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Preface

The second half of female life corresponds to the last years of the reproductive 
phase and postmenopause. During this period, the specific phenomenon of the 
menopause occurs, as a consequence of ovarian function cessation, converging in 
parallel with physical aging. Elder women have specific risk features and disease 
managements that differ from those of elder men. Therefore, it is clear that due to 
these differences, medical care should be gender-based. Furthermore, gender biases 
in medical research have been frequent, and many drugs have not been tested in 
women before coming into the market. Therefore, it is not surprising that adverse 
drug reactions are more likely to occur in women than in men due to the lack of 
gender-oriented research.

Science and medicine are continuous processes characterized by the substitution 
of “old” for “new” evidence. The so-called evidence-based medicine (EBM) refers 
to clinical decision-making or the indication of interventions based on validated 
tests or scientific data. Nonetheless, EBM cannot provide answers to all scientific 
questions or, in many cases, may not provide a sufficient level of quality. Hence, 
well-designed observational studies may also provide provisional recommenda-
tions—and limitations—for clinical interventions until randomized controlled trials 
offer a higher level of evidence. Thus, management strategies that are based on 
clinical trials undertaken in younger people or in men may not be appropriate for 
postmenopausal women.

For much time, physicians and other healthcare providers have accepted as rou-
tine care those procedures and treatments that seem consolidated or free of any 
discussion. However, sooner or later, uncertainties or limitations are detected, even 
in the most obvious aspects, and everything is subject to revision. Therefore, science 
is a perpetuum mobile, and this book has tried to collect the most rigorous and cur-
rent scientific information as a starting point to delve into each topic. The aim of this 
book is to provide a practical, holistic, unbiased, and non-promotional guide for 
health professionals dealing with women in their post-reproductive years. 
International authors and opinion leaders cover the wide spectrum of gynecological 
and non-gynecological conditions affecting post-reproductive health. Evidence- 
based information, where available, is presented, and clinical recommendations are 
put into perspective. The book therefore provides an integrated approach to post- 
reproductive health.
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This book includes many topics that are relevant to women’s health during their 
second half of life, written by opinion leaders in their corresponding area of knowl-
edge. Each reader will jump into chapters that are closer to their quotidian area of 
clinical or research interest and healthcare work. In addition, the book also expects 
to serve as a consulting reference for those borderline/frontier aspects or topics that 
are not so close to the daily clinical practice yet need to be reassessed or updated in 
a given moment.

From time to time, we need to “pause” in order to assess where we are, and 
where we want to go, to reach the best clinical approach as researchers, academics, 
and healthcare providers. The authors of the different chapters have performed a 
great effort in order to provide a critical analysis of the state-of-the-art knowledge, 
without omitting doubts or controversies. The last years have been a time of prog-
ress in diagnosis, treatments, and integration of renovated ideas, which have not 
been exempt from controversy. This book includes the best evidence possible related 
to different hot topics in older women’s health. Many chapters also put into perspec-
tive clinical recommendations, always based on recent meta-analyses.

The editor wants to thank the authors for their dedication and efforts in writing 
on schedule. I would also like to thank Springer Nature for their excellent and rapid 
editorial assistance. The editor and the authors look forward to an international 
readership taking advantage of this book to update their knowledge and improve 
their clinical practice.

Zaragoza, Spain Faustino R. Pérez-López 

Preface



vii

Contents

 1  Assisted Reproductive Technology in  
Perimenopausal Women . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   1
Nicolás Mendoza Ladrón de Guevara  
and Miguel Angel Motos Guirao

 2  Turner Syndrome: Primary Amenorrhea from  
Adolescence to Aging  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19
Camil Castelo-Branco and Iuliia Naumova

 3  Premature Ovarian Insufficiency  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33
Agnieszka Podfigurna, Monika Grymowicz, Anna Szeliga,  
Ewa Rudnicka, Marzena Maciejewska-Jeske, Roman Smolarczyk, 
and Blazej Meczekalski

 4  Human Papillomavirus Infection and Cancer Risk  
in Peri- and Postmenopausal Women . . . . . . . . . . . . . . . . . . . . . . . . . . .  53
Pedro Vieira-Baptista, Mario Preti, and Jacob Bornstein

 5  Sporadic Ovarian and Fallopian Tube Cancer  
in Postmenopausal Women . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79
Faustino R. Pérez-López

 6  Vulvar Dermatoses and Menopause  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
Joana Lyra and Pedro Vieira-Baptista

 7  Bladder Pain Syndrome/Interstitial Cystitis  . . . . . . . . . . . . . . . . . . . . . 121
Rui Almeida Pinto

 8  Overactive Bladder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
Visha K. Tailor and G. Alessandro Digesu

 9  Management of Female Stress Urinary Incontinence . . . . . . . . . . . . . . 145
Giampiero Capobianco, Pier Luigi Cherchi, and Salvatore Dessole

 10  Screening and Management of Female Sexual Dysfunction  
During the Second Half of Life  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
Ana M. Fernández-Alonso, Marcos J. Cuerva, Peter Chedraui,  
and Faustino R. Pérez-López



viii

 11  Current Treatment Modalities for the Genitourinary  
Syndrome of Menopause  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
Cemal Tamer Erel

 12  Laser Treatment for Vulvovaginal Atrophy  . . . . . . . . . . . . . . . . . . . . . . 205
Marco Gambacciani

 13  Laser Treatments in Female Urinary Incontinence . . . . . . . . . . . . . . . . 211
Ivan Fistonić and Nikola Fistonić

 14  Metabolic Syndrome and Excessive Body Weight  
in Peri- and Postmenopausal Women . . . . . . . . . . . . . . . . . . . . . . . . . . . 225
Andrea Giannini, Maria Magdalena Montt-Guevara,  
Jorge Eduardo Shortrede, Giulia Palla, Peter Chedraui,  
Andrea Riccardo Genazzani, and Tommaso Simoncini

 15  Metabolic Syndrome and Atherosclerosis in Nondiabetic  
Postmenopausal Women . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Stavroula A. Paschou, Panagiotis Anagnostis, Dimitrios G. Goulis, 
and Irene Lambrinoudaki

 16  Polycystic Ovary Syndrome-Related Risks  
in Postmenopausal Women . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
Panagiotis Anagnostis, Stavroula A. Paschou, Irene Lambrinoudaki, 
and Dimitrios G. Goulis

 17  Sleep and Sleep Disturbances in Climacteric Women . . . . . . . . . . . . . . 261
Päivi Polo-Kantola, Tarja Saaresranta, and Laura Lampio

 18  Impact of Menopause on Brain Functions . . . . . . . . . . . . . . . . . . . . . . . 283
Alice Antonelli, Andrea Giannini, Marta Caretto,  
Tommaso Simoncini, and Andrea R. Genazzani

 19  Vasomotor Symptoms: Clinical Management  . . . . . . . . . . . . . . . . . . . . 295
Maria Celeste Osorio-Wender and Mona Lúcia Dall’Agno

 20  Vasomotor Symptoms, Metabolic Syndrome,  
and Cardiovascular Risks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 305
Pauliina Tuomikoski and Hanna Savolainen-Peltonen

 21  Menopause and Age-Related General Health Risk:  
A Woman’s Heart Needs Her Hormones  . . . . . . . . . . . . . . . . . . . . . . . . 315
Adam Czyzyk and John C. Stevenson

 22  Menopausal Hormone Therapy to Prevent Chronic Conditions . . . . . 327
Rafael Sánchez-Borrego

 23  Selective Estrogen Receptor Modulators (SERMs):  
State of the Art  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349
Santiago Palacios

Contents



ix

 24  Management of Osteoporosis in Postmenopausal Women  . . . . . . . . . . 367
J. J. Hidalgo-Mora, Antonio J. Cano-Marquina, 
A. Szeliga, Miguel Ángel García-Pérez, and A. Cano

 25  Anabolic Agents for the Treatment of Postmenopausal  
Osteoporosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387
Salvatore Minisola

 26  The Links Between Osteoporosis and Sarcopenia in Women . . . . . . . . 395
Juan Enrique Blümel, Eugenio Arteaga, María Soledad Vallejo,  
and Rosa Chea

 27  Female Sarcopenic Obesity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 405
Fidel Hita-Contreras

 28  Cognitive Decline in Women: The ZARADEMP Study  . . . . . . . . . . . . 423
Patricia Gracia-García, Elena Lobo, Javier Santabárbara, 
Concepción de la Cámara, and Raúl López-Antón

 29  Managing Menopause and Post- reproductive Health:  
Beyond Hormones and Medicines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 439
Skye Marshall and Margaret Rees

 30  Effects of Exercise on Menopausal Prevalent Conditions . . . . . . . . . . . 467
Samuel J. Martínez-Domínguez, Juan Bueno-Notivol,  
Peter Chedraui, Vanesa Alonso-Ventura, Julia Calvo- Latorre,  
and Faustino R. Pérez-López

Contents



1© Springer Nature Switzerland AG 2019
F. R. Pérez-López (ed.), Postmenopausal Diseases and Disorders, 
https://doi.org/10.1007/978-3-030-13936-0_1

Assisted Reproductive Technology 
in Perimenopausal Women

Nicolás Mendoza Ladrón de Guevara 
and Miguel Angel Motos Guirao

1.1  Fertility and Aging

1.1.1  Age as a Social Factor of Infertility

If we analyze the demographic progression that took place in Europe in the last 
century, we observe a clear secular trend toward a decrease in the birth rate and an 
increase in maternal age. As an explanation of this, it seems that a purely cultural 
reason stands out: the postponement in the desire for genesis, which, in many cases, 
occurs for a variety of employment, social, and economic reasons. On the other 
hand, advances in assisted reproduction allow pregnancy at any age, and we face 
new ethical and health challenges regarding the question of what is the limit for a 
woman to become pregnant. It is shown that age decreases fertility due to factors 
such as [1, 2]:

• A decrease in the number of oocytes
• A decrease in the frequency of intercourse
• A decrease in oocyte quality
• A decreases in sperm quality

1.1.2  Problems in Fertility and Pregnancy Derived from Age

Fertility declines with the passage of time, particularly after 35 years. A decline is 
seen in both the number and quality of the reserve of ovules, which increases the 
difficulty for pregnancy and the risk of spontaneous abortions (more than 50%) and 
of fetuses with chromosomal abnormalities (e.g., Down’s syndrome) [3].
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As age itself is the factor that most influences the rate of spontaneous pregnancy 
and the outcomes of fertility treatments, in people over 35 years of age, it is not 
recommended to wait a year to see a specialist; instead it is advisable to take matters 
into their hands after 6 months of trying to conceive. In people aged over 40 years, 
it is recommended to seek help immediately [4].

The application of assisted reproductive techniques (ARTs) is very common 
in this age group, with a strong tendency to resort to egg donation. This 
also prevents the increased risk of fetuses with chromosomal abnormalities 
(the age of the oocyte is that of the donor), but not that of other pregnancy 
complications such as gestational diabetes, hypertension, intrauterine growth 
restriction, placental pathology, and prematurity, which continue to depend 
on the mother’s age. Multiple pregnancies are also more frequent, because of 
the greater number of embryos transferred. As a consequence, the numbers 
of operative or instrumental deliveries and perinatal and maternal morbidity/
mortality are all increased during perimenopause [5].

1.1.3  Up to What Age Is Pregnancy Allowed with Fertility 
Treatments?

Progress in reproductive medicine and in obstetrics itself has raised another 
important debate regarding age: what is the age limit to conceive or to apply an 
ART? Certain healthy habits and the feeling of staying young and being prepared 
for all eventualities have triggered the demand for fertility treatments for women 
over 40. Oocyte donation makes this a possibility even for those who have crossed 
the border into menopause. Since uterine age does not correspond to ovarian age, 
the maternity departments are now full of “older” women, an example of how 
advances in medicine appear to have developed ahead of the necessary and slow 
process of legislation and ethics. An older woman, even being postmenopausal, 
may not feel too old to have a child and may offer the infant a better education 
now that she no longer has the financial or emotional needs of younger women 
[6].

However, one of the immediate consequences of an increase in pregnancies 
in older women is the greater demand for medical and psychological assistance, 
since there are fewer requests for prenatal diagnostic methods, practices to reduce 
stress, and voluntary interruptions of pregnancy, along with an increase in perinatal 
and maternal morbidity and mortality, not to mention the concern for raising 
grandchildren instead of children.

There is an open debate on whether or not a child’s upbringing is optimal at 
these ages. In particular, some people are shocked to see older women breastfeeding 
their babies in the nonscientific press, while others warn of the high risk of leaving 
them as orphans at a young age. In the future vision of our own wellbeing, there are 
even those who argue that it is preferable to have children—regardless of the age 
at which they are conceived—to increase the birth rate. In their arguments in favor 
it is pointed out that they will take care of our care when we are elderly. And even 
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when the argument seems to have tilted on the side of those who accept as logical, 
and even normal, a pregnancy over 40  years, common sense should still prevail 
when it comes to putting a cap on this demand. Although there is no clear limit, it 
seems to be ethical and medically advisable to place this limit before the age of 55, 
but it is more reasonable to place it at 50 years, given the high risk of cardiovascular 
morbidity from that age [7].

1.1.4  Social Controversies of Infertility Treatments

Of all the areas of medicine and all the attributes that have conditioned the evolution 
of our species, it is without doubt that sexuality and reproduction are those that are 
most loaded with social singularities. In addition, the rapid advance of reproductive 
technology has introduced significant changes in the conception of families that 
is sometimes difficult to assimilate within less advanced societies and those most 
impregnated with extreme conservatism. Some common practices in reproductive 
medicine have also generated controversies, such as the donation or freezing of 
gametes and embryos, embryonic reduction, or the costs of these treatments for the 
health system.

1.1.5  The Sociocultural Acceptance of the New Models 
of Families that Emerged with ARTs

From the first birth achieved with ART, what appears to have been most scandalous 
certain groups is the change in the classic conception of family, that is, two-parent, 
heterosexual, within a religious or civil commitment, and with the transmission of 
one’s genes to the offspring.

We can see then how far the concept of family to which we have become 
accustomed has shifted in the new millennium. It is now seen as nothing more 
than cohabitation with single-parent families, those of homosexual couples with no 
legal ties or where genes other than those of legal parents are transmitted. In this 
regard, in countries where surrogacy is allowed, it can be possible for a baby to 
theoretically have five parents: the donor of the ovule, the sperm donor, the woman 
who has gestated the child in surrogacy, and the legal parents who have requested 
the treatment. Improvements in laboratory techniques for the cryopreservation of 
gametes or embryos have even made it possible for one parent to be deceased. There 
is no doubt that popular fantasies have been triggered and that continued discussion 
of these issues will cause perplexity.

Now that ARTs are common throughout the world, the medical, legal, moral, 
and ethical debates unleashed since their inception have been globalized. Some 
countries, like Spain, have regulated these by taking into account the clinical 
recommendations, but in other latitudes and within the groups of immigrants with 
whom we live, there are opinions of a religious nature that prevail in the deemed 
suitability and use of these methods [8].

1 Assisted Reproductive Technology in Perimenopausal Women
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1.2  Infertility Generalities

Infertility is a generic term that refers to the problems that reduce human fertility 
and that, in the strictest sense, is considered a disease. From an epidemiological 
perspective, infertility is considered a frequent phenomenon. It is estimated that 
(i) infertility affects some 70–80 million couples around the world, that 15% of 
those living in Western countries will consult for it, and (ii) that in these more 
advanced societies, there is a growing group of men and women who already have 
at least one child but wish to have another. There is a direct relationship between 
certain social and lifestyle factors and fertility and infertility: age; use of tobacco, 
alcohol, caffeine, marijuana, cocaine, and other drugs; use of anabolics; obesity; 
and psychological stress.

1.2.1  Diagnosis of Infertility

1.2.1.1  When to Diagnose Infertility?
In the absence of previous indications, couples who have been trying to become 
pregnant for more than 1 year should begin testing and therapeutic measures. 
An exam should be conducted when the woman is over 35 years old or if there 
is a history of menstrual rhythm disturbances or suspicion of uterine, tubal, or 
endometriosis pathology, as well as when the male has a history of cryptorchidism 
or other testicular pathology.

1.2.1.2  What Is the Basic Infertility Test?
This test consists of establishing a complete clinical history, a menstrual history, 
a general exam, preconceptional advice, and coital counseling. The exam must 
be given to both members of the couple. During the infertility test, cost-effective 
measures should be considered, being as minimally invasive as possible and 
conducted in accordance with the wishes of the two partners. The causes of 
infertility are varied and, in many cases, are multiple. This almost always involves 
both members of a couple. The tests included for infertility are gynecological exam 
and cytology, ultrasound of the uterus and ovaries, basic seminogram, tubal X-ray 
(hysterosalpingography), and hormone and ovarian reserve study. In cases where 
another alteration is suspected and other fertility treatments have failed, other tests 
may be performed, such as advanced hormonal study, cervical or vaginal cultures, 
hysteroscopy, advanced seminogram and sperm DNA fragmentation test, and study 
of coagulation disorders.

1.2.1.3  Monitored Anamnesis in Reproductive Medicine
For female patients, evaluation of anamnesis in reproductive medicine considers 
parity, obstetrical outcomes, age at first menstruation, menstrual formula, 
dysmenorrhea, contraceptive methods used, number of sexual relationships, length 
of infertility and previous treatments, previous surgeries and illnesses, gynecological 
history, allergies to medication, lifestyle habits (such as use of tobacco, alcohol, 
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drugs, diet, and frequency of exercise), occupation (and any associated stress), and 
family history. For male patients, anamnesis includes information about children 
from a previous partner (having other children does not exclude the potential for 
infertility), length of infertility and results from previous studies and treatments, 
previous surgeries and illnesses, medication allergies, lifestyle habits (such as use 
of tobacco, alcohol, drugs), occupation (and any associated stress), and family 
history.

1.2.1.4  Diagnosis of Ovarian Function and the Hypothalamic- 
Gonadal Axis

Evaluate ovarian function, menstrual history, basal temperature, cervical mucus, 
serum progesterone, urinary luteinizing hormone (LH), follicular development, 
endometrial thickness and appearance, and analysis of androgens, thyroid hormones, 
prolactin, and gonadotropins. Conduct a transvaginal ultrasound.

1.2.1.5  Study of Ovarian Function
The evaluation of ovulatory function is an important part of the basic infertility test. 
However, we do not have any evidence that accurately assures us that ovulation 
has occurred except, obviously, pregnancy. This says a lot about the variability and 
false-positives of many of the tests that are routinely used in the clinic. A history of 
regular cycles corresponds to correct ovulation in 97% of cases.

1.2.1.6  The Test of the Ovarian Reserve
Although age is the main prognostic factor of female fertility, in recent decades, 
motherhood has been possible for older women, which has changed our usual 
practice in the fertility clinic such that the analysis of the ovarian reserve 
has become one of the basic pillars upon which an adequate diagnosis and 
reproductive prognosis can be reached. Parameters for evaluating the ovarian 
reserve include biochemical markers such as follicle-stimulating hormone (FSH), 
estradiol (E2), inhibins A and B, and, more recently, the anti-Müllerian hormone 
(AMH). Ultrasound markers include the ovarian volume, the number of antral 
follicles, and the flow of the uterine artery. In addition, some dynamic tests have 
been designed to improve the prognosis of those using drugs commonly used 
in ovarian stimulation (clomiphene, exogenous FSH, or gonadotropin-releasing 
hormone (GnRH) analogues). These tests measure the variation of endogenous 
FSH, estradiol, and inhibin. Although they have been able to improve the 
sensitivity of the test, the increase is not sufficient to justify the expense and 
exposure to the established drug. AMH derives its name from its capacity to 
cause the regression of the conduits of Müller during masculine differentiation. In 
women, the AMH has a great paracrine power. The function of AMH is to inhibit 
the growth of nondominant follicles, with its local concentration increasing until 
reaching maximum levels in the antral follicles. Consequently, the measurement 
of AMH is a reflection of follicular activity, and as its peripheral blood values 
do not fluctuate as much as other hormones, it is used as an excellent ovarian 
reserve marker.

1 Assisted Reproductive Technology in Perimenopausal Women
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1.2.1.7  Indicators of Ovarian Reserve
Biochemical indicators of ovarian reserve include FSH, estradiol, inhibins A and B, 
testosterone, and AMH. Indicators observable by ultrasound include the number of 
antral follicles and the volume of the ovary. Dynamic tests may include clomiphene 
testing, exogenous FSH ovarian reserve testing, response of inhibin and E2 to 
exogen FSH, and testing the response of inhibin and E2 GnRH analogues. These 
various tests comprise the different ovarian reserve indicators. In summary, the most 
accurate are the ultrasound counts of antral follicles and the measurement of AMH; 
the least expensive are the ultrasound counts of antral follicles and the basal value 
of FSH and E2 (between the first and third day of the cycle); dynamic tests do not 
provide benefits compared with biochemical indicators or ultrasound tests and are 
expensive while remaining unable to predict the age of menopause presentation. 
Dynamic tests are only useful for offering a reproductive prognosis in women who 
plan to undergo fertility treatment.

1.2.2  Causes of Infertility

1.2.2.1  Ovarian Factors
The evaluation of ovulatory function is important as a first measure in basic infertility 
testing because it corresponds to 15–25% of the causes of infertility. A history of 
regular cycles corresponds to ovulation in 97% of the cases. A confirmed pregnancy 
is the only way to establish that ovulation actually occurred due to the great variability 
and false-positives involved with other tests. When an ovulatory dysfunction is 
diagnosed and a pharmacological treatment is indicated after 3–6 months without 
getting pregnant, another possible cause of infertility must be investigated. As a 
general rule, when the woman has regular cycles, ovulation is likely to be correct. 
When irregular cycles are presented, we can measure progesterone in the second 
phase or request a graph of basal temperature.

A prolactin measurement routine is not necessary unless there are menstrual 
abnormalities, galactorrhea, or suspected pituitary tumor. Similarly, patients with 
anovulation have a higher proportion of presenting with thyroid disease, but thyroid- 
stimulating hormone will only be measured when this disease is suspected. The 
assessment of the ovarian reserve is made in certain cases of patients over 35 years 
of age or with the intention of providing them with a prognosis or additional 
information to decide on possible treatments. An FSH lower than 10 mIU/mL with 
E2 less than 30 pg/mL reflects a normal follicular reserve status.

1.2.2.2  Uterine Factors
The cervical factor is a rare cause of infertility. The postcoital test is the classic test 
that determines it, but there is great interobserver variability, and it is not necessary 
to routinely carry this out because it has no prognostic value and is not indicative 
of any type of therapy. Although uterine malformations are not usually a cause of 
infertility, examining the uterine cavity should be part of a basic infertility test. This 
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should be done in an individualized manner, according to other previous findings, 
and should be based on a transvaginal ultrasound. In case of suspicion of organic 
pathology (polyps, submucosal fibroids, hyperplasia), a hysterosonography or a 
hysteroscopy will be requested.

1.2.2.3  Tubal and Peritoneal Factor
Tubal obstruction is responsible for infertility, either as a single cause or accompanied 
by other causes in 30% of cases. The tubal factor should be investigated when other 
infertility factors have been ruled out because the test that determines it, called the 
hysterosalpingography (HSG), is an invasive and often painful technique. Of course, 
if in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) is planned, 
HSG is not needed. For the study of tubal factor, the HSG is the least invasive 
and most cost-effective form, allowing diagnosis of tubal obstructions (proximal 
or distal) and evaluation of the uterine cavity. It is done in the first phase of the 
cycle before ovulation. If screening for chlamydial infection has not been done, 
antibiotic prophylaxis must be carried out. However, it is not precise in detecting 
peritubal adhesions and for diagnosing a peritoneal endometriosis, in which case it 
is indicated to perform a laparoscopy if there are strong suspicions of endometriosis, 
tuboperitoneal adhesions, or important tubal pathology.

1.2.2.4  Male Factor
The minimum evaluation of the male should include a complete medical history, a 
physical exam, and at least two seminograms separated 3 months from each other that 
should be initiated before subjecting the woman to any type of invasive exam, such as 
HSG. The seminogram is the main test in the study of the male factor, and abstinence 
is recommended for 2–3 days. The seminogram offers basic information on seminal 
volume, concentration, mobility, and sperm morphology. Unless the laboratory has 
its own criteria, it is recommended to follow the 2010 WHO guidelines.

1.2.3  Techniques for Assisting Reproduction

1.2.3.1  What Is Artificial Insemination (AI)?
Broadly speaking, AI involves the introduction of semen into the uterus, which 
is why it is also called intrauterine insemination. We distinguish the conjugal AI 
(CAI), meaning it is from the male partner, from donor AI (DAI). We have used the 
word “capacitated,” which is an important part of these ART. Indeed, for a sperm to 
acquire the ability to cross the membrane that surrounds the ovum and fertilize it, it 
must first undergo biochemical modifications in the most distal part of its head in a 
region called the acrosome. This phenomenon occurs naturally when the acrosome 
passes through the cervix and is imitated in the laboratory before being deposited 
inside the uterine cavity. Sometimes we use it as a diagnostic method known as a 
training test, and it helps us assess whether a patient’s semen is valid for proposing 
a conjugal AI.
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1.2.3.2  What Are the Indications of AI?
It can be supposed that all semen qualifies for CAI. In each clinic or unit of human 
reproduction, there are criteria to decide if the seminogram, as the analysis is called, 
is normal or has some alteration and also if it is valid or not for a CAI or even 
IVF or ICSI. Some centers have their own criteria for defining seminograms, and 
although few do, they must be centers where there is a researcher who has previously 
published such criteria in specialized journals. For this reason, the majority of 
reproduction laboratories use the WHO’s criteria, which are periodically renewed. 
The latest revision is available online.

1.2.3.3  What Is IVF and ICSI?
When IVF or an ICSI is proposed, the two gametes (oocytes and sperm) are needed 
in the reproduction laboratory to perform the fertilization, which is why it is called 
in vitro. According to the latest data collected by the Spanish Society of Fertility, the 
pregnancy rate per transfer is close to 40%. These techniques require the training 
and accreditation of the personnel in charge (gynecologists and embryologists) and 
are planned in a series of steps:

 1. Follicular development: recruitment (rescue) and growth of one or more follicles, 
the structures of the ovary where the oocytes mature. Development is usually 
stimulated by a medication that contains gonadotropins, the natural female 
hormones responsible for follicular development. The process may be controlled 
with ultrasound and hormonal analysis.

 2. Obtaining the oocytes. The vagina is punctured, and the process of obtaining 
the oocytes is guided by ultrasound. The follicles are punctured, and their 
liquid content (follicular fluid) is suctioned where the oocytes supernate. 
Although it can be performed under local anesthesia, sedation of the patient is 
preferred in many centers so that the patient does not suffer pain from the 
puncture.

 3. In vitro fertilization (IVF). Fertilization itself occurs when the microinjection 
(ICSI) or its modern variant is performed with the extension of the microscopic 
vision and the selection of the sperm with better morphology (intracytoplasmic 
morphologically selected sperm injection).

 4. Embryo transfer. Once the oocytes are fertilized, the resulting embryo or embryos 
are transferred into the uterus in a maneuver similar to that of AI. They are usu-
ally scheduled 2–6 days after the follicular puncture, and those that are not cho-
sen for the transfer are cryopreserved for another attempt. The criteria to decide 
which are transferred and which are frozen are morphological, and each repro-
duction center usually has its own scale to catalog its quality. The number of 
embryos to be transferred is controversial and generates uncertainty in patients. 
The transfer of more than three embryos is not allowed and for ethical reasons it 
is often recommended to limit this to only one, although this restricts the per-
centage of pregnancies.

N. Mendoza Ladrón de Guevara and M. A. Motos Guirao



9

1.2.3.4  What Is Preimplantation Genetic Diagnosis?
Preimplantation genetic diagnosis (PGD) was developed as a technique to find 
out the sex of embryos with a test that detects the Y chromosome in the selected 
embryonic cells. Evidently, the determination of sex is not the purpose of this 
technique, but rather its purpose is the location of genetic defects transmitted by 
the X chromosome. Since the 1990s then, its use has expanded to other genetic 
diseases. Undoubtedly, the PGD has proved to be an extraordinary step, both for the 
knowledge of embryonic development and for the infertility and infertility clinic.

1.3  Genetics in Assisted Reproduction

1.3.1  Genetic Counseling and Consultation of Clinical Genetics

Genetic counseling “is a communication process that deals with the human problems 
associated with the occurrence, or the risk of occurrence, of a genetic disorder in 
a family” [9]. It is based on medical, reproductive, and family history and must 
always be carried out. In assisted reproduction, risk assessment includes not only 
the embryo and the fetus but also the parent itself. In this way, it is necessary to 
assess the possibilities of giving birth to a child with congenital malformations or 
genetic diseases and even their long-term appearance (e.g., genomic imprinting 
diseases), but for this it is necessary to study thoroughly the causes of infertility of 
the couple and their genetic, personal, and family clinical history. The information 
must be obtained in a systematic way, and, although the autonomy of the couple 
prevails, in cases of doubt, the interests of the future children must be put before 
them. Genetic counseling is always nondirective and is an essentially medical act, 
although other health professionals may be involved. Today it is not possible to 
carry out any genetic study detached from genetic counseling, and, in turn, genetic 
counseling should not be carried out outside the context of medical consultation. 
This consultation must be conducted by a clinical geneticist and has a multiple 
 purpose—diagnostic, prognostic, preventive, and therapeutic—since it helps 
to choose the ideal reproduction technique in each case. The consultation also 
serves the purpose of performing comprehensive genetic counseling and obtaining 
informed consent for any genetic measure that is to be adopted. In a structured way, 
the pretest objectives are as follows:

• Obtaining the genetic medical history
• Report and evaluation of the genetic-reproductive risks of the couple
• Forecast report of future genetic tests
• Evaluation of the results of genetic and complementary tests
• Report of the reproductive genetic counsel
• Genetic eligibility report
• Obtaining the informed consent of genetic tests
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Similarly, the posttest objectives are:

• Interpret the results obtained with the genetic analysis carried out pre- and 
postimplantation (prenatal)

• Establish embryo-fetal viability and the absence of genetic disease in the newborn
• Validate the genetic diagnostic strategy used
• Establish genetic counseling for future pregnancies

In assisted reproduction, pretest genetic counseling falls primarily on the couple 
and consists of studying the possible genetic etiology of the causes of infertility 
that have led to it, along with the genetic makeup of the parents. Posttest genetic 
counseling, in contrast, focuses on the embryo (preimplantation study techniques), 
fetus (prenatal study techniques), and newborn (postnatal study techniques).

As observed, the work that is carried out in the clinical genetic consultation is 
extensive and very specialized and is currently considered essential. The various 
types of genetic reports each fulfill a different but complementary function: 
genetic risk assessment report, pretest genetic counseling report, posttest genetic 
counseling report, genetic-reproductive counseling report, estimation report of 
future genetic tests, and suitability genetic report (in the case in which the carrying 
out of a preimplantation genetic study is recommended). We must not lose sight of 
the fact that all these reports are made at the preconception stage. If these genetic 
reports are not taken into account, this will lead to a situation of poor counseling of 
couples, a higher failure rate of reproductive techniques, an increase in the number 
of abortions, and possible clinical and legal repercussions due to the transmission 
of hereditary diseases, along with an increase in economic spending. It should also 
be noted that assisted reproduction units are, on many occasions, the first point of 
contact for a couple with an infertility consultation so, as a first step, the possible 
genetic etiology of infertility should be studied.

1.3.2  Genetic Diagnosis vs. Preimplantation Genetic Screening

Among the most genuinely “reproductive” genetic diagnostic techniques, there are 
two available procedures; these are very similar to each other but have very different 
indications.

The so-called preimplantation genetic test (PGT) is a procedure that consists of 
obtaining one or two blastomeres from an embryo in the stage of 6–8 cells (usually 
on the 3rd day postfertilization). The cells obtained can be studied genetically by 
means of different types of tests, and, depending on the outcome of the study, the 
decision can me made regarding whether or not to transfer the embryo of origin 
to the patient. The objective of the study is, of course, to avoid the transmission 
of a genetic disease to offspring and can be carried out from two different and 
complementary perspectives. If the aim is to avoid transmitting a known genetic 
disease, we would speak of a clearly diagnostic procedure (PGD). In contrast, the 
preimplantation genetic screening procedure (PGS) is a technique similar to the 

N. Mendoza Ladrón de Guevara and M. A. Motos Guirao



11

previous one, whereby the embryo is selected in certain population groups initially 
“not affected” by a known genetic disease, but with a high risk of having offspring 
with some type of inherited disease, usually chromosomal abnormalities. The 
exposed groups are usually women of advanced age, males with different degrees 
of oligospermia, couples with repeated failures using reproductive techniques, and 
couples with recurrent miscarriages and normal karyotypes.

This distinction between PGD and PGS has been losing relevance with changes 
in molecular diagnostic methods. In a recent review, Harper et  al. (2018) have 
shown that the increasingly frequent use of next-generation sequencing (NGS) 
technology makes it unnecessary to propose a differentiated study between the 
various chromosomes among themselves or between the different indications 
of study. Using current terminology we would replace the use of the term PGT-
A techniques (preimplantation genetic test of aneuploidies) with PGS, and PGT-
M techniques would be replaced with the PGD (preimplantation genetic test on 
Mendelian diseases). The PGT-M techniques are no longer reduced to the analysis 
of a single locus, one or two genes, or a genomic region, but with the use of NGS 
techniques, it is possible to implement the study of an increasing genomic variability. 
Even haplotyping techniques, through analysis of CNVs (copy number variations) 
and SNVs (single-nucleotide variants), can be applied to almost any genetic disease 
[10].

The changes in the embryonic material used for the analysis favor the evolution 
of the preimplantation diagnosis, since frozen embryos are frequently used with 
various vitrification techniques, which make more time available for the study. 
The blastocoel fluid that can genetically represent the internal cell mass is also 
under investigation, while the study of the trophectoderm cells only represents 
the extraembryonic tissue. The possibility of studying the DNA present in the 
embryonic culture media (as a noninvasive source) has even been pointed out, but 
doubts persist as to whether these culture media are really free of any trace of human 
DNA or if the presence of cells of the maternal oophore cluster persists in them [11].

One question that has not yet been clarified is whether these embryo selection 
techniques based on chromosomal screening (PGT-A) are really useful, that is, if 
they have clinical utility. In this context this is measured by their ability to improve 
clinical outcomes in terms of embryo survival and the birth of children without 
chromosomal abnormalities in different types of populations (advanced maternal 
age, infertile, with severe male factors) and with different stages of development 
(cleavage, blastocyst). This will not be known until enough controlled and 
randomized clinical trials are published. Therefore, it is preferable to consider these 
PGT-A techniques as a quantitative selection (ranking tool) rather than a qualitative 
selection (screening tool) [12].

We have previously warned that no genetic test can be considered outside 
the context of genetic counseling, particularly these complex preimplantation 
techniques that require a thorough knowledge of the materials studied, the times in 
which they are made, the possible techniques to be applied, and the possible results 
to be obtained, along with the need to explain all of this to the couple in the form of 
pretest and posttest genetic counseling.
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1.3.3  Epigenetic Effects of Assisted Reproduction Techniques

A question of great interest is how can assisted reproduction techniques affect 
in  vitro the epigenome of the developing embryo. The epigenome is the set of 
chemical processes that affect the genetic material of a cell or organism without 
altering its sequence, but modifying its expression. The reprogramming moments of 
the epigenome represent stages that are potentially sensitive to certain effects from 
outside the embryo. Two stages of reprogramming are clearly distinguished: the 
period of formation of the reproductive cells (gametogenesis) and postfertilization 
embryonic development (preimplantation) [13].

Regarding gametogenesis, the mechanisms of epigenetic regulation such as 
methylation—which can help to stabilize the germline DNA or to silence certain 
genes—are poorly understood. The degree of methylation in oocytes appears 
to be half that observed in sperm. Another element of regulation at this stage 
is the control of the expression of transposons (short and mobile sequences of 
DNA), which could be involved in the development of some genetic diseases. 
During initial embryonic development, there are many changes produced by DNA 
methylation in the form of silencing (or not) of certain genes involved in it. The 
environmental agents suspected to interfere with this reprogramming are, among 
others, multiple ovulation [14], the composition of the culture media [15], the 
vibration to which the embryonic cultures are subjected, light, temperature, and the 
same genetic manipulation [16]. One of the possible consequences under study is 
the appearance of genetic diseases in relation to genomic imprinting phenomena, 
such as the Beckwith- Wiedemann, Prader-Willi, Angelman, and Silver-Russell 
syndromes. In a recent study on the REMERA (Registre des Malformations 
en Rhône-Alpes) registry, Uk et  al. found up to three times more risk of these 
diseases among children born by assisted reproduction techniques than those born 
of natural gestations [17]. Currently, it is too early to establish an unequivocal 
relationship with these diseases, and the studies carried out are insufficient. The 
disturbing transgenerational effects that may exist cannot yet be determined until 
a good number of generations have elapsed. Thus, although in general it could be 
estimated that the risk is low, no firm conclusions can be drawn until the outcomes 
of future research are known [18].

1.3.4  Congenital Defects, Population Genetics, and Assisted 
Reproduction

Currently, it has been accepted that the use of assisted reproduction techniques 
involves a slight increase in the risk of developing congenital defects, as well as an 
increase in the genetic causes of infertility in future pregnancies. Although there is 
evidence for these suggestions, studies that include larger populations and specific 
designs are necessary to further validate them.

With regard to congenital defects, Chen et al. [19] in a recent review and meta- 
analysis concluded that there is a significant association between a high prevalence 
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of congenital defects and single pregnancies achieved after the use of assisted 
reproduction techniques such as IVF/ICSI (both considered in absolute numbers, 
as for all categories of congenital defects including musculoskeletal, urogenital, 
circulatory, digestive anomalies, chromosomal defects, face, neck, eyes, auricular 
pavilions, cleft lip, cleft palate, respiratory system) except for malformations of 
the nervous system. These authors concluded that the risk of congenital defects 
is greater after the ICSI technique than after IVF. With regard to the specific case 
of cardiac defects, Giorgione et al. [20] also concluded after an extensive review 
and meta- analysis that cardiac defects are more prevalent (up to 50% more) after 
obtaining pregnancies with ART techniques. This leads to the recommendation of a 
systematic echocardiographic study of all pregnancies obtained after the use of these 
techniques. These results, although very indicative of the high risk of congenital 
defects following assisted reproduction techniques, should be considered with 
caution [20]. Further cohort studies and a more uniform methodology are needed in 
order to confirm this correlation.

Finally, the use of assisted reproduction techniques allows couples with 
abnormal karyotypes, mutations for cystic fibrosis, and microdeletions of the 
Y chromosome to achieve pregnancy and potentially transmit these genetic 
defects to their offspring, which represents an increased risk for the fertility 
of future generations. Harper et al. [10] ask “Is this a true risk?” Will it matter 
if, simultaneously, it improves our ability to treat infertility? Again we have 
to conclude that there is not yet a sufficient time perspective to evaluate these 
possible transgenerational modifications, but we must be vigilant to assess their 
possible consequences [10].

1.3.5  Regenerative Medicine

Among the potential genetic uses of assisted reproduction techniques there is 
regenerative medicine, which consists of curing damaged organs by introducing 
healthy cells. Current techniques allow human embryonic stem cells to be obtained 
at the blastocyst stage (5–6 days) or even earlier (3rd day). Surprisingly, we now 
know that completely differentiated somatic cells (such as fibroblasts) can be 
reprogrammed into pluripotent cells by means of the induced expression of only 
four key genes [21], OCT4, KLF4, SOX2, and C-MYC, which opens the door to its 
use as an alternative to embryonic cells, as it is devoid of other ethical and legal 
considerations. The utility of these non-embryonic cells is confirmed as a possible 
source of highly differentiated tissues or for research, generating disease models 
from people affected by unique mutations.

Finally, it should be noted that cultures of pluripotent cells have shown to be 
at risk of generating genomic instability [22] by developing alterations (trisomies 
of chromosomes 12 and 17 and small recurrent amplifications of chromosome 20 
[23], mitochondrial mutations [24], and epigenomic changes [25]) that could be 
considered precursors of certain types of cancer, particularly those of germ cells, 
which requires a thorough study to improve the conditions of the crops.
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1.3.6  Genetic Therapy and Assisted Reproduction

We will cite two examples of the possible therapeutic uses of the genetic techniques 
of assisted reproduction: the prevention of the transmission of mitochondrial 
diseases and the genomic edition.

It is well known that the mitochondria that accompany the pronuclei are 
exclusively maternal, which gives rise to a type of inheritance with very specific 
characteristics, the so-called mitochondrial inheritance. Given that this type of 
disease is currently incurable, solutions are sought through assisted reproduction. 
To avoid the transmission of known mitochondrial mutations, three types of 
techniques have been developed, known as mitochondrial replacement techniques 
(TRM): transmission of the achromatic spindle, transmission of the pronuclei, 
and transmission of the polar corpuscles. All of these techniques are designed to 
transmit the genome of an egg/zygote containing the abnormal mitochondria to an 
egg/zygote with normal (donated) mitochondria. An interesting review of this topic 
has recently been published [26].

Genomic editing is a procedure that involves the use of molecular scissors, 
capable of identifying a specific sequence of the genome, cutting it and inserting 
another DNA sequence into it to repair a damaged DNA or modify its expression. 
These scissors or tools are diverse, the most outstanding of which include zinc finger 
nucleases (ZFN), transcription activating nucleases (TALEN), and the revolutionary 
nucleases of reverse repeated palindromic sequences (CRISPR-Cas) [27]. There are 
still no safe routes of clinical application of this technique directly on the embryo 
[28], but nevertheless its application to germ cells—both spermatogonia and mature 
oocytes—is being investigated. However, the actual indications for its possible 
application are currently limited. Scientific societies such as the ASHG, the ESHG, 
and the ESHRE2 are making recommendations on this matter [29].

1.3.7  Ethical and Legal Issues

There are many ethical issues that arise when we address the genetic aspects 
within the field of assisted reproduction, and in this chapter, we do not intend to 
analyze them exhaustively although it seems convenient, at least, to list them to 
have a perspective of the problems that arise and the need to generate adequate 
responses to them. We are going to stay with genetic issues without entering into 
other specific ethical debates (even though these are equally necessary) linked to 
the use of reproductive techniques.

One of the aspects most questioned from the genetic point of view is the 
preimplantation diagnosis: Who can access it? There is no closed list of possible 
genetic conditions, although it is considered reasonable that they are diseases that 
significantly reduce quality of life. In Spain, the consideration of whether or not 
to study a disease depends on the respective Autonomic Commission of Assisted 
Reproduction, and each country deals with its own legislation. It is important to 
harmonize legislation within the European environment. A second question would 
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be whether these types of genetic studies should be carried out for predisposing 
mutations to the development of common long-term diseases, including the 
genetic predisposition to cancer. Regarding the predisposition to cancer, there are 
numerous records in many European countries, although the absoluteness of this 
indication decreases when we refer to other common diseases such as diabetes and 
hypertension. Digging deeper into this idea, we could arrive at the concept of the 
designer baby, in which we would have excluded all possible mutations (deleterious 
or predisposing) in order to seek the best possible development, hand in hand with 
the new massive sequencing technologies (WES/WGS). This also occurs with the 
most commonly accepted baby medication (savior sibling) and the corresponding 
HLA determinations. Derived from this general approach of preimplantation study, 
new doubts arise as to whether it is ethical to transfer an affected embryo (in the 
case of not having healthy embryos) in very specific cases or about the use of 
preimplantation genetic screening.

There is also debate about the necessary genetic studies in gamete donors and 
their implications, not only referring to the future embryos thus conceived but also 
to the individuals who donate them.

Genetic cascade studies—offered in a general way to certain families that 
transmit a genetic trait—may clash with the “right to not know” principle and create 
a new ethical conflict.

On the other hand, there are ethical questions concerning the possible prevention 
of mitochondrial diseases that, due to their specific type of transmission, represent 
an unknown on their expression—yes or no—in offspring and the degree of intensity 
of mitochondrial diseases.

All these and many others are issues of relevance to which we must respond in 
a consensual and unitary manner. We must ensure that there are no differences in 
attention and interpretation in reproductive genetic medicine while also preventing 
the promotion of inequality, or, where appropriate, the increasing disembarkation of 
private companies, with their offer of the direct tests offered to the consumer (TDC) 
and the end of anonymity for gamete donors [30] or the even more recent cases of 
cross-border reproductive care (transboundary reproductive care) [31].
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Turner Syndrome: Primary Amenorrhea 
from Adolescence to Aging

Camil Castelo-Branco and Iuliia Naumova

Turner syndrome is a chromosomal disease characterized either by the complete 
absence of one chromosome or by the presence of a defect in one of the X chromo-
somes, in at least one cell line. The karyotype of such women may be 45X0, mosa-
icism type 45X/46XX, 45X/46XY, or 45X/46Xq-, isochromosome or ring 
chromosome. Up to 98–99% of pregnancies with a fetal karyotype of 45X0 result in 
spontaneous abortions in the early stages. However, Turner syndrome occurs in 1 of 
2000 live births; therefore, this rare entity is one of the most common chromosomal 
abnormalities among life women [1, 2].

2.1  Etiopathogenesis of Turner Syndrome

Half of patients with Turner syndrome show complete absence of one of the X chro-
mosomes, and in these cases, in 70–80% of occasions, the X chromosome of the 
father is the absent. In the other half of the patients in which one X chromosome is 
normal, a mosaicism or other anomalies are identified, such as annular chromo-
somes (consisting of the remaining sections of the short and long chromosomal arm, 
rX) or isochromosomes (loss of short arm consisting only in the two long arms of 
the X chromosome (Xq-) [3].
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Depending on the karyotype, the external manifestations of the syndrome may 
vary from the presence of all typical marks of the clinical picture to the complete 
absence of those signs [1, 3]. Chromosomal imbalance, observed with Turner syn-
drome, leads to the appearance of various anomalies of somatic development. A 
wide spectrum of abnormalities is mainly due to haploinsufficiency of genes, which 
are usually expressed by both X chromosomes [4].

