of life.
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