Key characteristics of TS are low growth, dysmorphic features, and gonadal fail-
ure with sterility and insufficient production of sex steroids. Most patients have a 
delay in puberty and primary amenorrhea, and, in more than a half of patients, it is 
possible to detect heart and vascular anomalies, which increase the risk of early 
mortality in a population of women with TS three times compared with the main 
female population [5, 6]. Congenital malformations of the kidney are nine times 
more common in subjects with TS [7].

In adult life, patients with Turner syndrome are affected by disorders such as 
osteoporosis, hypothyroidism, diabetes, dyslipidemia, and non-congenital heart or 
nephrourologic changes. The morbidity and mortality rates for this condition are 
higher than in the main population, and the life expectancy is reduced in more than 
10 years mainly due to cardiovascular diseases [8–13].

Diagnosing TS is not always easy since only 10% of TS patients have been ante-
natally diagnosed, 16% in infancy, and 54% in childhood (1–12 years), and up to 
20% have the diagnosis just at adolescence (12–18 years) [14]. Therefore, the main 
attention in providing medical care to such patients should be focused on early diag-
nosis, detection of prenatal markers of TS, timely administration of growth hor-
mone (GH), adequate hormone replacement therapy, and treatment of associated 
diseases [7, 9]. Patients with TS from the stage of verification of diagnosis and 
throughout life should be observed by specialists of various profiles for monitoring 
and correcting endocrinological and sensorineural abnormalities, identifying coex-
isting malformations, reproductive counseling, and sexual health. Along with other 
specialists, the gynecologist has a core position in the management of such patients, 
maintaining and controlling hormone replacement and referring the patient to 
another specialist when necessary. A multidisciplinary approach and a well- 
developed management plan for patients with TS at all age stages are very important 
for height outcomes, bone health, and psychosocial support.

This chapter discusses possible clinical manifestations, the main aspects of man-
aging patients with TS at different ages, modern approaches to diagnosing the syn-
drome and associated anomalies, and the specific features of hormone replacement 
therapy according to the latest guidelines.

2.2  Clinical Features

Most newborn girls with TS have only mild clinical manifestations, but a certain 
group of babies have lymphatic edema of the hands and feet, as well as skin folds 
on the posterior surface of the neck. One of the most common anomalies encoun-
tered in Turner disease is a short neck with a low level of hair growth and 
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pterygium neck folds, an enlarged rib cage, weakly developed genitals—small 
labia, clitoris, and uterus—and widely spaced nipples. Some patients have anoma-
lies in the shape and position of the ears (lop-eared), which are combined in half 
the cases with deafness [7, 14]. Less common are signs such as multiple pigment 
nevi or vitiligo, anomalies of the metacarpal and metatarsal bones of the hands and 
feet, deformations of the elbow and shoulder joints, and hypoplastic narrow nails. 
The face can have features specific for the syndrome—the jawbones are reduced in 
size, the soft and hard palate is high, and the ovulation of the eyelids is also 
observed [2, 7, 14].

Regarding the assessment of the integrity of internal organs, nowadays it is pos-
sible to detect cardiovascular abnormalities such as coarctation of the aorta, aorta 
dissection, disruption of the integrity of the interventricular septum, and a twofold 
aortic valve. Congenital kidney malformations (horseshoe kidney, kidney agenesis, 
double pelvis and ureter) and blood vessel anomalies such hemangioma or telangi-
ectasia are also antenatal detectable [14–16].

Short stature and gonadal dysgenesis are the most common clinical stigma in 
women with TS, which are detected in almost all patients and can be combined with 
other dysmorphic manifestations [11, 12]. A correlation between karyotype and 
phenotypic manifestations of TS usually exists, but it is not regular. Thus, external 
dysmorphology and nephrologic or cardiac malformations are common in the case 
of pure monosomy [8, 17], while almost 40% of patients with mosaic patterns have 
spontaneous menarche and less pronounced external manifestations of the syn-
drome. Subjects with isochromosome in karyotype have sensorineural and immu-
nological disorders, but congenital malformations in such patients are usually not 
diagnosed.

2.2.1  Short Stature

Short tallness is due to haploinsufficiency of the homeobox containing the gene 
(SHOX) located in the distal part of the short arm of the X chromosome [18]. The 
height of adult patients with TS varies between 143 and 147 cm. Mutations in this 
gene could also explain some skeletal abnormalities in TS, such as Madelung 
deformity of the wrist, cubitus valgus, or short fourth metacarpal. Additionally, 
haploinsufficiency of SHOX expression could explain other features such as 
chronic otitis media, prominent ears, and problems of learning how to suck, blow, 
eat, or articulate [4, 19]. In patients with TS, partial growth hormone (GH) insen-
sitivity is noted with the preserved secretion of growth hormone by adenohypophy-
sis cells, which leads to a primary bone defect. According to clinical studies, there 
are positive results in the prescription of recombinant growth hormone therapy as 
an increase in adult height in patients by 5–8 cm [20–22]. However, the effective-
ness of such therapy may vary and depends on a set of factors such as the stature 
of the patient’s parents, the age at which the GH therapy began, the height of the 
patient at the time of initiation of therapy, and the duration and dose of the pre-
scribed hormone  therapy. [23].
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Treatment of GH is recommended to start already at the age of 4–6 years; in case 
of lack of growth, therapy is prescribed earlier to provide adequate duration of ther-
apy before puberty begins [15, 24]. Therefore, patients receiving treatment with GH 
for a mean of 5.7 years were on average 7.2 cm taller than the control group [25]. It 
is recommended to begin GH treatment 4 years before estrogen replacement [8].

According to the latest recommendations, the optimal initial dose of GH therapy 
is 45–50 μg/kg/day with a possible increase in dosage to 68 μg/kg/day in case of 
insufficient effect. The drug is administered subcutaneously seven times a week, 
preferably at nighttime [15].

During the treatment, it is recommended to monitor the patient’s growth every 
3–4 months in the first year of therapy and every 4–6 months thereafter. GH therapy 
may be discontinued after linear growth is complete (bone age of approximately 
13.5 to 14 years; height velocity <2 cm/year).

Potential risks and benefits of GH therapy should be clarified to the family prior 
to initiation of therapy, and careful monitoring is also needed to identify possible 
adverse effects. GH therapy is usually well tolerated; however, slipped capital femo-
ral epiphyses, scoliosis, pancreatitis, and a small risk of intracranial hypertension 
have been described in TS patients [26, 27]. Moreover, evidence exists suggesting 
that GH therapy may exacerbate the risk of glucose intolerance [28, 29]. According 
to the latest guidelines, patients with TS need an annual monitoring of hemoglobin 
A1c regardless of GH therapy and an annual measurement of insulin-like growth 
factor I (IGF-I) when the GH dose is increased [15].

In cases of insufficient growth in girls older than 10 with GH monotherapy, the 
addition of oxandrolone, an anabolic steroid, in a dose of 0.03–0.05 mg/kg/day is 
recommended [15, 30]. Oxandrolone in combination with GH therapy may improve 
the adult height by 2–5 cm [31]. Possible side effects of oxandrolone therapy include 
a slight virilizing effect (acne, hirsutism, clitoromegaly); however, when using the 
drug in a standard dosage, the risk of virilization is extremely low [30].

2.2.2  Ovarian Dysgenesis

Although the gonads in TS differentiate normally until the third month of preg-
nancy, an accelerated apoptosis of oocytes occurs after this period, with an increase 
in ovarian stromal fibrosis. Consequently, it’s not uncommon that ovarian failure 
takes place within the first months or years of life.

Routine extraction of oocytes is not recommended for patients under 12 years of 
age, but young TS women with normal ovarian function should be informed of 
options for maintaining fertility [15].

Even though primary amenorrhea is usual in TS, the incidence of spontaneous 
puberty is not uncommon [11, 32]. Concentrations of follicle-stimulating hormone 
(FSH) and luteinizing hormone (LH) are high as early as 5 days of age in infants 
with TS; although these levels decline afterwards, FSH and LH levels remain higher 
than in girls with a normal karyotype [12, 33].

In up to 6% of TS patients, the karyotype includes the Y chromosome, which 
may lead to the development of gonadoblastoma, and malignant neoplasm 
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composed of stromal and germ cells. Hence, in these cases, early prophylactic exci-
sion of the gonads is recommended in TS women, considering that the risk increases 
with age (from 2% at age 10 to 27.5% at 30 years) [11].

Still, most patients with TS require induction of pubertal and hormone replace-
ment therapy with estrogen-progestational medications for adequate develop-
ment of the mammary glands and uterus and to get an acceptable peak of bone 
mass. In these cases for monitoring, it is recommended to check the level of 
gonadotropins (especially FSH) annually from the age of 11  years to identify 
hypergonadotropic hypogonadism and timely induction of puberty. It is also rec-
ommended in some cases to determine the level of anti-Mullerian hormone 
(AMH) or inhibin B. A low level of these hormones may indicate a decrease in 
the ovarian reserve [34, 35].

After induction of puberty, patients with TS require prolonged estrogen replace-
ment therapy. The goal of this therapy is to prevent osteoporosis, reduce the risk of 
atherosclerosis, and improve cognitive functions [11, 16, 35].

The use of preparations containing natural estrogens per os or in parenteral forms 
is recommended. Currently, preference is given to the transdermal route in order to 
elude the first-pass effect in the liver, avoiding many adverse effects of hormone 
therapy. Transdermal 17β estradiol is recommended to be administered from the age 
of 11–12  years. The minimum dose of 17β estradiol by transdermal route is 
14–25 μg, and the dose can be gradually increased up to adult dosage (50–100 μg/
day) at 2–3 years of therapy [15].

Progestagen (oral micronized progesterone or synthetic progestin) must be pre-
scribed in the case of withdrawal bleeding or 2 years after initiation of estrogen 
therapy to minimize the risk of endometrial cancer [7, 15]. The schedule of proges-
tin administration may be sequential—a minimum of 10  days per month—with 
menstrual deprivation or as a continuous regimen that prevents menstrual 
bleeding.

Estrogen deficiency causes bone loss, endothelial dysfunction, decreased insulin 
production, abnormal lipid pattern, increased central adiposity, and early athero-
sclerosis. In estrogen-deficient females with TS, replacement therapy improves liver 
enzyme abnormalities and some cognitive deficits (reaction time, nonverbal pro-
cessing speed, short-term memory) [36]. Therefore, the use of estrogen replacement 
up to physiological doses should be maintained until the expected age of meno-
pause. Nonetheless, it is important to emphasize that neither the risk of breast can-
cer nor that of ovarian or endometrial cancer is higher in these patients than in the 
general population [12].

2.3  Fertility and Pregnancy

Regarding reproductive function, patients with TS are mostly infertile. In patients 
with 45X monosomy, spontaneous pregnancy is uncommon and occurs in less than 
0.5% of cases. The risk of developing congenital anomalies and chromosomal 
pathologies in the newborns of such patients is extremely high. Among patients 
with 45X/47XXX mosaicism, the incidence of spontaneous pregnancies reaches up 
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to 14%, and the risk of congenital anomalies is less than 5% [37]. In most cases, 
patients with TS are referred to oocyte donation and in vitro fertilization. However, 
the risk of first trimester miscarriage is higher, probably due to uterine hypoplasia 
and some uterine ischemia during pregnancy [33, 38, 39]. Cesarean rates are higher 
due to cephalopelvic disproportion.

TS is associated with a variety of severe cardiovascular pathologies; therefore, 
taking a decision on future pregnancy and the use of assisted reproductive technolo-
gies and cardiac assessment, including echocardiography and strict blood pressure 
monitoring, is mandatory to these patients since the risk of death is extremely high. 
The pregnancy is categorically contraindicated in patients with aortic 
abnormalities.

Finally, prenatal diagnosis of TS allows the prediction of gonadal insufficiency 
in women demonstrating early evidence of ovarian function; hence, new techniques 
of ovarian tissue cryopreservation with the aim of replantation might be suitable for 
a few selected females with TS.

2.4  Osteoporosis

Patients with TS have low cortical mineral density, osteoporosis, and risk of frac-
tures. These conditions are probably related to a primary defect in bone formation. 
Although the molecular defect remains to be identified, some genes located in X 
chromosome are associated with connective tissue changes [40]. In women with TS, 
the peak in bone mass is reduced by 25% compared to the general population of 
women. The incidence of fracture in girls and adult women with TS is threefold 
higher than in normal controls [41]. Girls with TS who have had spontaneous men-
arche have been found to achieve normal bone mass [42].

The prescription of GH therapy in combination with estrogen replacement ther-
apy before the age of 12 significantly improves bone mineral density.

2.5  Cardiovascular Abnormalities

Cardiovascular abnormalities occur in 50% of patients with TS and are the leading 
cause of early mortality, which is registered three times more often than in the main 
female population [5–7, 43]. The life expectancy of such patients is reduced by 
13 years [44].

Congenital heart defects, aortic root dilatation and aortic dissection, ischemic 
heart disease, and cerebrovascular disease contribute nearly 50% to the excess mor-
bidity in TS [45]. Dilatation of the root of the aorta, hypertension, and bicuspid 
aortic valve have been reported as major cardiovascular concerns in TS [44, 46]. It 
should also be noted that mortality from ischemic heart disease in patients with TS 
is seven times higher than that among women in the control group [44].

Figure 2.1 shows the main cardiovascular anomalies associated with TS.
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Cardiovascular complications are related mainly to the hypoestrogenism, but it is 
believed that differences in X chromosome gene expression can also play a role 
[47]. Several genes localized in the X chromosome have been described as involved 
in the control of cardiovascular functions such as the angiotensin type 2 receptor 
and several kinases and transcription factors [48]. Moreover, the abnormal lipid 
profile with high level of total and LDL cholesterol in patients with TS is responsi-
ble for the high risk of atherosclerosis development and cardiovascular complica-
tions [49, 50].

Bicuspid aortic valve is the most common congenital malformation (25–39.2%) 
[46], and although it is usually an isolated abnormality, it may occur together with 
other anomalies such as aortic coarctation. This combination may result in progres-
sive valve dysfunction due to calcification in the aortic valve and may cause aortic 
stenosis or regurgitation in adulthood. Coarctation of the aorta affects 10% of 
women with TS causing hypertension and seems to be more associated with severe 
lymphoedema, perhaps due to abnormal lymphatic flow by compression of the 
ascending aorta [4, 51].

Other abnormalities, such as partial anomalous venous drainage and mitral valve 
abnormalities are more common among TS women, and left-side cardiac anomalies 
are associated with endocarditis, with prophylactic antibiotics being essential before 
surgical procedures.

Aortic anomaties

Elongated transverse arch

Aortic dissection

Aortic dilatation

Venous anomalies

Partial anomalous
venous connection
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superior vena cava

Bicuspid aortic
valve
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subclavian artery

Coarctation

Cardiovascular
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associated with
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Fig. 2.1 Main cardiovascular complaints associated with Turner syndrome
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However, the most serious risk for females with TS is aortic dissection (risk of 
36 per 100, 000/TS person year compared to 6 per 100, 000/year in general popula-
tion), which may occur several decades earlier than in the general female population 
causing even sudden death [52].

Hypertension, a bicuspid aortic valve, and dilated aortic root (with an age-related 
increase of the root diameter greater than the normal population) are risk factors for 
dissection.

Surveillance for aortic root dilatation, treatment for hypertension, and prophy-
lactic medical therapy with timely surgical consultation are essential to reduce the 
incidence of aortic dissection [18, 53].

Echocardiography should be included in the assessment of TS patients and 
should be indicated periodically. Electrocardiogram should be carried out along 
with the imaging studies because conduction or repolarization defects have been 
reported attributed to neuroautonomic dysfunction [4].

2.6  Neurocognitive, Sexual, and Behavioral Problems

Usually patients with TS have normal intelligence with good verbal skills, although 
some subjects may have problems in the neurocognitive and psychosocial spheres. 
The severity of cognitive impairment is supposed to be associated with a karyotype 
since these disorders are more pronounced in patients with 45X monosomy or rX 
than in mosaic patterns [10]. It’s noteworthy that nearly 10% of girls with TS (espe-
cially those with an X-ring karyotype) may exhibit an intellectual impairment [54]. 
Difficulties can arise with nonverbal training, performance of numerical work, 
visual-spatial perception, motor coordination, and motor training. Patients with TS 
have reduced working memory and processing speed; therefore, autism spectrum 
disorders as well as attention deficit and hyperactivity may be noted [54–58].

Low self-esteem, depression, anxiety, and difficulties in sexual relations are also 
common among patients with TS [59]. However, most of the series and studies suggest 
that the high prevalence of depressive symptoms in TS’ patients is mainly due to hypo-
gonadism and subsequent hypoestrogenism and is not a direct effect of the absence of 
the X chromosome. The incidence of depression in patients with TS is comparable to 
that of women with premature ovarian failure with normal karyotype [60, 61].

Sexual function in women with TS is impaired compared with the general popu-
lation [62]. In addition, only 50–55% of patients with TS recognize to be sexually 
active [63, 64], and among patients with regular relationships, a low level of sexual 
satisfaction is noted [63]. One of the factors that more strongly affect sexual activity 
is the height of women being sexually inactive patients of a shorter size than sexu-
ally active subjects [63].

Early detection of neurocognitive problems and the use of modern principles of 
rehabilitation help improve achievement and social well-being in children with TS 
[54, 65].

Therefore, it is recommended that children with TS be screened every year in 
order to identify behavioral problems and undergo an official neuropsychiatric 
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testing at the main transitional stages of the child’s life [66]. However, as the neuro-
psychiatric and psychologic problems exist along all the life of these patients, 
women with TC should have warranted full access to clinical psychologists and 
psychiatrists for counseling related to anxiety and related conditions [4].

2.7  Sensorineural Disorders

Recurrent otitis media is a common complaint of TS women with a frequency rang-
ing from 61 to 88% of patients upon the different series [67, 68]. Girls with 45X 
monosomy karyotype are more prone to middle ear problems than those with dele-
tions or mosaicism probably related to altered cranial bone structure [67–69].

Adolescent and young-adult women with TS have a progressive hearing impair-
ment, deteriorating rapidly in adult age. The hearing decline seems to consist of two 
patterns: a mid-frequency dip and a high-frequency loss resembling age-related 
hearing impairment [70].

Conductive hearing loss is found in 39–43% of girls under 16 [71, 72], and it 
persists beyond the age of 20 in around 20% of TS women [68]. This progressive 
hearing loss seems to be more common in those with a history of recurrent ear infec-
tions earlier in life.

The main cause for the infection is the deformity in the pinna, more pronounced 
in patients with a total deletion of the short arm of the X chromosome, as mono-
somy 45X0 or isochromosome [68]. Therefore, the conductive loss may have a 
congenital origin. However, the pathophysiology of sensorineural lesions is not yet 
fully understood. Some studies indicate that cochlear dysfunction is the cause of the 
sensorineural impairment and it is possibly influenced by estrogen deficiency [73, 
74]. Therefore, regular audiometric checks should be performed referring patients 
to otorhinolaryngology departments.

2.8  Other Disorders

Congenital renal malformations are ninefold more common in women with TS than 
in the general population [10]. These abnormalities include horseshoe kidney, 
duplex systems, and rotated kidneys. Malformations are more common in 45X0 
monosomy females, being related to neither hypertension nor other clinical symp-
toms. Nevertheless, renal ultrasound is recommended at diagnosis and should be 
repeated at the time of adult transfer.

The most common ocular findings linked to TS are strabismus, ptosis, and 
amblyopia. All patients should have eye assessment carried out during follow-up if 
required.

Multiple autoimmune diseases, such as chronic lymphocytic thyroiditis, celiac 
disease, and inflammatory bowel disease (especially Crohn’s disease), are also 
 commonly associated with TS, but the pathophysiologic mechanism of immune 
alteration remains unclear [75].
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Autoimmune thyroid disease with outcome in clinical or subclinical hypothy-
roidism is detected in approximately 50% of patients. Therefore, regular monitor-
ization of thyroid hormones and antithyroid antibodies is mandatory in women with 
TS and allows timely initiation of adequate substitution therapy [76].

2.9  Diagnosis

Diagnosis of Turner syndrome is not always simple. Unfortunately, often the syn-
drome is diagnosed late, and up to 38% of patients learn about their diagnosis in 
adulthood [77]. However, in some cases, a diagnosis is possible at the prenatal 
stage. When performing ultrasound, increased nuchal translucency, cystic hygroma, 
and left-sided obstructive cardiac anomalies (especially coarctation of the aorta) in 
a fetus can be TS markers [78]. The results of maternal serum screening may also 
be abnormal; however, prenatal confirmation of the diagnosis requires amniocente-
sis or chorionic villus analysis. Karyotype is recommended to be repeated in post-
natal period [2, 15].

Nowadays, karyotyping is recommended if there is at least one of the following 
signs: fetal hydrops or cystic hygroma, unexplained short stature, delayed puberty, 
obstructive left-sided cardiac abnormality such as a bicuspid aortic valve, coarctation, 
aortic stenosis, hypoplastic left heart syndrome or mitral valve abnormalities, charac-
teristic facial features (such as short broad neck with webbing, narrow palate, micro-
gnathia, low set ears, and down-slanted palpebral fissures with epicanthal folds), or in 
a couple presenting with infertility. The combination of two or more cardiovascular 
and/or kidney abnormalities specific for TS, as well as Madelung deformity, dysplas-
tic nails, multiple nevi, neuropsychological issues, and hearing loss associated with 
short stature, is a clear indication for carrying out karyotyping [15].

2.10  Conclusion

Turner syndrome is a chromosomal abnormality affecting all stages of a woman’s 
life—from intrauterine development to the adult period. The complex of congenital 
anomalies associated with Turner syndrome is hypogonadism, hypoestrogenism, 
cardiovascular complications, renal pathology, neurosensory disorders, metabolic 
disorders, cognitive impairment, and difficulties in social adaptation requiring early 
diagnosis and timely treatment. The onset of GH therapy in childhood and the 
timely initiation of pubertal and estrogen replacement therapy in adolescence and 
adulthood allow patients with TS to have almost normal quality of life indicators 
and to be psychologically and socially well adapted in society. Subsequently, during 
adulthood endocrinological-gynecology units might diagnose conditions that may 
debut later in life, including endocrino-metabolic, immunological, and sensorineu-
ral disorders such as diabetes, hypothyroidism, coeliac disease, hearing loss, etc. 
and refer these patients to other consultants. Only the work of a multidisciplinary 
team of specialists, including pediatricians, endocrinologists, gynecologists, cardi-
ologists, otolaryngologists, and psychologists, can optimize the management and 
treatment of such patients (Table 2.1).

C. Castelo-Branco and I. Naumova



29

References

 1. Ros C, Serra A, Balasch J, Margarit E, Castelo-Branco C. Comparative cytogenetic analysis in 
two tissues with different lineage in Turner’s syndrome patients: correlation with phenotype. 
Gynecol Endocrinol. 2014;30(4):282–6.

 2. Bondy CA, Turner T, Consensus S, et al. Care of girls and women with Turner syndrome: a 
guideline of the Turner Syndrome Study Group. J Clin Endocrinol Metab. 2014;92:10–25.

 3. Saikia UK, Sarma D, Yadav Y. Delayed presentation of Turner syndrome: challenge to optimal 
management. J Hum Reprod Sci. 2017;10(4):297–301.

 4. Davenport M.  Approach to the patient with Turner syndrome. J Clin Endocrinol Metab. 
2010;95:1487–95.

 5. Marin A, Weir-McCall JR, Webb DJ, et  al. Imaging of cardiovascular risk in patients with 
Turner’s syndrome. Clin Radiol. 2015;70:803–14.

 6. Mortensen KH, Gopalan D, Andersen NH, et  al. Multimodality cardiac imaging in Turner 
syndrome. Cardiol Young. 2016;26:831–41.

 7. Castelo-Branco C.  Management of Turner syndrome in adult life and beyond. Maturitas. 
2014;79(4):471–5.

 8. Donalson MDC, Gault EJ, Tan KW, Dunger DB. Optimising management in Turner syndrome: 
from infancy to adult transfer. Arch Dis Child. 2006;91:513–20.

 9. Devernay M, Ecosse E, Coste J, Carel JC. Determinants of medical care for young women 
with Turner Syndrome. J Clin Endocrinol Metab. 2009;94:3408–13.

 10. Gravholt C.  Epidemiological, endocrine and metabolic features in Turner syndrome. Eur J 
Endocrinol. 2004;151:657–87.

 11. Elsheikh M, Dunger DB, Conway GS, Wass JAH. Turner’s syndrome in adulthood. Endocr 
Rev. 2003;23:120–40.

 12. Conway GS. The impact and management of Turner’s syndrome in adult life. Best Pract Res 
Clin Endocrinol Metab. 2002;16:243–61.

 13. Stockholm K, Juul S, Juel K, Naeraa RW, Gravholt CH.  Prevalence, incidence, diagnostic 
delay and mortality in Turner syndrome. J Clin Endocrinol Metab. 2006;91:3897–902.

 14. Apperley L, Das U, Ramakrishnan R, Dharmaraj P, Blair J, Didi M, Senniappan S. Mode of 
clinical presentation and delayed diagnosis of Turner syndrome: a single Centre UK study. Int 
J Pediatr Endocrinol. 2018;2018:4.

Table 2.1 Regular checks in Turner syndrome patients

Basal Yearly 3–5 years of monitoring
Weight and stature x x
Tanner x
Blood pressure x x
Lab tests
  Hemogram, lipid profile X X
  Metabolism (liver enzymes, glucose 

intolerance)
X X

  Thyroid assessment (TSH, T4)/thyroidal Ab X/X X/Xa X/X
  FSH, LH x
Autoimmunity X Xa

Karyotype x
Echocardiogram, EKG X Xa X
Abdominal ultrasound X Xa X
Gynecological ultrasound X X
Bone absorptiometry X Xa X
Audiometry X Xa X

aWhen indicated

2 Turner Syndrome: Primary Amenorrhea from Adolescence to Aging



30

 15. Gravholt CH, Andersen NH, Conway GS, et al. Clinical practice guidelines for the care of girls 
and women with Turner syndrome: proceedings from the 2016 Cincinnati International Turner 
Syndrome Meeting. Eur J Endocrinol. 2017;177:1–70.

 16. Ros C, Castelo-Branco C. Management of Turner’s syndrome in adult life: case-series and 
systematic review. Gynecol Endocrinol. 2012;28(9):726–32.

 17. Bianco SDC, Kaiser UB.  The genetic and molecular basis of idiophatic hypogonadotropic 
hypogonadism. Nat Rev Endocrinol. 2009;5:569–76.

 18. Shankar RK, Backeljauw PF. Current best practice in the management of Turner syndrome. 
Ther Adv Endocrinol Metab. 2018;9(1):33–40.

 19. Oliveira CS, Alves C. The role of the SHOX gene in the pathophysiology of Turner syndrome. 
Endocrinol Nutr. 2011;58:433–42.

 20. Quigley CA, Crowe BJ, Anglin DG, et al. Growth hormone and low dose estrogen in Turner 
syndrome: results of a United States multi-center trial to near-final height. J Clin Endocrinol 
Metab. 2002;87:2033–41.

 21. Baxter L, Bryant J, Cave CB, et al. Recombinant growth hormone for children and adolescents 
with Turner syndrome. Cochrane Database Syst Rev. 2007;(1):CD003887.

 22. Ross JL, Quigley CA, Cao D, et  al. Growth hormone plus childhood low-dose estrogen in 
Turner’s syndrome. N Engl J Med. 2011;364:1230–42.

 23. van Pareren YK, de Muinck Keizer-Schrama SM, Stijnen T, et al. Final height in girls with 
turner syndrome after long-term growth hormone treatment in three dosages and low dose 
estrogens. J Clin Endocrinol Metab. 2003;88:1119–25.

 24. Davenport ML, Crowe BJ, Travers SH, et  al. Growth hormone treatment of early growth 
failure in toddlers with Turner syndrome: a randomized, controlled, multi-center trial. J Clin 
Endocrinol Metab. 2007;92:3406–16.

 25. Stephure DK, Canadian Growth Hormone Advisory Committee. Impact of growth hormone 
supplementation on adult height in Turner syndrome: results of the Canadian randomized con-
trolled trial. J Clin Endocrinol Metab. 2005;90:3360–6.

 26. Bell J, Parker KL, Swinford RD, et al. Long-term safety of recombinant human growth hor-
mone in children. J Clin Endocrinol Metab. 2010;95:167–77.

 27. Darendeliler F, Karagiannis G, Wilton P. Headache, idiopathic intracranial hypertension and 
slipped capital femoral epiphysis during growth hormone treatment: a safety update from the 
KIGS database. Horm Res. 2007;68(Suppl.5):41–7.

 28. Wooten N, Bakalov VK, Hill S, et al. Reduced abdominal adiposity and improved glucose 
tolerance in growth hormone-treated girls with Turner syndrome. J Clin Endocrinol Metab. 
2008;93:2109–14.

 29. Cutfield WS, Wilton P, Bennmarker H, et  al. Incidence of diabetes mellitus and impaired 
glucose tolerance in children and adolescents receiving growth-hormone treatment. Lancet. 
2000;355:610–3.

 30. Sas TC, Gault EJ, Bardsley MZ, et al. Safety and efficacy of oxandrolone in growth hormone- 
treated girls with Turner syndrome: evidence from recent studies and recommendations for 
use. Horm Res Paediatr. 2014;81:289–97.

 31. Menke LA, Sas TC, de Muinck Keizer-Schrama SM, et  al. Efficacy and safety of oxan-
drolone in growth hormone-treated girls with Turner syndrome. J Clin Endocrinol Metab. 
2010;95:1151–60.

 32. Pasquino AM, Passeri F, Pucarelli I, et al. Spontaneous pubertal development in Turner’s syn-
drome. Italian Study Group for Turner’s Syndrome. J Clin Endocrinol Metab. 1997;82:1810–3.

 33. Bannink EM, van Sassen C, van Buurent S, de Jong FH, Lequin M, Mulder PGH. Puberty 
induction in Turner syndrome: results of oestrogen treatment on development of secondary 
sexual characteristics, uterine dimensions and serum hormone levels. Clin Endocrinol (Oxf). 
2009;70:265–73.

 34. Lunding SA, Aksglaede L, Anderson RA, et al. AMH as predictor of premature ovarian insuf-
ficiency: a longitudinal study of 120 Turner Syndrome patients. J Clin Endocrinol Metab. 
2015;100:1030–8.

C. Castelo-Branco and I. Naumova



31

 35. Castelo-Branco C, León M, Durán M, Balasch J.  Follicle-stimulating hormones does 
not directly regulate bone mass in human beings: evidence from nature. Fertil Steril. 
2008;90:2211–6.

 36. Ross J, Roentgen D, Zinn A. Cognition and the sex chromosomes: studies in Turner syndrome. 
Horm Res. 2006;65:47–56.

 37. Lim HH, Kil HR, Koo SH. Incidence, puberty, and fertility in 45,X/47,XXX mosaicism: report 
of a patient and a literature review. Am J Med Genet A. 2018;176(4):1029.

 38. Doerr HG, Bettendorf M, Hauffa BP, Mehls O, Partsch CJ. Uterine size in women with Turner 
syndrome after induction of puberty with estrogens and long-term growth hormone therapy: 
results of the German IGLU Follow-up Study 2001. Hum Reprod. 2005;5:1418–21.

 39. Foudila T, Soderstrom-Anttila V, Hovatta O. Turner’s syndrome and pregnancies after oocyte 
donation. Hum Reprod. 1999;14:532–5.

 40. Breuil V, Euler-Ziegler L.  Gonadal dysgenesis and bone metabolism. Joint Bone Spine. 
2001;68:26–33.

 41. Bakalov V, Bondy CA. Fracture risk and bone mineral density in Turner syndrome. Rev Endocr 
Metab Disord. 2008;9:145–51.

 42. Sass TC, De Muinck SM, Stijnen T, Asarfi A, Van Leeuwen WJ, Van Teunenbroek A, Van 
Rijn RR, Drop SL. A longitudinal study on bone mineral density until adulthood in girls with 
Turner’s syndrome participating in growth hormone injection frequency-response trial. Clin 
Endocrinol (Oxf). 2000;52:531–6.

 43. Schoemaker MJ, Swerdlow AJ, Higgins CD, et al. Mortality in women with Turner syndrome 
in Great Britain: a national cohort study. J Clin Endocrinol Metab. 2008;93:4735–42.

 44. Bondy CA. Heart disease in Turner syndrome. Minerva Endocrinol. 2007;32:245–61.
 45. Mortensen KH, Andersen NH, Gravholt CH. Cardiovascular phenotype in Turner syndrome- 

integrating cardiology, genetics and endocrinology. Endocr Rev. 2012;33:677–714.
 46. Donato B, Ferreira MJ.  Cardiovascular risk in Turner syndrome. Rev Port Cardiol. 

2018;37(7):607–21.
 47. Thomas J, Yetman AT. Management of cardiovascular disease in Turner syndrome. Expert Rev 

Cardiovasc Ther. 2009;7:1631–41.
 48. Ross MT, Grafham DV, Coffey AJ, Scherer S, McLay K, Muzny D, et al. The DNA sequence 

of the human X chromosome. Nature. 2005;434:325–37.
 49. O’Gorman CS, Syme C, Lang J, Bradley TJ, et  al. An evaluation of early cardiometabolic 

risk factors in children and adolescents with Turner syndrome. Clin Endocrinol (Oxf). 
2013;78:907–13.

 50. Akyrek N, Atabek ME, Eklioglu BS, et  al. The relationship of periaortic fat thickness and 
cardiovascular risk factors in children with Turner syndrome. Pediatr Cardiol. 2015;36:925–9.

 51. Berdahl LD, Wenstrom KD, Hanson JW. Web neck anomaly and its association with congeni-
tal heart disease. Am J Med Genet. 1995;56:304–7.

 52. Gravholt CH, Landin-Wilhelmsen K, Stochholm K, et  al. Clinical and epidemiological 
description of aortic dissection in Turner’s syndrome. Cardiol Young. 2006;16:430–6.

 53. Conway GS, Band M, Doyle J, Davies MC. How do you monitor the patient with Turner’s 
syndrome in adulthood? Clin Endocrinol (Oxf). 2010;73:696–9.

 54. Sybert VP, McCauley E. Turner’s syndrome. N Engl J Med. 2004;351:1227–38.
 55. Hong D, Scaletta KJ, Kesler S. Cognitive profile of Turner syndrome. Dev Disabil Res Rev. 

2009;15:270–8.
 56. Green T, Bade SS, Chromik LC, et  al. Elucidating X chromosome influences on attention 

deficit hyperactivity disorder and executive function. J Psychiatr Res. 2015;68:217–25.
 57. Mazzocco MM. The cognitive phenotype of Turner syndrome: specific learning disabilities. 

Int Congr Ser. 2006;1298:83–92.
 58. Nijhuis-van der Sanden MW, Eling PA, Otten BJ. A review of neuropsychological and motor 

studies in Turner Syndrome. Neurosci Biobehav Rev. 2003;27:329–38.
 59. McCauley E, Feuillan P, Kushner H, et  al. Psychosocial development in adolescents with 

Turner syndrome. J Dev Behav Pediatr. 2001;22:360–5.

2 Turner Syndrome: Primary Amenorrhea from Adolescence to Aging



32

 60. Sheaffer AT, Lange E, Bondy CA. Sexual function in women with Turner syndrome. J Womens 
Health (Larchmt). 2008;17(1):27–33.

 61. Cardoso G, Daly R, Haq NA, et al. Current and lifetime psychiatric illness in women with 
Turner syndrome. Gynecol Endocrinol. 2004;19(6):313–9.

 62. Garrido Oyarzun MF, Castelo-Branco C. Sexuality and quality of life in congenital hypogo-
nadism. Gynecol Endocrinol. 2016;32(12):947–50.

 63. Ros C, Alobid I, Balasch J, et al. Turner’s syndrome and other forms of congenital hypogonad-
ism impair quality of life and sexual function. Am J Obstet Gynecol. 2013;208(6):484–6.

 64. Carel JC, Elie C, Ecosse E, et al. Self-esteem and social adjustment in young women with 
Turner syndrome—influence of pubertal management and sexuality: population-based cohort 
study. J Clin Endocrinol Metab. 2006;91(8):2972–9.

 65. Chadwick PM, Smyth A, Liao LM. Improving self-esteem in women diagnosed with Turner 
syndrome: results of a pilot intervention. J Pediatr Adolesc Gynecol. 2014;27:129–32.

 66. Heilbronner RL, Sweet JJ, Attix DK, et  al. Official position of the American Academy of 
Clinical Neuropsychology on serial neuropsychological assessments: the utility and chal-
lenges of repeat test administrations in clinical and forensic contexts. Clin Neuropsychol. 
2010;24:1267–78.

 67. Ros C, Tercero A, Alobid I, Balasch J, Santamaria J, Mullol J, Castelo-Branco C. Hearing 
loss in adult women with Turner's syndrome and other congenital hypogonadisms. Gynecol 
Endocrinol. 2014;30(2):111–6.

 68. Verver EJ, Freriks K, Thomeer HG, Huygen PL, Pennings RJ, Alfen-van der Velden AA, 
Timmers HJ, Otten BJ, Cremers CW, Kunst HP. Ear and hearing problems in relation to karyo-
type in children with Turner syndrome. Hear Res. 2011;275(1–2):81–8.

 69. Kubba H, Smyth A, Wong SC, Mason A.  Ear health and hearing surveillance in girls and 
women with Turner’s syndrome: recommendations from the Turner’s Syndrome Support 
Society. Clin Otolaryngol. 2017;42(3):503–7.

 70. Hederstierna C, Hultcrantz M, Rosenhall U. A longitudinal study of hearing decline in women 
with Turner syndrome. Acta Otolaryngol. 2009;129:1434–41.

 71. Bergamaschi R, Bergonzoni C, Mazzanti L, Scarano E, Mencarelli F, Messina F, Rosano M, 
Iughetti L, Cicognani A. Hearing loss in Turner syndrome: results of a multicentric study. J 
Endocrinol Invest. 2008;31(9):779–83.

 72. Hall JE, Richter GT, Choo DI. Surgical management of otologic disease in pediatric patients 
with Turner syndrome. Int J Pediatr Otorhinolaryngol. 2009;73(1):57–65.

 73. Hederstierna C, Hultcrantz M, Rosenhall U. Estrogen and hearing from a clinical point of view; 
characteristics of auditory function in women with Turner syndrome. Hear Res. 2009;252:3–8.

 74. Parkin M, Walker P.  Hearing loss in Turner syndrome. Int J Pediatr Otorhinolaryngol. 
2009;73:243–7.

 75. Mortensen KH, Cleemann L, Hjerrild BE, et  al. Increased prevalence of autoimmunity in 
Turner syndrome—influence of age. Clin Exp Immunol. 2009;156:205–10.

 76. Grossi A, Crino A, Luciano R, Lombardo A, Cappa M, Fierabracci A. Endocrine autoimmu-
nity in Turner syndrome. Ital J Pediatr. 2013;39:79.

 77. Gravholt CH.  Clinical practice in Turner syndrome. Nat Clin Pract Endocrinol Metab. 
2005;1:41–52.

 78. Bronshtein M, Zimmer EZ, Blazer S.  A characteristic cluster of fetal sonographic mark-
ers that are predictive of fetal Turner syndrome in early pregnancy. Am J Obstet Gynecol. 
2003;188:1016–20.

C. Castelo-Branco and I. Naumova



33© Springer Nature Switzerland AG 2019
F. R. Pérez-López (ed.), Postmenopausal Diseases and Disorders, 
https://doi.org/10.1007/978-3-030-13936-0_3

A. Podfigurna · A. Szeliga · M. Maciejewska-Jeske · B. Meczekalski (*) 
Department of Gynecological Endocrinology, Poznan University of Medical Sciences, 
Poznan, Poland
e-mail: marzena@jeske.pl 

M. Grymowicz · E. Rudnicka · R. Smolarczyk 
Department of Gynecological Endocrinology, Warsaw Medical University, Warsaw, Poland
e-mail: monika.grymowicz@wp.pl; ewa.rudnicka@poczta.onet.pl; rsmolarczyk@poczta.onet.pl

3Premature Ovarian Insufficiency
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3.1  Definition

Premature ovarian insufficiency (POI)—first described in 1942 by Fuller Albright 
[1] is defined as the loss of ovarian function before the age of 40 years. It’s a state 
of female hypogonadism associated with amenorrhoea, increased gonadotropin lev-
els, and hypoestrogenism [1, 2]. The ESHRE guideline criteria recommend the fol-
lowing diagnosis criteria for POI: oligo-/amenorrhoea for at least 4  months and 
elevated follicle-stimulating hormone (FSH) level  >25  IU/L on two occa-
sion >4 weeks apart [3, 4].

3.2  Etiopathogenesis

Spontaneous causes of POI include genetic abnormalities, autoimmune disorders, 
infections, enzyme deficiency, metabolic diseases, or very often idiopathic causes 
[5, 6]. Induced or iatrogenic POI is often a result of oncological treatment: radio-
therapy, chemotherapy, and surgery (bilateral ovariectomy) [5, 7, 8].

Approximately 10–12% of women with POI have chromosomal abnormalities. 
Among them 94% represent X chromosome abnormalities (X structural defects or 
X aneuploidy), and the rest 6% are autosomal gene defects. In women with POI and 
primary amenorrhoea, the incidence of karyotype abnormalities is higher (21%) 
than in women with secondary amenorrhoea (11%) [9, 10].
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Turner syndrome is characterized by 45,X0 karyotype and occurrence of dysge-
netic gonads and has an incidence of 1  in 2500 females [11]. 80% patients with 
Turner syndrome lack paternal X chromosome; in the remaining cases, there is an 
incorrect chromosome X (isochromosome X), the failure of short arm of chromo-
some X, or damage to chromosomal segment 2.6 Mb Xp-Yp of pseudoautosomal 
region [12]. Having two chromosomes X is necessary for full development of the 
ovary and the correct course of folliculogenesis. In case of absence or abnormal 
chromosome X, the oocytes cannot properly undergo meiosis and degrade [13]. In 
some cases of Turner syndrome with mosaicism 45,X0/46,XX, we can observe 
menarche and the occurrence of menstruations for many years [11]. In a study by 
Gravholt, 12% of women with Turner syndrome (12 of 114 patients) had Y chromo-
some and elevated risk of developing gonadal neoplasia (10–30%) [14].

Trisomy X (karyotype 47,XXX), with the incidence of 1:800 born girls, is caused 
by nondisjunction of the X chromosome during maternal meiosis. It’s also con-
nected with POI and development of mental disorders, but the prevalence of POI in 
this group is unknown [15, 16].

One of the most common genetic contributors to POI is permutation of the frag-
ile X mental retardation 1 (FMR1) gene, which is responsible for up to 13% of 
familial cases and 0.8–7.5% of sporadic cases of POI [17, 18]. FMR1 gene is located 
on chromosome X and normally contains 5–44 CGG repeats in a region within the 
5′ untranslated region of the gen [19]. Expansion of the triplet to 55–199 repeats is 
considered a “permutation,” and 200 or more repeats provide basis for the diagnosis 
of full mutation FMR1, which can result in mental retardation but primarily in men 
[19]. 20% of women who carry this permutation will develop POI, which is a much 
higher percentage than the 1% among women of the general population [20, 21].

3.2.1  Autosomal Gene Mutations

POI is a heterogeneous condition with no single underlying cause, but a number of 
autosomal genes were indicated as the cause of premature ovarian function deple-
tion [22]. For some of these genes, the mutations are recognized, while the others 
are listed as candidate genes with the necessity for future investigation. The genes 
that could result in POI are genes involved in folliculogenesis (NRA51, NOBOX, 
FIGLA, and FOXL2), folliculogenesis growth factors (BMP15, GDF9, inhibin A), 
ovarian steroidogenesis (FSH, FSHR, LH, LHR), or genes identified in syndromes 
often associated with POI (BLM, WRN, RTS) [23–25].

Galactosemia is a rare autosomal disorder due to a defect in galactose 1- phosphate 
uridyltransferase (GALT) metabolism. Proper galactose metabolism is required for 
ovarian function, and without that its metabolites accumulate to toxic levels and 
accelerate follicular atresia or the glycosylation of gonadotropin subunits leading to 
biological inactivity [26].

Autoimmune diseases, such as Addison’s disease, Hashimoto’s thyroiditis, sys-
temic lupus erythematosus, type 1 diabetes mellitus, Sjögren’s syndrome, and rheu-
matoid arthritis, often occur with POI27. POI can be a part of the autoimmune 
polyglandular syndrome (APS) types 1 and 2. Type 1 is characterized by 
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hypoparathyroidism, adrenal insufficiency, chronic mucocutaneous candidiasis, and 
the prevalence of POI in 15% cases [28]. Type 2 is associated with adrenal insuffi-
ciency, autoimmune thyroid disease, type I diabetes mellitus, and POI with the fre-
quency of 3.6–10% [29]. It has been suggested that autoimmunity explains up to 30% 
of POI cases [27] [30]. Although coexistence of autoimmune or immune- mediated 
disorders is frequent in POI, histological examinations on ovarian tissue have docu-
mented that signs of oophoritis can be detected only in those women with circulating 
adrenal or ovarian autoantibodies directed to steroidogenic enzymes (steroid cell 
autoantibodies (SCA)) [31]. The prevalence of SCA in POI patients is 4–5% [27].

POI is also associated with thyroid autoimmunity; the prevalence of POI among 
women with Hashimoto’s thyroiditis is about 14–27% [31, 32].

Chemotherapy and radiotherapy for treatment of malignant disease are also fre-
quent causes of premature ovarian insufficiency. The risk that oncological treatment 
will lead to POI increases with age after puberty, with high-dose chemotherapy regi-
mens and with combined chemo- and radiation therapy [33]. Age, radiation field, 
and dosage of radiation are the most important factors affecting the risk of POI 
during radiotherapy [34]. Doses of 9 Grays or higher are of high risk of ovarian 
insufficiency [35]. Chemotherapy affects the structure and function of oocytes and 
granulosa cells and decreases the number of oocytes in a dose- and drug-dependent 
manner. The use of anthracycline and alkylating agents has been shown to be most 
gonadotoxic in childhood and in adulthood [36, 37]. Induced POI could be tempo-
rary, but the recovery of ovarian function decreases with patient age [38].

Pelvic surgery has a potential role in early menopause. Laparoscopic excision of 
bilateral endometriomas leads in 2,4% to premature ovarian insufficiency [39] and 
ovarian endometrioma surgery is associated with a decline in serum AMH and 
diminishing the ovarian reserve [40].

Several case reports have indicated the association between various infections, 
including mumps, HIV, herpes zoster, cytomegalovirus, tuberculosis, malaria, vari-
cella and shigella, and POI [41]. Mumps oophoritis may cause POI, and the inci-
dence of 3–7% has been reported among POI patients [42]. However none of the 
remaining infectious agents have been able to establish any cause and relationship 
between the infection and the diagnosis of POI [42].

Smoking has been shown to be associated with earlier menopause, and the sug-
gested pathophysiology is that tobacco smoke contains polycyclic hydrocarbons 
which are toxic to germ cells [43, 44].

In a significant number of women with POI (up to 90% according the literature), 
the cause is unknown, and these women are described as having unexplained or 
idiopathic POI [42, 45].

3.3  Epidemiology

The prevalence of POI is about 1% [46, 47] and is variable depending on the age: 
1% of women younger than 40 years, 0.1% under 30 years, and 0.01% under the age 
of 20 years [48]. There are also ethnic differences ranging from 1.4% in women of 
African-American and Hispanic descent to 1,0% in Caucasian, 0,5% in Chinese, 
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and 0,1% in Japanese women [47]. Among women with primary amenorrhoea, the 
frequency of POI is 10–28% and in those with secondary amenorrhoea 4–18% [49].

3.4  Clinical Features of Premature Ovarian  
Insufficiency Patients

In particular, women suffering from POI experience abnormalities in menstrual 
cycle. Secondary amenorrhea or prolonged oligomenorrhea and primary amenor-
rhea may be the first symptoms and are the most common complains. About 75% of 
patients suffering from POI may also manifest typical postmenopausal symptoms. 
Hot flushes and night sweats are most common and appear, respectively, in 59.2% 
and 41.5% of POI patients. Moreover patients suffer from vaginal dryness (23.8%), 
vaginal mucus atrophy or dyspareunia, as well as mood disturbances, such as 
depression, anxiety (20.3%), and low libido (14.8%) [50]. Iatrogenic POI and older 
age at diagnosis are associated with exacerbation of symptoms [51].

3.5  Diagnostic Evaluation of POI

The diagnosis of POI should be based on the presence of menstrual disturbances 
and biochemical parameters: 4-month period of oligo-/amenorrhoea and two mea-
surement of elevated FSH >25 IU/L on two occasions >4 weeks [3, 4].

The second part of the diagnostic process is to establish a cause of POI. It is 
necessary to examine karyotype in every woman with POI, and in case of inci-
dence of Y chromosome, gonadectomy should be advised [52, 53]. FMR1 pre-
mutation testing is indicated in all women with POI to determine the cause of 
hypergonadotropic hypogonadism and also because of the risk of developing 
POI or cases of mental retardation associated with fragile X syndrome in family 
members [52, 54]. Routine autosomal genetic testing in POI is not recom-
mended, unless the typical phenotype characteristics of type 1 blepharophimo-
sis, ptosis, and epicanthus inversus syndrome (BPES) (dysplasia of the eyelids) 
are present [55].

According to data from the literature, autoimmunity explains up to 30% of POI 
cases [27, 30]. The ESHRE Committee recommended screening for 21OH-Ab (or 
alternatively adrenocortical antibodies (ACA)) in women with POI and to refer the 
21OH-Ab/ACA patients to endocrinologist for testing of adrenal function and to 
rule out Addison’s disease [3, 4]. The screening for thyroid peroxidase autoantibod-
ies (TPO-Ab) is also recommended in all women with POI, and in case of positive 
test, thyroid-stimulating hormone (TSH) should be marked every year to exclude 
hypo- and hyperthyroidism [3, 4]. There is no evidence to recommend routinely 
screening for diabetes or for infectious disease in women with POI [3, 4]. Although 
there is no causal relation between cigarette smoking and POI, women with POI 
should be advised to stop smoking.

A. Podfigurna et al.



37

3.6  Consequences of Premature Ovarian Insufficiency 
for Women’s Health

3.6.1  Cardiovascular System

Cardiovascular disease (CVD) seems to be the main cause of death among women. 
Though there has been an overall decline in CVD mortality over the past 40 years, 
the mortality in younger women has plateaued since around the year 2000. The 
incidence of myocardial infarction (MI) in women, although lower than in men, 
increases dramatically following menopause. The role of menopause itself is not so 
clear [56].

CVD includes four major areas:

 – Coronary heart disease (CHD) clinically manifested by myocardial infarction 
(MI), angina pectoris, heart failure (HF), and coronary death

 – Cerebrovascular disease clinically manifested by stroke and transient ischemic 
attack

 – Peripheral artery disease clinically manifested by intermittent claudication
 – Aortic atherosclerosis and thoracic or abdominal aortic aneurysm

It has been postulated that women with POI may be at higher risk for CVD and 
death due to loss of ovarian function and subsequent deficiency of endogenous 
estrogens. They present several risk factors for the development of cardiovascular 
disease: endothelial dysfunction, autonomic dysfunction, abnormal lipid profile, 
insulin action disturbances, and metabolic syndrome.

Women in the premenopausal period with premature coronary artery disease 
have significantly lower plasma estradiol levels in comparison to healthy women. 
Estrogens have effects on ventricular myocyte contractile function and on intracel-
lular Ca2+ kinetics in coronary endothelial cells, thus having antiarrhythmic effects 
in cardiac myocytes. There is also evidence that estrogens decrease insulin resis-
tance and protect against lipid peroxidation. There may be different effects of HRT 
in younger women (with early menopause starting treatment within 3 years of their 
last menstrual period in life), compared to older women (with age at menopause 
higher than 50, starting treatment 10 years after their last menstrual period in life). 
The difference most probably results from the complexity of estrogen and progesto-
gen receptor systems. A higher expression of the estrogen receptors and higher level 
of enzymes involved in estrogen metabolism have been found in the vascular smooth 
muscle cells seen in aortas of women suffered from mild atherosclerosis than in the 
cells seen in aortas of women with severe atherosclerosis. The abovementioned 
observations are consistent with experimental data from animal models showing 
that estrogen administration protects against atherosclerosis only if vessels are 
healthy without established atherosclerosis. In more advanced stages of atheroscle-
rosis, oral estrogen administration can have negative effects on the cardiovascular 
system via its prothrombotic effects possibly contributing to plaque instability.
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Despite lack of longitudinal outcome data, hormone replacement therapy (HRT) 
when used early is strongly recommended in women with the diagnosis of POI to 
control future risk of cardiovascular disease. HRT should be continued at least until 
the average age of natural menopause [57].

Women with the diagnosis of POI should be advised that HRT may have a role 
in primary prevention of diseases of the cardiovascular system [58].

Endothelial function, measured as the flow-mediated dilation of the brachial 
artery, has been demonstrated to be significantly reduced in women with 
POI. Likewise, the amount of circulating endothelial progenitor cells is decreased 
and correlated with reduced serum estradiol level [59].

Women with natural POI before the age of 40 years have earlier onset of coro-
nary heart disease and increased CVD mortality [60]. There is an inverse relation-
ship between age at natural menopause and cardiovascular mortality [61].The POI 
women present an increased carotid intima media thickness and left ventricular dia-
stolic function [62].

Moreover, patients diagnosed with POI present abnormalities in lipid profile, but 
the results are conflicting regarding particular lipoproteins. Even though there are 
conflicting data regarding lipid profile and insulin resistance indices, the overall 
cardiovascular risk in POI women seems to be significantly increased, as the mortal-
ity. Especially the risk of mortality from ischemic heart disease is increased approx-
imately 80% in the POI women group compared to women with menopause at 
49–55 years [63].

The primary cardiovascular risk factors in women, along with the conditions con-
sidered CHD equivalents are: personal history of CHD or other atherosclerotic vas-
cular disease (peripheral arterial, cerebrovascular, and aortic disease), age over 55, 
family history of premature CHD (first-degree male relative under age 50 or a female 
under age 60), hypertension, dyslipidemia—high low-density lipoprotein (LDL) 
and/or low high-density lipoprotein (HDL), diabetes mellitus, metabolic syndrome, 
chronic kidney disease (CKD), smoking, postmenopausal status, psychological 
stress (e.g., depression, posttraumatic stress disorder), inflammatory/rheumatic dis-
eases, pregnancy-related complications (e.g., eclampsia, preeclampsia, gestational 
hypertension, gestational diabetes). All these risk factors and their assessment should 
be an important component of periodic health examinations [64, 65].

POI women should be advised of risk factors that they can modify through 
behavioral change (e.g., stopping smoking, taking regular weight-bearing exercise, 
and maintaining a healthy weight).

Cardiovascular risk should be assessed in women diagnosed with POI. At least 
blood pressure, weight, and smoking status should be monitored annually with 
other risk factors being assessed if indicated [66].

POI is an independent though modest risk factor of ischemic heart disease and 
overall CVD [67].

Women undergoing prophylactic bilateral oophorectomy before the age of 40 
consistently showed an increased risk for cardiovascular disease and cerebral infarc-
tion [68–70].
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Reduced life expectancy, due to cardiovascular disease, is observed among 
women with untreated POI [71].

Observational data suggest that early menopause may be associated with small 
increases in total mortality and mortality due to ischemic heart disease and also pos-
sibly ischemic stroke. However, at this time, evidence is insufficient to recommend 
hormone replacement therapy for the sole purpose of preventing cardiovascular dis-
ease or stroke [72].

It is said that for each year’s delay in menopause, the cardiovascular mortality 
risk decreased by 2% [73].

3.6.2  Metabolic Health

Data concerning metabolic health among women with POI are conflicting. Women 
with POI present similar levels of glucose, insulin, HOMA-IR, low-density lipopro-
tein cholesterol (LDL-C), and triglyceride as the controls, but the incidence of meta-
bolic syndrome is significantly increased [74]. In contrast, other authors detected 
increased serum glucose, insulin, and the homeostatic model assessment of insulin 
resistance (HOMA-IR) in POI women (N = 43) vs. controls (N = 33) [75].

3.6.3  Bone Metabolism

It is well established that prolonged estrogen deficiency exerts negative influence on 
bone mineral density (BMD) and is well-known risk factor of decrease in BMD. POI 
patients have on average 2–3% lower BMD at L1–L4 spine, femoral neck, and total 
hip than healthy age-matched controls [76, 77]. Despite the underlying pathomecha-
nism of POI, either Turner syndrome, other gonadal dysgenesis, chemotherapy, or 
idiopathic POI, patients are particularly vulnerable to decreased BMD [4]. In the 
study conducted by Maclaran et al. [51], at the moment of diagnosis, over one third 
of patients had low BMD (29.7% osteopenia, 5% osteoporosis). Moreover it was 
noticed that women suffering from idiopathic POI had significantly lower BMD in 
comparison to iatrogenic POI (respectively, 1.108 g/cm3 and 1.174 g/cm3, p = 0.0043). 
In another study percentage of POI women with abnormal BMD reached even 67% 
[78]. Risk factors, which particularly contribute to the degree of BMD loss, are dura-
tion of estrogen deficiency, POI before the age of 20 years, long period before the 
beginning of the disease, and initiation of HRT, as well as low calcium intake, lack 
of physical exercise, and low vitamin D3 concentration (<32 ng/mL) [4, 77, 79].

3.6.4  Genitourinary Syndrome

Hypoestrogenism leads to diminished elastin, collagen, and hyaluronic acid content 
and loss of vascularity in the urogenital region, leading to thinning of vaginal 
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epithelium and impaired smooth muscle proliferation [80]. Symptoms of urogenital 
estrogen deficiency known as genitourinary syndrome (GS) include vaginal dry-
ness, dyspareunia, vaginal itching and discharge, lesions, vaginal vault prolapse or 
vaginal stenosis, and shortening. Urological symptoms of GS are connected with 
stress urinary incontinence and recurrent urinary tract infections. The patients expe-
rience loss of libido and dyspareunia.

Information about genitourinary syndrome in patients with POI is scant. The 
incidence of genitourinary syndrome probably differs depending on the age of the 
diagnosis and etiology of the ovarian function depletion (from 10 to 42%) [81]. The 
West London POI database found lower incidence of vaginal dryness and loss of 
libido in women younger than 30 years than in the patients of age 30–35 years [81]. 
Moreover, women with POI as a consequence of malignant disease more frequently 
experienced vaginal dryness and loss of libido than patients with the cessation of 
ovarian function without malignant cause [81]. Sexual function of POI patients dur-
ing estrogen therapy stays within the normal range; however the scores are lower 
than achieved by control women [82]. Interestingly worse sexual function seems to 
be more related to the psychological than to physiological aspects such as pain or 
lubrication [83]. No urodynamic changes before and after oral and vaginal estrogen 
therapy were found in a small group of patients with POI [84]. The authors con-
cluded that estrogen deficiency alone in the absence of aging and other risk factors 
for stress incontinence is of minimal significance.

Standard and the most efficacious treatment of genitourinary syndrome is estro-
gen therapy. It restores vaginal epithelium and vasculature and lowers vaginal pH 
[85, 86]. Both systemic and vaginal estrogens are effective [87].

Non-hormonal treatment modalities, such as local treatment with lubricants and 
moisturizers, intravaginal laser therapy, oral selective estrogen receptor modula-
tor – ospemifene, or pelvic floor physical therapy, have not been studied in patients 
with POI.

3.6.5  Fertility

Fertility in women is determined by numerous factors; however normal function of 
hypothalamic-pituitary-ovarian axis plays a key role. Dysfunction at each level of 
this axis can lead to the infertility. Normal ovarian function is of crucial significance 
for proper ovulation process. Premature ovarian insufficiency (POI) defined as the 
loss of ovarian function before age 40 has important influence on hypoestrogenism 
and infertility [88]. This condition is regarded as pathological state in contrast to the 
menopause which is physiological state. There are numerous factors related to etio-
pathogenesis of this disorder which were described at the beginning of this chapter 
[89]. Depending on the causes, ovaries of some POI patients may present activity, 
particularly at the early stage of this disorder. However chance for spontaneous 
conception is very limited and ranges from 4.0 to 8.0% [90]. Therefore women 
diagnosed with this disorder should be informed that there is a small chance of 
spontaneous pregnancy.
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3.6.6  Central Nervous System

Cognitive functions of POI patients are particularly impaired in cases of genetic 
disorders associated with POI. Fragile X syndrome is an X-linked mutation of the 
FMR1 gene leading to mental retardation, especially in males. Women with premu-
tation of FMR1 are at high risk of developing POI, but they do not suffer from 
mental retardation. Women with FMR1 full mutation had a significantly lower IQ 
when compared to healthy controls; moreover they suffered from weakness on 
executive function, spatial ability, and visual memory [91]. Trisomy of X chromo-
some (47,XXX) is anomaly associated with increased prevalence of POI. Moreover 
women suffering from trisomy X have higher rates of cognitive deficits and learning 
disabilities in the school-age years with an increased risk of speech and motor 
delays [92].

It is suspected that early menopause may contribute to increased risk of cognitive 
impairment and dementia; nevertheless data are not consistent [93]. Earlier age of 
premature menopause, especially due to oophorectomy, is a risk factor of more 
rapid cognitive decline [94].

Recently conducted studies indicated that untreated surgical menopause may 
result in development of Parkinson’s disease, while oophorectomy due to nonmalig-
nant pathologies increased the risk of cognitive decline by 64% [95]. Moreover 
patients after oophorectomy present worse word recall, decreased episodic memory, 
and semantic memory, which are particularly associated with development of 
dementia [96, 97]. Moreover earlier menopause contributed to AD neuropathology, 
particularly to development of neurotic plaques and thus increased risk of 
Alzheimer’s disease [97].

3.6.7  Emotional Health and Sexual Life

It is well estimated that POI patients develop distressing symptoms associated with 
disturbances in sexual health and quality of life. Taking into consideration Female 
Sexual Function Index (FSFI), almost all domains of sexual life such as arousal, 
lubrication, orgasm, satisfaction, and pain are affected [98, 99]. Results from previ-
ously conducted studies presented evidence that POI patients are less sexually 
responsive, have lower libido, and suffer from dyspareunia more often than healthy 
premenopausal controls [100]. Moreover estrogen deficiency leads to vaginal dry-
ness and difficulties in orgasm achieving and painful intercourse [101]. Lower con-
centration of androgens associated with POI may also contribute to impaired sexual 
function; nevertheless data are inconsistent [102]. Problems in sexual life may con-
tribute to loss of self-confidence and self-esteem, increased anxiety, and concerns 
[101]. Other complications associated with emotional health of POI patients are 
depression, somatization, sensitivity, hostility, blue mood, despair, depression, and 
psychological distress [102, 103]. In World Health Organization Quality of Life 
(WHOQOL-100) questionnaire, physical and psychological health are two main 
affected domains [103].
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3.7  Management of Premature Ovarian  
Insufficiency Patients

3.7.1  The Role of Hormonal Replacement Therapy

The mainstay of treatment of POI is hormone replacement therapy (HRT) until at 
least the age of natural menopause [3, 104, 105].

Estrogen replacement therapy has several important goals, such as puberty induc-
tion, maintaining the optimal bone mass density, protection against cardiovascular 
risk, and alleviating the symptoms of hypoestrogenism. 17β-Estradiol, estradiol val-
erate, conjugated equine estrogens, and synthetic ethinylestradiol are available in 
many different forms: oral pills, transdermal patches or gels, vaginal rings, or cream.

Progestagen therapy has to be added to systemic estrogen treatment (oral or 
transdermal) to protect from endometrial cancer. Micronized progesterone is avail-
able as oral or vaginal pill, while synthetic progestins are administered in a form of 
tablets, injections, rings, implants, or an intrauterine device.

Estrogens or progestins can be administered in a separate regimen or can be 
combined in a form of hormonal replacement therapy intended for postmenopausal 
women or contraceptive formulations in forms of pills, rings, or patches.

3.7.1.1  Puberty Induction
In prepubertal girls with hypogonadism, small doses of estrogen help to achieve 
secondary sexual characteristics, induce growth spurt, build maximal bone mass 
density, and increase the volume and vasculature of the uterus. Natural 17β-estradiol 
is recommended at the age of 12 at initial doses of 6.25 μg/day transdermally or 
0.25 mg/day orally [3]. Then during 2–3 years, the doses are gradually increased 
reaching at 15–16 years of age doses of 50–100 μg/day transdermally or 1–2 mg/
day orally [3]. Cyclic progestagen (for 10–12 days a month) is recommended after 
2 years of estrogen treatment or when the breakthrough bleeding occurs [3, 106]. 
Regular withdrawal bleeding in POI patients provides a sense of normalcy in com-
parison with their peers.

3.7.1.2  HRT Risk
There is no evidence that risk connected with HRT when used in postmenopausal 
women can be applied to the younger population of women with POI. Breast cancer 
is not increased in women treated with HRT before the age of natural menopause; 
however, HRT is contraindicated in breast cancer survivors [3, 107, 108].

Increased risk of thromboembolism depends on estrogen concentration and type 
of progestins [109]. Second-generation progestins (levonorgestrel) carry lower risk 
than third-generation progestins or new progestins (gestodene, desogestrel, cyprot-
erone acetate, drospirenone). Transdermal estrogens have lower risk of venous 
thromboembolism (VTE) than estrogens administered orally.

3.7.1.3  Androgens
Serum androgen levels are decreased in POI patients [110], and some clinicians 
recommend testosterone supplementation in order to increase libido [111]. The 
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effect of testosterone on quality of life and self-esteem in women with POI has not 
been proven [112]. Available evidence does not support routine replacement of tes-
tosterone or dehydroepiandrosterone in patients with ovarian failure [3, 113].

3.7.1.4  Choice of Estrogen/Progestin Regimen
There is no consensus on the optimum regimen of estrogen and progesterone 
replacement therapy in patients with premature ovarian insufficiency.

Physiological sex steroid replacement (pSSR) including estradiol patches (50–100 μg/
day) in regimen with vaginal progesterone (100–300 mg/day for 10–12 days in a month) 
achieves steroid serum concentrations similar with women with normal ovarian function 
[107, 113–115]. That treatment regimen in comparison with standard HRT or oral con-
traceptive pill (OCP) better improves parameters of uterine function [116]; is associated 
with lower blood pressure, better renal function, and less activation of the renin-angioten-
sin system [57]; and results in better BMD z-scores in lumbar spine region [114].

Transdermal estradiol delivers hormones directly into circulation avoiding first- 
pass effect on the liver and may be the lowest-risk route of administration of estro-
gens in women suffering from migraine with aura, hypertension, and obesity or at 
an increased risk of VTE [3].

Combined oral contraceptive pill containing ethinylestradiol delivers hormones 
at greater dose than is required for physiological replacement. Some progestins 
included in standard combined HRT or OCP may have worse influence on lipid 
profile and carry higher risk of VTE, but they probably offer better endometrial 
protection than micronized progesterone [1, 13].

Compliance to hormonal therapy in a group of patients with premature ovarian 
failure is low. The follow-up of the patients shows that around 40% stops the treat-
ment [114, 117]. Main reasons are absence of subjective benefit, adverse effects, 
fear of breast cancer, and weariness [117]. Therefore, the route, drug, and dose of 
HRT have to be individualized and adjusted for every patient. The patient’s prefer-
ence for a combined or separate regimen, the need for contraception, and the pre-
ferred frequency of withdrawal bleeding should be taken into account. Although the 
pSSR regimen may seem preferable from the metabolic point of view, combined 
hormone replacement in a form of HRT or oral contraception pill may appear more 
convenient and more “peer-friendly” for young patients with POI.

Hormonal replacement therapy should be long term in POI patients; therefore 
issues of compliance as well as risk-benefit ratio are very important to maximize 
longer-term health.

3.7.2  Treatment of Other POI Consequences

3.7.2.1  Reproductive Health
Treatment in this field is very difficult and still challenging. There are attempts to 
use treatment to increase natural pregnancy rate in POI patients [118]. Gonadotropins, 
estrogens, and corticosteroids present very limited action. van Kasteren and 
Schoemaker [119] analyzed seven controlled trials of the POI treatment, and they 
did not find statistically significant increase in the ovulation rate.

3 Premature Ovarian Insufficiency



44

Data regarding use of immunosuppression in patients with POI are limited. 
Patient with colitis ulcerosa with autoimmune premature ovarian failure and 
Addison’s disease underwent azathioprine therapy [120]. This treatment helped to 
restore normal cycles and fertility.

As a consequence that there is no reliable treatment which can increase ovar-
ian activity in POI patients, other methods are needed. At present oocyte dona-
tion is the only proven and recommended treatment for women with POI. The 
first successful procedure was reported by Lutjen [121]. According to Ameratunga 
et al. [122], pregnancy rate after an oocyte donation cycle is around 40%, and 
cumulative pregnancy rates after four cycles reach 70–80%. Oocyte donation 
pregnancies can be associated with some obstetric risks which are related to the 
cause of POI.

Apart from oocyte donation, other techniques of fertility preservation in POI 
patients also can be considered. Fertility preservation can concern cryopreservation 
of oocytes, embryos, and ovarian tissue. There is a question whether it can be 
applied, for instance, to the Turner syndrome patients [123]. Fertility preservation 
in cancer patients still requires new advanced methods. Cryopreservation of ovarian 
tissue is regarded as a medical challenge which can be very promising for young 
women with cancer. Broadly considering cryopreservation of ovarian tissue can be 
also a method for women who have hormone-sensitive malignancies and also 
women anticipating hematopoietic stem cell transplantation for the treatment of 
benign hematologic diseases (sickle cell anemia, thalassemia major, aplastic ane-
mia) [124]. The biggest worldwide report on ovarian transplantation tissue was pub-
lished in 2016. It includes 95 orthotopic transplantation in 74 women of ovarian 
tissue after cytotoxic treatment in a fertility preservation network (16 centers in 
Europe) [125]. Twenty-one pregnancies and 17 deliveries were reported. Although 
this study presents good results of described procedures, the ovarian tissue cryo-
preservation and transplantation is still regarded as experimental. Additional prog-
ress in this field is referred to the new method known as in  vitro activation of 
dormant follicles developed by Kawamura [126]. It presents new perspectives for 
POI patients.

Treatment of infertility in POI patients presents one of the most important issues 
of the POI management. It requires professional, modern, and interdisciplinary 
medical knowledge and also very good communication with the patient.

3.7.2.2  Mood and Sexual Impairment
First-line treatment for mood disturbances is HRT; nevertheless data are inconsis-
tent whether it influences mood or psychological aspect of sexual life. In previously 
conducted studies, it was suggested that HRT did not improve quality of life of POI 
patients [83]. Nevertheless in a recent review, it was estimated that it improves 
results achieved by POI patients in Psychological General Well-Being (PGWB) 
scale. Moreover patients reported improved self-esteem and increase in the overall 
McCoy Sex Scale score and in interest in sex [112, 127]. It is also necessary to 
highlight that additional administration of testosterone did not influence neither 
quality of life nor self-esteem [127].
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3.7.2.3  Genitourinary Health
POI patients treated with oral estrogen show no differences in vaginal pH, cytology of 
epithelium cells, or vaginal microflora in comparison to healthy patients [85], but still 
report worse lubrication and higher prevalence of pain during intercourse [86]. Local 
therapy with estrogens is the most effective and brings the fastest relief of the symp-
toms of genitourinary syndrome, but does not reduce the risk of osteoporosis or man-
age vasomotor symptoms. Vaginal estradiol and conjugated equine estrogens or estriol 
are available in the form of tablet, pessary, ring, or cream. According to Cochrane 
review, all forms of vaginal estrogens appear to be equally effective for the symptoms 
of vaginal atrophy [87]. Treatment with estriol seems to be safer, because it is less 
potent than estradiol, is cleared more quickly, and is not inverted to estradiol.

3.7.2.4  Bone Health
Bone mass density is decreased in patients with premature ovarian insufficiency 
comparing to their peers [117, 128]. Around 30% of POI patients have osteopenia 
and 8% osteoporosis at the time of diagnosis [117]. Hormonal replacement therapy 
improves BMD in POI patients but has not been proven to be completely effective 
in prevention of osteoporosis [113, 114, 129–131].

3.7.2.5  Central Nervous System
It seems that HRT protects POI patients against early dementia and deprivation of 
cognitive function [97]. Estrogens protect particularly healthy neurons, while patho-
logically changed neurons show acceleration in their demise when exposed to estro-
gens [93]. On the other hand, some studies indicated that women after surgical 
menopause, who underwent HRT, had significantly worse long-term episodic mem-
ory and mental flexibility when compared to controls without HRT [132]. It is nec-
essary to highlight the influence of timing of HRT initiation. Postmenopausal patients, 
who underwent HRT in early age (50–60 years), experienced beneficial and neuro-
protective effect of estradiol supplementation. Conversely, HRT in older postmeno-
pausal patients caused increased risk of dementia and cognitive impairment [133].

3.7.2.6  Cardiovascular System
POI patients are at higher risk of cardiovascular disease [3]. Endothelial function is 
impaired in women with premature ovarian insufficiency, and normalization of the 
parameters was observed after 6 months of hormonal replacement therapy [134]. 
Although there is lack of strong evidence, it is generally recommended to initiate 
HRT in POI patients early and continue until the age of natural menopause to con-
trol the risk of cardiovascular disease [3, 105].
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4.1  Introduction

The most commonly acknowledged complication of human papillomavirus (HPV) 
infection is invasive cervical cancer (ICC), to which this infection is a sine qua non 
condition. However, the burden of disease associated with HPV is much higher than 
that of ICC and its precursor lesions (high-grade squamous intraepithelial lesions 
[HSIL] encompassing cervical intraepithelial neoplasia [CIN] 2 and 3) and not limited 
to women. Besides benign diseases, even if distressing (genital warts, recurrent respi-
ratory papillomatosis, low-grade squamous intraepithelial neoplasia [LSIL]), HPV 
infection is regarded as a necessary cause of a variety of preinvasive/invasive lesions 
of the vulva and vagina, penis, anus/perianus, and oral cavity and oropharynx [1].

The risk of cancer and of squamous intraepithelial lesions is related to the HPV 
genotype and infection persistence. However, it is still up to debate if a persistent 
infection implies continuous detection of the virus or can include latent periods—
translating into a very relative definition of “transient” and “persistent” infection [2, 
3]. HPV is the most prevalent sexually transmitted infection (STI) in the world, with 
more than 80% of the sexually active women being infected during their lifetime 
with at least one genotype [4]—a situation that will definitely change in the future, 
as the effects of HPV vaccination start to be noticed. Several factors must interplay, 
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as only a minority of infected people develops disease (HPV genotype, age, smok-
ing, other STIs, vaginal microbiome, immunosuppression, hormonal and genetic 
factors, etc.).

While HPV infection is more common in younger women, the serious 
complications tend to occur at later ages (in the peri- or postmenopause). According 
to that, politics of cervical cancer/precancer screening and treatment tend to take 
that into account and ponder the risk of being too aggressive (starting screening at 
young age, treating CIN2 in women younger than 30 years old), with serious impact 
on obstetrical outcomes (for instance, preterm labor or premature rupture of 
membranes) against that of missing or not treating significant disease.

As we start anticipating the end of screening, derived from massive vaccination 
[5], it must not be forgotten that, even in developed countries, there will be exten-
sive cohorts of unvaccinated women for three or four decades more, which cannot 
be neglected by the euphoria of the anticipated elimination of ICC.

Some older women may consider they are not at risk at this stage, as they already 
had several screening tests or because they have lost their partners or are in a monog-
amous relationship.

4.2  HPV Epidemiology

Despite the significant geographical variations, global prevalence of cervical high- 
risk HPV in young women can be as high as 50% in the early twenties, dropping to 
about 10–15% after the age of 25–30 [6]. After that, in developed countries, there is 
a slight decrease until the fifth or sixth decades of life, when a new peak is encoun-
tered [7–9]. This peak may be even more pronounced for non-oncogenic (low-risk) 
HPV genotypes, which may be explained, in part, by its higher tropism for the 
mature squamous epithelial cells, rather than for the transformation zone (TZ) [10]. 
In less developed countries, the prevalence tends to be higher, and the second peak 
is typically absent [11]. One study has clearly shown that the risk of having a posi-
tive HPV test, 3 years after a negative one, is similar between women aged 51 years 
and younger ones [12].

The prevalence of HPV16 and HPV18 seems to be stable after the age of 35 years 
old, but, at least in some countries, they are responsible for significantly less cervi-
cal high-grade lesions than in premenopausal women; less aggressive genotypes 
seem to play a more important role in older women [13, 14].

While the first peak, in young women, can be attributed to the onset of sexual debut, 
the second one may be due to new sexual partners (especially after divorce or widow-
ing), “Viagra effect,” and hormonal milieu (and consequent associated microbiome 
changes) or just a consequence of a waning of the immune system (immunosenes-
cence). In the second peak, besides newly acquired infections, there may be a role for 
reactivation of older, latent infections. Having had two or more sexual partners, after a 
negative HPV test, in postmenopausal women, was associated with an odds ratio of 3.9 
(95% CI = 1.2–12.4) of having a subsequent positive test—highlighting the role of 
acquisition of new infections for the second peak of prevalence of HPV infection. In 
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this same study, having had two or more sexual partners in the past was associated with 
a 1.7-fold (95% CI 1.1–2.5) higher likelihood of having a positive HPV test later in life 
[10]. In a study by Gravitt et al [9], it was found that women with a higher number of 
sexual partners (≥5) during their lives were at a greater risk of being HPV positive later 
in life—thus supporting the hypothesis of reactivations of HPV infections. Women 
entering now the menopause lived their youth after the sexual revolution and, thus, are 
likely to have had more sexual partners than the previous generation. This may trans-
late into higher rates of HPV infections and cervical intraepithelial neoplasia than what 
has been usually encountered in postmenopausal women.

As we have previously discussed, there is now enough evidence that previous 
infections can be reactivated, thus women cannot discontinue screening, even in the 
absence of a (new) sexual partner [15]. This concept is important and may be worth 
explaining to patients, as it can help, in some cases, to overcome suspicion of infi-
delity or feelings of guilt. On the same way, it can be explained that a negative test 
is not always synonymous of absence of the virus but rather that the viral load is 
below the defined risk threshold.

The risk of reactivation of HPV at older ages, associated with a lower performance 
of diagnostic tests (discussed ahead), has led some authors to theorize that in well-
screened populations, this will translate into a proportional increase in the diagnosis 
of ICC, rather than HSIL [9].

4.3  The Interaction of Aging, Hormones, Vaginal 
Microbiome, and HPV

In general, 90% of HPV infections clear within a year. There are contradictory data 
concerning clearance of HPV in older women, but apparently, the time for clearance 
of new HPV infections does not seem to be increased [8, 10, 16]. On the contrary, 
regression of cervical intraepithelial neoplasia seems to decrease with the advance 
of age: a recent meta-analysis has shown that for every 5 years of age, the odds for 
regression decrease 21%, while those of progression increase. These tendencies 
were shown to be independent of the grade of the lesion and the presence or not of 
a high-risk HPV infection (p  <  0.001) [17]. Adding to the effect of age on the 
immune system, there is some evidence that the hormonal changes of menopause, 
namely, estrogen deprivation, can also contribute to the attenuation of the immune 
response and an increase in the inflammatory markers [18, 19]. Despite this, the 
CD4 T-lymphocytes population, which has a key role in the regression of intraepi-
thelial lesions, along with CD8+ and CD56+ macrophages, is diminished. The same 
is true for B lymphocytes (which contributes to explain the lower efficacy of vac-
cines in older women), as well as for the activity of NK cells [20–22]. It has been 
demonstrated that women with a lower immunological response to a challenge with 
HPV16 virus-like particles are at higher risk of developing an HPV infection [15].

Despite the immunosuppression associated with age, the risk of HSIL associated 
with a newly identified positive HPV test does not seem to be higher in older 
women [23].
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Several studies have associated the use of combined oral contraceptives with 
increased risk of HSIL and ICC, assumed to be due to transactivation of viral onco-
genes [24]. Postmenopausal hormone therapy has not been associated with increased 
prevalence of HPV nor with increased viral replication, despite a potential role in 
modulating the immune response [20, 25]. The EPIC cohort study found a decreased 
risk of ICC in women who ever used menopausal hormone therapy (HT) (HR = 0.5, 
95%CI 0.4–0.8); longer duration of its use also had a trend toward lower risk [26]. 
The interpretation of these findings is not straightforward, as women who took HT 
are more likely to have attended more routine gynecological appointments and, 
thus, more often screened and treated for cervical cancer precursors.

The unopposed use of estrogen was associated with a higher risk of CIN3/CIS 
[26] and HPV infection [27]. There is evidence that estrogen receptors α (ERα) are 
essential in the initiation of the invasive process. This led to the theory that selective 
estrogen receptor modulators (SERMs), namely, raloxifene, can play a role in the 
prevention of the progression of HSIL to invasive cancer and even that it can be used 
as an adjuvant treatment of ICC [24, 28].

In one observational study, however, the use of intravaginal estrogen cream, 
isolated or associated with other modalities of treatment, was associated with rates 
of regression of vaginal intraepithelial neoplasia (VaIN) [29]. It should be 
emphasized that its use is usually recommended before other treatments, to increase 
the thickness and elasticity of the vaginal mucosa.

Given the current knowledge, HPV infection or cervical dysplasia should not 
affect the decision to start or discontinue menopause HT, contrary to what has been 
previously suggested [30].

In recent years, a staggering amount of information is being gathered showing 
that vaginal flora or microbiome plays a key role in the acquisition and persistence 
of HPV infection, as well as on the development and persistence of CIN. We are, 
however, far from the full understanding of the picture.

Increased vaginal pH, a surrogate for abnormal vaginal flora (AVF) (absent/
severely depleted number of lactobacilli—usually bacterial vaginosis [BV] or aero-
bic vaginitis [AV]) has been associated with a 30% increased risk of HPV infection 
and abnormal Pap test, especially in women younger than 35 or older than 65 years 
[31]. Data linking BV and mixed flora (most likely AV) to persistence of HPV infec-
tion has led some authors to recommend its screening and treatment, even if asymp-
tomatic [32, 33]. BV is encountered more frequently in women with a Pap test worse 
than LSIL (20.5% vs. 13.2%, p = 0.09); moderate/severe forms of AV are signifi-
cantly more common in women with these results (16.9% vs. 7.2%, p = 0.009) [33].

Given that the prevalence of BV seems to steadily increase after menopause, and 
persistence/recurrence seems to be very common, this can be another factor posing 
these women at risk for HPV acquisition, persistence, or reactivation, as well as 
development and progression of intraepithelial neoplasia [34]. It is, however, indis-
sociable from the complex relation between vaginal microbiome and hormones.

Recently, it has even been shown that 3 months after loop electrosurgical excision 
procedure (LEEP) for HSIL, there is a decrease in species diversity and that vaginal 
microbiome shifts from Prevotella, Leptotrichia, and Clostridium to a L. iners 
dominance [35].

P. Vieira-Baptista et al.



57

4.4  Vaccination

The anti-HPV vaccines have been proven to be highly efficacious in the prevention 
of the infection, genital warts, abnormal Pap tests, and the development of intraepi-
thelial neoplasia and adenocarcinoma in situ (AIS). Although a significant impact is 
also expected to be seen in terms of cervical cancer (carcinoma and adenocarci-
noma), there are not yet studies with enough duration to prove it [36].

Most studies have focused on the impact of the vaccines in women under the age 
of 26 years old. The few studies enrolling older women (>25 years old) demon-
strated that the efficacy is lower than in younger ones. A recent Cochrane review 
concluded that in women 24–45  years old, the rate of CIN2+ associated with 
HPV16/18 and any CIN2 is equivalent between vaccinated and unvaccinated women 
(RR 0.74 [0.52 to 1.05] and RR 1.04 [0.83 to 1.30], respectively); no conclusions 
could be drawn for CIN3 or AIS. If women are selected according to HPV16/18 
status, those who are DNA negative still benefited from the vaccine (RR 0.30 [0.11 
to 0.81]) for CIN2 associated with these specific genotypes [36].

Previous exposure to HPV and a lower immunological response can explain the 
decrease in vaccine impact. It is still not proven that newly diagnosed HPV infections in 
older women are indeed associated with a significant increase of relevant disease [10].

The available data does not allow recommending systematic vaccination of 
postmenopausal women. However, to those who request it, it is reasonable to offer 
the vaccine, as the existing data are reassuring in terms of safety and the potential 
benefits seem to last at least for 10 years [37]. Some countries have not licensed the 
vaccine for women older than 26 (i.e., USA) or 45 years old (i.e., Canada), thus 
making its use beyond these ages off-label eventhough reasonable [38].

Three doses of vaccine should be administred, as in any individual older than 
15 years old.

The vaccines have proven to decrease the risk of vulvar and vaginal HSIL, when 
given to young girls, an effect that is expected to lead to significant decrease of these 
diseases in the future. The impact of vaccination of older women in these conditions 
remains unknown [39]. There is no clinical evidence that HPV vaccination will 
lower the number of head and neck cancers. However, salivary antibodies have been 
identified in the majority of people following vaccination [40, 41].

4.5  Cervical Intraepithelial Neoplasia (CIN)  
and Cervical Cancer

Cervical cancer (Fig. 4.1) is the seventh most common cancer among women in 
developed countries and the second one in developing countries. Among the 527,000 
estimated new cases per year, 444,500 occur where the efficacious preventive tools 
(screening, vaccines, treatment of HSIL) are still lacking. This cancer is responsible 
for the death of 230,000 women die every year [42]. This, however, is expected to 
change if massive vaccination of girls is implemented in those countries—even in 
the absence of well-organized screening programs [43, 44]. Several low-income 
countries have already shown that high-coverage vaccination is feasible [45].
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In countries without an effective screening program, the incidence of cervical 
cancer has a sudden rise in the perimenopause years; after that, the incidence keeps 
rising with advancing age. In those countries with effective screening, the distribu-
tion is usually bimodal: one peak around 35  years old and a latter one around 
65 years old [13, 46] (Table 4.2).

In less developed countries, as the toll of deaths attributable to other infectious 
diseases reduces (namely, with the available treatments for human immunodefi-
ciency virus [HIV]), the number of cervical cancers in older women is expected to 
increase.

4.5.1  Particularities of Screening

The aging of western countries’ population will lead to a substantial number of 
screened women for cervical cancer being postmenopausal. On the other hand, with 
mass anti-HPV vaccination, disease will become less prevalent in younger women, 
leading to postponing of the age of beginning of the screening programs. In practical 
terms, during the next years, there will be an apparent shift of the peak of HSIL [47].

Primary high risk (HR)HPV test for screening is widely acknowledged as the 
best way to perform cervical cancer screening, in women older than 25–30 years 
old. A few studies have evaluated specifically how Pap test compares to HR-HPV 
test in postmenopausal women. The increased rate of parabasal cells, with a higher 
nucleus-cytoplasm ratio, along with more or less severe inflammation, partially 
explains the increased difficulty in the assessment of the Pap test in hypoestrogenic 
women. A Swedish study has shown that screening with Pap test alone misses more 
than half of the high-grade lesions detected using HR-HPV test [14]. On the other 
hand, as the positive predictive value of the Pap test seems to be lower in older 
women, some authors consider that triage with HR-HPV tests of ASC-H and even 
HSIL Pap tests can be a useful approach in this age group [48, 49]. Besides the 

Fig. 4.1 Locally advanced 
cervical cancer
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added difficulties for Pap test in postmenopausal women (atrophy, inflammation, 
regression of the transformation zone to the endocervix [type 3 transformation 
zone] [50, 51]), it must be taken into account that the Pap test is highly operator 
dependent—in other settings the results could have been dramatically different [52]. 
A short course of intravaginal estrogens can improve the performance of the Pap 
test [53].

Postmenopausal women are more likely to have Pap test without representation 
of the transformation zone and/or the glandular epithelium. While some clinicians 
feel uncomfortable with these results, studies have shown that as long as it was clas-
sified as negative (NILM), there is no increased risk of missing disease. In the case 
of absence of representation of the transformation zone, it is, however, preferable to 
perform an HR-HPV test. The result of this test is not at all influenced by the lack 
of representation of the transformation zone [54–56].

Cuzick et al., in 2013, presented data showing that HPV triage of LSIL Pap test 
is an effective measure to avoid unnecessary referrals for colposcopy. After the age 
of 40, only half these tests are HR-HPV positive; HR-HPV negativity successfully 
predicted the absence of HSIL [55, 57]. Employing triage of LSIL Pap tests in post-
menopausal women can safely reduce to half the number of colposcopies, which is 
highly significant, given the limitations of this exam in this population. Additionally, 
in case of positivity, a better risk stratification can be made. The cases that test nega-
tive should be reassessed at 12 months, and if either one or both of the tests (Pap test 
or the HR-HPV test) are positive, the patient should be referred for colposcopy [55].

There is no consensus among different societies on the age to discontinue 
screening. Most societies recommend, for previously well-screened women, without 
history of HSIL (CIN2/CIN3) or adenocarcinoma in situ, to discontinue it at 
65 years old [55, 58]. Some women, however, will be uncomfortable with that or 
will feel that the system is giving up on them, because of their age. In opportunistic 
(personalized) screening, the benefits of continuing the screening must be considered 
and discussed with the woman. A Pap test ASC-US, even if the HPV test is negative, 
does not allow stopping the screening [55]. Interestingly, there are data suggesting 
that maintaining screening up to the age of 79 years old could lead to a reduction in 
ICC of 77–79% in the USA [59]. It has also been shown that long-term survival is 
higher, also in older women, if the diagnosis of ICC is made in the sequence of a 
screening test, rather than a clinical diagnosis [60]. These issues must be taken into 
account, especially with the increase in life expectancy.

According to ASCCP and ACOG guidelines, women with a previous diagnosis 
of HSIL or AIS should continue routine screening for 20 years after the treatment or 
regression of the lesion, independently of the age at which it occurred and the pres-
ence or not of the cervix [55, 58].

4.5.2  Colposcopy and Treatment of Lesions

Colposcopy is a true challenge in postmenopausal women. Lack of estrogens leads to 
thinning of the vaginal and cervical mucosa and capillary fragility (Figs. 4.2 and 4.3) 
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that can lead to discomfort/pain during sexual intercourse and gynecological exami-
nation and easy bleeding upon speculum placement.

As previously referred, it is uncommon to find an active TZ readily visible in the 
ectocervix in these women; the rate of poor visibility colposcopies is thus higher. 
Up to 44% of the CIN lesions are endocervical in postmenopausal women—and, in 
accordance, the rate of positive endocervical curettages is also higher in this age 
group [61, 62]. There are limited and sometimes contradictory data on the role of 
misoprostol or vaginal estrogens to reduce the number of inadequate colposcopies 
in hypoestrogenic women. Short courses (3–6  weeks) of intravaginal estrogens 
seem to be more efficacious and associated with a lower rate of adverse effects [53, 
63–66].

The role of endocervical sampling and the best way to perform it are controversial. 
There is evidence that the use of endocervical brushes has a similar sensitivity and 
specificity to that of curettage (Fig.  4.4). The former is associated with less 
discomfort and lower number of insufficient samples (0–7.6% vs. 0–22%), but, on 
the other hand, grading of the lesions is more difficult, due to the lack of an orga-
nized tissue sample [67–69]. The role of this procedure is debatable, with studies 
finding it to be positive in the range of 1.4–17.9% in women with a good visibility 

Fig. 4.2 Colposcopy of a 
postmenopausal woman, 
before the application of 
acetic acid. Note the pres-
ence of petechiae and easy 
bleeding upon touch

Fig. 4.3 Same woman as 
in Fig. 4.2, after the appli-
cation of acetic acid
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of the TZ and up to 57.3% if visibility is poor. Most studies do not favor its use if 
the squamous columnar junction is fully visible [69]. It has also been reported that 
endocervical curettage can miss 45% of cases of HSIL while having a 25% false- 
positive rate [70]. Its role in the study of glandular abnormalities is less debatable, 
even though performance may be below the desirable [69].

The lack of an active TZ and the fact that the epithelium is usually thinner 
(Fig. 4.3) imply that any acetowhite lesion must be valued in this age group. Some 
lesions are not apparent without previous estrogen treatment. Sometimes, in women 
taking oral or transdermal HT, that may not be enough for proper vaginal epithelium 
maturation and topical treatment may be needed for a proper valuation of the lesions.

The use of Lugol’s iodine solution (Schiller’s test) is of more limited value in 
postmenopausal women, especially in those without estrogen HT: the lack of glyco-
gen in the vaginal cells leads to a diffuse light brown to yellow coloration (Fig. 4.4) 
that can be mistaken as a negative iodine response.

Like in premenopausal women, excision of the transition zone (TZ) is the definite 
treatment for HSIL, significantly decreasing the risk of progression to ICC 
(estimated in some series to be as high as 40%, for untreated CIN3 [17]). The risk 
of failure of LEEP is usually inferior to 10% [71]. Ablation is usually not considered 
as an option in postmenopausal women, given the frequency of inadequate colpos-
copies and the significant rate of invasive disease only diagnosed with the excisional 
procedure (up to 4.3%) [72].

Usually, given the characteristics of the TZ, the height of the cone needs to be 
bigger than in premenopausal women [73]—and also there is no concern with the 
risk of excessive excision and obstetric outcomes. Even though, the likelihood of 
positive endocervical margins is higher in postmenopausal women [73, 74].

In case of positive margins, expectant management and a new excision of the TZ 
are the recommended options. Expectant management implies a compliant patient 
and, preferably, visible squamous columnar junction (even though this may be a 
minor issue if HR-HPV test is being used for follow-up and it is negative). A small 
study reported that after repeated excision of the TZ, the rate of residual disease can 
be as high as 52.3% [75]. However we can theorize that the rate of positivity prob-
ably decreases with time elapsed between the first and second procedure. Some 

Fig. 4.4 Sampling of the 
endocervix with a cervical 
brush, due to nonvisible 
squamous columnar 
transition. Notice the 
diffuse lack of staining 
with iodine solution
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support the performance of hysterectomy, on the basis that residual disease is com-
mon when it is performed in postmenopausal women, following excision of the TZ, 
independently of the status of margins (67.6%) [76]. This, however, does not seem 
to correlate with daily practice. It must be kept in mind that long-term follow-up is 
recommended in women with history of HSIL, even after hysterectomy, because of 
the increased risk of multicentric HPV lesions [77].

In a systematic review and meta-analysis, Arbyn et  al. found that the risk of 
CIN2+ after an excisional procedure was 0–8% if a follow-up HPV test was nega-
tive and 3–7% if margins were free [78]. These figures leave some room for expect-
ant management in the presence of positive margins, especially if the SCJ is totally 
visible post-procedure.

In hypoestrogenic women, cervical stenosis after excision of the transformation 
zone is common, thus making the follow-up more complicated. The local use of 
estrogens may reduce this complication, with some supporting that it should be kept 
for at least 1 year after the procedure [79, 80]. Except for stenosis, the rate of com-
plications seems to be comparable between pre- and postmenopausal women [73].

As in premenopausal women, hysterectomy should not be performed for isolated 
treatment/exclusion of HSIL. Besides being a much more complex procedure, with 
a much higher rate of associated complications, there is the risk of an undiagnosed 
invasive cancer (better managed with more radical surgery).

Follow-up after treatment of HSIL is better accomplished with HPV test, like in 
premenopausal women. It is useful to have knowledge of the HPV status prior to the 
treatment, namely, because of the uncommon cases of HSIL lesions that test nega-
tive for HPV—in this setting, a negative test would be a false reassurance. The 
American Society of Colposcopy and Cervical Pathology (ASCCP) recommends 
follow-up to be performed using co-testing (HPV and Pap test) at 12 and 24 months. 
After two consecutive negative tests, they recommend that the woman can be dis-
charged for routine screening [55]. Some studies suggest that one single negative 
HR-HPV test after treatment, as early as 4–6 months, may be considered a test of 
cure: the risk of HSIL is similar to that of an HR-HPV-negative woman from the 
general population [81–83]. Earlier testing, however, may be associated with a 
higher positivity of tests, not necessarily significant. Older women (>67  years) 
appear to be at higher risk of subsequent CIN2+, probably deserving a more careful 
and longer follow-up [81].

A recent paper from the Dutch nationwide registry of histopathology and 
cytopathology found that the 89.018 women with a previous diagnosis of CIN3 had 
an increased risk of HR-HPV-associated high-grade lesions and carcinomas of the 
vulva, vagina, anus, and oropharynx when compared with 89.018 control subjects. 
In particular, the incidence rate ratios were higher for vulvar cancer, 13.66 (93% CI, 
9.69 to 19.25); vulvar HSIL, 86.08 (95% CI, 11.98 to 618.08); and vaginal cancer, 
25.65 (95% CI, 10.50 to 62.69).

As long-term follow-up still showed increased risk, new strategies for screening 
of HPV-related neoplasia, other than cervical ones, must be investigated, validated, 
and adopted in this increased risk group of patients [84].
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4.6  Other Lesions

4.6.1  Vagina

High-grade vaginal intraepithelial neoplasia (VaIN) (VaIN2 and VaIN3) is 
considered the malignant precursor of vaginal cancer. It is usually asymptomatic 
and HPV- related, mostly with HPV16 (>50% of the cases) [85]. Although its 
incidence has been reported to be increasing in the last decades, especially in 
younger women, it is still a rare lesion—100 times less frequent than CIN [86, 87]. 
That increase, however, may not be real, but rather just translating better screening 
methods, more awareness, and higher compliance with screening guidelines (for 
instance, maintenance of follow-up in hysterectomized women with a diagnosis of 
HSIL). Screening for VaIN or vaginal cancer should not be kept in hysterectomized 
women, without a previous history of HSIL.

Vaginoscopy, independently of the presence or absence of the cervix, is more 
complicated than colposcopy, more time consuming, and associated with more dis-
comfort. Previous treatment with topical estrogens is mandatory before performing 
vaginoscopy in postmenopausal women. Typical patterns of LSIL or HSIL are dif-
ficult to establish, implying that, in doubt, a biopsy is needed. VaIN is located in the 
upper third of the vagina 80% of the time and usually is multifocal [88]. Vaginoscopy 
should be performed by experienced colposcopists [89].

The risk of progression of vaginal HSIL to invasion is low (3%), and vigilance 
rather treatment seems to be a relatively safe option [90]. The use of vaginal imiqui-
mod seems to be an efficacious and relatively safe choice, but further studies are 
needed before it can be assumed as a first-line option for treatment [91, 92]. 
However, independently of the chosen treatment modality, recurrence is very com-
mon, especially in women with multifocal disease [88].

Primary vaginal cancer is one of the rarest gynecologic malignancies, representing 
2% of the total number of it. Its incidence is of around 7:1.000.000 women/year [93, 
94]. At least 50% of the vaginal cancers of squamous origin are HPV-related, 
especially with HPV16; HPV18 seems to play a minor role in this neoplasia. A his-
tory of previous cervical cancer and/or pelvic irradiation is also common. Other 
studies have linked previous hysterectomy (in some series in up to 40% of women) 
and surgical menopause to this neoplasia [85, 93, 95]. Those with a VaIN history 
following a hysterectomy tend to be older [85].

4.6.2  Vulva

4.6.2.1  Warts
Genital warts or condyloma acuminata are not exclusively found in the vulva, but 
this location is the most common and is associated with higher levels of psychologi-
cal suffering [96]. It affects less than 1% of the whole population. It is more preva-
lent in young people (peaking at the age of 20–24  years old) and rare in 
postmenopausal women [97–99].
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Their presence is frequently asymptomatic but can also manifest by itching and 
burning or, less frequently, by bleeding. Most frequently, it presents as a cauliflower- 
like, skin-colored to pink tumor. Lesions are usually multiple and can involve mul-
tiple organs; it can measure a few millimeters or, especially in immunosuppressed 
patients, can measure several centimeters.

The use of acetic acid in the vulva to identify warts is controversial, as it is non- 
specific of HPV infection. Its use by practitioners who are not aware of this 
frequently leads to overdiagnosis and overtreatment [100], with potential 
psychological and physical consequences.

Most of the cases are caused by low oncogenic risk HPV genotypes—HPV6 and 
HPV11 are responsible for at least 80% of the cases. HPV16 can be involved in up 
to 10% of cases—which could partly explain the decrease in genital warts noticed 
in adolescents vaccinated with the bivalent vaccine [101, 102].

Especially in older women, a biopsy may be needed to exclude intraepithelial or 
invasive disease. Screening for other STIs should be performed, and investigation of 
immunosuppression should be considered in older women.

4.6.2.2  Vulvar Intraepithelial Neoplasia and Cancer
Vulvar cancer accounts for approximately 3–5% of all gynecological malignancies, 
with an incidence rate of 2.4 new cases per 100,000 women per year, and represents 
0.4% of all new cancers in the USA [103]. The most common histology (almost 
90%) is squamous cell carcinoma of the vulva. Other rare histotypes include mela-
noma, adenocarcinoma, invasive Paget disease, basal cell carcinoma, and sarcoma 
[104]. Similar incidence rates have been observed in western countries, following a 
slight preference for white race compared to black and Asian race [105]. Several 
authors have reported an increase in the overall incidence rate in many countries. 
Specifically, in Germany, Buttmann-Schweiger et al. observed a doubling in the inci-
dence rate from 1.7 to 3.6 new cases per 100,000 women per year from 1999 to 2011 
[106]. In Denmark, a 1.97% per year increase in the incidence rate between 1978 and 
2007 has been reported [107]. This trend has been confirmed also in the USA: a 1.0% 
per year increase in the incidence between 1973 and 2004 [108, 109]. Some authors 
noticed that this increase has been more pronounced in women below 50  years. 
Especially in Germany and Denmark, but also in Australia, there was a significant 
84% increase in patients below 60, with a substantial stable rate in those older than 
it; however in the USA, such a pattern was not noticed [106, 107, 109, 110].

These epidemiological data underline the importance of the ISSVD (International 
Society for the Study of Vulvovaginal Disease) in vulvar disease terminology [111]. 
Since its foundation in 1970, the ISSVD set the terminology of preneoplastic vulvar 
lesions as one of its missions, with dedicated committees composed by gynecolo-
gists, pathologists, dermatologists, and other specialists. It is clear from the different 
ISSVD vulvar disease's classifications that not only preneoplastic lesions must be 
distinguished from nonneoplastic ones, but also that in the former there are different 
origins (squamous and non-squamous epithelial origin). As a final point, among vul-
var squamous intraepithelial lesions (VSIL), ISSVD always underlined the two dif-
ferent precursor lesions of invasive squamous cell carcinoma of the vulva [112].
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The most recent ISSVD classification has been published accordingly with these 
points: VHSIL (vulvar high-grade squamous intraepithelial lesion) is the precursor of 
HPV-related vulvar squamous cell carcinomas (VSCC), and differentiated VIN (vul-
var intraepithelial lesion) is the precursor of non-HPV-related VSCC [113] (Table 4.1). 
The VSIL classification includes VLSIL (vulvar low-grade squamous intraepithelial 
lesion), and it clearly underlines that it includes flat condyloma or HPV effect and it is 
not precancerous and does not need to be treated, unless symptomatic.

The two types of VSCC and its  precursors differ in epidemiology, clinical 
presentation, histopathology, and molecular profile.

HPV-unrelated VSCC (Fig. 4.5) accounts for more than 70% of the cases, while 
its underdiagnosed precursor, differentiated VIN (DVIN) (Fig. 4.6), represents less 
than 10% of all diagnosed VSIL [114]. These neoplasms occur at an older age, in 
patients with a long-lasting history of itching and burning, in a background of 
chronic dermatologic disease, in most instances lichen sclerosus or lichen planus. 
HPV-unrelated VSCC and DVIN will not be prevented by HPV vaccination. Only 

Fig. 4.5 Vulvar cancer. 
Notice the background 
of lichen sclerosus

Table 4.1 2015 ISSVD 
Terminology of vulvar SILs 
(from Bornstein et al. [113])

LSIL of the vulva (vulvar LSIL, flat condyloma,  
or HPV effect)
HSIL of the vulva (vulvar HSIL, VIN usual type)
DVIN

SIL squamous intraepithelial lesion; LSIL low-grade SIL; 
HPV human papillomavirus; HSIL high-grade SIL; VIN vul-
var intraepithelial neoplasia; DVIN differentiated-type VIN
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an appropriate examination of the vulva, and biopsy with no delay in suspect cases, 
can increase DVIN diagnoses, reducing the incidence of invasive cancer.

VHSIL, on the other hand (Fig. 4.7), occurs at younger ages: van de Nieuwenhof 
et al. found in a series of 1,893 cases of VSIL a median age of 47.8 years (Table 4.2). 
In this same study, it was described that the incidence almost doubled (from 
1.2/100.000 to 2.1/100.000) from 1992 to 2005 [115]. Increasing age in VHSIL 

Fig. 4.6 Differentiated 
VIN, in a background of 
lichen sclerosus

Fig. 4.7 Vulvar high- 
grade squamous 
intraepithelial neoplasia

Table 4.2 Age of diagnosis of intraepithelial lesions and invasive cancer

HSIL (-IN2 or IN3) Invasive cancer
Cervix [17, 154, 155] 25–41 years old 35–55 years old (>15% in women 

older than 65 years old)
Vagina [88, 93, 94] VaIN2—47.2 years old

VaIN3—61.8 years old
65–80 years

Vulva [39] 40–44 and >55 years old 55–75 years
Anus [142, 145, 156, 157] 43–49 years old 55–65 years old
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patients is associated with higher risk of subsequent diagnosis of VSCC (2.7% if 
<29 years vs. 8.5% if>75 years) and shorter time of progression (50 months for the 
<29-year group vs. 25 months for the >75-year group) (Fig. 4.8) [116].

Older age is statistically associated with increased prevalence of stromal invasion 
in patients undergoing surgical excision after an office biopsy of VHSIL (4.2% in 
patients younger than 42 years, 10.8% in patients between 43 and 62 years, and 
18.3% if older than 62 years) [117].

VHSIL can be located around the introitus, often involving the labia minora and 
majora. They are usually elevated, sharply defined lesions with normal surrounding 
skin/mucosa. Lesions can be brownish, white, or red (Fig. 4.5).

HPV16 is the most prevalent HPV type in VHSIL (about three-quarters of all 
HPV-positive cases), followed by HPV 33 and HPV18 [114] confirming the poten-
tial of nine-valent HPV vaccine to eradicate the majority of VHSIL [5].

Multifocality (more than one lesion on the vulva) and multicentricity (involvement 
of vagina, cervix, and/or anus as well as the vulva) are common and indicate a 
decreased immune response to HPV infection, with the same HPV type involved in 

Fig. 4.8 Vulvar squamous 
cell cancer, HPV-related
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all the lesions [116]. Younger patients have a higher risk of multifocal lesions (59% 
in women aged 20–34 and 10% in patients >50 years of age), but older patients have 
more often intraepithelial lesions at uncommon sites (vagina, anus, and periurethral 
region) [118].

Treatment of DVIN must be surgical excision, as it has a high potential of 
progression and it can occur in a very short time. These women must have a close 
follow- up, as there is a high risk of recurrence [119–121].

Therapy of VHSIL has to take into account (1) characteristics of the lesion (size, 
configuration, location, multifocality, and multicentricity); (2) characteristics of the 
patient (age, general condition, symptomatology, associated disease, psychologic 
issues, work environment, and reliability to follow-up); and (3) available resources 
and medical skills [122].

Surgery still represents the standard of treatment, with similar results and 
recurrence rate independent of the technique used (cold knife, LASER, 
radiofrequency surgery). Many medical treatments have been attempted to avoid 
surgery in these women. To date, no medications are approved by the Food and 
Drug Administration (FDA) for this purpose. Several randomized trials have shown 
imiquimod to be a promising therapy in selected patients [123, 124]. Anyway when, 
in controlled studies, conservative treatments of VHSIL are chosen, it is of utmost 
importance to exclude the presence of foci of stromal invasion that exposes patients 
at risk for metastatic spread to lymph nodes (higher risk if older patients or 
periclitoral localization) [117].

In the treatment of invasive VSCC that typically occurs in the seventh decade, 
when comorbidity is common, various conservative and individualized approaches 
have been proposed to reduce the risk of mutilating en bloc surgery while maintain-
ing oncological radicality and not compromising patients’ recurrence-free survival 
[125–127].

Based on the 1983 definition proposed by the ISSVD, FIGO stage Ia or 
superficially invasive carcinoma identifies tumors invading the stroma to a depth no 
greater than 1 mm, with extremely low risk of lymph nodes metastases. These are 
the only cases where surgical assessment of nodal status can be omitted [128].

For stages higher than Ia, separate incisions for vulva and groins are now 
considered a standard approach. Radical removal of the tumor can be achieved 
through a local excision, removing 1–1,5 cm of clinically clear surgical margins in 
extension and a depth reaching the perineal membrane; the results of this approach 
are comparable to those of total vulvectomy [129].

Lymph node status is the single most important predictive factor for survival; and 
nodal recurrence is lethal within 2  years in most patients [130]. The different 
approaches to inguinofemoral lymphadenectomy must match correct nodal assess-
ment and reduced immediate and long-term morbidity [131].

Sentinel lymph node dissection (SLND) seems to be reliable and safe in early 
disease [132]. This technique requires specific equipment, a multidisciplinary team 
(medical physicists and nuclear medicine physicians), and a learning curve for the 
surgeon. As a consequence, SLND should not be routinely employed by surgeons 
outside referral centers.
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In locally advanced disease [133], new regiments of chemotherapy combined 
with radio/brachytherapy are promising therapies for this group of patients that usu-
ally has a very poor 5-year survival rate [134–137].

There is increasing evidence that HPV-associated VSCC are less aggressive. 
Recent studies are focusing on p16 overexpression as a prognostic biomarker in 
VSCC [138]. Other studies showed significant association between p16 expression 
and improved survival [139, 140].

These promising results have no current impact in the treatment of HPV- 
associated and HPV-independent VSCC [141], and further cooperative studies are 
needed to establish HPV status as prognostic factor as in patients with oropharyn-
geal, anal, and cervical cancers.

4.6.3  Other

4.6.3.1  Anus
Anal cancers are rare (2:100,000 women), but its incidence, and especially that of 
anal HSIL, has been rising in last decades. Around 90% of anal cancers are HPV- 
related, having anal HSIL (anal intraepithelial neoplasia [AIN]2-3) as its precursor 
[142–145]. Anal and cervical cancer share several features, including the existence 
of a transformation zone, highly susceptible to HPV infection.

While its prevalence is higher in men who have sex with men and immunosuppressed 
people, the higher number of diagnosis is performed in women—most of them 
postmenopausal [146]. Women with history of another HPV-related cancer have a 
three times higher risk of developing an anal cancer [143]. Screening strategies for anal 
cancer are not yet widespread. In women, the following are likely to benefit from anal 
cancer screening: HIV patients, organ transplant recipients, past or current history of 
other intraepithelial neoplasia or cancer (cervical, vaginal, vulvar, or multiple) [142].

Anal cytology seems to be a good option to perform screening in high-risk 
populations; its low sensitivity precludes its use in low-risk populations. Sampling 
can be done using a moistened Dacron swabs or cervical brushes. For an optimal 
specimen, it should be introduced about 4–5 cm into the anal canal and rotated. 
Classification of the specimens is made according to the Bethesda classification for 
cervical cytology [142]. The threshold for high-resolution anoscopy is ASC-US.

4.6.3.2  Head and Neck
The list of risk factors for head and neck cavity cancers has included, as most relevant, 
smoking and alcohol consumption. However, cancers from the oropharynx (tonsils and 
base of the tongue) do not share these risk factors but rather are HPV- related—espe-
cially with HPV16—which is the isolated genotype in 90% of the cases. They have a 
better prognosis and a better response to chemotherapy and radiotherapy [147, 148]. 
The relation between HPV and oral cavity cancers in other sites is less clear [149].

While the incidence of other head and neck cancers has been decreasing, in parallel 
with the decrease in smoking, the ones possibly associated with HPV infection are on 
the rise. Currently, the latter may represent at least half of the cases [150].

4 Human Papillomavirus Infection and Cancer Risk in Peri- and Postmenopausal…



70

The prevalence of HPV in the mouth ranges between 2 and 8%, with HPV16 
being the most prevalent. The infection is less prevalent in women and more fre-
quent in those who engage in oral-genital sex, who are immunosuppressed, or 
smokers [149]. The reservoir for the infection seems to be the gingival junction 
[149, 151].

Woon et al., in line with the terminology used for the anus and lower genital 
tract, have recommended the use of the designation “HPV-associated oral intraepi-
thelial neoplasia” for the dysplastic changes related to HPV and found in the mouth 
and associated with increased risk for invasive cancer [152].

Currently, there is no recommendation to screen for oral HPV, and no HPV tests 
have been approved by the FDA for that effect. In a systematic review of studies 
involving HPV-positive head and neck cancers, the sensitivity of HPV tests was 
limited (72%, 95% CI 45–89%) [153].

4.7  Conclusion

The burden associated with HPV infection goes far beyond that of cervical cancer. 
There are lots of suffering—both physical and psychological—associated with this 
infection. A simple positive HR-HPV test, even in the absence of lesions, can raise 
several questions and doubts. The practitioner must be prepared to give these 
answers, finding balance between tranquilizing the patient and, at the same time, not 
missing relevant disease.

Older women may feel not to be at risk for HPV infections, if they are on a 
monogamous relationship or have no sexual partner. However, the role of latent and 
reactivated infections is more and more acknowledge and precludes stopping the 
screening, even in these patients.

As we anticipate the end of cervical cancer, as a consequence of HPV vaccination, 
in the next decades we will still have large cohorts of unvaccinated women. Any 
future programs must take this into consideration.
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5.1  The Burden of Ovarian Cancer

Ovarian cancer is the female genital malignancy that causes the majority of deaths 
in developed countries. Its high mortality is largely related to its late diagnosis basi-
cally due to the lack of presenting early symptoms and the low effectiveness of 
screening methods [1–4]. Furthermore, the screening of asymptomatic women 
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without a genetic predisposition does not decrease mortality. In fact, it increases 
risks in healthy women who undergo unnecessary surgery [2], which itself can 
increase morbidity and mortality [5, 6].

The incidence of ovarian cancer has decreased during recent years in countries in 
which there have been changes in reproductive-related factors. Indeed, for instance, 
more women have used oral contraceptives (OCs) for long periods [7]. On the other 
hand, knowledge regarding the  pathogenia of serous carcinomas has improved. 
Pathology assessment has included the study of the fallopian tube, which has impli-
cations related to the incidence, management, and prevention of ovarian cancer [8]. 
In addition, the introduction of updated therapeutical strategies has been associated 
to a slight decrease in ovarian cancer mortality rate [9]. However, worldwide, the 
frequency of the different types of ovarian cancer (with different prognosis and risk 
factors) varies amply, and this may influence survival estimations for all combina-
tions of ovarian cancer [10, 11].

This chapter will examine the evidence regarding protective and risk factors for 
sporadic ovarian cancer in postmenopausal women as well as risk-reducing 
strategies.

5.2  Fallopian Tube, Ovarian, and Peritoneal Carcinogenesis

Ovarian cancer is a heterogeneous group of malignancies more frequently encoun-
tered in peri- and postmenopausal women. Ovarian cancer types include (1) epithelial 
ovarian carcinomas (EOCs) (90%), usually observed in postmenopausal women; (2) 
germ cell carcinomas (4%), more frequent in adolescents and women in their early 
20s, although they may also develop at any age; (3) stromal carcinomas (teratomas, 
dysgerminomas, and endodermal sinus tumors), generally diagnosed at early stages; 
(4) and other primitive and metastatic malignant tumors, which are less common.

EOCs derive from the epithelium of the ovarian surface; nevertheless, new evi-
dence suggests that they may arise from endometrial tissue or the epithelium of the 
fallopian tube. This new paradigm has set changes in the classification of can-
cer extension, in terms of tumor rupture or surgical spilling and abdominal dissemi-
nation [12].

There are currently two types of EOCs in terms of clinical and molecular charac-
teristics. Type I includes low-grade serous, clear-cell, low-grade endometrioid, 
mucinous cancers and Brenner tumors, which have relatively stable molecular and 
genetic properties. Type II includes high-grade epithelial serous, high-grade endo-
metrioid, and undifferentiated cancers and mixed mesodermal malignancies. These 
have allowed genetic stability and a high frequency of p53 mutations and are initi-
ated from extra-ovarian tissue, mostly the fallopian tubes [12–15].

Magnetic resonance imaging (MRI) may characterize ultrasound-indeterminate 
adnexal masses and differentiate benign versus malignant masses [16, 17]. In addi-
tion, MRI has been suggested for the early diagnosis of primary fallopian tube can-
cer and to differentiate from primary ovarian cancer, although typical images are not 
always present [18, 19].
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Nearly a 10% of ovarian cancers are related to genetic factors, mostly being 
related to mutations of the BRCA1 and BRCA2 genes. Other mutations (PTEN 
mutation of the Cowden syndrome, Lynch syndrome, and Peutz-Jegher syndrome) 
are less frequent. The Lynch syndrome increases lifetime risk by 4.3% for ovarian 
cancer [20]. The majority of women with risk of hereditary cancer are managed 
with surgical interventions (bilateral oophorectomy with or without hysterectomy 
and salpingectomy) that are carried out in young women during the premenopausal 
years, in their late 30s or early 40s. Therefore, they are usually treated early, before 
the appearance of cancer.

5.3  Age and Familial Risks

With few exceptions, ovarian cancer risk increases with age. Presentation is domi-
nated by two age profiles. The first corresponds to cancers that originate from germ 
cells and stromal tissue; this type of presentation is generally observed in adoles-
cents and young women (<30 years). The second corresponds to EOCs that appear 
in postmenopausal women, often in their 70s or 80s [21].

A family history of ovarian cancer (and related syndromes) is the most promi-
nent risk factor. Hence, the presence of an ovarian cancer in one first-degree relative 
increases women’s lifetime risk by 5%; the risk increases up to 7% if there are two 
such relatives [22]. The risk is also high in families with hereditary breast and ovar-
ian cancer syndromes in association with autosomal dominant mutations of the 
BRCA1 and BRCA2 genes.

The preventive management of gynecological cancer risk in gene-mutated syn-
dromes includes bilateral salpingo-oophorectomy; basically  in the majority of 
 consenting women who have achieved reproductive aims. In some particular syn-
dromes, in which endometrial cancer risk is increased, hysterectomy is added to 
salpingo-oophorectomy.

5.4  Reproductive Factors

5.4.1  Menarche and Menopause

Some reproductive factors are non-modifiable. Age at menarche, age at first full- 
term pregnancy, and spontaneous and induced abortion have a small or nil effect 
over  the risk of ovarian cancer [23]. The results of the European Prospective 
Investigation into Cancer and Nutrition (EPIC) study and a large Korean prospec-
tive cohort failed to find an association between age at menarche and ovarian cancer 
risk [23, 24]. However, a meta-analysis of case-control studies reported an inverse 
association between age at menarche and ovarian cancer risk [25].

Reports indicate that there may be a relationship between a late onset of meno-
pause and ovarian cancer risk [26]. The number of menstrual cycles may correlate 
with ovarian cancer risk. Thus, older age at menopause onset was a risk factor for 
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ovarian cancer in both the EPIC study [27] and a Korean prospective cohort [24]. It 
has been suggested that women who have a longer exposure to ovarian hormones 
(menstrual cycles ≥40 years) have an increased risk of ovarian cancer.

The anti-Müllerian hormone (AMH) is a marker of ovarian reserve, and in exper-
imental conditions, it inhibits the growth of ovarian tumors. Nevertheless, in nine 
cohorts of premenopausal women, AMH levels were not associated with ovarian 
cancer risk. Indeed, ovarian cancer risk was similar when comparing the highest 
with the lowest quartile of AMH levels (there was no inverse association between 
pre-diagnostic AMH levels and ovarian cancer risk) [28]. It seems that hormones 
involved in the menstrual cycle have limited influence in carcinogenesis. The cur-
rent view regarding ovarian cancer is that its origin is from multiple cell types and 
that many malignant precursors are outside the ovaries (see Sect. 5.2 about 
Carcinogenesis), with several steps occurring many years after the menstrual cycles 
are over. This evidence seems to reduce the importance of hormones in the origin of 
malignant ovarian tumors.

5.4.2  Pregnancy and Breastfeeding

In a case-control study of women living in Massachusetts or New Hampshire, mul-
tiparity (≥3 vs. 0 children) had a strong and inverse association with an increased 
risk of type I ovarian cancers [29]. Wentzensen et al. [30] reported a detailed analy-
sis regarding reproductive factors in relation to the histologic subtypes from the 
large Ovarian Cancer Cohort Consortium (OC3), including 1.3 million women from 
21 studies. This study reported that a higher parity was associated with a lower rela-
tive risk for endometrioid and clear-cell carcinomas.

A recent Australian population-based study reported that increased parity was 
associated with a reduced risk of high-grade serous ovarian cancer in women with-
out a personal history of breast cancer; however, the “protective” factor was not 
present in women with a history of a previous breast cancer [31].

A history of gestational diabetes mellitus has been related to a higher risk of 
female malignancies, including ovarian cancer [32]. Studies indicate that prepreg-
nancy obesity yields a higher cumulative risk of ovarian cancer after adjusting for 
different confounding factors, including gestational diabetes and maternal age [33].

Women who breastfeed for more than a year have a reduced ovarian cancer risk 
[34]. A meta-analysis of observational studies found a protective effect of breast-
feeding against EOCs as compared with never breastfeeding; in addition, there was 
a 0.5-fold decreased risk [35].

5.4.3  Hormone Contraception

OCs reduce the risk of any cancer, and the protective effect is strengthened for both 
ovarian and endometrial cancers when duration is taken into account [7, 8, 36, 37]. 
In the large (46,022 women) UK Royal College of General Practitioners’ Oral 
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Contraception Study, with four decades of follow-up, the incidence risk ratio was 
significantly reduced with OC use [36]. Combined oral contraceptives (COC) 
reduce the risk of EOC.

A meta-analysis of case-control and cohort studies reported a significant reduc-
tion in ovarian cancer risk whenever-users are compared to never users. In addition, 
there is a reduction of more than 50% in the incidence when use is 10 or more years 
[38]. However, COCs do not seem to reduce the incidence of mucinous tumors [39], 
and the use of progestin-only contraceptive pills does not seem to provide protec-
tion against ovarian cancer risk [40].

The protective effect of OCs is closely related to the dose of estrogen and treat-
ment duration, although there is no accumulative effect of estrogen intake [40], and 
the protective effect is not reduced with increasing attained age [41]. COC use 
before the first full-term pregnancy has a protective effect on the risk of EOC. A 
case-control study of invasive EOCs in parous women aged 40 or more years 
reported a 9% risk reduction in those who had used combined contraceptives before 
their first birth, suggesting a protective effect long after hormones were used [42].

There is also a significant inverse association between BRCA-related ovarian 
cancer risk and the use of COCs. This effect is similar when women are analyzed 
separately among carrying BRCA1 or BRCA2 mutations [43].

As mentioned above, the use of progestogen-only contraceptive pills does not 
seem to provide protection against ovarian cancer risk [40]. Despite this, the 
levonorgestrel- releasing intrauterine system decreases the risk of mucinous, endo-
metrioid, and serous ovarian carcinomas [44].

5.4.4  Menopause Hormone Therapy

The incidence of EOC has been related to the use of menopausal hormone therapy 
(MHT). The worldwide reduction in the prevalence of ovarian cancer during the last 
decade has been linked with the decline in MHT use, although no causal relation-
ship between MHT use and ovarian carcinogenesis has been demonstrated 
[45–47].

New publications are now focused on the controversy related to the link between 
menopause hormone treatments (with interactions with other factors) and ovarian 
cancer risk. A population-based study addressed the issue regarding long-term 
MHT use in women aged 50–64 years [48]. In this study, female ovarian cancer risk 
was increased in long-term MHT users, suggesting a role for hormones in the carci-
nogenesis that should be considered at the time of prescribing MHT.

A population-based Finnish National study evaluated all women aged over 50 
during the period 1995–2007 (receiving menopause hormone therapy) with EOC by 
histologic subtype, comparing one case with three controls matched for age and 
place of residency and excluding controls with oophorectomy. The use of estradiol 
alone for 5 years or more was associated with a significant higher risk of serous 
ovarian cancer subtype, but with a reduced risk of the mucinous subtype. The 
sequential treatment of estradiol-progestin for 5 years or more was associated with 
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an increased risk of overall cancer risk, especially increasing the endometrioid sub-
type. On the contrary, the use of continuous estradiol-progestin, estradiol + intra-
uterine levonorgestrel intrauterine system, or tibolone had no significant effect on 
overall ovarian cancer risk [49]. Therefore, only sequential use of estradiol + pro-
gestin increases the overall risk of ovarian cancer.

A subsequent study from the same research group reported the incidence of pri-
mary fallopian tube cancer and the use of hormone therapy in women aged 50 or 
older, which was identified from the Finnish Cancer Registry, excluding cases with 
a previous salpingectomy [50]. The use of 5 years or more of estradiol combined 
with the levonorgestrel-releasing intrauterine system and the use of sequential estra-
diol and progestin treatment were both associated with an increased risk of fallopian 
tube cancer. On the contrary, the treatment with only estradiol or continuous estra-
diol and a progestin did not increase the risk of the cited cancer.

5.4.5  Assisted Reproductive Technology

There is controversy regarding any possible increase in ovarian cancer risk in 
women subject to assisted reproductive technology. It is likely that medication used 
for fertility treatments may increase the risk of borderline ovarian tumors [51, 52]. 
However, results seem to depend on the fact of achieving or not pregnancy. It seems 
that women who are successfully treated for infertility and give birth do not display 
an increased ovarian cancer risk, when compared to those that remain nulliparous. 
The latter women have a higher risk of EOCs. Another explanation could be that 
infertility, per se, and not the used treatment, be the cause of an increased ovarian 
cancer risk [53].

5.4.6  Tubal Ligation, Salpingectomy, and Hysterectomy

Fallopian tube ligation and hysterectomy (if performed before age 35) reduce the risk of 
EOC, particularly non-serous cancers [54, 55]. An Australian Cancer Study, a Danish 
register-based case-control study, the OC3, and the Million Women Study reported that 
tubal ligation has different preventive effects according to histologic types, with protec-
tion being higher for high-risk serous, endometrioid, and clear- cell carcinomas, while 
results are controversial regarding mucinous carcinomas [29, 30, 56–58].

The effect of salpingectomy on ovarian cancer risk has been compared to that 
achieved with tubal ligation. Madsen et al. [57] and Falconer et al. [59], respec-
tively, reported that salpingectomy reduced EOC in the Danish register-based case-
control study and in a national US population-based study. Results suggest that 
opportunistic bilateral salpingectomy, aimed at removing the site where ovarian 
cancer might originate, should be recommended when women are hysterectomized 
due to benign conditions and among those seeking tubal ligation [14, 60].

Opportunistic salpingectomy should be encouraged instead of tubal ligation or 
performed at the time of hysterectomy in order to reduce the risk of future fallopian 
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and ovarian cancers. However, data of large prospective studies are not available to 
confirm the value of opportunistic salpingectomy in the prevention of ovarian can-
cer. On the other hand, there are ongoing trials comparing the effect of salpingec-
tomy (without oophorectomy) with delayed oophorectomy in BRCA mutation 
carriers [61].

Reports indicate that hysterectomy in young women due to benign conditions, 
with conservation of the fallopian tubes and the ovaries, may also reduce the risk of 
ovarian cancer [29, 54, 55]. However, there is no sense of performing a hysterec-
tomy while preserving the fallopian tubes, if childbearing is over. Therefore, it is 
recommendable that hysterectomy be carried out with concomitant opportunistic 
salpingectomy. In addition, surgery for pelvic floor disorders treated by hysterec-
tomy can include vaginal opportunistic salpingectomy excision [62–64]. 
Opportunistic distal salpingectomy can also be performed during a cesarean section 
in women who are sure they have completed their family [65].

The safety of opportunistic salpingectomy has been confirmed in large cohorts 
[66]. However, the confirmation of the real value of opportunistic salpingectomy in 
the prevention of ovarian cancer may require a 20–30-year follow-up. On the other 
hand, salpingectomy has also been challenged as a risk-reducing intervention [67].

5.5  Anthropometric Variables

5.5.1  Body Weight

Birth weight has not been associated with ovarian cancer risk [68]. Prospective 
studies assessing the effects of body fat at ages 5 and 10, body mass index (BMI) at 
age 18, and other anthropometric measures have reported a small relationship 
between height and EOC risk [69].

Data from the large prospective EPIC cohort indicate that obesity (BMI ≥30.0 kg/
m2 vs. <25 kg/m2) is associated with an increased EOC risk, although the associa-
tion was weaker in pre- versus postmenopausal women. Height, weight gain, and fat 
distribution were not associated with an increased risk, although waist-hip ratio was 
associated with a higher risk of mucinous tumors [70]. Results from the Nurse’s 
Health and Women’s Health Initiative (WHI) cohorts failed to demonstrate any 
influence of obesity over ovarian cancer risk [71, 72]. A recent study among African 
American women pointed out that ovarian cancer risk was significantly elevated in 
women with a BMI ≥40 kg/m2 as compared with those with a BMI <25, and there 
was an association between this cancer risk and weight gain after age 18 comparing 
the highest versus the lowest quartile. In postmenopausal women (MHT users and 
nonusers), ovarian cancer risk increased by 15% per 5 kg/m2 increase of BMI or 6% 
per 5 kg of weight gain [73].

Despite this, a later meta-analysis of 47 studies reported a 12% increase in EOC 
risk for obese women (>30 kg/m2), after adjusting for different confounding factors 
such as MHT use [74]. Furthermore, a more  recent meta-analysis of prospective 
studies found a non-linear increase in ovarian cancer for each 5  units of BMI 
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increase. This rise started with a BMI of 28 kg/m2 and higher. In addition, there was 
no association between ovarian cancer and weight gain, hip circumference, or waist- 
hip ratio [75]. It is important to note that obesity does not seem to increase the risk 
of the most aggressive (or lethal) cancers and that associations are similar 
among MHT users and nonusers [76].

Adult weight gain has been related to female endocrine-related cancers, particu-
larly among non-MHT users. Thus, a meta-analysis found that for each 5 kg increase 
in adult weight, ovarian cancer risk increased in postmenopausal women, both in 
low MHT and non-MHT users [77]. These results suggest the importance of pre-
venting weight and obesity in young women.

The links between obesity and higher ovarian cancer risk are probably mediated 
by alterations in sex steroid hormones, insulin- related alterations and inflammation. 
Excessive weight has been related to invasive endometrioid, low-grade invasive 
serous, and invasive mucinous ovarian carcinomas as well as borderline serous 
tumors. In addition, the risk is similar in postmenopausal MHT users and nonusers.

These studies provide evidence that excessive body weight is a modifiable risk 
factor for ovarian cancer, especially among postmenopausal women.

5.5.2  Height

It has been suggested that altered insulin growth factor (IGF) 1 levels may influence 
early-life body size and adulthood cancer risk. In the two cohorts of the Nurses’ 
Health Study, height was associated with an increased relative risk of EOC [69]. A 
pooled analysis of 12 prospective cohorts that collectively included more than a half 
million women from North America and Europe reported that taller women (>1.69 m 
vs. <1.60 m) have an increased EOC risk (both pre- and postmenopausal), while 
there was no statistical difference observed between those with increased BMI com-
pared to those with a normal BMI (BMI >29.9 kg/m2 vs. 18.5–23 kg/m2) [78].

A meta-analysis of case-control studies found that IGF-1 and IGF binding pro-
tein- 3 levels were lower in patients with ovarian cancer [79]. Another meta-analysis 
(of prospective studies) reported that there was no significant influence of IGF-1/
IGF binding protein-3 on the ovarian cancer risk [80].

5.6  Diet, Physical Activity, and Other Modifiable  
Lifestyle Factors

5.6.1  Diet

Some diets have been postulated to protect against cancer. For example, the 
Mediterranean diet might decrease the incidence of various cancers by genomic 
actions and by increasing levels of the  sex hormone-binding globulin [81, 82]. 
However, there is no significant evidence demonstrating that the adherence to the 
Mediterranean diet reduces ovarian cancer risk [83].
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A potential link between the dietary inflammatory index and the risk of EOC was 
analyzed among African American women. A 10% increase in EOC risk was 
observed for each unit change in the energy-adjusted dietary inflammatory index, 
and this association was higher in women aged over 60 [84].

In a randomized controlled trial of postmenopausal women, the adherence to a 
low-fat diet for 4 years decreased ovarian cancer risk [85]. One meta-analysis found 
that egg consumption was related to ovary cancer, although the dose-response was 
unclear. A significant effect of egg intake on ovarian cancer has been reported in 
case-control studies, but not in cohort studies [86].

Studies related to the vitamin D endocrine system and carcinogenesis have pro-
duced controversial results. In vitro studies suggest that vitamin D may have a role 
in cancer prevention. Results from observational clinical studies are masked by con-
founding factors. However, Ong et al. [87] reported a significant association between 
decreased vitamin D levels in Europeans and ovarian cancer risk. They used a 
Mendelian randomization assessment to overcome the usual statistical errors 
observed in conventional studies. However, further studies are needed before rec-
ommendations can be proposed regarding vitamin D supplementation and ovarian 
cancer risk.

Studies analyzing the association between dietary intake of acrylamide and EOC 
risk have not been able to demonstrate any effect [88]. In a large prospective 
Japanese cohort, no association was observed between acrylamide and ovarian can-
cer [89]. Other dietary components have not been associated with ovarian cancer 
risk, including the intake of fiber or of curcumin or a high-starch diet, although there 
might be several confounding factors that have not been taken into account.

5.6.2  Physical Activity

The effect of recreational physical activity on ovarian cancer risk is inconclusive or 
controversial [90]. The protective effect of recreational physical activity is more consis-
tent among case-control studies, while benefits have been reported in some cohort stud-
ies [91]. Nevertheless, recent evidence shows that physical inactivity is independently 
associated with an increased risk of some particular histologic subtypes of EOC [92]. 
A prospective study assessing the effect of physical activity on ovarian cancer risk 
found that in premenopausal women risk increased with low to high levels of cumula-
tive physical activity, while physical activity was not associated with ovarian cancer in 
postmenopausal women [93]. These investigations, not completely comparable, pro-
vide controversial results that do not currently allow providing recommendations 
regarding the preventive effect of physical activity on ovarian cancer risk.

5.6.3  Perineum Exposure to Body Powder and Vaginal Douching

There is some evidence from case-control studies that the use of powder on the 
perineum (genital powder) is associated with an increased EOC risk, but the data are 
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conflicting. The modest increased risk seems to be for invasive serous, endometri-
oid, and clear-cell carcinomas and borderline tumors in genital but not in non- 
genital powder users [94]. The same study found no significant trend in the risk with 
increasing number of lifetime applications of genital powder. Despite this, a case- 
control study of Afro-American women showed a dose-response effect for duration 
and the lifetime number of applications of genital powder and EOC risk. In addi-
tion, non-genital powder use was linked to non-serous EOC [95]. A recent meta- 
analysis of case-control and cohort studies reported that perineal talc use increases 
ovarian cancer risk. In addition, this increased risk was significant for serous and 
endometrioid subtypes, although not for mucinous or clear-cell subtypes [96].

The prospective cohort Sister Study (involving 50,884 women with a sister with 
breast cancer) found little association between baseline perineal talc use and subse-
quent ovarian cancer. Douching was more common among talc users, and douching 
at baseline was associated with an increased subsequent risk of ovarian cancer. The 
authors of the Sister Study concluded that douching, but not talc use, was associated 
with an increased ovarian cancer risk [97].

5.6.4  Alcohol, Coffee, and Tea Consumption

Alcohol consumption does not seem to influence ovarian cancer risk [98, 99]. 
However, low alcohol consumption may reduce the risk of ovarian cancer, but this 
may depend on the type of alcohol and the age at which it was consumed [100]. Red 
wine consumption protects against ovarian cancer risk as compared with noncon-
sumption, but the consumption of white wine, beer, or spirits does do not confer 
protection. The protection conferred by red wine is greatest when consumption is 
initiated before the age of 50 [101].

It seems that coffee or tea consumption may not reduce EOC risk [102]. However, 
higher black tea intake may have a protective effect against several cancer variants 
[103]. A Danish case-control study reported that coffee consumption and total caf-
feine consumption (combination of tea and coffee) were associated with a small 
reduction in ovarian cancer risk [104]. However, a Canadian study did not find any 
effect of coffee, tea, and caffeine intake on the ovarian cancer risk [105].

5.6.5  Cigarette Smoking

Cigarette smoking has been associated with certain histologic subtypes of ovarian 
cancer [106]. The large Norwegian-Swedish Women’s Lifestyle and Health cohort 
analyzed national registries according to different measures of smoking exposures 
and adjusted for confounding factors. This study found that women who smoked for 
more than 20 years had three times the risk of developing borderline EOCs as com-
pared to never smokers, and there was an almost significant relation for mucinous 
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tumors. In addition, there was also a significant dose-response effect with smoking 
intensity and duration for both borderline and serous tumors [107].

The same authors reported new information from the Norwegian cohort regard-
ing smoking and primary invasive and borderline tumors by histologic types [108]. 
Current smokers who had smoked for more than 10 years had a very much higher 
risk of developing mucinous ovarian cancers than never smokers, but smoking was 
not associated with serous or endometrioid ovarian cancers. The OC3 reported that 
smoking 20 packs/year was associated with an increased risk of mucinous cancers 
and a decreased risk for clear-cell cancers [30].

In Afro-American women, smoking was associated in a higher degree to serous 
ovarian cancer than for all types of ovarian cancers. In addition, compared to never 
smokers, serous ovarian cancer risk was increased in lifetime ever smokers, in for-
mer smokers who quit within 0–2 years of diagnosis, and in relation to total pack- 
years smoked among lifetime smokers. In addition, smoking was not associated 
with mucinous ovarian cancer [109].

5.6.6  Nonsteroidal Anti-Inflammatory Drugs  
and Analgesic Treatment

Nonsteroidal anti-inflammatory drugs (NSAIDs) and some analgesics may have 
chemopreventive actions against cancer from different organs. Pooled data from 
population-based and case-control studies of ovarian cancer reported that aspirin 
use was associated with a lower ovarian cancer risk, while non-aspirin NSAIDs and 
acetaminophen use was not. In addition, the reduction of cancer risk was strong 
with daily aspirin use as compared with other dosages, while for non-aspirin 
NSAIDs, the risk reduction was strong for high-dose use [110]. The same authors 
also reported a prospective analysis of the OC3 regarding analgesic use and ovarian 
cancer risk. They analyzed data from 13 studies, finding that women who use aspi-
rin daily have a slightly lower risk of developing ovarian cancer than infrequent/
nonusers [111]. This result was similar to the risk reduction observed in case- control 
analyses.

Low-dose aspirin (150 mg/day for ≥5 years) may reduce the risk of EOCs in 
terms of histological types, the strongest inverse associations observed for muci-
nous and endometrioid tumors [112].

The African American Cancer Epidemiology Study on the EOC risk analyzed 
the effect of aspirin and non-aspirin NSAIDs and acetaminophen use on ovarian 
cancer risk [113]. The study found that NSAIDs (aspirin and non-aspirin) signifi-
cantly reduced this risk, while acetaminophen had no protective effect. It is likely 
that ovarian follicle rupture during ovulation releases fluid containing prostaglan-
dins and other compounds that induce inflammation [114], which can potentially be 
neutralized by NSAIDs. Therefore, small doses of NSAIDs may be a preventive 
intervention for women at high risk of ovarian cancer. In addition, it seems that 
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anti- inflammatory drugs may improve ovarian cancer prognosis when used along 
with chemotherapy [115].

5.6.7  Occupation Risk Factors for Ovarian and Primary  
Fallopian Tube Cancer

The risk of EOC was examined according to occupation in a Canadian population- 
based case-control study, adjusting for confounders (BMI, OC use, menopause hor-
mone therapy, previous genital surgery, among others). The authors reported an 
increased risk of EOC for teaching and related occupations, bookkeepers and 
accounting clerks, and educational service and noninstitutional health service 
employees [116].

An Australian population-based case-control study assessed the association of 
lifetime environment ultraviolet radiation exposure and both invasive and border-
line ovarian cancers in women aged 18–79 years. Women in the highest tertile of 
daily average of environment radiation exposure were at the lowest risk of EOCs 
than those in the lowest tertile [117]. This study suggests that there is an inverse 
association between ovarian cancer risk and ultraviolet exposure.

In a Scandinavian study, correlation between occupation and the risk of primary 
fallopian tube cancer was reported among 2206 cases and more than 50 occupations 
[118]. The authors found that the risk of primary cancer was significant among 
smelting workers, artistic workers, hairdressers, packers, nurses, shop workers, and 
clerical workers. These findings were sustained for the different included countries. 
The risk was significantly low for farm-working women, painters, and chemical 
process workers.

5.7  Comorbidity and Ovarian Cancer Risk

5.7.1  Endometriosis

Women who had endometriosis during their reproductive years are at a higher 
risk of developing endometrioid and clear-cell tumors (type I EOC) [29]. The 
older a woman is when ovarian endometriosis is diagnosed, the higher the risk 
of ovarian cancer [119]. An international collaborative investigation comprising 
13 case- control studies reported an association between a history of endome-
triosis and an increased risk of clear-cell, low-grade serous, and endometrioid 
invasive cancers, while there was no association with the risk of mucinous or 
high-grade serous invasive ovarian cancers or borderline serous and mucinous 
tumors [120].

There is evidence for shared genetic risk between endometriosis and almost all 
histologic types of ovarian cancer. The strongest correlation is between endometrio-
sis and clear-cell carcinoma and endometrioid and low-grade serous carcinomas, 
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while high-grade serous carcinoma (which often arises from the fallopian tubes) 
had a weaker genetic correlation with endometriosis [121]. These findings suggest 
shared genetic susceptibility factors.

A meta-analysis reported that endometriosis was associated with an increased 
risk of EOC, and tubal ligation had a protective effect [80]. In that review, hysterec-
tomy did not have any significant effect on ovarian cancer risk in women with endo-
metriosis. The relationship between endometriosis and malignant transformation to 
ovarian cancer may be related to epigenetic factors exerting effects over the ectopic 
endometrium [122].

To date, the protective role of opportunistic bilateral salpingectomy among 
women with previous endometriosis has not been specifically addressed.

5.7.2  Pelvic Inflammatory Disease

Pelvic inflammatory disease/salpingitis increases the risk of serous borderline and 
invasive ovarian cancers [123–125]. An Australian population-based study reported 
an increased risk of high-grade serous ovarian carcinoma associated with pelvic 
inflammatory disease, but not with infertility or the diagnosis of endometriosis [31]. 
This data support the participation of inflammatory processes in the carcinogenesis 
of some epithelial ovarian cancers.

Although there are no reports addressing the value of salpingectomy in women 
with inflammatory adnexal processes, salpingectomy might exert the same protec-
tive role as it does in women without an inflammatory process.

5.7.3  Long Menstrual Cycles and Polycystic Ovary Syndrome

Long and irregular menstrual cycles and polycystic ovary syndrome (PCOS) were 
not initially related to ovarian cancer risk; however, when histologic subtypes were 
taken into account in the analysis, menstrual cycle irregularities among women who 
had never used oral contraceptives and those who were overweight were associated 
with a reduced risk of high-grade serous EOCs and an increased risk of serous bor-
derline tumors [126].

The association between lifetime number of ovulatory cycles and epithelial ovar-
ian cancer risk has been reported, supporting the hypothesis that incessant ovulation 
contributes to the pathogenesis of ovarian cancer [84]. Women with menstrual cycle 
intervals of more than 35 days have a lower risk of invasive ovarian cancer in com-
parison with those reporting cycle lengths of ≤35 days. Also women with irregular 
menstrual cycles have a lower risk of invasive ovarian cancer as compared to those 
women with regular cycles [127].

A meta-analysis of few observational studies in women <55 years suggests that 
PCOS did not increase ovarian cancer risk [128]. Ovarian cancer risk does not seem 
to be increased in women with PCOS [127].

5 Sporadic Ovarian and Fallopian Tube Cancer in Postmenopausal Women



92

5.7.4  Epithelial Ovarian Borderline Tumors

A significant number of epithelial ovarian borderline tumors are diagnosed at early 
stages, and fertility-sparing surgery can be used in women without children and 
those with localized tumors [129, 130]. However, tumor recurrence may affect 
10–18% of patients who retain ovarian tissue [131, 132], and it seems that mucinous 
tumors have a higher recurrence risk than serous types [128]. Therefore, pregnancy 
should be attempted as soon as possible, in women who wish to do so. However, 
there is no clear evidence that radical treatment, hysterectomy, or bilateral salpin-
gectomy reduces the risk of recurrence or malignant progression.

5.7.5  Previous Malignant Diseases

Girls and women who had suffered a germ cell tumor are more prone to have a sec-
ond malignant ovarian cancer [133]. An Australian population study reported that 
breast cancer increases the rate of high-grade serous ovarian cancer threefold [31].

5.8  Conclusions

To date, ovarian cancer screening and early diagnosis are not feasible. There are 
some general recommendations (Table 5.1) from the current knowledge based on 
risk and protective factors. The use of combined oral contraceptives for more than 
5 years, salpingectomy, and hysterectomy may reduce the risk of ovarian cancer. 
Prevention of obesity and weight gain may also contribute at reducing ovarian 
cancer risk. Reproductive factors, such as parity and breastfeeding are individual 

Table 5.1 Risk and protective factors for ovarian cancer

Risk factors Protective factors
Increased age Breastfeeding (>1 year)
Family history (first degree) of ovarian cancer: BRCA1-2 
mutations; Cowden syndrome, Lynch syndrome

Multiparity (>3 births)

Height (taller women) Combined oral contraceptives
Obesity (>29.9 kg/m2) but more important ≥40 kg/m2 Fallopian tube ligation or 

salpingectomy
Increase in adult body mass index (>5 kg/m2) Hysterectomy
Diet with a high inflammatory index Low-fat diet for at least 4 years
Physical inactivity Red wine
Exposure to talc powder Black tea
Smoking Nonsteroidal anti-inflammatory 

drugs (aspirin and non-aspirin)
Endometriosis
Pelvic inflammatory disease
Previous history of epithelial ovarian borderline tumor
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elections. Factors related to healthy lifestyles such as physical activity, alcohol con-
sumption or smoking, body talc use, and moderate red wine and NSAIDs consump-
tion may be a part of general health recommendations. Patients with a history of 
endometriosis, pelvic inflammatory disease, and ovarian borderline tumors should 
be appropriately treated and followed up.
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6Vulvar Dermatoses and Menopause
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6.1  Introduction

Vulvar dermatoses are inflammatory conditions, frequently associated with itching 
and burning. Concomitant extragenital involvement may also be present in some 
cases. The diagnosis is usually clinical. Occasionally, there can be superimposed or 
associated conditions, such as lichen simplex chronicus and lichen sclerosus, which 
can add to the diagnostic challenge [1].

Vulvovaginal symptoms such as pruritus, pain, and dyspareunia are a common 
cause for gynaecological referral. They are estimated to affect, approximately, one 
in five women [2]. Considering that these symptoms are often chronic, with a grad-
ual onset and persistence over time, one must always consider the presence of der-
matologic conditions as a cause. The initial approach to these complains should 
always include a systematic physical examination and an inquiry about symptoms 
onset, duration, location, aggravating and alleviating factors, as well as possible 
precipitating or known risk factors [3]. Although the diagnosis may be complex, 
mainly when different conditions coexist, a systematic evaluation of the symptoms 
may simplify this process. The challenge of diagnosis in postmenopausal women is 
aggravated, as the signs and symptoms of vulvovaginal atrophy can overlap with 
those of a dermatosis—and both situations often coexist. More recently, the creation 
of the “genitourinary syndrome of menopause” increased the risk that vulvar dis-
eases will be missed or ignored and thus not receive appropriate management [4].

Vulvar dermatoses can be subdivided in nonscarring, e.g. atopic and contact der-
matitis and lichen simplex chronicus, and scarring dermatosis, e.g. lichen sclerosus 
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and lichen planus. The International Society for the Study of Vulvovaginal Diseases 
(ISSVD), in 2006, divided vulvar dermatoses into eight different histological pat-
terns: spongiotic, acanthotic, lichenoid, dermal homogenization/sclerosis, vesicu-
lobullous, acantholytic, granulomatous, and vasculitic [5]. This classification was 
aimed at being clinically practical and transversal to all medical specialities work-
ing in the field. When the clinician is able to directly make a diagnosis, there is no 
need to resort to the classification. When that is not the case, a biopsy can be taken, 
and two new scenarios arise: either the pathologist provides a diagnosis or he is 
unable to do so and categorizes it into one of those patterns. In the latter case, the 
clinician evaluates again the clinical aspects inside that pattern and may reach a 
diagnosis [6].

In 2011, a new ISSVD terminology was approved, based on clinical findings 
(colour, type of dermatological lesion [pustules, patches, ulcers, etc.], surface, mar-
gination, and configuration). This approach leads to eight morphological groups 
(skin-coloured lesions, red lesions [patches and plaques], red lesions [papules and 
nodules], white lesions, dark-coloured lesions, blister, erosions and ulcers, and 
oedema), narrowing the diagnostic options [7]. In our opinion, both documents are 
useful and complimentary in daily clinical practice.

In this chapter, the most common vulvar dermatoses (Table 6.1) encountered in 
postmenopausal women will be discussed, including lichen simplex chronicus, 
lichen sclerosus, lichen planus, psoriasis, and atopic and contact dermatitis.

6.2  Vulvar Dermatoses

6.2.1  Lichen Simplex Chronicus

Lichen simplex chronicus (LSC) is a nonscarring, chronic inflammatory skin disor-
der, representing the most common symptomatic vulvar condition. It is considered 
a localized variant of atopic dermatitis, and in 65–75% of patients, a history of an 
allergic condition can be identified [3]. LSC accounts for up to 35% of patients’ 
visits to vulvar specialty clinics, but its prevalence remains unknown. It can be 
found at any age, but it is typically more common in mid- to late adult life [8].

The cardinal symptom is intense pruritus, worsening during the night and that 
may disturb sleep [1]. It can first be triggered by a wide variety of initiating pro-
cesses that cause skin irritation, such as environmental factors (e.g., clothing, chem-
ical, heat, perspiration), infections (e.g. candidosis), and other vulvar dermatoses 
(e.g. lichen sclerosus), as well as neurological and psychiatric disorders that pro-
mote repetitive scratching. In any case, an itch-scratch cycle is promoted which 
leads to skin thickening and additional irritation. Besides pruritus, women usually 
complain about pain associated with the excoriations from the scratching process 
[3]. Scratching is described as relieving or even pleasuring—but inevitably followed 
by worsening.

On physical examination we can observe (Fig.  6.1) erythematous or white 
lichenified plaques with irregular borders, with or without excoriations, that 
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commonly involve the labia majora and are mostly asymmetric (usually more pro-
nounced on the dominant side) (Fig.  6.2). It can also present as hypopigmented 
areas that can later may become hyperpigmented, as consequence of the inflamma-
tory process in long-standing disease. The diagnosis is based on clinical presenta-
tion, leaving the biopsy for exceptional cases. Because LSC can disrupt the normal 
skin barrier, there may be superimposed infections, namely, fungal.

The treatment should involve a multitargeted approach with removal of irritating 
factors, repair of the skin’s barrier function, reduction of inflammation, and disrup-
tion of the itch-scratch cycle [1]. Concerning genital hygiene, avoidance of irritants 
and use of barrier protection (e.g. zinc oxide ointment) should be advised. 
Considering pharmacological options, moderate to high potency topical corticoste-
roids in an ointment base are the cornerstone of the treatment, such as clobetasol 
propionate (applied daily while the symptoms are intense and then for 1 more 
month). In severe cases the use of calcineurin inhibitors can be considered. For 
disruption of the itch-scratch cycle and to improve sleep quality, a combination of 
antihistamines (hydroxyzine), tricyclic antidepressants (amitriptyline), or selective 
serotonin reuptake inhibitors (fluoxetine, paroxetine) can be used.

As this may be a recurrent disease, maintained treatment may be needed in some 
cases. Eviction of triggers is of utmost importance to avoid recurrences.

Fig. 6.1 Lichen simplex 
chronicus. Bilateral 
involvement of the labia 
majora
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6.2.2  Lichen Sclerosus

Lichen sclerosus (LS) is a chronic inflammatory disease that affects the genital 
and perianal areas. Extragenital lesions can be found in about 11–20% of patients 
(mainly in the chest, upper back, arms, neck, and buttocks) [9]. The true preva-
lence of LS remains unknown, but recent data showed that it is more common 
than previously described, with a prevalence of 1:60 [10], and when considering 
older populations, it can be as high as 1:30 [11]. It can be seen at any age, but 
usually the distribution of prevalence has two peaks: one prepubertal (7–15% of 
all cases) and the other at the fifth and sixth decades of life, comprising the major-
ity of cases [12].

While there are several risk factors and conditions known to be linked to LS, its 
aetiology is still not completely understood [1]. Its association with autoimmunity is 
well recognized, particularly with thyroid disease (until 30%), but also other disorders, 

Fig. 6.2 Lichen simplex 
chronicus, predominantly 
on the left side
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such as alopecia areata, pernicious anaemia, morphea, vitiligo, diabetes mellitus, 
inflammatory bowel disease, celiac disease, and psoriasis. Autoantibodies are fre-
quently positive—extracellular matrix 1 protein, anti-basement membrane, and anti-
thyroid antibodies. There is also a genetic association, with a positive familial history 
in 17% of cases. The hormonal milieu has also been implicated, with hypoestrogenism 
and a diminished number of androgenic receptors considered to be possible contribut-
ing factors—however, lack of response to hormonal treatments (such as oral contracep-
tives and menopausal hormone therapy) gives no consistency to this theory [13]. The 
presence of traumatic lesions induced by burning, friction, and scars is a frequent target 
to the appearance of LS lesions—Köbner or isomorphic phenomenon [12].

The most common symptomatology is vulvar pruritus and/or burning sensation 
in the vulvar and perianal area, worsening at night time. Some women also refer 
pain, soreness, dyspareunia, and dysuria. They may present scratching habits, but 
they do not refer relief with it, contrary to what happens in LSC. They can, however, 
develop LSC secondary to the repetitive scratching. It is important to recognize that 
at least 15–40% of the women are asymptomatic [10, 14].

Physical examination may reveal reddish papules or ivory patches, with hyper-
keratosis that can coalesce and form plaques, usually symmetrical. It is also com-
mon to find fissures, petechiae, purpura, erosions, ulcerations, oedema, hypo- and 
hyperpigmentation, and “cigarette paper wrinkling” aspect of the skin (Fig. 6.3). 

Fig. 6.3 Lichen sclerosus. 
Atrophy of the labia 
minora, phimosis, cigarette 
paper wrinkling, and 
hypopigmentation

6 Vulvar Dermatoses and Menopause
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The lesions are typically confined to hairless vulvar areas (inner portion of labia 
majora, labia minora, vestibule, clitoral hood) and frequently (30%) perianal area. 
When there is simultaneous involvement of vulva and perianal area, a “figure of 8” 
or “key hole sign” is the characteristic observed feature (Fig. 6.4). In cases of long- 
standing disease, radical anatomical changes can occur, such as introital stenosis, 
phimosis, fusion (Fig. 6.5), and resorption of the labia minora, with both a reduction 
in width and length (in senile atrophy of the labia minora, usually the length is pre-
served), and all these alterations can be asymmetrical. Vaginal involvement is 
exceptional and seems to be associated with vaginal walls prolapse (Fig. 6.6) [15].

Sexual dysfunction is common among women with LS. Dyspareunia and symp-
toms derived from distortion of the vulvar anatomy are frequently referred. The 
phimosis and consequent burying of the clitoris can lead to the formation of smeg-
matic pseudocysts that can become enlarged, painful, and infected. Also, the forma-
tion of synechiae over the urethral meatus or the fusion of labia minora can cause 
urinary stream alterations and recurrent urinary tract infections (Fig. 6.5).

The most fearful complication of LS is vulvar intraepithelial neoplasia (VIN) 
and vulvar cancer. Although LS is not considered a premalignant condition, it has 

Fig. 6.4 Lichen sclerosus. 
“Figure of 8” or “key hole 
sign”
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been associated with an increased risk of keratinized vulvar squamous cell carci-
noma (2.6–6.7%) [12, 16]. The truly premalignant lesion associated with LS is VIN, 
differentiated type (dVIN). It is much rarer (2–10%) [17] than the HPV-associated 
vulvar high-grade squamous intraepithelial neoplasia (HSIL), but it is responsible 
for the majority of vulvar cancers. Those are indolent lesions, with a 10-year risk of 
progression estimated in 18% [12].

The diagnosis of LS is clinical. While some authors recommend routine biopsy 
in all cases, most disagree and recommend it only in cases of treatment failure, 
when second-line therapy is needed, or to exclude dVIN or cancer. Suspicious 
lesions that should prompt a biopsy are erosions/ulcers, hyperkeratosis, or pig-
mented areas. It is important to note that biopsy does not guarantee a final diagnosis 
of LS, especially in patients already under steroid treatment. Of note, the same area 
or lesion may have to be biopsied along the time, if suspicion persists [12].

Fig. 6.5 Lichen sclerosus. 
Almost complete fusion of 
the labia minora
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As part of the autoimmune diseases workout, we recommend routine testing of 
thyroid function, including T4, TSH, and thyroid antibodies [12].

The treatment aims to control the symptoms, prevent anatomical distortion, and 
diminish the risk of malignancy. In about one-fifth of the cases, total remission can 
be observed [18]. Women compliant to the prescribed treatments are less likely to 
develop vulvar cancer, reinforcing the importance of treating even asymptomatic 
women and leading to the discussion on the need of maintenance therapy in asymp-
tomatic women [1, 18, 19].

 1. General care: it is essential to break the itch-scratch cycle to minimize all pos-
sible trauma to the genital area. As so, it is important to advise against multiple 
washing and use of irritating products (soaps) and to avoid factors that can 
worsen the symptoms (urinary incontinence, menstruation).

 2. Topical treatments: ultra-potent topical steroids are the mainstay of the treatment 
for LS. Clobetasol propionate (CP) ointment 0.05% is the most used one, and its 
efficacy is due to anti-inflammatory, vasoconstrictor, and antipruritic proprieties. 
The authors advocate a scheme of application of CP once a day for 4 weeks, fol-
lowed by once every other day for another 4 weeks, and finally twice a week for 
another 4 weeks, completing 3 months of initial treatment. Afterwards, it should 

Fig. 6.6 Lichen sclerosus. 
Unusual case of LS with 
involvement of the anterior 
vaginal wall
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be used the lowest dose possible for symptomatic control (application 2–3 times 
a week), with a maximum dosage of 60–120 g/year. Everyday schemes for more 
than 3–4 weeks are not advised, not only because of the risk of complications but 
also due to that of tachyphylaxis [20]. As second-line topical treatment—when 
topical steroids are not well tolerated or there is no response—calcineurin inhibi-
tors can be considered, starting by applying one to two times daily and then 
reducing the frequency for long-term maintenance. Those are immunomodula-
tors agents that block the release of inflammatory cytokines from T lymphocytes 
and are efficient in controlling the signs and symptoms of the disease. Moreover, 
CP is faster in controlling the symptoms and is associated with higher likelihood 
of achieving complete remission [21].

 3. Systemic treatments: reserved for severe LS, nonresponsive to topical treat-
ments. Options include a combination of steroids plus methotrexate, retinoids 
(acitretin, isotretinoin, or etretinate), methotrexate alone, and cyclosporine. In 
any case, before initiating one of these options, it is mandatory to have a histo-
logical diagnosis. Oral tricyclic antidepressants (amitriptyline, 10  mg), anti- 
histaminic drugs, or local anaesthetics may be used to control the symptoms.

 4. Surgical treatment: it should be reserved for the treatment of complications, such 
as urinary obstruction, introital stenosis, synechiae causing symptoms, and 
symptomatic smegmatic pseudocysts, or treatment of premalignant or malignant 
lesions. It is important to note that disease tends to relapse in scars and even in 
grafted tissue [12].

A close follow-up is necessary, with the first visit after beginning the treat-
ment no later than 3 months and the following one no longer than 6 months. The 
goal of treatment should be controlling the symptoms and normalization of skin 
colour and texture [22]. There is a risk of vulvar cancer throughout the woman’s 
life, which signifies that the follow-up must be kept indefinitely, independently 
of being symptomatic or not—at least every 6–12 months.

Recently, there have been some papers suggesting the use of adipose-derived 
stem cells and platelet-rich plasma and even LASER for the treatment of LS. Up 
to now, the available evidence does not sustain those claims, and development of 
LS has even been associated with Nd:YAG LASER therapy for hair removal [23, 
24]. In our opinion, and in line with the ISSVD and International Continence 
Society position, these treatments should be avoided and only used in the context 
of clinical trials [25].

6.2.3  Lichen Planus

Lichen planus (LP) is an inflammatory disorder that affects mucocutaneous tissues. 
Vaginal involvement is common, as well as that of other non-genital regions, includ-
ing the oral mucosa (Fig.  6.7), skin, nails, oesophagus, and conjunctiva. Among 
women with oral disease, up to 75% have genital involvement [26]. Vulvovaginal 
LP can be divided in three forms: erosive LP, papulosquamous LP, and hypertrophic 
LP. Erosive LP is the most common variant that affects the vulva. The prevalence of 
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LP is estimated to be of 0.5–3.7% [27], and it mostly affects women between 30 and 
60 years old.

LP is considered an autoimmune disease with a T-cell-mediated pathogenesis, 
and the interaction with some exogenous factors (nonsteroidal anti-inflammatory 
and antihypertensive drugs and, in oral LP, hepatitis C virus [28]) may also play a 
role. However, the exact aetiology remains unclear, and despite the associations 
described, recommendations for screening are lacking in asymptomatic women [1].

The symptoms are similar to those described for LS, namely, dyspareunia and 
burning. Vaginal discharge and postcoital bleeding are also common complains. 
On physical examination, the presence of white, reticulate, lacy, or fernlike striae 
(Wickham striae) adjacent to erythematous epithelium is typical, and they often 
affect the medial aspect of the labia minora and the vulvar vestibule (Figs. 6.8 and 
6.9) [29]. Also, the presence of pruritic, purple, shiny papules may be seen, but 
they are dusky pink in colour, without an apparent scale and less well demarcated 
than on other areas of the body. Contrary to LS, vaginal involvement is frequent, 
and the epithelium can have an erythematous, eroded, and acutely inflamed aspect. 
The use of wet mount microscopy can be useful to evaluate vaginal involvement 
and monitor the response to treatment (Fig. 6.10). In the posterior vestibule and 
labia minora, deep, painful, erythematous erosions may be apparent, and they 
result in a resorption of labial architecture (Fig.  6.9). These erosive lesions are 
extremely friable, and, over the time, the surfaces may adhere resulting in syn-
echiae and, eventually, complete obliteration of the vagina [3]. The examination of 
the oral cavity is mandatory, and in woman with genital LP, up to 70% have oral 
disease (Fig. 6.7) [30]. There are some cases of asymptomatic disease, but it seems 
to be rare [31]. The diagnosis is clinical, and biopsy is considered for dubious cases 
in which it is necessary to rule out neoplastic conditions, in which there is no 
response to treatment, or when a diagnosis of some autoimmune blistering diseases 
is also being considered [1].

Fig. 6.7 Lichen planus. 
Oral involvement in a 
woman who also has 
vulvar LP
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General care management measures are similar to those previously described for 
LS. If these patients are taking nonsteroidal anti-inflammatory or antihypertensive 
drugs, if possible, it should be stopped temporarily, to check if there is improve-
ment. The first-line treatment is, as in LS, the ultra-potent topical steroids, and the 
application scheme could be the same proposed for the treatment of LS. Second- 
line options include calcineurin inhibitors, systemic steroids, immunomodulators, 
methotrexate, and retinoids. The use of vaginal dilators may be considered to pre-
vent vaginal adhesions derived from the coaptation of the inflamed vaginal mucosa. 
It can be coated with a corticosteroid ointment and oestrogen vaginal cream. Usage 
can be daily or every other day, according to the response [32]. Surgery is reserved 
to restore the vaginal vault.

The follow-up schedule is similar to that described for LS. In patients with LP, 
the risk of cancer of the lip, tongue, oral cavity, oesophagus, and larynx is increased 
[33], but the occurrence of neoplastic transformation for vulvar LP is controversial. 
The standardized incidence ratio of vulvar cancer in women has been estimated to 
double in women with LP [33], and these cancers seem to be more aggressive and 
more likely to recur [34]. A recent study, however, did not observe any case of HPV- 
independent vulvar squamous cell carcinoma in women with LP [35]. Of note, Preti 
et  al. have associated higher risk of recurrence of vulvar HSIL in women with 

Fig. 6.8 Lichen planus. 
Erythema of the vestibule 
and partial resorption of 
the labia minora
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Fig. 6.9 Lichen planus. 
Extensive involvement of 
the perianal area

Fig. 6.10 Vaginal 
involvement by LP in a 
premenopausal woman. 
Note the presence of 
inflammation and 
parabasal cells (phase 
contrast microscopy, 400×)
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concurrent steroid-treated LP [36], thus highlighting that these women may have 
increased risk of vulvar cancer through the two pathways (dermatoses and HPV).

6.2.4  Psoriasis

Psoriasis is a chronic inflammatory skin disease with a prevalence of approximately 
2% in the general population. This disease has a bimodal onset, but vulvar manifes-
tations can occur in patients of all ages [37].

On physical examination, bright red, sharply demarcated lesions can appear 
above the surrounding normal skin (Fig. 6.11). Differently from the typical lesions 
of psoriasis in other areas, the silver scales are often absent and can only be apparent 
in the mons pubis [38]. The presence of psoriatic lesions on other areas (knees, 
elbows, gluteal cleft, scalp) suggests the diagnosis. Köebner or isomorphic phenom-
enon can also be apparent in genital psoriasis. The biopsy should be considered only 
in difficult cases without a typical presentation and to exclude malignant lesions.

The treatment should stop the itch-scratch cycle, as it contributes to more inflam-
mation. Low to medium potency topical steroids, in combination with steroid- 
sparing agents, are often used to reduce the inflammation. Second-line treatments 

Fig. 6.11 Psoriasis
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include emollients, topical vitamin D analogues, and calcineurin inhibitors [38]. In 
severe cases systemic therapy, including immunosupressants and biologics, may be 
considered.

6.2.5  Atopic and Contact Dermatitis

Dermatitis or eczema is a poorly demarcated, erythematous, and usually itchy rash 
that can be found in 20–60% of patients with chronic vulvar symptoms [39].

Atopic dermatitis (AD) is a chronic pruritic skin disorder with multiple clinical 
presentations according to the age, but the vulvar involvement can be seen both in 
children and adult women. The true prevalence of vulvar AD is not known. A history 
of other atopic diseases, such as asthma, can be present. Vulvar manifestations arise 
from a combination of factors that make this area particularly sensitive to eczema or 
irritant contact dermatitis when exposed to irritants, such as a deficient skin barrier 
function and a thin epidermis. The principal symptom referred is pruritus. On physi-
cal examination, acute eczema is characterized by erythema, oedema, and vesicles/

Fig. 6.12 Atopic 
dermatitis
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papules (Fig. 6.12), whereas in chronic eczema, there are excoriations and dry scaly 
lichenification of the vulva. The presence of typical atopic eczema in other areas sug-
gests the diagnosis. The diagnosis is clinical. Regarding the treatment, median 
potency topical steroids are the first option. Calcineurin inhibitors may also be used.

Contact dermatitis (CD) may be associated with repeated contact with an irritant 
or due to sensitization and contact allergy to a specific allergen. A flare-up of the 
rash after specific exposure should raise the diagnostic suspicion. The main symp-
toms are pruritus and pain. On physical examination, erythema, vesicles, oedema, 
and erosions can be found.

Irritant contact dermatitis is the most frequent form of CD, and several factors 
(e.g. urinary incontinence, detergents, surfactants) have been implicated in causing 
vulvar eczema. Women with AD are at increased risk for contact dermatitis. One 
frequent form of irritant contact dermatitis, in middle-age women, is intertrigo. It is 
caused by increased moisture and friction in the intertriginous areas and that may 
affect the vulva. Obesity, sweating, poor hygiene, and urinary incontinence are 
some of the factors associated with it. Intermittent symptomatic treatment with topi-
cal corticosteroids is advised.

Allergic contact dermatitis could be nonsystemic or systemic. In the nonsystemic 
form, many allergens are implicated, and the identification requires a dermatologi-
cal evaluation with patch testing. Women with vulvar dermatosis have a higher risk 
of secondary contact sensitization due to locally applied medications (including 
topical steroids (Fig. 6.13)) and can react with a flare-up vulvar eczema due to con-
tact with products containing the allergen. The systemic form is an allergic type IV 
reaction in women previously sensitized to a specific allergen, when it is inhaled or 
injected, resulting in an eczematous reaction. Some of these identified allergens are 
nickel, chromium, and cobalt that are present in food products as oats, soy, choco-
late, nuts, and cocoa.

The therapy for both irritant and allergic contact dermatitis is based on eliminat-
ing irritants and/or allergens [40].

Fig. 6.13 Allergic contact dermatitis (clotrimazole + dexamethasone cream)
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6.3  Menopause and Vulvar Atrophy

The urogenital tract is dramatically affected by the hormonal changes that charac-
terize menopause. With lower levels of oestrogens, not only the vagina but also the 
vulva suffers many changes. In the vagina, mucosal thinning, loss of vaginal rugae, 
reduced vaginal discharge, shortened vaginal length and width, and elevated vaginal 
pH (associated with a marked decrease in lactobacilli and an increased diversity of 
species) can be observed. In the vulva, the skin and vestibular mucosa become thin-
ner, subcutaneous fat decreases, the introitus becomes more lax, sensitivity dimin-
ishes, and there is a reduction in the width of the  labia minora, with preserved 
length—contrary to what can be seen in lichenoid dermatosis, in which there is a 
reduction of both width and length [4].

Some of these changes may also be seen in women with vulvar dermatosis, and, 
on the other hand, the latter are more common in postmenopausal women [14]. 
Altogether, this makes the differential diagnosis between vulvar dermatosis and 
natural changes due to menopause a difficult task.

One of every two postmenopausal women will have vulvovaginal symptomatol-
ogy attributable to menopause, such as dryness, irritation, dyspareunia, dysuria, and 
noninfectious vaginal discharge. Those symptoms can appear long after other 
menopausal symptoms have resolved, and 10–25% of women using systemic hor-
mone therapy can still have urogenital symptoms [41].

Treatment may be initiated according to patient preferences and severity of the 
symptoms. Avoidance of contact irritants, use of vaginal moisturizers, and low-dose 
vaginal oestrogen preparations can be used. Vaginal oestrogen application (daily for 
1–2 weeks and then two times weekly) has been shown to be safe and effective in 
the relief of genital symptoms than oral formulations [42].
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7Bladder Pain Syndrome/Interstitial 
Cystitis

Rui Almeida Pinto

7.1  Bladder Pain Syndrome/Interstitial Cystitis Introduction

Bladder pain syndrome/interstitial cystitis (BPS/IC) is a chronic visceral painful 
condition of unknown etiology that affects millions of people worldwide. Symptoms 
can be so severe that patients with BPS/IC may have quality of life with lower 
scores than those treated for end-stage renal disease [1].

It was previously known as interstitial cystitis, later as painful bladder syndrome, 
and since 2008 as bladder pain syndrome/interstitial cystitis in an attempt to include 
and classify all patients with pain related to the bladder, not necessarily with inflam-
mation coursing the bladder. The European Society for the Study of Interstitial 
Cystitis (ESSIC) and the Bladder Pain Syndrome Committee of the International 
Consultation on Incontinence defined BPS/IC as chronic (more than 6 months) pel-
vic pain, pressure, or discomfort perceived to be related to the bladder, accompanied 
by at least one other urinary symptom such as persistent urge to void or increased 
daytime and nighttime voiding frequency, with the exclusion of confusable dis-
eases, namely, infection [2, 3]. The term interstitial cystitis (IC) should be reserved 
for patients that have typical cystoscopic findings like Hunner’s lesions and glo-
merulations as well as histological evidence of bladder inflammation [2, 3].

Patients with the non-ulcerative phenotype, traditionally viewed as more benign, 
tend to be younger, have lower urinary frequency, and have shorter duration of 
symptoms before diagnosis. Pain is frequently described in the literature as more 
intense in patients with ulcerative phenotype, the more aggressive form. Although 
attractive it is yet to be shown that the ulcerative form of BPS/IC represents a pro-
gression of the non-ulcerative disease or a distinct disease within BPS/IC [4–6].
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7.2  Bladder Pain Syndrome/Interstitial  
Cystitis Epidemiology

Based on population studies, the prevalence of BPS/IC shows enormous variations. 
These variations have been attributed to different factors such as definition used, 
diagnostic tools applied, and population surveyed [3].

The prevalence of BPS/IC ranges between 0.57 and 12.6% depending upon the 
use of the O’Leary-Sant (OLS) or Pain and Urgency/Frequency (PUF) question-
naires, respectively [7]. BPS/IC has also 30–50 times higher prevalence with these 
screening tools/questionnaires than with confirmed physician medical history and 
physical examination [8].

Using OLS questionnaire, prevalence between countries varies, being so low as 
20–30 per 100,000 women in Japan and the Netherlands and 300–450 per 100,000 in 
Austria, Taiwan, Finland, and the USA [9, 10]. Up to 12% of women experience 
some symptoms during their lifetime [3]. Typically, BPS/IC age of onset is bimodal: 
between 21–45 and 66–75 years old [8]. Expert opinion leans to accept an average 
prevalence of 300 per 100,000 women [3]. The prevalence among first-degree rela-
tives of BPS/IC patients can be 17 times higher than in non-related individuals [11].

7.3  Bladder Pain Syndrome/Interstitial  
Cystitis Pathogenesis

Etiology remains unknown and pathophysiology is probably multifactorial. Up to 
50% of BPS/IC patients exhibit chronic inflammation on bladder biopsy [12]. 
Typical histological findings include abundant inflammatory infiltrates in the blad-
der urothelium with thinning or erosion, detrusor mastocytosis, granulation tissue, 
and intrafascicular fibrosis [2]. The presence of mast cell migration is one of the 
diagnostic criteria for BPS/IC from the National Institute of Diabetes and Digestive 
and Kidney Disease (NIDDK).

The hypotheses for etiologies of BPS/IC range from unknown infection, immu-
nologic abnormality, autonomic dysfunction, to pelvic floor dysfunction and even 
sexual abuse [12].

Since the early 1920s and 1930s, bacterial infection was and still is thought to be 
a significant cause of the changes observed in BPS/IC. However, until now, studies 
failed to confirm one of the putative bacteria [13].

There is an association of systemic lupus erythematous and Sjogren syndrome 
with BPS/IC.  This fact strengthens the autoimmune disorder as the initial insult 
[14]. An abnormal expression of HLA-DR molecules by the urothelium and activa-
tion of T-helper lymphocytes in patients with BPS/IC may enable these cells to 
cause destruction of the urothelium [15]. However, no consistent profile of immune 
activity has been reported.

BPS/IC patients also have increased resting heart rates [16] and increased sensitivity 
to ischemia [17]. This autonomic dysfunction can be explained by the raise of sympa-
thetic tone without corresponding activation of the hypothalamic-pituitary-adrenal axis 
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[18]. Moreover, BPS/IC patients have been shown to exhibit high levels of urinary 
catecholamines and an increase in the number of sympathetic fibers coursing the blad-
der [19, 20].

BPS/IC patients are often found to have an increased prevalence of conditions 
such as allergies (up to 70% higher in BPS/IC patients), Sjogren syndrome, or even 
other somatic or visceral pain syndromes, namely, irritable bowel syndrome, fibro-
myalgia, dyspareunia, pelvic floor dysfunction, chronic pelvic pain, vulvodynia, 
and complex regional pain syndrome [21, 22]. The incidence of inflammatory bowel 
disease was found to be 30 times more common in BPS/IC patients with Hunner’s 
lesions than in general population.

BPS/IC also has been associated with psychiatric illness such as panic disorder. 
Recently, attention has been drawn to the high prevalence of child abuse in patients with 
BPS/IC. This is a life event known to be linked with chronic pain development [23].

Higher prevalence of previous pelvic surgery has also been demonstrated among 
BPS/IC patients [24]. It is therefore possible that, in many patients, surgeries or 
other unrecognized pelvic insults may be the trigger mechanism to initiate the dys-
function of the pelvic region, mainly in postmenopause patients.

After the initial insult, pathophysiology of BPS/IC involves several modifica-
tions. Although histological evidence of edema has never been documented, urothe-
lium suffers several changes, namely, altered permeability, decreased tight junction 
formation, decreased proliferation, and increased apoptosis [12]. The glycosamino-
glycan (GAG) layer is disrupted, thus allowing the adherence of microorganisms 
and the contact of urinary noxious elements with the urothelium, generating pain 
[25]. Altered bladder permeability is commonly attributed to reduced tight junction 
formation. Decreased proliferation and reduced tight junction formation are usually 
related to increased urinary levels of antiproliferative factor (APF) [26]. In addition, 
increased apoptosis was also reported, mostly due to an upregulation of inflamma-
tory signals mediated by p38 and TNF-α [27].

Proliferation of sensory nerve fibers also occurs in BPS/IC. In fact, some authors 
suggested that inflammation and tissue injury generate a significant peripheral sprout-
ing of peptidergic, sympathetic, and parasympathetic fibers, which could be the mech-
anism responsible for sensitization of the bladder, potentiating pain [28–30]. These 
phenomena could be correlated with the high levels of vascular endothelial growth 
factor (VEGF) and nerve growth factor (NGF) found in BPS/IC patients [31].

7.4  Bladder Pain Syndrome/Interstitial Cystitis Assessment

As previously stated, BPS/IC is a condition characterized by chronic pelvic pain, 
pressure, or discomfort perceived to be related to the bladder. Associated symptoms 
could be persistent urgency and increased daytime and nighttime voiding frequency. 
Pain is believed to be the driving symptom for other lower urinary tract symptoms 
that commonly afflict BPS/IC patients like frequency and nocturia [2]. Pain could 
be described as a pressure, burning, discomfort, feeling of fullness/distension, sore-
ness, sharp, stabbing, spasm, or dull sensation related to the bladder. Usually related 
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to the bladder, pain may radiate to the vulva, clitoris, vagina, rectum, perineum, or 
sacrum and is relieved by voiding. Patients often report numerous pain sites outside 
the bladder/pelvic region. Visual analog scale (VAS) is a useful tool to grade pain. 
Cognitive, behavioral, emotional, and sexual consequences of the pain syndrome 
must also be evaluated. Other pain syndromes associated with BPS/IC such as irri-
table bowel syndrome, fibromyalgia, and chronic fatigue syndrome should be inves-
tigated. Increased numbers of body pain sites are associated with poorer patient 
outcomes [32]. A general medical history should give special emphasis to previous 
pelvic operations or radiation treatment, urinary tract infections, and autoimmune or 
other urologic diseases.

BPS/IC patients usually complain of frequency and nocturia. A 3-day voiding 
diary with volume intake and output is typically used to assess urinary frequency 
and maximum functional bladder capacity.

Two questionnaires have been used to assess symptoms and problems of these 
patients: O’Leary-Sant (OLS) and Pain and Urgency/Frequency (PUF). These ques-
tionnaires address urgency, frequency, nocturia, pain, as well as the bothersomeness 
for those symptoms [33]. The OLS symptom and problem score has been recog-
nized as the most reliable and valid instrument [12]. These questionnaires can be 
supplemented with the assessment of the quality of life.

Physical examination should be performed, including the lower abdomen for 
bladder tenderness and mapping pain during inspection. Special attention should be 
given to the presence of kyphosis, scars, hernia, abduction/adduction of the hips, 
and hyperesthetic areas.

Bacterial cultures for Chlamydia trachomatis, Ureaplasma urealyticum, 
Mycoplasma hominis, Mycoplasma genitalium, Corynebacterium urealyticum, 
Candida species, and Mycobacterium tuberculosis should be performed.

BPS/IC patients usually disallow cystoscopy at outpatient clinic. However, cys-
toscopy with hydrodistension under anesthesia should be carried out to exclude 
other identifiable causes. Nevertheless, there is no consensus about when it should 
be performed, immediately at diagnosis [2] or later if patients are refractory to stan-
dard management [34]. Bladder signs of BPS/IC are glomerulations and Hunner’s 
lesions. Glomerulations are described as punctate/petechial hemorrhages after 
hydrodistension. Hunner’s lesions are most often recognized on the lateral walls 
using bladder distension. Before hydrodistension resemble a circumscript inflam-
matory reaction with radiating small vessels and central scar with fibrin deposit. 
After distension, Hunner’s lesions look like a mucosal rupture with waterfall-like 
bleeding [12]. Hydrodistension under anesthesia also gives important information 
about potential functional capacity [12].

Bladder biopsies can be performed during cystoscopy under anesthesia. They are 
helpful to characterize histologically each BPS/IC patient and to exclude confusable 
diseases, for example, carcinoma in situ. Common findings include epithelial denu-
dation, submucosal inflammation, granulation tissue, and hemorrhage. More spe-
cific findings such as mast cell infiltration and bladder wall fibrosis might also give 
information about disease severity and prognosis [35]. Up to 50% of BPS/IC 
patients have normal biopsies [12].
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ESSIC, in an attempt to clarify this disease, proposed a classification based on 
findings during cystoscopy with hydrodistension (presence of Hunner’s lesions/glo-
merulations) and morphological findings in bladder biopsies (presence of inflam-
matory infiltrates and/or detrusor mastocytosis and/or granulation tissue and/or 
intrafascicular fibrosis).

Imaging with ultrasound or computed tomography and urodynamics are rarely 
necessary in BPS/IC.

Potassium sensitivity test or Parson’s test consists on instilling a 0.4 Mol solution 
of potassium chloride (KCL) into the bladder [36]. This test is no longer recom-
mended because of the long-lasting pain persisting after the procedure and its posi-
tivity in both healthy and idiopathic overactive bladder patients at this concentration. 
This test also does not give any information regarding efficacy of treatment and 
outcome [37].

7.5  Bladder Pain Syndrome/Interstitial Cystitis 
Management

There is no cure for BPS/IC.  Thus the main goal of available treatments is to 
decrease the intensity of lower urinary tract symptoms, in particular pain. There is a 
50% incidence of temporary remission unrelated to therapy, with a mean duration 
of 8 months. Therefore, a step-by-step approach is recommended (Fig. 7.1).

Stress reduction, exercise, warm tub baths, and efforts by the BPS/IC patient to 
maintain a normal lifestyle all contribute to improving overall quality of life. 
Biofeedback, soft tissue massage, acupuncture, and other physical therapies may 
aid in muscle relaxation of the pelvic floor [38].

Many patients find that their symptoms are adversely affected by specific diets. 
Nevertheless, diets should be introduced on an individual basis. Triggering food 
may include caffeine, alcohol, artificial sweeteners, hot pepper, and beverages like 
cranberry juice that might acidify the urine.

Long-term use of analgesic medications represents a fundamental part of the 
treatment of a chronic pain condition like BPS/IC. Concerning more specific ori-
ented therapies, few of the oral drugs commonly used have been supported by 
unequivocal evidence of efficacy in large, multicenter, randomized controlled clini-
cal trials (RCTs). There is little or no evidence that any therapy changes the natural 
history of the disease. Pentosan polysulfate sodium (PPS) is a heparin-like macro-
molecule that resembles urothelium GAG and remains the only oral therapy 
approved by the Food and Drug Administration (FDA). PPS is postulated to act by 
replacement of the GAG layer as well as by inhibition of mast cell degranulation 
[39]. However, PPS showed efficacy in 30% of BPS/IC patients after 6 months of 
medication in its first study [40]. Amitriptyline, a tricyclic antidepressant, has anti-
cholinergic and sedative properties by decreasing 5-hydroxytryptamine reuptake. It 
stabilizes mast cells and blocks the actions of histamine [41]. Nevertheless, all 
RCTs conducted with amitriptyline were negative. Only the subanalysis of the RCT 
conducted by the Interstitial Cystitis Collaborative Research Network (ICCRN) for 
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doses above 50 mg/day showed efficacy, however with increased risk of side effects 
[41]. Hydroxyzine is a H1-receptor antagonist that inhibits mast cells by blocking 
serotonin release in the bladder. At dosages of 25–50 mg daily, it was suggested to 
decrease the severity of the symptoms in 40% of patients. In patients that had per-
sonal history of allergies, the success rate reached 55% [42]. Again, all RCTs con-
ducted with hydroxyzine were negative [43]. Tanezumab is a humanized anti-NGF 
monoclonal antibody that binds with high affinity and specificity to NGF, prevent-
ing it from interacting with receptors on nociceptive neurons. Tanezumab was 
investigated for the treatment of BPS/IC pain in a phase 2 RCT against placebo. The 
modest efficacy (only 50% of patients having a 30% or greater reduction of pain 
score) and the serious adverse events do not suggest tanezumab as a promising treat-
ment for BPS/IC [44]. Other drugs being tested for BPS/IC include micro-RNA 
manipulation, APF antagonists, selective cannabinoid type-1 receptor agonists, and 
phosphodiesterase type 5 inhibitors. APF antagonists revert tight junction damage 
in laboratory models [45]. Micro-RNA manipulation may mediate downregulation 
of NK-1 receptor in BPS/IC [46]. Selective cannabinoid type-1 receptor agonists 
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significantly decrease inflammatory activity in the urothelium [47]. Daily low-dose 
sildenafil also proved to be an easy, well-tolerated, and effective treatment [48].

Intravesical therapy is another important treatment option. It opens the possi-
bility to directly apply higher drug doses or even to deliver substances that orally 
are impossible to use. Dimethyl sulfoxide (DMSO) is the only intravesical ther-
apy approved by the FDA for BPS/IC. DMSO is an organic solvent, a by-product 
of the paper pulp industry, which has analgesic and anti-inflammatory properties, 
muscle relaxant, and collagen-dissolution effects [49]. DMSO alone currently 
holds an evidence grade C recommendation for BPS/IC, which can be explained 
by the inexistence of any positive RCT [12]. Moreover, BPS/IC patients fre-
quently feel a typical garlic body odor, when they receive more than 50 mL of 
50% DMSO per week. DMSO is often combined in intravesical cocktail solutions 
(lidocaine, heparin, and/or sodium bicarbonate) that are administered weekly or 
biweekly. There is no study to conclusively show that these preparations are any 
more effective than DMSO alone [50]. Intravesical lidocaine or its alkalinized 
form has shown value in the management of pain and urgency in BPS/IC [51]. 
Alkalinized lidocaine had a significantly immediate effect on mean pain score, 
which lasted for 8 days after the instillation [52]. Another molecule that can be 
instilled is PPS. Through this route it can achieve higher concentrations near uro-
thelium than when given orally. In a recent RCT, simultaneous oral and intravesi-
cal PPS showed significant advantage of use over placebo or oral PPS alone [53]. 
GAG layer restitution has also been attempted with chondroitin sulfate and hyal-
uronic acid. Nevertheless, RCTs against placebo of intravesical sodium chondroi-
tin sulfate or hyaluronic acid were negative or showed high recurrence rate during 
the first year [54]. Sensory type C fibers are responsible for pain transmission in 
BPS/IC. Thus, desensitizing TRPV1 receptor and inactivating C fibers can be an 
alternative approach. Several studies showed a beneficial effect of resiniferatoxin 
(RTX) applied intravesically [42]. Nevertheless, the only large RCT conducted 
with RTX against placebo was negative [55]. Other RCT examined the effect of 
the intravesical instillation of bacillus Calmette-Guérin (BCG) and concluded that 
it has no clinical effect on BPS/IC [56].

Hydrodistension under anesthesia in addition to being a diagnostic tool can be 
also used as a treatment for BPS/IC. After the initial cystoscopic examination, the 
physician “hydrodistend” the bladder by filling it with fluid at low pressure (60–
80  cm) and keeping it full for 1–5  min before letting the fluid out. Long-term 
symptom- free periods may follow the procedure. Exactly why this procedure has 
therapeutic benefits for some patients is still unknown. A recently conducted study 
examined patients with BPS/IC who were treated with hydrodistension and subse-
quent bladder training. Of the 361 patients recruited into this uncontrolled study, 
only 13.4% described urgency symptoms 8 weeks after hydrodistension, and more 
than 80% of patients showed improvement in their BPS/IC flares of pain associated 
with menstruation and sexual intercourse [57]. Nevertheless, long-term results are 
not so encouraging [12].
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Surgical fulguration of Hunner’s lesions with LASER/resection was shown to be 
effective in relieving symptoms for up to 12 months or more in BPS/IC patients [58]. 
The drawback of this option is that it is only effective in the subset of ulcerated patients.

Neuromodulation is a procedure in which the S3 sacral nerve or the pudendal 
nerve roots are stimulated by a mild electrical current. Several studies have shown 
its safety and efficacy in the management of refractory BPS/IC, with good long- 
term results [59]. Nevertheless, it is an expensive treatment with frequently reported 
side effects, namely, bleeding, infection, program malfunction, or lead displace-
ment [59]. Posterior tibial nerve stimulation is designed to deliver stimulation to the 
sacral nerve via the posterior tibial nerve at the medial malleolus, being less invasive 
than neuromodulation. However, its efficacy in BPS/IC was never proved [60].

A relatively new technique for refractory BPS/IC patients is the use of hyper-
baric oxygen therapy. It has been shown that there is increased expression of HIF1α 
and VEGF in patients with BPS/IC, supporting the use of hyperbaric oxygen ther-
apy for the treatment of BPS/IC [61]. This treatment allows hyperoxia of the urothe-
lium, resulting in leucocyte activation and promotion of healthy granulation tissue 
growth. However, there is no RCT supporting this procedure in BPS/IC.

Pain relief remains very difficult to achieve with standard treatment, leading sev-
eral investigators to use onabotulinum toxin A (OnaBotA). The toxin impairs noci-
ceptive fibers by preventing neurotransmitter release [62]. Intravesical OnaBotA 
administration also decreases urinary NGF [63] and VEGF [64], two important 
molecules in the pathophysiology of BPS/IC.  Altogether, these facts indicate a 
strong antinociceptive effect of OnaBotA in the bladder. Since 2008, some authors 
showed that 100  U OnaBotA improve symptoms in refractory BPS/IC patients, 
independently of their initial ESSIC classification or phenotype [65–68]. Two major 
questions around intravesical OnaBotA are the controversy around which should be 
the best local of administration and which should be the ideal dose. In a recent ran-
domized placebo-controlled trial, intra-trigonal injections of 100  U significantly 
improved bladder symptoms and quality of life [69].

Urinary diversion with bladder conservation, supratrigonal cystectomy with 
enterocystoplasty, subtrigonal cystectomy, or radical cystectomy including excision 
of the urethra with urinary diversion should be the last resort. Refractory patients 
with Hunner’s lesions and smaller bladder capacities under anesthesia are probably 
the candidates [70]. Unfortunately, urinary diversion or cystectomy cannot guaran-
tee a pain-free result [71].

7.6  Bladder Pain Syndrome/Interstitial Cystitis Conclusions

Nowadays, the traditional structured monotherapy approach should not be consid-
ered the best standard of care for BPS/IC patients (Fig. 7.2). A tailor-made treat-
ment plan directed toward the patient’s unique clinical phenotype will ultimately 
lead to a better outcome.
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8Overactive Bladder

Visha K. Tailor and G. Alessandro Digesu

8.1  Introduction

Overactive bladder (OAB) has been defined by the International Continence Society 
(ICS)/International Urogynecological Association (IUGA) as urinary urgency with 
or without urge urinary incontinence, usually accompanied by frequency and noctu-
ria in the absence of a urinary tract infection or other pathology [1]. The symptoms 
can be distressing affecting all aspects of a woman’s quality of life (QoL) including 
social, work-related, emotional and sexual function [2].

OAB has a reported overall prevalence of 16.9% in women which increases with 
age. Women under 25 have a prevalence of 4.8% increasing to 30.9% in women 
over 65 [3]. Prevalence has separately been reported as high as 38% in postmeno-
pausal women [4].

8.2  Pathogenesis

OAB is a symptom-based diagnosis with an aetiology that is still poorly understood. 
It can be associated with detrusor overactivity which is diagnosed by urodynamic 
studies. Spontaneous or provoked involuntary contractions of the detrusor muscle 
during the filling stage of micturition can be observed.

OAB is more prevalent in postmenopausal women with symptoms of genitouri-
nary syndrome of menopause (GSM). Symptoms include vaginal dryness, burning, 
dyspareunia and urinary tract infections. The aetiology can be linked with genito-
urinary atrophy which can be attributed to oestrogen deficiency during the meno-
pause with reduced oestrogen receptors in tissues such as vaginal epithelium and 
the bladder trigone [5]. This is also thought to contribute to urinary symptoms 
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because of the increased contact of sensitive nerve endings with urine due to blad-
der atrophy [6].

There is emerging research suggesting that OAB in some patients may be 
linked to chronic bladder infection, although the mechanism of how bacterial 
colonisation causes OAB is unclear. Newer technologies such as RNA sequencing 
or extended culture techniques have shown different groups of microbiota cul-
tured from patients with or without OAB.  This will have an impact on future 
emerging treatment options [7].

8.3  Assessment of Women

A full clinical history is important to explore factors that can contribute to OAB 
symptoms and influence ongoing management. Discuss lower urinary tract symp-
toms divided into storage problems (frequency, urgency, nocturia, incontinence), 
voiding symptoms (hesitancy, straining, poor and intermittent flow), post- micturition 
symptoms (sensation of incomplete emptying, post-micturition dribble) and other 
symptoms (nocturnal enuresis, dysuria). Enquire into menopausal symptoms to 
explore GSM.

Lifestyle questions exploring fluid intake, type of fluids preferred (e.g. carbon-
ated drinks, caffeinated drinks) and pad usage to assess for modifiable habits and 
severity of disease.

Past gynaecological and obstetric history is useful to identify if the patient is 
known to have a fibroid uterus that may compress the bladder causing urinary 
urgency and frequency or risk factors for vaginal prolapse, for example.

Relevant medical history such as diabetes or neurological symptoms should be 
assessed to identify co-morbidities that may produce or worsen OAB symptoms. If 
pharmacotherapy for OAB is being considered, conditions such as prolonged QT 
interval, uncontrolled hypertension, functional gastrointestinal pathology, myasthe-
nia gravis and uncontrolled narrow-angle glaucoma, as well as renal and liver 
impairment will influence treatment choice [8].

Previous surgical history, for example, hysterectomy or vaginal prolapse surgery, 
may have influenced symptoms.

Current medication history may identify medications contributing to worsening 
of symptoms such as diuretics and sympathomimetics or if any medications will 
interact with medical treatment of OAB.

Assessment is completed with physical examination. Abdominal examination 
and bimanual vaginal examination should be carried out to assess for pelvic masses. 
Vaginal examination is important to assess pelvic organ prolapse (POP) and the 
integrity of the vaginal mucosa and identify atrophic change. If neurological symp-
toms are elicited from the history, carry out neurological examination with attention 
to the sacral neuronal pathways from S1 to S4 with the assessment of perineal sen-
sation, rectal sphincter tone and ability to contract the anal sphincter [8].
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8.4  Investigations

8.4.1  Urinalysis and Mid-stream Urine

Urinalysis should be carried out to identify urinary tract infection which may exac-
erbate symptoms or masquerade as OAB. Overall however urine dipstick analysis 
has a low sensitivity of 44% and a specificity of 87% for identification of a urinary 
tract infection when compared to urine cultured from a catheter sample in women 
with OAB [9]. Detection of blood can suggest infection, stones or cancer. Presence 
of protein is in keeping with infection or renal impairment; glucose can be identified 
in patients with diabetes mellitus, especially when not well controlled.

Microbiology culture and sensitivity of a mid-stream urine specimen are recom-
mended for women with symptoms of a urinary tract infection with either a positive 
or negative urine dipstick or if the urine dipstick test is positive for leucocytes/nitrites. 
An acute presentation or exacerbation of symptoms may have an infective aetiology.

If urine sampling is consistently positive for blood, cystoscopy and renal ultra-
sound are indicated.

8.4.2  Bladder Diary

Bladder diary or frequency volume charts can provide an objective assessment of a 
patient’s fluid input and urinary output. It can provide information on a patient’s 
drinking patterns as well as the number of voids and incontinence episodes through 
the day. This assessment allows review of symptom severity in the everyday situa-
tion. Most current practice recommends completing a diary for 3–5 days covering 
variations in the women’s usual activities, such as both working and leisure days.

The bladder diary itself however does not reliably correlate with urodynamic 
diagnoses [10].

8.4.3  Quality of Life Questionnaire

OAB symptoms are known to have a negative impact on quality of life. Patients with 
anxiety and depression report a greater severity in their OAB symptoms, poor qual-
ity of life and more psychosocial difficulties compared to OAB patients without 
anxiety [11]. Women with climacteric symptoms (hot flushes, night sweats, vaginal 
dryness and dyspareunia) are more likely to report anxiety and/or depressive symp-
toms although a direct causal link between menopause and anxiety and depression 
has not been clearly found [12].

Clinical trials acknowledge that improvement in quality of life should be consid-
ered an endpoint of successful treatment. With a similar principle, routine assess-
ment of OAB symptoms and their impact on QoL can provide women with a manner 
of tracking their expectations and/or satisfaction with treatment [13].
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There are many available validated questionnaires for this purpose. For example, 
the Overactive Bladder Questionnaire (OAB-q) includes an 8-item symptom bother 
scale and 25 quality of life items. It is a validated disease-specific questionnaire that 
assesses symptom bother and health-related quality of life (HRQL) in people with 
OAB [13]. The King’s Health Questionnaire is also widely used and translated 
patient acceptable and valuable disease-specific questionnaire designed to assess 
the impact of urinary incontinence on quality of life (QoL) in women through 21 
questions [14]. The Bristol Female Lower Urinary Tract Symptoms (B-FLUTS) 
assessment and International Consultation on Incontinence Questionnaire-Short 
Form (ICIQ-SF) are alternatives.

8.4.4  Urodynamic Investigation

Urodynamic studies describe several investigations that allow functional assess-
ment of the bladder and urethra. It allows abnormalities of storage and voiding to be 
identified and detrusor overactivity or concomitant stress urinary incontinence to be 
confirmed. It is recommended in the investigation of OAB after unsuccessful con-
servative treatment.

Uroflowmetry is the measurement of urine flow rate. The patient is asked to void 
onto the flow metre with a comfortably full bladder. This part of the study excludes 
outflow tract obstruction or a hypotonic bladder.

Multichannel cystometry or subtracted cystometry allows measurement of rectal 
pressure to represent intra-abdominal pressure and intra-vesical pressure to calcu-
late the detrusor pressure. Cystometric bladder capacity, contractility, compliance, 
presence of provoked or unprovoked detrusor activity or urodynamic stress inconti-
nence can be determined by this investigation. Sixty-four percent of patients with 
OAB symptoms have detrusor overactivity detected by urodynamic studies. 
Conversely 84% of patients with urodynamically proven detrusor overactivity have 
symptoms of OAB [15].

8.4.5  Cystoscopy

Cystoscopy allows direct visualisation of the bladder using a flexible or rigid cysto-
scope under local or general anaesthesia, respectively. It can be considered after 
failure of medical management of overactive bladder or where there is a history of 
haematuria or recurrent urinary tract infections. Biopsies can be taken to investigate 
pathology as needed.

8.5  Management

The aim of OAB treatments is to improve control of micturition (behavioural and 
lifestyle interventions) or to modify detrusor contractility (pharmacological and sur-
gical treatments). There are a variety of treatments available for OAB showing that 
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none are universally successful. We discuss treatments specifically for OAB 
further.

To note women with coexisting pelvic organ prolapse and OAB symptoms who 
undergo surgical correction of prolapse experience improvement in OAB symptoms 
after surgery in 60–80% of cases. Women with more severe prolapse however may 
be at a higher risk of persistent frequency or urge incontinence [16].

8.5.1  Lifestyle Modifications

Lifestyle modifications with avoidance of tea (including green tea), coffee, alco-
hol, carbonated drinks (particularly diet soft drinks) and smoking and dietary 
advice to avoid constipation are recommended. Following a healthy lifestyle with 
weight loss encouraged in those who are overweight is the advice of the ICI 
guidelines [17].

8.5.2  Bladder Retraining

Behavioural modifications include bladder retraining. Bladder retraining focuses on 
timed voiding aiming to lengthen the intervals between voiding. Patients are asked 
to void every hour at the start, even if no desire to void, and then progressively 
increase the voiding interval each week. Bladder retraining is effective for both 
overactive bladder symptoms and mixed urinary incontinence symptoms. A cure on 
improvement in symptoms in 59% of women has been reported in a retrospective 
study [18] of few adverse side effects. It is therefore recommended as first-line 
therapy with lifestyle modifications.

8.6  Pharmacological Management

Most medications prescribed to treat OAB have anti-muscarinic effects. However 
antidepressants, vasopressin analogues and alpha-adrenoceptor antagonists and 
beta-adrenoceptor agonists are also used. There is no ideal medication and treat-
ments can be limited by side effects.

8.6.1  Anti-muscarinic Drugs

Detrusor contraction is mediated by the neurotransmitter acetylcholine binding to 
muscarinic receptors. Anticholinergic medication targeting M2 and M3 receptors 
has been the traditional first-line pharmacological treatment. The medication blocks 
the parasympathetic acetylcholine pathway to reduce the intensity of detrusor mus-
cle contraction. Action via the sensory pathway allows the anticholinergic agent to 
modulate afferent innervations in the urothelium, thereby altering sensory feedback 
during filling phase [19].
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Popular agents include oxybutynin, tolterodine, trospium, solifenacin, darifena-
cin and fesoterodine. All agents have shown a statistically significant improvement 
in OAB symptoms when compared to placebo.

Anti-muscarinic medication, however, can lack bladder specificity with musca-
rinic receptors in other organs such as the exocrine glands, the nervous system and 
the heart also interacted with. The most common side effect as a result is dry mouth 
in 16–28% of patients and as high as 80% with unmodified oxybutynin. Blurred 
vision, constipation, tachycardia and drowsiness can also occur. Use of extended- 
release preparations of oxybutynin, tolterodine and fesoterodine or patch or gel for-
mulation of oxybutynin can lower the incidence of dry mouth and constipation [20]. 
Solifenacin and darifenacin are M3-selective receptor antagonists, in theory more 
bladder-specific with reduced tendency for anticholinergic side effects, however 
higher incidence of constipation (9–14%).

Adverse central nervous system side effects include disorientation, hallucina-
tions, convulsions and cognitive impairment. These side effects can be com-
pounded by the total anticholinergic burden contributed to by other regular 
medication taken by patients, for example, antispasmodic, antipsychotic and tricy-
clic antidepressants and anti-Parkinson medication [19]. Such side effects limit 
compliance as well as limit treatment availability for older women with established 
cognitive impairment.

Contraindications for anti-muscarinic use include hyperthyroidism, myasthenia 
gravis, narrow-angle glaucoma, hiatus hernia with reflux oesophagitis, heart failure 
and tachyarrhythmia.

It is good practice to advise patients prior to prescribing this medication of com-
mon side effects and that full benefits may take 4 weeks. Prescribe the lowest rec-
ommended dose of the medication, and ideally review in 4 weeks to assess symptoms 
and acceptability of treatment [21].

8.6.2  β3-Adrenoceptor Agonist

Mirabegron, the first β3-adrenoceptor agonist to enter clinical practice, is a selective 
β3-adrenoceptor agonist. In the human lower urinary tract, β3-adrenoceptors can be 
found in the bladder detrusor but also in the urothelium. Stimulation of β3-adrenoceptors 
leads to detrusor relaxation and increased bladder capacity. Mirabegron is a well-tol-
erated new medication associated with significant improvements in incontinence epi-
sodes and micturition frequency. Benefits of treatment were observed in patients with 
no previous pharmacotherapy for OAB as well as women who have previously trialled 
and discontinued anti-muscarinic treatment [22].

Combination therapy of mirabegron with solifenacin has also demonstrated sig-
nificant improvements in mean volume voided (primary endpoint), micturition fre-
quency and number of urgency episodes, without increasing the bothersome adverse 
effects associated with anti-muscarinic therapy (with the possible exception of 
constipation).
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Reported adverse side effects include hypertension, nasopharyngitis and urinary 
tract infection. Contraindications to the medication include severe uncontrolled 
hypertension, severe renal impairment (i.e. GFR 15–29 mL/min/1.73 m2) or in those 
with moderate hepatic impairment.

8.6.3  Desmopressin

Desmopressin is a synthetic analogue of vasopressin. Used at night it can reduce 
nocturnal urine production by up to 50% and can be used to treat nocturnal enuresis 
or nocturia in adults or children. The drug should be used with care in the elderly 
however due to a risk of hyponatraemia [23].

8.6.4  Oestrogen

Although oestrogen deficiency has been implicated in the aetiology of OAB by 
epidemiological studies, the role of oestrogen replacement treatment remains con-
troversial. A Cochrane review has found low-quality evidence that intra-vaginal 
oestrogen preparations can improve the symptoms of vaginal atrophy and urinary 
incontinence in postmenopausal women when compared to placebo [24, 25]. It is 
widely thought that local oestrogen therapy for OAB however may be of benefit.

A randomised placebo-controlled trial (n-1612) reports 25  μg of micronised 
17beta-oestradiol administered locally improved maximal cystometric capacity 
(290 mL vs. 200 mL, P = 0.023) and volume at which there was a strong desire to 
void (170 mL vs. 130 mL, P = 0.045) with a decrease in uninhibited bladder con-
tractions from baseline pretreatment values [26]. There was no reported endometrial 
thickening or rise in serum oestrogen level as a result of treatment. Evidence sup-
ports a subjective improvement in symptoms of OAB with a better quality of life as 
assessed by short form-36 [27].

Conversely studies with higher doses of oestrogen, e.g. 25  mg oestradiol 
implants, have shown adverse effects such as vaginal bleeding with need for inves-
tigation and treatment including hysterectomy [28]. Systemic therapy with unop-
posed or combined hormone treatment has been shown to worsen urinary 
incontinence and frequency symptoms at 1  year [24] and should not be recom-
mended for lower urinary tract symptoms.

8.6.5  Tricyclic Antidepressants

Although these agents are sometimes used for the treatment of OAB, they are not 
approved for this indication, nor is there any clinical trial evidence supporting this 
use [20]. Tricyclic antidepressants (TCAs) are potent inhibitors of muscarinic, 
a-adrenergic and histamine H1 receptors and inhibit norepinephrine and serotonin 
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reuptake at nerve terminals. Imipramine or amitriptyline is the most commonly used 
and may be useful for patients particularly bothered by nocturia or bladder pain [29].

The side effects of TCAs predominantly reflect their anti-muscarinic properties. 
Caution should be exercised in the context of combination therapy with anticholin-
ergic agents, due to the risk of cumulative side effects, for example, urinary reten-
tion, confusion or QT prolongation [23].

8.7  Refractory OAB

Despite conservative and medical management, treatment outcomes may not pro-
vide optimal improvement in symptoms for 25–40% of patients [30], and second- 
line therapies may be sought. Although no standardised definition exists, we 
describe this as refractory OAB.  Treatment options include intra-vesical Botox 
injections, neuromodulatory treatments or surgery. Before further invasive therapy, 
it is good practice to discuss the patient with a multidisciplinary team and explain 
the advantages and disadvantages of all treatment options.

8.7.1  Intra-vesical Treatment with Botulinum Toxin

Botulinum toxin is a neurotoxin produced by the bacterium Clostridium botulinum, 
of which seven (A to G) serotypes have been identified. The use of botulinum A toxin 
(Botox) to treat a neurogenic OAB was first described in 1999 by Schurch et al. [31]. 
Injection of botulinum toxin acts presynaptically and prevents fusion of neurotrans-
mitter-containing vesicles, leading to a decrease of acetylcholine release across the 
neuromuscular junction. The resultant muscle paralysis with a likely additional effect 
on the sensory afferent pathway mediates an improvement in OAB symptoms [32].

The botulinum toxin product is administered via cystoscopic injection using 
either a flexible or rigid cystoscope with local or general anaesthesia. There are no 
current recommendations for standardised administration and dose of the toxin or 
long-term safety data; however few side effects or complications are reported. Urine 
retention and the need to carry out clean intermittent self-catheterisation (ISC) have 
been reported as 5–15% with a risk of urinary tract infection as 5–31% [32, 33]. The 
risk of urine retention can increase with age and could develop as late as 2 weeks 
following injection. As such it is recommended that all women should be taught to 
carry out ISC prior to the procedure and followed up at 2 weeks following the pro-
cedure to assess post-void residual volumes.

8.7.2  Neuromodulation

Neuromodulation aims to achieve inhibition of detrusor activity by continuous neu-
ral stimulation through peripheral (via the posterior tibial nerve) or central (dorsal 
sacral nerve roots S2, 3, 4) nerves.
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Posterior tibial nerve stimulation (PTNS) is the least invasive method of neuro-
modulation. It can be carried out in the outpatient setting, usually with 12 weekly 
sessions. This nerve has mixed fibres originating from L4 to S3 spinal cord seg-
ments, in common with bladder and pelvic floor innervation. The technique, first 
described in 1983, involves passing an electrical current through a 34-gauge needle 
electrode placed next to the PTN approximately three finger breadths cephalad to 
the medial malleolus. Subjective improvement in OAB symptoms occurs in about 
60% of the patients with 47–56% improvement in frequency voiding charts [34].

The treatment is safe with few side effects (bruising, discomfort, slight bleed-
ing); however without top-up treatments, effectiveness may decrease over time [34]. 
In a small study, 77% of patients maintained a moderate to marked improvement in 
their OAB symptoms after 3 years. It is recommended when intra-vesical botulinum 
A toxin injection treatment to the bladder or sacral neuromodulation is not accept-
able or suitable for patients [35].

Central neuromodulation can be carried out using an implantable, programmable 
medical device with a tined lead electrode that is typically passed through the S3 
sacral foramen to lie next to the sacral and pudendal nerves. The battery device 
delivers continuous electrical stimulation. Originally designed to treat neurogenic 
bladder disease, the treatment has been shown to be effective in treating overactive 
bladder, neurogenic bladder symptoms, urinary retention as well as faecal inconti-
nence and chronic pain.

Insertion of the device requires a two-stage procedure. The first implants an 
external device with a wire or tined electrode for 2 weeks to ensure effectiveness of 
the product before a subcutaneous permanent device is inserted with a tined elec-
trode. Studies have shown a reduction in improvement in incontinence episodes, 
leakage severity, voiding frequency and pad use with treatment benefits persisting 
in 68% of patients at 5 years [33].

Adverse effects must be discussed when offering this treatment modality. The pro-
cedure has an overall reported reoperation rate of 33% for pain, lead migration or infec-
tion at the implant site or battery change after 5–7 years depending on the device and 
usage settings. Nine percent of patients required complete removal of the device [36].

Miniature wireless implant devices for pretibial nerve stimulation and rechargeable 
devices for sacral neuromodulation are currently being developed and trialled for the 
treatment of OAB which may provide promising treatment alternatives for the future.

8.8  Surgery

Surgical treatment for OAB remains a last resort for those who have failed the above 
treatment modalities or find them unacceptable. Patients often have a low-capacity, 
poorly compliant bladder with refractory OAB symptoms. The two most commonly 
carried out procedures include clam ileocystoplasty or urinary diversion. Both are 
considered major and complex surgical procedures, and patient selection and co- 
morbidities need to be considered before offering this treatment. The traditional 
approach to this surgery is through open abdominal surgery; however through 
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equipment advances, laparoscopic and robotic methods can also be employed in 
experienced hands [37].

8.8.1  Clam Cystoplasty

Clam cystoplasty aims to turn a high-pressure system into a low-pressure one 
through the anastomosis of a bowel segment to the bladder. The most commonly 
used intestinal segment is the ileum in an ileocystoplasty. Bladder capacity is there-
fore increased, detrusor pressure is reduced, upper tracts are protected and any con-
current ureteric reflux can resolve. Satisfactory outcomes from this procedure are 
reported in up to 88% of patients.

Common side effects or complications long term include the need to carry out 
ISC for 10–75% of patients. Metabolic disturbances can contribute to vitamin B12 
deficiency and hyperchloraemic acidosis with resulting bone demineralisation with 
osteoporosis. Others include bacteriuria, urinary tract stones (15–40% of patients), 
mucous retention in the bladder, spontaneous bladder perforation, incontinence and 
carcinoma. The chronic exposure of the ileal mucosa to urine can lead to malignant 
change in 1.2% of patients. As a result, long-term yearly cystoscopic and biopsy 
monitoring after 10 years post-procedure is advised [37, 38].

8.8.2  Urinary Diversion

As a last-resort treatment modality who cannot carry out ISC, with uncompromised 
renal function, a urinary diversion to an ileal stoma or various segments of the intes-
tinal tract (most commonly the appendix or ileum) creates a continence reservoir 
that requires catheterisation to empty the urine. Low incontinence rates of 2–16% 
[38] have been reported following this procedure.

Key Points

• Overactive bladder is prevalent in postmenopausal women and prevalence 
increases with age.

• OAB can have a significant impact on quality of life, improvement of which is 
considered a treatment outcome.

• Lifestyle changes and medical management remain first-line treatment options.
• Treatment with topical oestrogen may be of benefit, although synergistic benefits 

with pharmacotherapy are unclear.
• Refractory overactive bladder symptoms can occur in 25–40% of patients.
• Multidisciplinary management with patient counselling of treatment options and 

expected outcomes with written information is essential in the management of 
refractory OAB.

• Intra-vesical botulinum A toxin injections, posterior tibial nerve stimulation 
(PTNS) or sacral neuromodulation can provide effective second-line treatment.

V. K. Tailor and G. A. Digesu
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9Management of Female Stress Urinary 
Incontinence

Giampiero Capobianco, Pier Luigi Cherchi, 
and Salvatore Dessole

9.1  Introduction

Urinary incontinence is defined as a condition of involuntary loss of urine [1]. The 
three most common types of urinary incontinence are the following: stress urinary 
incontinence (SUI), characterized by an inadvertent loss of urine occurring as a 
result of an increase of intra-abdominal pressure due to effort or exertion or on 
sneezing or coughing; urge urinary incontinence (UUI), denoting involuntary leak-
age arising for no apparent reason and associated by urgency; and mixed urinary 
incontinence (MUI), when both are occurring. According to Hunskaar et al. [2], the 
prevalence and distribution of the types of urinary incontinence in noninstitutional-
ized women are 49%, 21% and 29%, respectively.

SUI has a prevalence between 10 and 40% of the female population, especially 
in the postmenopausal age, and has a negative impact on the quality of social, work-
ing and affective life of the patients [2]. The wide prevalence range of urinary incon-
tinence, in general, depends on the definitions used in clinical studies (if the loss of 
involuntary urine takes several times in a day or week or if you consider the last 
12 months), from the methodology (telephone interviews, questionnaires shipped at 
home) and in differences between the populations considered in the world.

The objective of this chapter is to report the current state of the art and new thera-
pies on the management of female stress urinary incontinence.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-13936-0_9&domain=pdf
mailto:capobia@uniss.it
mailto:pcherchi@uniss.it
mailto:dessole@uniss.it
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9.2  Methods of Search Strategy

A detailed literature research on MEDLINE, Cochrane Library, EMBASE, NLH, 
ClinicalTrials.gov and Google Scholar databases was done up to July 2017 with 
restriction to English language about articles regarding SUI, medical therapy, surgi-
cal therapy and most recent treatment options. The keywords used for this review 
were female stress urinary incontinence, midurethral sling, tension-free vaginal tape 
(TVT) and transobturator tape (TOT, TVT-O). Original articles, reviews and meta- 
analysis were included. Studies including exclusively devices no longer available 
on the market at the date of the review were excluded. Disagreements among authors 
as to the studies to include were solved by discussion. In cases of duplication, the 
study with the most recent data was included. In case of cohort studies with multiple 
publications, the last dataset on efficacy was used.

9.3  Pathogenesis of Stress Urinary Incontinence

Urinary continence is the result of the synergy between the structures that constitute 
the pelvic floor and the sympathetic nervous component, parasympathetic and the 
motor fibres of the pudendal nerves. An alteration of one or both components leads 
to an inability of the urethra to counteract increases in abdominal pressure resulting 
in loss of urine during physical exercises, even minimal in the most severe cases.

Factors that may promote the onset of the SUI are age, parity, especially vaginal 
delivery and obesity as they can facilitate the onset of a weakening of the pelvic 
floor support structures resulting in urethral hypermobility. The nerve component 
may affect both bladder and urethral innervation. Even in this case, advanced age, 
previous pregnancy and parity may influence this mechanism of urinary continence 
following the stretching or compression of nerves during the passage of the foetus 
in the birth canal [3, 4].

9.4  Assessment and Investigation of Female 
Urinary Incontinence

The initial clinical evaluation is the categorization of the woman’s urinary inconti-
nence (UI) as SUI, mixed UI or urgency UI/overactive bladder (OAB) because the 
initial treatment starts on this basis. According to NICE guidelines, if stress incon-
tinence is the predominant symptom in mixed UI, we should discuss with the 
woman the benefit of conservative management including OAB drugs before offer-
ing surgery [5].

Before the use of supervised pelvic floor muscle training for the treatment of UI, 
routine digital assessment to confirm pelvic muscle contraction is mandatory. 
Women with UI who have symptomatic prolapse that is visible at or below the vagi-
nal introitus should be referred to a specialist [5].

All women with UI should undertake a urine dipstick test to detect the presence 
of blood, glucose, protein, leucocytes and nitrites in the urine. If a woman does not 

G. Capobianco et al.
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have symptoms of urinary tract infections (UTI) and her urine tests are negative for 
either leucocytes or nitrites, a urine sample for culture is not necessary because she 
is unlikely to have UTI [5].

Women should complete a minimum of 3-day bladder diaries covering variations 
in their usual activities, such as both working and leisure days [5].

Assessment of post-void residual urine by bladder scan or catheterization in 
women with symptoms suggestive of voiding dysfunction or recurrent UTI is good 
clinical practice as initial evaluation.

In women with UI, the indications for consideration for referral to a specialist 
service include persistent bladder or urethral pain, clinically benign pelvic masses, 
associated faecal incontinence, suspected neurological disease, symptoms of void-
ing difficulty, suspected urogenital fistulae, previous continence surgery, previous 
pelvic cancer surgery and previous pelvic radiation therapy [5].

9.5  Conservative Treatment of Stress Urinary Incontinence

Figure 9.1 shows the first management of urinary incontinence in women and Fig. 9.2 
the specialized management according to the European Association Urology (EAU) 
guidelines [6]. Recently, among the main care options are included exercises aimed 
at restoring the strength and muscle tone of the pelvic floor and oestrogenic therapy 
with the possibility to also associate the administration of Lactobacillus acidophilus 
in a triple therapy that has proven to be effective as the first therapeutic step [7]. 
Figure 9.3 shows the care pathway of SUI in women. Multichannel urodynamic test-
ing (MUT) should not be performed before starting conservative management [5].

Lifestyle interventions regard reduction of caffeine intake in women with OAB 
and advise women with UI, who have BMI >30, to lose weight. Adsorbent products, 
urinals and toileting aids should not be considered as a treatment for UI but should 
be used only as an adjunct to ongoing therapy and long-term management of UI 
only after treatment options have been explored.

We should offer pelvic floor muscle training to women in their first pregnancy as 
preventive strategy for UI [5].

A multidisciplinary team (MDT) for urinary incontinence should include at least 
the following healthcare professionals: a urogynaecologist, a urologist with a sub-
specialist interest in female urology, a specialist nurse, a specialist physiotherapist 
and a colorectal surgeon with a subspecialist interest in functional bowel problems. 
The MDT should inform any woman wishing to consider surgical treatment for UI 
on the benefits and risks of non-surgical and surgical options and their provisional 
plan [5].

9.5.1  Drugs for Stress Urinary Incontinence

Duloxetine has been approved in Europe for treatment of SUI. The adverse effects 
include mental health problems and suicidality. Duloxetine was effective for SUI in 
women, but the rates of associated harms outweighed the benefits [8].

9 Management of Female Stress Urinary Incontinence
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Furthermore, the UK National Institute for Health and Care Excellence guideline 
states that duloxetine should not be used as a first-line treatment or routinely offered 
as a second-line treatment for stress urinary incontinence, given that pelvic floor 
muscle training is more effective and less costly than duloxetine and that surgery is 
more cost-effective than duloxetine [5].

9.5.2  Laser Therapy

Now, laser therapy has been introduced in the non-invasive treatment of the SUI, 
already used in the gynaecological field for the treatment of vaginal disorders typi-
cally associated with menopause (vaginal atrophy). The lasers used in the gynaeco-
logical field are mainly of two types, the CO2 laser and the vaginal erbium ER:YAG 
laser (VEL) (so-called because it uses an erbium-doped yttrium-aluminium-garnet 
medium, (YAG)), which, although not having a microablative function as CO2 
lasers, can induce changes in genital tissues that can induce benefit both in cases of 
vaginal dryness and dyspareunia and in the treatment of mild and moderate SUI. This 
type of laser can be used in the SUI therapy with a significant reduction of the symp-
toms reported by the patients [9–12]. The mechanism of action is attributed to the 
remodelling, which occurs due to a thermogenic effect of the collagen that consti-
tutes the pelvic floor; with menopause a drastic reduction in the amount produced 
occurs thus resulting in the decrease of its physiological function of support causing 
not only urinary incontinence but also facilitating the onset or aggravation of the 
prolapse of the genital organs. The thermogenic effect is such that it induces in the 
target tissues a neoangiogenesis, neoformation of collagen, increased epithelial 
thickness and the content of cellular glycogen thus ensuring greater support for the 

Women with stress urinary
incontinence (SUI)

Lifestyle modifications, pelvic floor rehabilitation
and local therapy for at least 3 months in mild SUI

Laser therapy in mild-moderate SUI

Surgical therapy with midurethral sling
Bulking agents in patients whit comorbidities

that preclude surgery

In moderate to severe SUI:
first step local therapy and pelvic floor rehabilitation

for at least 3 months.
When failure, depending on patient condition:

Care pathway of female Stress Urinary Incontinence (SUI)

•    Characterisation severity of the condition
•    Careful medical history
•    Exclude UTI, diabetes
•    Quality of life assessment and bladder diaries
•    Urodynamics

Fig. 9.3 Care pathway of female stress urinary incontinence
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urethra. All these changes of the tissues are detectable for at least 6 months after 
treatment [10]. The first studies on laser therapy in the SUI are due to Fistonic et al. 
[11] who evaluated through the questionnaire “Incontinence Questionnaire—
Urinary Incontinence Short Form” (ICIQ-UI SF) the efficacy and safety of the 
ER:YAG showing that even in severe SUI, there was a significant improvement in 
symptomatology, without any particular adverse events being recorded. The effi-
cacy of the treatment is already visible after a single session, further increasing after 
three sessions with benefits lasting for at least the next 6 months [11]. Although 
there are not currently enough studies investigating the efficacy of the use of laser 
in the long term, it appears clear that this represents a therapeutic option that can be 
developed in the future, minimally invasive for the patient, and with objective ben-
efits demonstrated, not only with regard to the SUI but the whole spectrum of symp-
toms of the genitourinary syndrome of menopause (GSM). A study of Gambacciani 
et al. [12] evaluated the effects of ER:YAG lasers on the symptoms associated with 
menopause, demonstrating how patients reported subjective benefits, confirmed 
objectively by the measurements of VHIS (Vaginal Health Index Score), demon-
strating above all how it is a practice very well tolerated by patients with a possibil-
ity of results achievable quickly and long lasting, up to 24 weeks [12]. According to 
this study, the ER:YAG treatment is indicated in all those women who present not 
only the classic symptoms associated with menopause, such as dryness and vaginal 
atrophy, but also in the treatment of mild- moderate SUI in those women who cannot 
benefit from hormonal treatments as is the case of patients with history of previous 
breast cancer [12].

9.5.3  Combination Therapy: Vaginal Topical Medical Therapy 
and Pelvic Floor Rehabilitation

Significant importance has vaginal topical medical therapy, since oestrogens, which 
in menopause see a physiological and drastic reduction of their levels, have receptors 
throughout the genitourinary tract and on the pelvic floor musculature [13]. 
Oestrogens have an important role in the mechanism of urinary continence since they 
affect the synthesis of collagen; their topical (vaginal) administration can also act by 
reducing the frequency and amplitude of the detrusor contractions, thus increasing 
the sensory threshold of the bladder and promoting relaxation of the detrusor muscle 
[14]. These oestrogen-dependent mechanisms explain why, with the fall of their val-
ues after the menopause, disorders of the urogenital apparatus including the SUI 
become so frequent. Oestrogenic therapy, in particular estriol, has been extensively 
demonstrated in literature as being of valid aid in the treatment of urogenital disor-
ders [15]; it also is free of proliferative effect on the endometrium. Intravaginal local 
therapy with estriol has proven to be effective in the therapy of urogenital atrophy, 
recurrent infections of the low urinary tract and the SUI in postmenopausal women 
[16, 17], especially when combined with exercises aimed at the muscular toning of 
the pelvic floor, a combination that is very well tolerated by the patients [17]. But the 
effects of combination therapy are only marginal and perhaps not long lasting.
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Pelvic floor muscle training should be done for at least 3 months’ duration as 
first-line treatment to women with stress or mixed UI; pelvic floor muscle training 
programmes should comprise at least eight contractions performed three times per 
day. Electrical stimulation and/or biofeedback should be considered in women who 
cannot actively contract pelvic floor muscles in order to aid motivation and adher-
ence to therapy [5].

9.6  Evaluation of Uncomplicated Stress Urinary 
Incontinence in Women Before Surgical Treatment

Counselling about treatment should begin with conservative options. According to 
the Committee Opinion of American College of Obstetricians and Gynecologists 
(ACOG), the evaluation before primary surgery in women with symptoms of SUI 
includes six steps: (1) history; (2) urinalysis; (3) physical examination; (4) demon-
stration of incontinence (cough stress test; if stress test is negative, despite patient 
symptoms of SUI, multichannel urodynamic testing is recommended); (5) assess-
ment of urethral mobility (cotton swab test; patients who lack urethral mobility may 
be better candidates for urethral bulking agents rather than sling procedures); and 
(6) measurement of post-void residual urine volume [18]. Table 9.1 shows basic 
evaluation findings for uncomplicated versus complicated SUI.

9.7  Multichannel Urodynamic Testing

Preoperative multichanel urodynamic testing (MUT) is not necessary before plan-
ning primary anti-incontinence surgery in women with uncomplicated SUI, as indi-
cated by observed urinary leakage from the urethra by provocative stress measures, 
a normal urinalysis result (without urinary tract infection), no POP beyond the 
hymen and a normal post-void residual urine volume. However, women who have 
complicated SUI (Table 9.1) may benefit from MUT before initiation of treatment, 
especially surgery [18].

MUT and voiding cystometry should be performed before surgery, after under-
taking a detailed clinical history and examination, in women who have symptoms of 
OAB leading to a clinical suspicion of detrusor overactivity or symptoms suggestive 
of voiding dysfunction or anterior compartment prolapse or had previous surgery 
for stress incontinence [5].

Videourodynamics should be proposed if diagnosis is unclear after conventional 
urodynamics [5].

9.8  Surgical Therapy

The surgery, by techniques such as the retropubic colposuspension by Burch [19], 
one of the most widely used until about 15 years ago (with abdominal approach in 
the past while laparoscopic nowadays), the anterior colporrhaphy by Kelly, or the 
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suspension with needle, is now mostly replaced by the new minimally invasive sur-
gical techniques of midurethral slings (MUSs) including the tension-free vaginal 
tape and retropubic (TVT) and the transobturator (TVT-O) tape. Another therapeu-
tic option is the injection of urethral bulking agents (UBAs).

We have not included in this review retropubic colposuspension by Burch or 
autologous fascial slings because there have been no recent high-quality publica-
tions relating to these surgical procedures.

Table 9.1 Basic evaluation findings for uncomplicated versus complicated female stress urinary 
incontinence

Evaluation
Findings
Uncomplicated Complicated

Historya UI associated with 
involuntary loss of urine on 
effort, physical exertion, 
sneezing or coughing

Symptoms of urgency, incomplete emptying, 
incontinence associated with chronic urinary 
retention, functional impairment or 
continuous leakage

Absence of recurrent 
urinary tract infection
No prior extensive pelvic 
surgery. No prior surgery 
for SUI

Recurrent urinary tract infectionb

Previous extensive or radical pelvic surgery 
(e.g. radical hysterectomy)
Prior anti-incontinence surgery or complex 
urethral surgery (e.g. urethral 
diverticulectomy or urethrovaginal fistula 
repair)

Absence of voiding 
symptoms

Presence of voiding symptomsc

Absence of medical 
conditions that can affect 
lower urinary tract function

Presence of neurologic disease, poorly 
controlled diabetes mellitus or dementia

Physical 
examination

Absence of vaginal bulge 
beyond the hymen on 
examination. Absence of 
urethral abnormality

Symptoms of vaginal bulge or known pelvic 
organ prolapse beyond the hymen confirmed 
by physical examination, presence of 
genitourinary fistula or urethral diverticulum

Urethral 
mobility 
assessment

Presence of urethral 
mobility

Absence of urethral mobility

Post-void 
residual urine 
volume

<150 mL ≥150 mL

Urinalysis/
urine culture

Negative result for urinary 
tract infection or haematuria

Table modified from: Committee Opinion. Obstet Gynecol 2014; 123(6): 1403-7 [18]
aA complete list of the patient’s medications should be obtained to determine whether individual 
drugs may be influencing the function of the bladder or urethra, which leads to urinary inconti-
nence or voiding difficulties
bRecurrent tract urinary infection is defined as three documented infections in 12 months or two 
documented infections in 6 months
cHesitancy, slow stream, intermittency, straining to void, spraying of urinary stream, feeling of 
incomplete voiding, need to immediately revoid, postmicturition leakage, position-dependent mic-
turition, and dysuria
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The treatment of the SUI should be carefully selected for each patient by evaluat-
ing the type of disorder, the severity of the symptomatology and concomitant fac-
tors that may preclude the use of surgery even with the mini-invasive techniques 
available today. The preoperative counselling should evaluate patient and surgeon 
satisfaction with treatment by having a discussion during the planning phase of 
surgery about individual patient’s goals and expectations for their treatment and 
awareness of potential adverse events [20, 21].

9.8.1  Midurethral Slings

The most effective therapy, after the attempt with conservative therapies in case of 
their failure, is the surgical therapy, which has undergone a breakthrough in the year 
1990, thanks to the introduction of the midurethral sling (MUSs), ensuring equal 
results, in terms of corrective efficacy of the disorder, both compared to the laparo-
tomic Burch colposuspension and the laparoscopic one, but had the undoubted 
advantage of a lower hospitalization and fewer postoperative complications [22].

NICE 2013 [5] guideline counsels to not offer laparoscopic colposuspension as 
a routine procedure for the treatment of SUI in women; in fact, only an experienced 
laparoscopic surgeon working in a multidisciplinary team (MDT) with expertise in 
the assessment and treatment of UI should perform the procedure [5].

The slings can be made of autologous material, formed by tissue taken from the 
fascia lata or from the rectus abdominis fascia, or artificial meshes, usually polypro-
pylene monofilament macroporous type 1; in both cases they are introduced by a 
small vaginal incision and placed “tension-free” in order to guarantee support to the 
middle urethra. The current trend is aimed at the use of artificial meshes, having 
been shown the lowest rate of reaction and lowest postoperative complications [23].

The two most used techniques today are the tension-free vaginal tape (TVT), 
experimented in the year 1990 by Petros and Ulmsten [24, 25], in which the mesh is 
introduced by the vaginal incision and then directed towards the retropubic space, 
then coming out from the abdominal wall in the suprapubic area, and the most 
recent transobturator tension-free vaginal tape (TVT-O), in which the mesh passes 
through the obturator foramen. Depending on how the needles are inserted during 
the placement of the sling, we can define the TVT-O (transobturator) technique 
inside-out (when the needle, bilaterally, goes from the vaginal incision through the 
obturator membrane and then comes out laterally to the genitocrural fold) and the 
TOT technique out-inside (when the needles go from an incision a few centimetres 
from the genitocrural fold and come out in the vaginal incision).

The use of the retropubic midurethral sling (RP-MUS) such as TVT has a higher 
risk of bladder injury than the TVT-O [26]. Other possible complications of TVT 
are urinary tract lesions, urinary tract infections and abnormal bladder voiding, 
which is defined as a post-voiding bladder residual of more than 150 mL. Occasionally, 
vascular lesions may occur during the placement of the sling due to the passage of 
the guide trocar in the retropubic space, or intestinal lesions, with risk that increases 
in case of previous abdominal-pelvic surgery. An indication to the use of retropubic 
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way is the form of SUI due not to urethral hypermobility but to intrinsic sphincter 
deficiency (ISD) with fixed urethra: in such cases its use was found to be more 
effective than that of transobturator way [27].

An evolution of the MUS is represented by the passage of the sling through the 
obturator foramen, as in the TVT-O, developed precisely to avoid some of the major 
complications of the retropubic pathway, such as urinary tract and vascular lesions 
[28]; complications related to non-complete bladder voiding are also reduced. 
Another advantage of TVT-O compared to the retropubic technique is the reduction 
of the duration of the operation, only 15 min on average, and a reduction of hospi-
talization; on the other hand, patients may report pain, more frequently, especially 
in the inguinal site compared to the TVT [29].

A modified form of the TVT-O procedure is the TVT-Abbrevo® in which a mesh 
of lesser length, only 12 cm, is used with inside-out technique, from the vaginal 
incision, coming out laterally to the genitocrural fold. Moreover, in the TVT- 
Abbrevo®, the obturator membrane [30] is not perforated with the guide scissors. 
Capobianco et al. [31] studied a sample of 56 patients submitted to SUI correction 
by TVT-Abbrevo® technique and followed controls in the postoperative period at 12 
and 24 months, demonstrating the high level of success of the procedure with 76.6% 
of patients who showed a regular urodynamic function at 12 months, 17.86% who 
had a significant improvement in the symptoms and only 1.78% of the patients 
examined who showed a “de novo” overactive bladder. The benefits obtained were 
classified both in terms of patient’s subjective well-being and objective measured by 
urodynamic studies, Q-tip test and stress test with cough, with excellent results also 
in the long term and high safety profile [31].

Both TVT and TVT-O are associated with high long-term success rates [32], 
with similar results between the two techniques, as demonstrated by a recent Italian 
meta-analysis on the basis of data concerning 49 examined studies [33].

However, in the UK and across the world, there has been a lot of publicity and 
legal action relating to a small percentage of women undergoing TVT procedures 
who have complications such as erosion and pain. However there are differences in 
complications between TOT and TVT; in fact RP-MUS showed a higher rate of 
bladder perforations in comparison to TVT-O [26, 33].

9.8.2  Single-Incision Mini Sling

The mini slings represent the third generation of midurethral slings and are differ-
entiated by the use of a single vaginal incision approach as entry and by the less 
amount of mesh used. It has debated whether or not to submit obese patients to this 
type of treatment, and a recent study showed that BMI did not affect the outcome 
(efficacy) of treatment with mini slings [34]. The procedure aims to minimize the 
risk of major adverse events such as bladder, vaginal, urethral and vascular perfora-
tions or erosions and chronic pain that are associated with minimally invasive sling 
procedures. The SIMSs have shorter tape lengths and different fixation systems to 
transobturator minimally invasive slings and do not enter the retropubic space 

9 Management of Female Stress Urinary Incontinence



156

(reducing the risk of major vessel or visceral injury) or the lateral half of the obtura-
tor foramen (reducing the risk of groin pain), but they are anchored in the obturator 
membrane or in the obturator muscles. A special tip anchors the sling in place 
behind the midurethra. SIMS systems may differ in the length of the sling, the fixa-
tion method, the fixation location and the method of tension adjustment or control. 
The mesh implant is permanent, but, if removal is needed because of infrequent 
complications, the anchoring system can make the device very difficult or impos-
sible to remove. Furthermore, the evidence on efficacy in the long term is inade-
quate in quality and quantity [5].

9.8.3  Urethral Bulking Agents

A further alternative to sling surgery (even less invasive) is now represented by the 
possibility of using injections of “urethral bulking agents” (UBAs), the use of which 
is recommended in elderly patients, patients with high anaesthesiological risk or 
patients reluctant to undergo surgery [35, 36]. UBAs act in thickening the urethral 
walls by injecting them into the submucosa and elevating the urethral mucosa by 
restoring the natural continence and urethral resistance [36, 37]. The ideal bulking 
agent should be easily injectable, with good cost-benefit ratio, and biocompatible 
and should not migrate from the injection site and cause low inflammatory reaction 
of the affected tissues [38]. It is also indicated in patients who have already under-
gone surgery without benefit or with recurrence of symptoms. The American 
Urological Association recommended the use of UBAs in elderly patients, in 
patients with increased anaesthesiological risk and in patients who refused a more 
invasive procedure [39]. In addition, the National Institute for Health and Clinical 
Excellence (NICE) [40] suggests that UBAs are indicated in patients with signifi-
cant reduction in urethral mobility and in patients who have a history of failure with 
the conservative therapy of the SUI [39]. Over the years, several materials have been 
tested, including paraffin, autologous grease, polytetrafluoroethylene, glutaralde-
hyde combined with bovine collagen, porcine dermis and hyaluronic acid plants. 
These substances were then abandoned due to health problems, adverse events and 
marked hypersensitization reactions and because of migration from the injection 
site [41]. Among the substances used today, as UBAs, the most used are the 
polydimethylsiloxane (Macroplastique®) and polyacrylamide gel (Bulkamid®). In 
both cases these are materials that are implanted in the urethral submucosa exerting 
a mass effect and thus increasing the urethral sphincter pressure and consequently 
urinary continence. The main advantage of using these agents is the possibility of 
providing the patient with a less invasive treatment in the care of SUI compared to 
traditional surgery [42]. For example, polydimethylsiloxane (Macroplastique®) is 
indicated in the treatment of SUI due to intrinsic sphincter deficiency (ISD). The 
substance is implanted, during cystoscopy, so as to have direct vision of the area, 
about 1 cm away from the urethral origin thus going to restore the urethral sphinc-
teric function [43]. There are subjective and objective benefits through urodynamic 
studies, pad test 24 h and number of incontinence episodes during the day [44]. It is 
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also possible to repeat the treatment at a distance of time both to consolidate the 
benefits obtained with the first injection and in case of persistence of the symptoms 
after the first treatment. Bulking agents are, ultimately, a safe agent in the treatment 
of SUI, and because of low side effects, they are indicated in case of patients with 
comorbidities that preclude surgical therapy [45]. Recently, a new silicone-derived 
elastomer, Urolastic®, was introduced into the medical practice; once injected into 
the paraurethral tissue in a few minutes, it undergoes a change from the liquid state 
to solid state thereby supporting the urethra. It has proven to be a material that has 
a good biocompatibility without risks of migration from the injection site and with 
an excellent duration in terms of improvement of clinical symptomatology precisely 
for its physical chemical characteristics, which could make it in the future a new 
option for the treatment of SUI [46, 47].

Women should be made aware regarding UBAs that repeat injections may be 
needed to achieve efficacy, efficacy diminishes with time and efficacy is inferior to 
that of synthetic tapes [5].

9.9  Recurrent Stress Urinary Incontinence

Women whose primary surgical procedures for SUI has failed (including women 
whose symptoms has returned) should be referred to tertiary care for assessment (such 
as repeat urodynamic testing including additional tests such as imaging and urethral 
function studies) and discussion of treatment option by a multidisciplinary team [5].

The prevalence of voiding dysfunction, including urinary retention, following 
MUS procedures, ranges from 2 to 25% with a surgical intervention required to 
resolve the problem in 0–5% of patients [48].

The rate of a second surgical treatment for recurrent stress urinary incontinence 
(RSI) after the initial surgery varies according to the studies [49, 50]. In fact, Jonsson 
Kunk et al. [49] reported a cumulative recurrence of 14.5% with over 155,000 patients 
examined 9 years after a primary surgery; the type of repeat surgery performed was sling 
(70.5%), followed by bulking agents (20.1%), Burch (6.5%), laparoscopic (1.5%), nee-
dle (0.8%), total vaginal hysterectomy (0.5%) and Kelly (0.2%) [49]. Fialkow et al. [50] 
had 8.6% recurrence over 40,000 US women who underwent either a sling or retropubic 
colposuspension (Burch) for surgical treatment of SUI. In a third recent retrospective 
study [51], the rate decreased at 6% of women retreated within 5 years following their 
initial standard anti-incontinence procedures (Burch and sling procedures).

Risk factors for recurrent or persistent urinary incontinence after surgical treatment 
include ageing; obesity; medical comorbidities, such as diabetes mellitus; previous 
high-grade incontinence; mixed urinary incontinence; and previous failed surgery [52].

The debate in literature at the moment is still open about which of the operative 
techniques for female recurrent stress urinary incontinence is the most efficient and 
safest, but there isn’t still a consensus, and there are few data regarding the choice 
of type of surgery for persistent/recurrent SUI.

The choice of the procedure in case of RSI should be individualized and carefully 
chosen considering the severity and type of symptoms, medical comorbidities and the 
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type of previous surgery. A second anti-incontinence procedure is effective in many 
women with persistent/recurrent SUI, at least in those women candidate to surgery.

MUS surgery appears to be a good choice in case of recurrent SUI. A meta- 
analysis of 12 prospective studies with a total of 430 women reported good results 
both in case of previous sling procedure and other procedures such as Burch colpo-
suspension with cure rate of 79% after any previous surgery and 73% after a prior 
midurethral sling [52, 53]. Results in terms of cure rates seemed to be higher for 
TVT compared with TOT midurethral sling (80% versus 54% after any prior sur-
gery); however, data about TOT procedures were too few [53].

The previous procedure to which the patient was submitted seemed to play a role in 
the following choice of treatment demonstrating that a repeated retropubic TVT seems 
to offer better results than using a TOT following a failed primary TVT [54, 55].

A retrospective study by Cerniauskiene et  al. [56] compared 45 women with 
recurrent SUI after a first surgery procedure of Burch colposuspension, TVT and 
TOT. As second surgery Burch colposuspension operation, TOT or TVT procedures 
were performed. According to this study [56], no differences were shown in the 
outcomes with the different techniques. Nevertheless, minimally invasive tech-
niques undoubtedly had many advantages compared to the Burch colposuspension 
operation, and nowadays TVT and TOT procedures are the first choice procedures 
for recurrent stress urinary incontinence treatment. Repeat surgery seemed also to 
be associated with a higher risk of intraoperative complications and lower success 
rate than initial surgery [57].

Regarding medical treatments there is no current evidence about the efficacy of 
conservative management of SUI for women with persistent/recurrent symptoms 
after surgical therapy. In general, however, conservative measures are not as effec-
tive for treatment of SUI as surgery and should be mainly considered in women who 
decline or are not candidates to surgery.

Urethral injections of UBAs are an option for women with persistent SUI. They 
are normally reserved to women who wish to avoid or cannot tolerate an invasive 
procedure. In a retrospective review of 165 women who had recurrent SUI, after 
undergoing a synthetic midurethral sling procedure, the use of UBAs showed a 
higher risk of failure in comparison to a repeated sling procedure [58]. In fact, of 
this group of women, UBAs were used in the treatment of 67 patients, while the 
other 98 underwent a repeat sling procedure. The group who underwent a urethral 
bulking procedure had a worst outcome (38.8% of failure) compared with those 
who underwent a repeated midurethral sling (11.2%) [58]. Injections often need to 
be repeated to maintain continence.

9.10  Stress Urinary Incontince and Experimental Therapies

There are, nowadays, insufficient clinical data about the use of stem cells (autolo-
gous myoblasts, muscle-derived stem cells and autologous fibroblasts) injected in 
the urethra to treat the intrinsic sphincter deficiency [59].

The artificial urinary sphincter [60] in women has not yet been extensively tested 
or evaluated with controlled randomized clinical trials. This technique is not recom-
mended as a first-line surgical therapy of SUI [60–62].
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9.11  Conclusions

Currently, according to the guidelines 2016 of the European Society of Urology 
and the Position Statement of 2017 of the European Urogynaecological Association, 
the synthetic midurethral slings are the gold standard for the surgical treatment of 
SUI [63, 64]. A recent systematic review and meta-analysis on 28 controlled clini-
cal trials on 15,855 patients showed that midurethral slings are more effective than 
Burch colposuspension and that the comparison studies between the retropubic and 
transobturator slings have shown a higher rate of subjective and objective care of 
the retropubic technique but with greater risk of complications such as intraopera-
tive bladder and vaginal perforation (OR 2.4, p = 0.0002), pelvic hematoma (OR 
2.61, p = 0.002) and urinary tract infections (OR 1.31, p = 0.04). There was no 
statistically significant difference in efficacy between the transobturator inside-out 
technique and that of outside-in though the risks of vaginal perforation were lower 
in the inside-out [65]. A recent Cochrane Database Systematic Review of Ford 
et al. [29] concluded that midurethral slings are as effective as retropubic colposus-
pension but have a shorter operation time and a lower risk of postoperative 
complications.

Surgical therapy should be indicated only after conservative (rehabilitative, local 
oestrogenic) therapies have failed. Lifestyle changes such as weight loss and pelvic 
floor muscle training should always precede surgery.

The current trend is aimed at the continuous research of new therapeutic strate-
gies in order to achieve an ever better balance between high efficacy and maximum 
reduction of adverse events.

Table 9.2 shows recommendations on management of female SUI [66].
Current data on new therapies such as laser therapy are still limited in their long- 

term efficacy while showing results that appear to be good in immediacy and that 
could have a potential role in the future routine medical therapy of the IUS.

Table 9.2 Recommendation on management of female stress urinary incontinence

Grade of 
recommendation

For morbidly and moderately obese women, weight loss helps to reduce 
UI symptoms

A6

Medical therapy and rehabilitation should be the first step of treatment A6

Midurethral slings (MUSs) are the gold standard for surgical treatment A6, 29, 63,64

TVT and TVT-O have high long-term success rates A6

Urethral bulking agents are recommended in elderly patients, in patients 
with increased anaesthesiological risk and in patients who refuse a more 
invasive procedure

B6,39

The best therapeutic approach for recurrent stress incontinence (RSI) 
after a sling failure should be individualized. The best choice could be to 
counsel a repeat MUS (retropubic or transobturator) or bulking agents to 
women with RSI

C66

A:  Based on clinical studies of good quality and consistency addressing the specific recommenda-
tions and including at least one randomized trial

B: Based on well-conducted clinical studies but without randomized clinical trials
C: Made despite the absence of directly applicable clinical studies of good quality
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Practice Points

• SUI is highly prevalent in postmenopausal women.
• Surgical therapy should be indicated only after conservative (rehabilitative, local 

oestrogenic) therapies have failed.
• The synthetic midurethral slings (TVT and TVT-O) are the gold standard for the 

surgical treatment of SUI.
• Urethral bulking agents are recommended in elderly patients, in patients with 

increased anaesthesiological risk and in patients who refuse a more invasive 
procedure.

Future Research

• Preventive measures of SUI.
• Define new therapeutic strategies of SUI in order to achieve an ever better bal-

ance between high efficacy and maximum reduction of adverse events.
• To taste newer and lighter midurethral slings.
• Define stem cell (autologous myoblasts, muscle-derived stem cells and autolo-

gous fibroblasts) role whether injected in the urethra to treat the intrinsic sphinc-
ter deficiency.
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10Screening and Management of Female 
Sexual Dysfunction During the Second 
Half of Life

Ana M. Fernández-Alonso, Marcos J. Cuerva, 
Peter Chedraui, and Faustino R. Pérez-López

10.1  Introduction

Female sexual dysfunctions (FSDs) are common, affecting 25–43% of women, with 
lack of desire being the most prevalent. Perimenopausal women report lubrication 
problems, less sexual participation, orgasm problems, absence of sexual fantasies, 
less sexual gratification, and decreased sexual interest and activity [1]. FSD increases 
threefold during climacteric years and is more evident after age 60. Female sexual-
ity is a complex process influenced by many personal and partner factors that may 
negatively affect quality of life. Although one third to one half of mid-aged women 
display some degree of sexual problems related to aging and hormonal status, deter-
minant factors may vary according to the studied population, study design, and the 
used approach [2]. Consequently, clinicians who take care of women should evalu-
ate promptly when they may be vulnerable to sexual dysfunction.

FSD has been linked to the following risk factors: poor physical and mental 
health, postmenopausal status, stress, genitourinary complaints, sexual abuse, bad 
relationships, religious beliefs, bad economic conditions, intimate partner violence, 
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partner’s age, and male sexual dysfunctions (premature ejaculation and/or erectile 
dysfunction) [3, 4]. Contrarily, protective factors include older age at marriage, 
partner faithfulness, menopausal hormone therapy, exercise, daily affection, inti-
mate communication, having a positive body image or self-esteem, and the use of 
hormonal contraception [2, 4–6].

The Fourth International Consultation on Sexual Medicine (ICSM) defined 
female and male sexual dysfunctions, prevalence, and the risk factors according to 
the opinion of experts and to current and strong supporting literature [7]. Section 17 
of the International Classification of Diseases (ICD) 11 for Mortality and Morbidity 
Statistics defines sexual dysfunctions as syndromes in which adults may have dif-
ficulty having satisfying, noncoercive sexual activities [8]. Both organizations used 
the term FSD.

The fifth edition of the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5) classifies female sexual disorders as orgasmic disorder, sexual interest/
arousal disorder, and genito-pelvic pain/penetration disorder. The DSM-5 further 
includes four specific subtypes to categorize the onset of dysfunction: (1) lifelong 
dysfunction indicating a sexual problem present from the first sexual experience, (2) 
acquired dysfunction identifying sexual health issues that arise after a time of nor-
mal sexual activity, (3) generalized dysfunction referring to sexual issues not lim-
ited to a specific situation or partner, and (4) situational dysfunction which occurs 
with specific partners or situations [9]. Despite this, diagnostic criteria require more 
precision than before; thus, diagnosis of sexual dysfunction requires the duration of 
at least 6 months and a frequency of 75–100%. Thus, disorders must cause signifi-
cant distress, and the “interpersonal difficulty” from the DSM-4 definition has been 
deleted (American Psychiatric Association, DSM 2013 [9]). The present review will 
use the old and new nomenclature in order to respect the original articles.

10.2  Screening of Female Sexual Dysfunction

During sexual assessment, questions have to be specific, no assumptions have to be 
made, and a semi-structured interview is recommended [10]. Common questions 
that may be included are detailed in Table 10.1. The objectives of the sexual history 
are identifying the predisposing, precipitating, and maintaining factors of sexual 
symptoms. Menopausal women have the same sexual concerns as young people, 

Table 10.1 Common questions in a semi-structured interview (sexual history)

How often do you feel like having a sexual experience?
Are there any situations that help you feel excited?
Do you remember having any sexual fantasy?
Do you ever have erotic dreams?
Do you feel pleasure with sexual activities? Can you explain what you feel?
What do you think has had an influence in the changes you are experiencing in your sexual 
function?
How long has it been a problem for you?

A. M. Fernández-Alonso et al.
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and no aspects of sexuality should be avoided [11]. It is recommended to ask about 
women’s current relationship and about partner’s possible sexual problems.

Regarding postmenopausal women, Cuerva et  al. [12] have suggested to ini-
tially omit issues relating to sexuality, unless these are raised by the patient. Then, 
after 5 min, the gynecologist may offer the possibility of talking about sexuality 
and ask about possible sexual problems. Using this approach in Spanish women, it 
was found that 12.1% reported sexual problems during the first 5 min of the inter-
view. However, patients with sexual issues increased to 48.0% when they were 
asked about sexuality after 5 min. The main factors associated with having a sexual 
problem were the genitourinary syndrome of menopause (GUSM) and having a 
stable sexual partner. Therefore, openly asking postmenopausal women about sex-
uality in gynecological consultations increases the number of diagnoses of sexual 
problems [12].

Clinicians can also screen women, regardless of age, with the help of a validated 
sex questionnaire or during a routine review of systems. There are many validated 
screening tools available. We will briefly mention those which provide a compre-
hensive assessment of female sexuality and those used to search specific sexual 
disorders. A high prevalence of different sexual dysfunctions has been reported by 
using these questionnaires as well as correlations with female sociodemographic 
and health factors and partner health status and behavior.

10.2.1  Changes in Sexual Functioning Questionnaire

The original Changes in Sexual Functioning Questionnaire (CSFQ) is a test that 
includes 36 items identifying 5 scales of sexual function [13]. The abridged CSFQ 
of 14 items (CSFQ-14) provides information about sexual desire, arousal, and 
orgasm. The tool shows construct validity as a global measure of sexual dysfunc-
tion, and the individual scales have internal reliability [14].

In Spanish women aged 40–59 years, higher total CSFQ-14 scores (better sexual 
function) were correlated with better satisfaction with life and inversely correlated 
to female age and worse menopausal symptoms. The satisfaction with life score 
correlated with the total CSFQ-14 score and body mass index (BMI) and inversely 
correlated with economic problems, female tobacco use, lack of healthiness, meno-
pausal symptoms, not having a partner, and partner’s lack of healthiness [15].The 
prevalence of sexual dysfunction (CSFQ-14 score ≤41) was 46% (premenopausal 
and postmenopausal). Worse sexual function was associated with severe menopause 
symptoms, low satisfaction with life, and economic problems [15].

About 64.1% of Spanish postmenopausal women (median age 57 years, 17.1% 
with hypertension, 66.7% with increased BMI, and 48.7% with depressive mood) 
displayed CSFQ-14 total scores ≤41, suggesting sexual dysfunction. In addition, 
CSFQ-14 total scores inversely correlated with quality of life (total, psychological, 
and urogenital), and arousal sub-scale scored inversely with global quality of life 
and urogenital symptoms and orgasm with the global quality of life. In this post-
menopausal sample, sexual function correlated with female educational level and 
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partner education and regular exercising. There is also an inverse correlation 
between CSFQ-14 score and depressed mood [16].

10.2.2  Female Sexual Function Index 

The Female Sexual Function Index (FSFI) assesses sexual function of the past 
4 weeks. It is composed of 19 questions (FSFI-19) grouped in 6 domains or dimen-
sions: desire (items 1 and 2), arousal (items 3–6), lubrication (items 7–10), orgasm 
(items 11–13), satisfaction (items 14–16), and pain (items 17–19). Each question 
can be scored in a Likert fashion from 0 to 5. Higher scores indicate better sexual 
function [17]. Subsequently, Wiegel et  al. [18] determined a cutoff value for the 
FSFI-19 for the definition of FSD (total FSFI-19 scores of 26.55 or less). Indeed, 
using this cutoff value, it was found that 70.7% of women with sexual dysfunction 
and 88.1% of the sexually functional ones were correctly classified. The original 
FSFI-19 has been validated in several languages. It has been used to assess sexuality 
of pre- and postmenopausal women and among different ethnical populations and 
different medical conditions, all displaying good reliability values. Its utility has 
also been proven in a longitudinal cohort of pre-/postmenopausal British women in 
whom the main predictors of changes in sexual functioning and satisfaction were 
desire and arousal [19].

A six-item abridged version (FSFI-6) was developed by Isidori et al. [20] cover-
ing desire (original item #2), arousal (original item #4), lubrication (original item 
#7), orgasm (original item #11), satisfaction (original item #16), and pain (original 
item #17). Each item is scored as the original FSFI-19. The sensitivity and specificity 
were 0.93 and 0.94, respectively, at the cutoff of 19 or less. The Spanish language 
version of the FSFI-6 has been used to study mid-aged Spanish women [1, 2]. Upon 
multivariate analysis, total FSFI-6 scores positively correlated with both female and 
partner education and inversely (worse sexual function) with female age, partner 
alcohol consumption and erectile dysfunction, and total Hospital Anxiety and 
Depression Scale (HADS) scores and urogenital and somatic symptoms [2].

10.2.3  Decreased Sexual Desire Screener 

The Decreased Sexual Desire Screener (DSDS) was specifically developed for use 
by clinicians not experienced in sexual medicine [21]. It is a five-question self- 
administered survey that helps identify in a time-efficient manner women with gen-
eralized acquired hypoactive sexual desire disorder (HSDD). The DSDS is brief, 
effective, and self-completed and requires no special training for its application and/
or interpretation. The screener includes five simple “yes/no” questions. The first 
four incorporate the prerequisites for a diagnosis of generalized acquired HSDD: 
(1) previous satisfaction with her desire/interest in sex; (2) a decrease from prior 
satisfaction; (3) bothered by the decline in sexual desire; and (4) wish for the 
improvement of her sexual desire [22]. Responses of no previous satisfaction with 
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her desire or interest in sex and therefore no decrease from prior satisfaction would 
be consistent with lifelong low sexual desire or interest. In the fifth item, the patient 
is asked to identify with “yes or no” responses which, if any, of the seven listed 
group of factors might apply to her situation, potentially having an adverse effect on 
her sexual desire/interest [21].

Low sexual desire and the associated distress and behavioral adaptations may 
impact the partner relationship, or problems in the partner relationship may contrib-
ute to low desire. If a woman responds “no” to at least one of the first four questions, 
then she does not meet the criteria for generalized acquired HSDD but could meet 
the criteria for either situational or lifelong low sexual desire/interest. If the patient 
answers “yes” to questions 1 through 4 and “no” to all the factors in question 5, she 
has generalized acquired HSDD. If any of the factors in question 5 are present, the 
healthcare provider must evaluate and consider differential diagnoses including bio-
logical etiologies of low desire as well as decide whether the responses to question 
5 indicate generalized acquired HSDD or situational low sexual desire/interest.

If the DSDS suggests the diagnosis of low sexual interest without distress, dis-
tressing lifelong sexual desire, or situational low sexual desire, the healthcare pro-
vider should consider strategies that engage education and/or counseling or referral 
to a specialist. In those with generalized acquired HSDD, the healthcare provider 
may elicit a sexual history or proceed with the process of care [23].

10.2.4  Screening Tests for Women Who Have Sex with Women

Women who have sex with women may also have sexual dysfunction. Shindel et al. 
[24] used a modified version of the FSFI-19 to evaluate sexual function in women 
who have sex with women. This was an Internet-based survey that showed that 
24.8% of participants presented FSD, which upon multivariable analysis was inde-
pendently associated with subjective bothered sexual function, overactive bladder, 
and having a non-female partner or no partner. In addition, FSFI scores, for all 
domains (but not desire), were negatively affected by the partner factors and overac-
tive bladder.

10.3  Clinical Assessment of Female Sexual Dysfunction

The clinical assessment of FSD starts by a general approach to women’s intimacy- 
related issues and sexual concerns. When working with special patients like meno-
pausal women, it is convenient also asking about how their specific conditions may 
affect their sexuality. Specific conditions that may be present in relation to the 
menopause and can affect sexuality are vasomotor symptoms and the GUSM, pelvic 
floor disorders, metabolic disorders (overweight or diabetes), adverse mood (depres-
sion, anxiety, and perceived stress), or sleep disorders.

The diagnosis of FSD is based on medical and sexual history and self-reports 
(through questionnaires or diaries) [10]. It should include a comprehensive clinical 
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interview. The medical history is orientated to identify organic, psychological, and 
medication issues affecting sexuality. Physical examination is only mandatorily 
required for sexual pain disorders; however, it may help in every sexual dysfunction 
at least to confirm normal anatomy and the absence of concurrent gynecological 
diseases like GUSM or pelvic floor disorders. Laboratory tests are not routinely 
recommended for the evaluation of FSD. Circulating hormone levels poorly corre-
late with the assessed sexual function. Androgens, estrogens, and prolactin, among 
other hormones, are known to be involved in sexuality, but their levels are not inde-
pendent predictors of women’s sexual function. The increase in the prevalence of 
FSD in the context of menopause shows the important correlation between hor-
monal status and sexual function, but treatment based only on hormonal therapy 
does not revert the rise in FSD prevalence. Furthermore, partners of mid-aged 
women may also have sexual dysfunction and/or work or social issues that may in 
fact be more negative than hormonal changes as a cause of FSD.

10.4  Female Sexual Function and Comorbidity During 
the Second Half of Life

Both peri- and postmenopausal women need a detailed gynecologic examination 
that includes the assessment of (1) pelvic floor disorders such as urinary inconti-
nence, fecal incontinence, prolapse, and high-tone pelvic floor dysfunction and (2) 
menopausal vasomotor symptoms and emotional changes (depressive symptoms, 
anxiety, perceived stress, fatigue) because each has been associated with decreased 
sexual desire [25].

10.4.1  Menopause and Sexuality

Postmenopausal estrogen loss typically leads to vulvovaginal atrophy and dryness, 
as well as changes in genital function via reduced clitoral blood flow and decreased 
sensory perception. Genital estrogen application may reduce the negative effect of 
menopause, if initiated in the early postmenopausal years/time [26, 27]. In the Real 
Women’s Views on Treatment Options for Menopausal Vaginal Changes study, 
63% of women with symptomatic vulvovaginal atrophy reported that their symp-
toms interfered with enjoyment of sexual intercourse, and 47% of partnered women 
indicated it interfered with their relationship [28]. Twelve percent of women with-
out a partner reported that they were not seeking a sexual partner because of symp-
toms related to vulvovaginal atrophy [29]. More intense vulvovaginal symptoms 
were positively related with biological conditions such as surgical menopause, 
sexual inactivity, economic problems, urinary incontinence, and the use of phy-
toestrogens [30].

Menopause has long been assumed to result in decreased desire due to the decline 
in ovarian testosterone production and estrogen loss. It has also been theorized that 
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fluctuations in testosterone levels lead to decreased libido [31]. Circulating estrone 
sulfate (E1S) and androsterone glucuronide (ADT-G) are the main metabolites of 
estrogens and androgens in postmenopausal women. In postmenopausal women, 
estrogens and androgens are synthesized from circulating dehydroepiandrosterone 
sulfate (DHEA) and the vagina layers and nerve density [32]. Postmenopausal 
women who do not have vulvovaginal symptoms in fact have 16% higher levels of 
the mentioned metabolites as compared to those reporting moderate to severe symp-
toms. In addition, estrone serum levels are 14.5% higher in asymptomatic women as 
compared to those without vulvovaginal atrophy [33]. These endocrine aspects are 
pivotal for low genital tract health and postmenopausal vulvovaginal atrophy; its 
correction may improve sexuality.

Bilateral salpingo-oophorectomy at any age is associated with lower total 
and free testosterone levels. Women should be asked about other pelvic opera-
tions, trauma, or radiotherapy because these may be associated with pelvic pain 
and altered ovarian function. Other conditions associated with lower androgen 
levels are less frequent than oophorectomy, and potentially diminished desires 
include hyperprolactinemia and hypopituitarism, adrenal insufficiency, primary 
ovarian insufficiency, and chemical ovarian suppression. Conditions that may 
increase sex hormone-binding globulin (SHBG) levels, and hence lower free 
testosterone levels, include hyperthyroidism and human immunodeficiency 
virus infection [34].

10.4.2  Pelvic Floor Disorders

Disorders of the pelvic floor, including pelvic organ prolapse (POP) and stress uri-
nary incontinence, affect approximately one-third of the female population today. 
There is conflicting evidence regarding the effect of POP on sexual function. Cross- 
sectional studies have shown that pelvic floor disorders, including POP, are associ-
ated with a large sexual dysfunction burden. Several studies have suggested that 
pain with sexual activity noted prior to surgery may be attributable to POP. Following 
surgical repair, most patients experience improvements in their sexual response. 
However, surgical approaches involving abdominal or transvaginal mesh may result 
in a decline in sexual function and worsening of dyspareunia [35]. On the other 
hand, sexual function in women with mild and moderate prolapses may improve 
with physical rehabilitation.

On the other hand, perineal tears may have a negative impact on female sexual 
function. Ahmed et al. [36] assessed women who had third- or fourth-degree peri-
neal tears after vaginal delivery (study group), comparing them to women who 
underwent episiotomy or had minor lacerations (control group). After 12 months, 
and despite slight improvement, sexual function was significantly lower in those 
who had tears as compared to the control group. Women in the study group showed 
significant decreases in FSFI domain scores (desire, arousal, lubrication, orgasm, 
satisfaction, and pain) 12 months postdelivery [36].
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10.4.3  Urinary Incontinence

Urinary incontinence may trigger problems that may contribute to FSD, namely, 
loss of urine during coitus (coitus incontinence), night losses associated to urgency, 
and fear of bedwetting [37]. Urinary incontinence related to coitus has been 
described in two ways: urinary incontinence associated to penetration and associ-
ated to orgasm (“squirting”) [38]. Fear of malodorous and urinary incontinence dur-
ing coitus has been associated with alteration of image and self-esteem and, thus, a 
decrease in sexual activity [39].

Urinary urgency symptoms, especially in the presence of mixed urinary inconti-
nence (MUI), were associated with anxiety disturbances, mood disturbances (depres-
sion symptoms), and low quality of life related to stress urinary incontinence that 
ultimately affect sexual life. Altered sexual domains, as measured with the FSFI, 
may vary in accordance to the type of urinary incontinence: (1) urgency urinary 
incontinence may relate to a reduction of lubrication and increase of pain associated 
to sexual activity; (2) MUI has been related to a reduction of sexual satisfaction; (3) 
while stress urinary incontinence has no impact on sexual activity [40].

On the other hand, postmenopausal women with urinary incontinence had more 
severe vulvovaginal symptoms and vice versa [30]. Thus, 77.9% of women pre-
sented with at least one vulvovaginal symptom, being the three most prevalent com-
plaints dryness, irritation, and itching. In this population, urinary incontinence of 
any degree was observed in 54.9%, with 42.6% being slight to moderate and 12.3% 
severe to very severe. These issues have a negative impact on emotional well-being 
and body self-image [41]. In addition, vulvar symptoms and diseases may associate 
with a higher risk for urinary incontinence and other urinary symptoms [42].

10.4.4  Endocrine Disorders

Overt or subclinical hypothyroidism and hyperthyroidism have been associated with 
reduced sexual desire [43]. Oppo et al. [44] reported that abnormal thyroid function 
(hypo- and hyperthyroidism) significantly impairs female sexual function, as assessed 
by the FSFI questionnaire, and that restoration to the euthyroid state is associated with 
a rapid improvement of most of its domain scores. In addition, biochemical restora-
tion to euthyroidism was associated with normalization of desire, satisfaction, and 
pain domains, while arousal/lubrication and orgasm remained significantly different 
as compared to healthy euthyroid controls, in spite of some improvement of the 
orgasm [44]. Correction of hypothyroidism was associated with a normalization of 
desire, satisfaction, and pain, while arousal and orgasm remained unchanged. 
Treatment of hyperthyroid women normalized sexual desire, arousal/lubrication, sat-
isfaction, and pain, while orgasm remained significantly unchanged. It seems that the 
risk of sexual dysfunction is higher among women with nodular goiter [45].

Polycystic ovary syndrome (PCOS) is often characterized by clinical and/or bio-
chemical signs of hyperandrogenism, with or without oligo-anovulation or anovula-
tion, or polycystic ovaries. Women with PCOS have psychological (feeling less 
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attractive, less feminine, more depressed) and biological (obesity and infertility) 
factors that may negatively influence their sexual desire [46]. They have worse sex-
ual function, compromising arousal, lubrication, satisfaction, and more pain during 
the sexual intercourse, besides also having worse self-perception of their health 
condition than women with normal gonadal function. Obesity/overweight, clinical 
manifestation frequently associated to PCOS, negatively correlated to the several 
aspects of quality of life, significantly worsening physical/psychological relation 
with the environment and health aspects, but it did not correlate to female sexual 
function [47]. Infertility and alopecia were the most significant factors that contrib-
uted to a low FSFI score in women with PCOS, but other clinical characteristics 
such as hirsutism, acne, irregular menstruation, and android obesity (waist/hip ratio 
≥0.8) were not statistically significantly associated with sexual function [48].

10.4.5  Depressive Symptoms

Depressive symptoms are more prevalent in women than in men, and peculiar hor-
mone changes during reproductive years and menopause may contribute to this gen-
der difference. However, differences in socialization, education, socioeconomic 
factors, discrimination, and male factors may contribute to the high rate observed 
during female second half of life. Women with climacteric symptoms, anxiety, per-
ceived stress, and insomnia may also contribute to FSD associated with depressive 
symptoms [49]. The presence of depressive symptoms confers a 50–70% increased 
risk of sexual dysfunction, and the occurrence of the latter is associated with a 130–
210% increased risk of depression [50]. Adding a layer of complexity, most antide-
pressants are associated with decreased sexual desire [51]. In the Hypoactive Sexual 
Desire Disorder Registry for Women study, 34% of a clinical sample of women with 
acquired, generalized HSDD were found to have concurrent depressive symptoms or 
were being treated with antidepressant medications. However, 58% of women had 
not been diagnosed or treated for depression before entering the study [52].

10.4.6  Cancer

The pathogenesis of sexual problems in female cancer patients is multifactorial, 
relating to medical, psychological, physiological, and sociological factors. Although 
sexual dysfunctions affecting women with cancer belong to the same categories as 
FSD seen in the general population, addressing sexual health issues in cancer 
patients still meets multiple barriers. Cancer or its treatment may bring many emo-
tional and physical changes that induce women to feel less interested in sexual life. 
Therefore, patients with cancer are prone to neglect sexual life, with a negative 
impact on the relationships with their partners. Moreover, time constraints, reluc-
tance of physicians in investigating this aspect, and embarrassment of women to ask 
about these problems may represent further difficulties in approaching sexual prob-
lems in cancer survivors.
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Cancer by itself, as well as its treatment, may directly produce FSD [53]. 
Decreased sexual desire is a common issue for women after a diagnosis of breast 
cancer, ranging from 23 to 80% of women [54]. Sexual problems are independently 
associated with being postmenopausal (potentially provoked by chemotherapy), 
having vasomotor symptoms, and taking aromatase inhibitors [55]. Chemotherapy 
increases the likelihood of sexual complaints compared with surgery and/or radia-
tion [56]. In addition, aromatase inhibitor therapy is associated with vaginal dry-
ness, dyspareunia, and decreased sexual desire.

10.4.7  Medication-Induced Sexual Dysfunction

Chronic use of medication is frequent in postmenopausal women. The most 
 frequently used medications are antidepressants and antihypertensive drugs. This 
circumstance has to be considered both in the diagnostic and in the therapeutic 
approach.

10.4.7.1  Antidepressants
Sexual dysfunction is commonly associated with depression. Due to this, it is 
important to assess possible sexual dysfunctions before and after starting antide-
pressant therapies [57].

Selective serotonergic reuptake inhibitors (SSRIs) are known to induce sexual 
side effects, having a negative impact on quality of life [51]. Sexual dysfunctions 
have also been observed, however, less frequently, with antidepressants that increase 
noradrenaline or dopamine uptake and the 5-HT2 receptor blockers [58]. It is 
advised to discuss with the patient these aspects and the possible influence that the 
use of antidepressants could have on her sexual life, sometimes having to switch 
from serotonergic reuptake inhibitors to other antidepressants [57].

SSRIs and serotonin-norepinephrine reuptake inhibitors are the most commonly 
prescribed antidepressants [59]. Possible sexual adverse effects of SSRIs are 
decreased desire, arousal difficulties, and delayed/absent orgasm. The reported inci-
dence varies among studies and ranges from 30 to 70% [60]. Other medications 
must be considered as a possible source of sexual dysfunction in menopausal 
women. A detailed list is shown in Table 10.2.

Antidepressants known to cause sexual dysfunctions in more than 25% of users 
are fluoxetine, paroxetine, sertraline, venlafaxine, and citalopram [51]. They usually 
affect sexual desire, arousal, and orgasm. Antidepressants like bupropion, vilazo-
done, and nefazodone are known to have a low impact on sexual function affecting 
less than 5% of patients [57].

10.4.7.2  Antihypertensive Drugs
It is still not fully known if antihypertensive drugs are associated with sexual dys-
function in women. Hypertension, per se, is associated with sexual dysfunction. It 
is difficult to ascertain to what extent will the medication or the disease be respon-
sible of the sexual dysfunction [61]. In men, antihypertensive drugs like beta- 
blockers and diuretics are known to induce sexual dysfunction [62].
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Data from the Systolic Blood Pressure Intervention Trial with 690 women and 
26.5% sexually active did not find differences in sexual activity among hypertense 
women using or not using antihypertensive drugs. However, the study found that 
women taking an angiotensin-converting enzyme inhibitor or angiotensin receptor 
blocker were more likely to be sexually active than women not using these medica-
tions [63]. Data from the National Social Life, Health, and Aging Project found that 
women using diuretics had a decreased sexual activity [62].

Although further investigation is warranted, considering what is known from 
men, and the available data related from women, angiotensin-converting enzyme 
inhibitor or angiotensin receptor blockers may be considered the antihypertensive 
drugs with less impact on women’s sexual function.

10.5  General Management

After the menopause, the most common forms of sexual dysfunction are genito- 
pelvic pain/penetration disorder, sexual interest/arousal disorder, and female 
orgasmic disorder [64]. Using a stepped care approach is recommended. The 
PLISSIT model (permission, limited information, specific suggestions, and inten-
sive therapy) is still relevant and recommended to be followed when managing 
sexual dysfunction [65].

After the sexual interview, the patient’s expectations must be assessed. This is 
useful for checking up on future progress. For many postmenopausal women, sex-
ual intercourse can remain as the main target when seeking for help. Satisfactory 
sexual intercourse may be one of the goals in many cases. Another good option for 
checking progress is the use of validated questionnaires.

Table 10.2 Medications 
associated with sexual 
dysfunction

Antidepressant/mood stabilizers
  Selective serotonin reuptake inhibitors
  Tricyclic antidepressants
  Benzodiazepines
  Lithium
  Antipsychotics
Cardiovascular medications
  Beta-blockers
  Digoxin
  Lipid lower medications
Other drugs
  Oral contraceptives
  Gonadotropin-releasing hormone agonist
  Antiandrogens
  Neuroleptic medications
  Steroids
  Antiepileptics
  Antihistamines
  Anticholinergics
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For the first two steps of the PLISSIT model (permission and limited informa-
tion), the clinician must work mostly as an education provider [65]. As there is no 
standard in terms of sexuality, clinicians must avoid giving standard information and 
provide reassurance [66]. It is important evaluating all possible sexual issues before 
starting any treatment. Education about sexual anatomy, sexual physiology, and the 
changes that a woman may suffer after menopause can reduce anxiety and increase 
acceptance of the normal and pathological changes that may take place [11].

Patients have to be aware of the high prevalence of the GUSM and possible preven-
tive strategies and treatments. It is also important to focus on education aimed at 
improving the quality of sexual relationship with her partner or partners. It is common 
that the partners of postmenopausal women may also suffer of chronic medical 
conditions limiting sexual interaction. If there is a physical limitation, sexual positions 
or the use of pillows can be taught as part of the specific suggestions [67, 68].

In the third step (specific suggestions), non-pharmacologic options should ini-
tially be offered. Non-pharmacologic options include counseling, couple therapy, 
pelvic physical therapy, psychotherapy, cognitive-behavioral therapy, privacy pro-
motion, body image improvement, and the use of sexual devices. Education on 
moisturizers, lubricants, and sexual devices and on the possible need of longer fore-
play should also be offered. Studies refer that more than 50% of patients describe 
their treatment as successful after sex therapy [69].

Sensate focus therapy is actually used in most of sexual dysfunctions after meno-
pause. Patients are taught to perform graded series of sensual touching exercises. The 
objectives of sensate focus therapy are to improve intimacy and reduce sexual- related 
anxiety while restarting sexual activity gradually. Sensate focus therapy is known to 
have an important effect on sexual satisfaction and improve symptomatology [70].

When sexual dysfunction has been suffered for a long period, or is complicated 
with other comorbidities, education may not be enough, and a specialized sex ther-
apy may be indicated, starting the last step (intensive therapy) [71].

10.5.1  Genito-Pelvic Pain/Penetration Disorder

The genito-pelvic pain/penetration disorder is defined when one of the following 
criteria is presented: pain experienced during attempted or as a result of vaginal 
penetration; pain, fear, or anxiety in anticipation to intercourse; and tensing of the 
pelvis in response to attempted penetration [9].

Genito-pelvic pain/penetration disorder is common among postmenopausal 
women. There are specific conditions in relation to climacteric that can lead to or 
worsen genito-pelvic pain/penetration disorder. These specific conditions are the 
GUSM, pelvic floor disorders, and pharmacology-related problems.

10.5.1.1  The Genitourinary Syndrome of Menopause
The GUSM is defined as the combination of signs and symptoms associated with 
estrogen deficiency that appear in the external genitals, pelvic floor, vagina, urethra, 
and bladder, which are generally associated to sexual dysfunction [72]. The term 
was intended to be more inclusive with other symptoms that are not limited to the 
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vulva and the vagina [73]. It is estimated that the GUSM is present in 50% of post-
menopausal women, from 25% in perimenopausal women to 70% in women over 
70 years [74]. However, appropriate treatment of different vulvovaginal and urinary 
complaints requires individual assessment of its components in order to provide a 
more successful treatment and results [75]. Despite the promotion of some “magic” 
(panacea) treatments for the syndrome, women still complain because some present 
a mix of clinical entities that do not respond to a single intervention.

As previously mentioned, low genital tract atrophy is highly prevalent in post-
menopausal women, and symptoms’ severity is progressive. Vaginal moisturizers 
and topical estrogen applications have been recommended for decades and still have 
a place, especially among young postmenopausal women [26]. However, their effi-
cacy is reduced over time since menopause onset increases. A new approach to 
prevent and treat vulvovaginal atrophy could be based on the vaginal use of DHEA-S 
or prasterone. Several double-blind, placebo-controlled, randomized trials have 
shown that daily intravaginal 0.50% prasterone improves moderate to severe dyspa-
reunia and dryness [76]. Oral use of ospemifene is also a good option for women 
who are not candidates or do not wish to use vaginal treatments [77].

10.5.1.2  Pelvic Floor Disorders
Pelvic organ prolapse or incontinence can be a physical impediment to sexual inter-
course. In addition, prolapse and incontinence often lead to a deterioration of the 
body image and to the capacity of feeling sexually attractive [78]. Urinary and fecal 
incontinence, per se, can cause sexual dysfunction. These problems usually require 
surgery as a treatment, being sexual satisfaction after pelvic surgery influenced by 
the type of performed surgery [79]. Hysterectomy for organ prolapse has been 
reported as having a positive effect on sexual functioning [80]. Total vaginal meshes 
are associated with an increase in dyspareunia [81].

General recommendations for managing patients with pelvic floor disorder and 
sexual dysfunction are:

• Pelvic floor muscle training has demonstrated an improvement in desire, arousal, 
and orgasm and should be recommended [82].

• Weight control is recommended as an essential part of the specific suggestions. 
Increased BMI represents a risk factor for both urinary incontinence and sexual 
dysfunction [83].

• A careful individualized selection of patients and materials prior to any pelvic 
floor surgery or implantation of vaginal meshes is recommended [79].

10.5.2  Female Sexual Interest/Arousal Disorder

The female sexual interest/arousal disorder is defined by the presence of at least 
three of the following criteria: reduced/absent interest in sex, few erotic thoughts or 
fantasies, decreased start and rejection of sex, little pleasure during sex most of the 
time, decreased interest in sex even when exposed to erotic stimuli, and little genital 
or non-genital sensations during sex most of the time [9].

10 Screening and Management of Female Sexual Dysfunction During the Second…



178

As defined in the DSM-4, the HSDD is currently part of the female sexual interest/
arousal disorder. The loss of desire is estimated to affect more than 40% of all post-
menopausal women, being the most common sexual disorder in this population [12, 
84]. The management of the HSDD starts, as stated in the “general management” 
epigraph, with a stepped care approach. Simultaneously or if the non- pharmacological 
approach fails, there are specific pharmacological treatments for HSDD.

10.5.2.1  Hormone Therapy
Despite knowing that the level of circulating hormones poorly correlates with 
observed sexual function, hormone therapy has shown to improve sexual function in 
specific groups of postmenopausal women [85–87].

Estrogens have been suggested as a possible treatment for HSDD. Obtained evi-
dence from the Women’s Health Initiative shows that systemic estrogen did not 
improve sexual satisfaction or desire [88]. Testosterone has been studied and used for 
the HSDD. Due to adverse effects, most of the presentations are no longer available, 
and the use of testosterone is almost restricted to topical formulations. Common side 
effects related to the use of testosterone include decrease of high- density lipopro-
teins, hirsutism, acne, and virilizing changes with high dosages [89, 90]. However, 
the UK NICE Menopause Guideline recommends testosterone supplementation for 
menopausal women if hormone replacement therapy alone is not effective [91], but 
no pharmaceutical preparation has been approved in most countries.

Systemic DHEA failed at improving sexual desire in peri- and naturally post-
menopausal women but was effective when used in women with adrenal insuffi-
ciency [92]. However, a more recent evidence from a meta-analysis suggests that 
DHEA-S supplementation may improve female sexual function, although with 
some androgenic side effects [93].

Tibolone has shown to improve sexual function and the satisfactory sexual event 
rate. In a randomized controlled trial, women using oral tibolone experienced a 
greater increase in the satisfactory sexual event rate and a reduction in sexuality- 
related personal distress, compared to the control group using estrogen plus nore-
thisterone [94–96]. The oral use of ospemifene has shown to significantly increase 
total FSFI scores when compared to placebo, in the domains of sexual pain, arousal, 
and desire but only among women suffering of GUSM [77].

The use of vaginal DHEA for 12 weeks may improve four domains of sexual 
function and the desire domain as assessed with the Menopause Specific Quality of 
Life and Abbreviated Sex Function questionnaires in comparison to placebo. The 
arousal domain was improved by 68%, arousal/lubrication by 39%, orgasm by 75%, 
and dryness during rapport [97].

10.5.2.2  Central-Acting Agents
Flibanserin is the only drug in the USA approved by the Food and Drug 
Administration for female HSDD [98]. Flibanserin is a serotonin receptor 1A ago-
nist/serotonin receptor 2A antagonist that causes a transient central decrease of 
serotonin and an increase of dopamine and norepinephrine in selected brain areas. 
Daily oral use of 100 mg of flibanserin at bedtime has shown to increase sexual 

A. M. Fernández-Alonso et al.



179

desire, improve the number of satisfactory sexual events, and reduce distress associ-
ated with low sexual desire in postmenopausal women [99, 100]. Most frequent 
adverse effects include dizziness, somnolence, nausea, fatigue, and hypotension 
making 8–13% of women discontinue the drug [101].

Bupropion is a commonly used antidepressant. Bupropion is a norepinephrine 
and dopamine reuptake inhibitor with no direct serotoninergic effect. In clinical tri-
als bupropion has shown to improve sexual satisfaction, function, and desire in pre-
menopausal women when compared to placebo [102].

Bremelanotide is a melanocortin 3 and 4 receptor agonist. In clinical trials 
bremelanotide has shown to increase the number of sexually satisfying events in 
premenopausal women [103]. No randomized controlled trials have been performed 
in postmenopausal women. Currently a subcutaneous formulation is being studied. 
It is administered 45 min before anticipated sexual activity.

10.5.2.3  Natural Remedies
Tribulus terrestris is an annual plant that might increase levels of bioavailable tes-
tosterone. It has been used in traditional Indian medicine for the improvement of 
sexual function. A randomized, placebo-controlled trial of 30 premenopausal 
women in each group showed an improvement in desire, arousal, lubrication, satis-
faction, and pain domains of the FSFI [104].

Trigonella foenum-graecum is a traditional herbal drug and spice. In a random-
ized, placebo-controlled trial of 115 women (Trigonella n = 59 and placebo n = 56) 
experiencing menopausal symptoms, treatment with Trigonella foenum-graecum 
seed extract significantly improved sexual function [105].

10.5.3  Female Orgasmic Disorder

The female sexual orgasmic disorder is defined by reduced intensity, marked delay, 
infrequency, or absence of orgasm [9]. The female orgasmic disorder is commonly 
associated with female sexual interest/arousal disorder; due to this, most of the 
treatments described for female sexual interest/arousal disorder are useful when 
treating patients affected with female orgasmic disorder. Specific treatments for the 
female orgasmic disorder include directed masturbation, coital alignment, sexual 
enhancement products, and specific pharmacological treatments such as phosphodi-
esterase type 5 inhibitors and oxytocin.

Masturbation training consists of gradual series of exercises starting with genital 
auto-exploration, followed by arousal stimuli and ending in masturbation to orgasm 
(normally in 10–11 sessions) [106]. Various trials have evaluated masturbation 
training, showing that it increases orgasm consistency, sexual self-acceptance, and 
sexual pleasure [107].

The coital alignment technique helps improving the frequency of orgasms when 
having intercourse with a male partner. The coital alignment technique is a variant 
of the missionary position. The male partner lies above the woman and moves 
upward until the dorsal side of his penis presses against the clitoris [108]. 
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Improvement in orgasm consistency and sexual pleasure has been observed after 
using the coital alignment technique [108, 109].

Vibrators and sexually explicit media are often used in masturbation training 
when enhancing sexual stimulation is needed. Vibrators produce a different orgas-
mic pattern; they allow more frequent and faster orgasms. It must be taken into 
consideration that some women may not consider a faster orgasm a better orgasm 
[110]. Considering that postmenopausal women may not know much about differ-
ent sizes and types of vibrators and dildos, there is a need for attending physicians 
to know about the different sizes and materials [111]. Some products may be com-
fortable for vaginal or anal insertion, but others can cause genital trauma.

Phosphodiesterase type 5 inhibitors have some benefits on arousal and orgasmic 
function. These drugs work augmenting genital blood flow through the guanosine 
monophosphate and nitric oxide system. Most studies regarding phosphodiesterase 
type 5 inhibitor use do not show a clear clinical improvement in women. 
Phosphodiesterase type 5 inhibitors do not act on central mechanisms associated 
with subjective sexual experience; this may be the reason why there is no evidence 
of improvement on women’s sexual subjective experience [112].
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11.1  Introduction

According to the definition of the International Society for the Study of Women’s 
Sexual Health and the North American Menopause Society, genitourinary syn-
drome of menopause (GSM) describes all symptoms and signs related to exter-
nal genital, urological, and sexual complaints secondary to hypoestrogenism 
during menopause [1]. GSM is a more inclusive term than the term previously 
used as vulvovaginal atrophy, atrophic vaginitis, or urogenital atrophy. GSM is 
quite commonly seen among premenopausal (15%) and postmenopausal (50%) 
women [2–4]. GSM usually remains underdiagnosed and remains untreated. 
Because either the women may be reluctant to mention about their most confi-
dential problems or the clinicians may ignore to ask for the specific symptoms 
for GSM.  It has been remarked that the prevalence of GSM increased by the 
years after menopause [5].

Although GSM is commonly seen during menopausal period, it may be observed 
during reproductive period. In the reproductive period, GSM can be related to other 
physiological or iatrogenic conditions and disorders associated with hypoestro-
genism such as women taking oral contraceptives (OCs), those with breast cancer 
receiving aromatase inhibitors (AIs) and selective estrogen receptor modulators 
(SERMs), those using gonadotropin-releasing hormone agonist (Gn-RHa) because 
of different gynecological diseases, and women with hyperprolactinemia or during 
lactation and hypothalamic amenorrhea.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-13936-0_11&domain=pdf
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11.2  Symptoms and Signs

Symptoms and signs of GSM can be usually evaluated in two categories: genito- 
sexual and urological. Genito-sexual symptoms are related with the vulvovaginal 
atrophy. Most common symptoms are vaginal dryness, dyspareunia, loss of libido, 
lubrication, arousal and dysorgasmia, bleeding or spotting during intercourse, 
vulvovaginal pain, feeling of pressure, leukorrhea, irritation, burning, tenderness, 
itching, and vulvovaginal color changes. Since thin vulvovaginal epithelium is 
inadequately lubricated, intercourse can bring about ulceration and fissures caus-
ing dyspareunia and bleeding. Painful intercourse can induce the anxiety toward 
expected sexual act. Most common signs in the examination of lower genital tract 
are thinning or pallor of vaginal epithelium, loss of vaginal rugae, increased vaginal 
friability, intravaginal retraction of urethral meatus, vaginal stenosis and shorten-
ing, reduced vaginal-cervical secretion, increased vaginal PH (alkaline), vaginal 
vault prolapse, cystocele-rectocele-uterine descensus, sagging labia majora due to 
decreased turgor and elasticity, labial atrophy and shrinkage, fusion of labia minora, 
shrinkage of clitoris, atrophy of Bartholin glands, introital stenosis, thinning and 
whitish-reddish color of vulvar skin, and thin gray sparse pubic hair.

On the other hand, most commonly seen urological symptoms and signs result 
from the uroepithelial atrophy and cystocele. These symptoms are urinary fre-
quency, urgency, dysuria, hematuria, nocturia, postvoid dribbling, stress and/or urge 
incontinence, and recurrent urinary tract infection. During examination someone 
can detect the urethral prolapse, polyp, caruncle, retraction of the urethral meatus 
inside the vagina, cystocele, and stenosis of urethral meatus.

Various epidemiological studies suggested that the vulvovaginal discomfort such 
as dryness, dyspareunia, itching, burning, and soreness was more prevalent than the 
urological symptoms (dysuria, urgency, frequency, or incontinence) [5–7]. Most 
common signs were found as mucosal dryness, loss of vaginal rugae, thinning of the 
mucosa, fragility, and petechial bleeding.

On the other hand, it has been noticed that GSM was more prevalent and severe 
in postmenopausal breast cancer survivors who were especially on chemotherapy 
or hormonotherapy than the normal postmenopausal women [8]. Although both AIs 
and SERMs are most frequently used drugs as an adjuvant therapy for women with 
breast cancer, AIs have better outcomes than SERMs [8–10]. These two drugs are 
recommended to be used at least 5 years in order to reduce the recurrence of risk 
and death [9]. Although functional mechanisms of these drugs are different, GSM is 
more severely experienced by AIs users than SERMs.

11.3  Pathophysiology

In the female urogenital area, the vulva is covered by keratinized stratified squa-
mous epithelium, whereas the vestibule, urethra, and vagina are covered by nonke-
ratinized stratified squamous epithelium. Beneath the uro-vaginal epithelium, there 
are three distinctive layers: (1) connective tissue layer, (2) muscular tissue layer, 
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and (3) adventitia. In addition, there is a very rich blood vessel network nourishing 
these anatomic structures. During the embryologic development of female geni-
talia, trigone of the bladder, urethra, vestibule, and lower two thirds of the vagina 
arises from the urogenital sinus. Therefore, all anatomic and histologic structures of 
female urogenital area express estrogen receptors (both alfa and beta) [2, 8, 11, 12].

Estrogen proliferates the stratified squamous epithelium. Basal cell layers of the 
vaginal epithelium store glycogen under the influence of estrogen. Predominantly 
present Lactobacillus metabolizes glucose into lactic acid which lowers the vaginal 
pH to maintain an acidic milieu. Estrogen increases the blood flow in this region [2, 
8, 11, 12]. Estrogen induces the collagen-elastin synthesis and production of gly-
cosaminoglycan matrix of the connective tissue [13, 14]. Estrogen also stimulates 
local production of some substances (cytokines, growth factors) which may play an 
important role in the regeneration of the genital tissue [13, 14]. Estrogen reduces 
the inflammatory response of the genital tissue. Estrogen restores the number of 
sensory nerve ends in the vulvar region [13, 14].

Therefore, estrogen provides the strength of the epithelium, connective and stri-
ated muscle tissue in the urogenital region. Expandability and distensibility of vagi-
nal wall increase, rugae formation appears, vulvovaginal secretion increases, and 
vaginal PH decreases. All conditions which lead to estrogen deficiency cause symp-
toms of urogenital atrophy as mentioned above.

11.4  Quality of Life (QoL)

The QoL of an individual is usually described as a status of being healthy, comfort-
able, and able to participate in or enjoy life events. There are generic and disease- 
specific questionnaires in order to measure the impact of GSM on QoL. However, 
the measurement of QoL for GSM has many limitations. There is not a unique ques-
tionnaire addressing the whole issue of GSM. Since the vaginal discomfort is more 
frequently encountered in the clinics, the impact of urological symptoms or symp-
toms due to vulvar discomfort on QoL is usually neglected. According to the new 
classification of the American Psychiatric Association, genital pain and penetration 
disorder cause female sexual dysfunction [15]. Genital pain and penetration disor-
der per se can also trigger the hypoactive sexual desire disorder. Therefore, a doctor 
should investigate the possible complicated sexual life of a woman with GSM in 
order to understand the impact of vaginal discomfort on QoL. At this point, either 
women may be reluctant to open themselves to their doctors about the problems 
because of personal embarrassment and cultural reasons, or the doctors may not ask 
the required questions during consultation, since they feel uncomfortable to discuss 
the sexual issues or have a lack of knowledge about the problems and treatment 
options [15]. In a recent review article, it has been stated that only 40% of health-
care professionals have asked and talked about their patients’ sexual lives [15].

In terms of giving an idea, the Real Women’s View of Treatment Options for 
Menopausal Vaginal Changes (REVIVE) survey claimed that 56% of the par-
ticipants reported their symptoms regarding the vulvovaginal atrophy with their 
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health-care professionals [7]. On the other hand, European arm of the REVIVE 
study reported that health-care professionals asked and talked about symptoms due 
to vulvovaginal atrophy with 62% of the postmenopausal women participating the 
survey [16]. Nevertheless, only 10% of the participants initiated the conversation. 
Recently, the Women’s EMPOWER Survey informed that most of the participants 
were unaware of the symptoms of vulvovaginal atrophy and they did not realize 
that the condition was a health issue [17]. Instead, these postmenopausal women 
accepted their symptoms related to vulvovaginal atrophy as a natural part of aging. 
Moreover, 50% of the women in this study had never used a treatment, and 70% of 
them had never discussed their symptoms with their health-care professionals.

More or less different studies showed the same results regarding the nega-
tive impact of vaginal discomfort and dryness due to vulvovaginal atrophy on 
sexual life, self-esteem, emotional well-being, and in summary overall QoL [6, 
7, 18–20]. The Clarifying Vaginal Atrophy’s Impact on Sex and Relationships 
(CLOSER) survey included 1000 North American menopausal women with their 
male partners [20]. The majority of male participants of this study reported vagi-
nal dryness as a cause of avoidance of intimacy (78%), loss of libido (52%), and 
painful sex (59%).

The other issue is the assessment of QoL in sexually inactive women. Therefore, 
the new questionnaire which would address the sexually inactive women should be 
developed and validated for the assessment of QoL.

11.5  Examination and Assessment

Careful history taking and examination are the essential parts to identify the impact 
of GSM on QoL.  In the history, previous medical, surgical, gynecological, and 
obstetric predisposing risk factors to GSM should be identified. Especially other 
hypoestrogenemic states such as women taking OCs, AIs, SERMs, Gn-RHa, che-
motherapy, and radiotherapy and women with hyperprolactinemia or hypothalamic 
amenorrhea, and women undergone to oophorectomy should be investigated in 
detail. Habits related with genital hygiene such as the use of soaps, bath gels, pow-
ders, lubricants, condoms, pads, tampons, and panty liners or habits to trim or shave 
the pubic hair should be also asked. Patient’s sexual history should include the dura-
tion of partner relationship, frequency and quality of sexual activity, and presence 
of a previous sexually transmitted disease. Lifestyle, diet, exercise, smoking, and 
alcohol consumption should be taken into consideration.

Most bothersome component of GSM should be determined. The severity and 
duration should be explored. As mentioned above, since many patients perceive that 
GSM is an embarrassing issue, they are reluctant to talk about it. Therefore, as the 
North American Menopause Society (NAMS) suggested, the health-care profes-
sionals should be proactive in inquiring the GSM [21].

In the examination, the whole genital area including the vaginal canal and cervix 
should be carefully evaluated. The vagina may not have normal rugae form and 
may show thin-pale, shiny epithelium. There may be some erythematous patches 
or yellowish-green discharge on the vaginal wall. Vaginal canal may have become 
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narrow and short, and cervical and vaginal secretions may be absent. Therefore, 
vaginal canal may be stenotic and dry. As a result, during the vaginal speculum 
insertion, the patient feels pain. Therefore, the small-sized vaginal speculum should 
be preferred. Someone should also evaluate to determine the pelvic organ prolapse 
into the vaginal canal.

Inspection of the vestibule and retraction of the urethra toward vaginal canal, 
urethral caruncle, polyp, prolapse, or stenosis should be looked for. Stenosis of the 
vaginal introitus should be noted. Digital exam may elicit the tonus of the pelvic 
floor muscles whether they are tense or relax. Digital exam is also important to 
assess the factors which lead to sexual dysfunction.

The entire vulva, from the mons pubis to the anus, should be inspected, espe-
cially the clitoris, prepicium, labia minus, and labia majora. Dermatological lesion 
should not be missed out. Labial fusion, shrinkage of the clitoris, and sagging labia 
majora should be noted. Any change in color, turgor or presence of fissure, erosion, 
ulceration, finally pubic hair, Bartholin glands, and perianal area should also be 
checked.

During the examination of the genital area, vaginal smear test and PH measure-
ment should be done for the assessment of vaginal health. Any suspicious lesion in 
the vulvovaginal area should be stained by Toluidine blue, and biopsy should be 
taken in order to exclude a malignancy. Biopsy may also be performed to differ-
entiate some dermatological lesions. Q-tip test may help in the diagnosis of stress 
urinary incontinence. Q-tip can also be used to identify the painful area in women 
suffering the vulvodynia. Of course, in order to complete the exam, transvaginal 
ultrasonography is going to give us additional information regarding the uterus, 
endometrium, and adnexa.

11.6  Treatment Options

GSM is a chronic condition and requires long-term therapy. The essential of the 
therapy should aim to maintain normal vulvovaginal physiology. The therapy of 
GSM includes lifestyle modifications and non-hormonal, hormonal, and laser 
treatments.

11.6.1  Lifestyle Modifications

Recently as suggested by the European Menopause and Andropause Society 
(EMAS), optimizing the lifestyle modifications for maintaining postreproductive 
health should be the principal purpose [22]. Since smoking is a risk factor leading 
to hypoestrogenism, it may worsen the GSM [2, 4, 23]. Being overweight is associ-
ated with two- to fourfold increased risk of GSM compared to normal women [11]. 
Exercise, especially strengthening the pelvic floor muscles, may reduce the GSM 
[24]. Sedentary lifestyle may increase the GSM [5]. Continuation of sexual activity 
may prevent the GSM [2, 4, 5]. Overall, sexual activity may have a positive impact 
on maintaining the normal vulvovaginal physiology in climacteric women.
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11.6.2  Moisturizers and Lubricants

The North American Menopause Society [NAMS] recommends the vaginal lubri-
cants and moisturizers as first-line therapy for GSM [21].

Moisturizers contain plant-based or synthetic (mostly polycarbophil-based) 
polymers for adhering the epithelial cells on the vaginal wall. These substances 
save and release water into the epithelium to hydrate till the balance of the water 
content inside the epithelium is equalized. Hence, moisturizers optimize the water 
content of the epithelium. Moisturizers lower the vaginal PH as well. They help 
the tissue regeneration and maintain the tissue integrity. Therefore, moisturizers 
should be continuously used for a long term [2, 4, 12, 25]. The Endocrine Society 
has recently suggested the vaginal moisturizers to be used at least twice weekly in 
women with GSM [26].

On the other hand, lubricants are applied to the vulvovaginal area and only used 
during sexual intercourse. They prevent the dryness and friction which may cause 
vaginal irritation, burning, bleeding, or discomfort. Lubricants may be used con-
comitantly with moisturizers. Lubricants are different types of products which may 
be water-, oil-, silicone-, or hyaluronic acid based. In the market, different lubri-
cants have varying different features in terms of pH and osmolality. Higher osmo-
lality may cause irritation and damage the epithelium of the vaginal wall. Glycol 
content of the lubricants determines osmolality of the lubricants, whereas paraben 
content in the lubricants which is stated as an endocrine-disrupting chemical due 
to the weak estrogenic activity may have a role in carcinogenesis [27, 28]. The PH 
of the lubricants should be the same as in the vagina of a reproductive woman [2, 
4, 12, 25]. While the petroleum content in some lubricants may increase the risk of 
bacterial vaginosis, oil content may increase the Candida species [29].

In conclusion, the right moisturizers and lubricants provide similar moisture, 
PH, osmolality, and microbiata of the normal vaginal epithelium to an atrophic, dry 
vaginal epithelium. Vaginal secretion resembles those of normal vaginal epithelium 
during the reproductive period. Hence, they facilitate sexual intercourse by prevent-
ing the vaginal dryness, pain, and discomfort. In addition, ideal moisturizers and 
lubricants should not cause adverse reactions. Since the hormonal use is contra-
indicated in women with breast cancer (BC), both moisturizers and lubricants can 
effectively be a choice of treatment [30].

11.6.3  Hormonal Treatments

Hormonal treatments can be applied as local or systemic route. Estrogens, andro-
gens, SERMs, and selective tissue estrogenic activity regulator (STEAR) are used 
for the treatment of GSM.

11.6.3.1  Local or Systemic Estrogen Therapy
Estrogen therapy is an effective treatment for women with GSM. Estrogen restores 
the normal vaginal secretion, microbiota, PH, epithelial color, and appearance. It 
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increases epithelial proliferation up to the superficial layer, hence, the vaginal matu-
ration index. Estrogen stimulates the glycogen storage in the superficial squamous 
cells. Lactobacilli are dominant in the vaginal milieu in the presence of estrogen. 
Therefore, in the dominance of Lactobacilli, production of lactic acid from the gly-
cogen lowers the vaginal PH. Estrogen also induces the collagen synthesis in the 
connective tissue layer surrounding the vagina which maintains the elasticity, coapt-
ability, and integrity of the vagina. Estrogen does not only display those effects on 
the vagina but also on all other tissues having the estrogen receptors in the urogeni-
tal area.

Currently in the market, a wide variety of local vaginal estrogen products are 
available for the treatment of GSM. These are estradiol-containing tablets and rings; 
estriol pessaries, creams, and ovules; and conjugated estrogens. According to the 
guidelines of many international societies concerned with menopause, all doses and 
types of local estrogen preparations, currently available, are effective in the treat-
ment of GSM [21, 22, 26, 31–34]. Those are especially effective in the improvement 
of vaginal dryness, discomfort, dyspareunia, dysuria, urgency, frequency, recur-
rent urinary tract infections, and incontinence. Indeed, the Cochrane 2016 review 
pointed out that there was no evidence of a difference in efficacy in the treatment 
of vaginal atrophy between the various intravaginal estrogenic preparations [35]. It 
also signified no evidence of a difference in adverse events (such as vaginal irrita-
tion, itching, or discharge) in various estrogenic preparations. However, the most 
appropriate dose, regimen, duration of use, and route of administration should be 
carried out for effectiveness and safety issues in the treatment of GSM when the 
estrogen application is considered [34]. Therefore, lower dose and limited duration 
of use (less than a year) of these vaginal preparations usually do not need the use of 
progesterone to encounter the unopposed estrogen for the protection of endometrial 
hyperplasia [21, 31–36]. Recently, it has been reported that vaginal softgel cap-
sule containing solubilized estradiol might provide an alternative choice to current 
local treatment for postmenopausal women with GSM [37, 38]. This softgel has 
an advantage of applying without the need of an applicator and being adhesive to 
the vaginal epithelium. The treatment of the GSM with the lower dose of vaginal 
estrogens does not have any impact on exceeding the levels of serum estrogen con-
centration above the postmenopausal levels [12]. At the beginning of the therapy, 
the vaginal estrogen absorption due to the atrophy may be excessive, but later, the 
absorption rate decreases.

On the other hand, the main indication for systemic hormone therapy (HT) 
administering either oral or non-oral route is the vasomotor symptoms. Beyond the 
vasomotor symptoms, GSM is another indication for the use of systemic HT. HT 
is given as estrogen plus gestagen to a woman with intact uterus but given as only 
estrogen to a woman without a uterus. The chronic use of systemic unopposed estro-
gen therapy can cause a stimulation on the endometrium leading to proliferation, 
hyperplasia, and finally carcinoma. There are also unusual side effects of systemic 
HT such as breast tenderness, vaginal bleeding or spotting, nausea, and weight 
gain. Systemic HT may have an increased risk of stroke, venous thromboembolism, 
coronary heart diseases, and breast cancer depending upon some variables (such as 

11 Current Treatment Modalities for the Genitourinary Syndrome of Menopause



194

age, the time between the last menstrual period and the initiation time for the HT, 
estrogen- only or estrogen plus progestin therapy, type and administration route of 
estrogens and progestins) [26, 32, 34]. Oral systemic HT may not relieve hundred 
percent of the GSM (75% relief) as even the vasomotor symptoms (85% relief) [39]. 
Oral estrogen administration may increase the hepatic production of sex hormone-
binding globulin, then may cause a decrease in the free form of estradiol in the 
circulation. Therefore, non-oral route such as patches and gels may be preferred in 
women with GSM who do not give a sufficient response to orally administered HT.

Systemic HT is contraindicated for breast cancer survivors suffering from GSM 
while they are using adjuvant hormone therapy [9, 10]. Non-hormonal management 
should be the first choice in the treatment of breast cancer survivors with GSM [3, 
15]. Although there is not a solid evidence regarding the safety issue of using the 
vaginal lower dose of estrogens in these women, ultralow dose of local estriol or 
very low-dose (4 μg) softgel capsule of estradiol may be offered for the shortest 
time [38, 40]. Since AIs especially reduce the blood estradiol level, low-dose vagi-
nal estrogens should not have any increased impact on BC. Management should be 
based on consulting the situation with the oncology team and having information 
about the patient’s preference, need, and perception regarding the benefits and risks. 
Informed consent should absolutely be provided.

There is no scientific evident data that local vaginal estrogens increase the 
risk of breast and endometrial cancer and thromboembolism in women with 
GSM. Local vaginal estrogens do not treat the vasomotor symptoms nor prevent 
the osteoporosis.

11.6.3.2  Tibolone
Tibolone is structurally related to 19-nortestosterone derivatives and exhibits 
weak estrogenic, progestogenic, and androgenic activities [41]. Tibolone is pri-
marily metabolized into δ4, 3β-hydroxy, and 3α-hydroxy isomers. These isomers 
have different binding affinities for estrogen, progesterone, and androgen recep-
tors. Tibolone has estrogenic effects on vaginal tissue, whereas it shows androgenic 
effects in the brain. Therefore, tibolone improves vaginal dryness, reduces dyspareu-
nia, and increases libido. Unfortunately, tibolone should not be used in breast cancer 
survivors with GSM because of a significant increase in cancer recurrence rate [42]. 
In summary, tibolone may be a good alternative choice for postmenopausal women 
with GSM, especially suffering from sexual dysfunction not only due to genital pain 
and penetration disorders but also due to hyposexual desire disorders.

11.6.3.3  Selective Estrogen Receptor Modulators (SERMs)
SERMs exhibit tissue-specific estrogen receptor agonistic or antagonistic activity. 
Different SERM compounds show different effects in the different tissue having 
different molecular and functional complexity of the estrogen receptors, mainly 
different expression patterns of estrogen receptor alpha and beta [43]. SERMs 
interact with different coactivator and corepressor molecules, and then they cause 
a conformational change in the complex of estrogen receptor dimer and in the gene 
expression [44]. Most of SERMs show estrogen receptor agonistic activity on bone, 
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whereas most of them have an antagonistic effect on the breast. Moreover, exclud-
ing bazedoxifene, all other SERMs display the agonistic activity on estrogen recep-
tors in the endometrium [44].

Ospemifene from the SERM family is recently used for the treatment of symp-
toms due to vulvovaginal atrophy in women who do not want to use estrogen-based 
therapy or have a contraindication to use the estrogen. Ospemifene has agonistic 
effects on vaginal tissue [45]. Recommended dose (60  mg/daily) of ospemifene 
ameliorates dyspareunia and vaginal dryness and improves the maturation index 
and vaginal PH [45–47]. A very recent publication of six, phase II and III random-
ized, double-blind, multicenter placebo-controlled studies, evaluating the effects of 
ospemifene 60  mg on the breast, cardiovascular system, and bone in postmeno-
pausal women, has reported that the most commonly reported treatment-emergent 
adverse events (TEAEs) with ospemifene were hot flush (8.5%) and urinary tract 
infection (6.5%) [48]. Discontinuation of ospemifene due to TEAEs was found to 
be low (7.6%). When the long-term use (up to 52 weeks) of ospemifene for the 
treatment of GSM was evaluated in terms of adverse effect on breast cancer, car-
diovascular disease, deep vein thrombosis, and endometrial stimulation, it seemed 
to be safe. But, there does not exist solid evidence regarding the safety issue of 
ospemifene use in the breast cancer survivors as well as the evidence regarding the 
efficacy issue on urologic components of the GSM [9, 10, 49].

11.6.3.4  Tissue-Selective Estrogen Complex (TSEC)
The TSEC is a compound which comes from merging a SERM (bazedoxifene, 
BZA) and an estrogen (conjugated equine estrogen, CEE). Therefore, an ideal 
TSEC would combine the estrogenic agonistic activities (on vasomotor symptoms, 
vulvovaginal atrophy, and bone) with the estrogen-antagonistic activities (on the 
endometrium and breast).

Indeed, a review of the randomized controlled studies regarding the efficacy of 
a certain type of TSEC compound (BZA plus CEE) has clearly shown the improve-
ment in the maturation of the vaginal epithelium and PH [26, 49, 50]. An increase 
in the percentage of superficial cells while a decrease in the parabasal cells was 
observed. It has been reported that there was a reduction of the severity in GSM 
including dyspareunia, vaginal dryness, itching, and burning, in both two different 
doses of BZA plus CEE (20 mg BZA plus 0.425 mg CEE and 20 mg BZA plus 
0.625 mg CEE). Moreover, BZA plus CEE-specific TSEC reduces the hot flushes 
and sleep quality and subsequently improves the quality of life. It has a positive 
impact on the bone, whereas it exerts estrogen-antagonistic activity on the breast 
and endometrial tissue. But there is no solid evidence regarding the safety issue of 
BZA plus CEE use in the breast cancer survivors as well as the evidence regard-
ing the efficacy issue on urologic components of the GSM [9, 10, 26, 49]. Venous 
thromboembolism risk of BZA plus CEE should not be ignored.

11.6.3.5  Local Androgens
Although the prescription of testosterone is very common for the treatment of hypo-
active sexual desire disorder in women, the FDA has not approved testosterone as a 
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therapy option because of the lack of evidence regarding the long-term safety issue 
[51]. On the other hand, androgen receptors present throughout the urogenital tract. 
After menopause not only a decrease in estradiol levels in the circulation is seen, but 
also a decrease in circulating levels of testosterone is detected. In accordance with 
this decrease in testosterone levels in the circulation, there is an extinction of andro-
gen receptors in the tissue of the urogenital tract likewise all other different types 
of tissues expressing the androgen receptors. However, androgen supplementation 
induces the replenishment of androgen receptors in the tissue of the urogenital tract 
[52]. In addition, the vaginal epithelium expresses the aromatase activity which 
converts the androgens to estrogens [53].

Recently, the use of intravaginal testosterone for treatment of vulvovaginal atro-
phy in women has been reviewed for efficacy and safety issues in six clinical tri-
als of which three included the women taking AIs [54]. The publication suggests 
that intravaginal testosterone decreases vaginal pH, provides the vaginal dominance 
of Lactobacilli, and improves the vaginal maturation index [53]. GSM, including 
dryness and dyspareunia, is improved significantly by the application of intravagi-
nal testosterone. However, there are some weak points of the studies such as the 
duration of the use of intravaginal testosterone, the number of patients, the lack of 
placebo group, and finally the uncertainty of the effect on sexual function. These 
prevent us to reach a firm conclusion regarding the safety and efficacy of intravagi-
nal use of testosterone.

Another weak androgen is dehydroepiandrosterone (DHEA) which is mainly 
produced in surrenal gland and has been recently used for the treatment of GSM 
[55, 56]. DHEA starts to decrease at around the age of 30. For insufficient produc-
tion of estrogens and androgens after menopause, DHEA becomes the exclusive 
source for these sex steroids in peripheral tissues. Indeed, each peripheral tissue 
having the ability of expression of some specific steroid-forming enzymes trans-
forms DHEA into the appropriate small amounts of estrogens and androgens for the 
absolutely intracellular and local action [57]. On the other hand, there are intracel-
lular steroid-inactivating enzymes in humans which inactivate the estrogens and 
androgens at the site where they are synthesized inside the cell.

Local use of vaginal DHEA successfully treats women with GSM. The clini-
cal data regarding the small dose of intravaginal DHEA shows an improvement in 
the vaginal maturation index and PH without significant changes in serum estra-
diol and testosterone levels [57]. Intravaginal DHEA provides improvement in 
sexual desire/interest, arousal and orgasm and lessens pain during sexual activity. It 
relieves dyspareunia, vaginal dryness, irritation, or itching without systemic effect. 
It also ameliorates vaginal epithelial thickness, integrity, and color and increases 
the vaginal secretion [55]. It can be concluded that the daily intravaginal admin-
istration of 0.50% (6.5 mg) DHEA is effective in the treatment of GSM without 
systemic effect. Moreover, daily use of 6.5 mg (0.50%) DHEA has been found to be 
comparable efficacious with 0.3 mg CEE or 10 μg E2 in the treatment of GSM [56]. 
There is no clinical evidence regarding the intravaginal use of DHEA on specifically 
urological symptoms. Although there is not any evidence regarding the intravaginal 
use of DHEA in breast cancer survivor, the recommendation has been thought to be 
acceptable by some authors [10, 11].
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11.6.4  Laser Treatment

Light amplification by stimulated emission of radiation (LASER) is currently sug-
gested to be used for the treatment of GSM [2, 8, 58–62]. Before looking into the 
available clinical evidence regarding the results of laser treatment in women with 
GSM, it would be better to mention briefly the laser basics and its tissue effects. 
Three important characteristics of laser light are collimation, monochromy, and 
coherence. Wavelength of laser light can be in the different electromagnetic spec-
trum ranging from the ultraviolet (157–400  nm), visible (400–800  nm), near- 
infrared (800–3000 nm), mid-infrared (3000–30,000 nm) to far infrared (more than 
30,000 nm). Laser light may be absorbed, transmitted, reflected, and scattered by 
the tissue. Absorption of laser light by the target tissue which is the most important 
effect may cause photothermal (most desirable effect), photochemical, and photo-
mechanical reactions. Besides the energy power applied, the different wavelength 
and tissue chromophore (such as melanin and hemoglobin) and water content deter-
mine the photothermal effects of laser light in the tissue. Melanin and hemoglobin 
absorb the light in the spectrum of visible and near-infrared, while the water in the 
mid-infrared. On the other hand, the same applied energy may cause a different 
effect in the tissue (such as superficial carbonization, coagulation, and cell activa-
tion due to thermal conduction) by changing the parameters of power and exposure 
time of the laser light [58].

Nowadays, two forms of laser are mainly used for the treatment of GSM in the 
market: carbon dioxide (CO2) and erbium:yttrium-aluminum-garnet (Erb:YAG). 
Emitted wavelength of CO2 laser light is 10,600 nm, while it is 2940 nm for Erb:YAG 
laser. When compared to the Erb:YAG laser to CO2 laser in terms of their techni-
cal features and tissue effects, Erb:YAG laser has nearly 16 times more absorption 
rate in water, less penetration depth, and thermal diffusion without ablation. Hence, 
Erb:YAG laser usually has less discomfort, erythema, edema, and faster recovery 
rate [58, 60].

There are two types of laser beam delivery techniques: fractional ablative and 
non-ablative techniques. Fractional laser beams create microscopic tissue injury 
columns alongside the non-traumatized tissue columns which stimulate the recov-
ery. In the non-ablative technique, Erb:YAG laser is used in the smooth mode pulse 
by altering the pulse duration without causing ablation in the tissue [58]. There are 
two types of laser effects in the target tissue in terms of timing: early or immediate 
effect and late effect [58, 59]. The first and early effect is the thermomechanical 
effect. Thermomechanical effect which usually occurs when the epithelial tissue 
heats above the 60–65 °C is the tissue ablation and then the tissue tightening by 
the immediate shrinkage of the collagen. Moreover, the heat conduction is trans-
mitted to the deeper layer of the epithelium by decreasing temperature down to 
40–45 °C. This range of tissue temperature is ideal for the breakdown of the col-
lagen fibrils and also cell activation. This is the second or late effect of laser light 
in the target tissue. This effect takes time. Because at this point, 40–45 °C tem-
perature increases the heat shock response (HSR); in turn heat shock protein pro-
duction by the tissue increases [58]. HSP70 especially plays an important role in 
the expression of some growth factors (such as transforming growth factor-β, basic 
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fibroblast growth factor, epidermal growth factor, vascular endothelial growth fac-
tor, platelet- derived growth factor), cytokines (such as tumor necrosis factor-α), and 
interleukin-1β in the target tissue [58]. These local factors are responsible from the 
inflammatory response, fibrogenic process, and the new production of collagen and 
extracellular matrix. In addition, these substances improve the microvascularization 
and enhance the oxygenation of the tissue.

Indeed, histopathologic studies verify collagen remodeling, new collagen syn-
thesis (neocollagenogenesis), the increase in elastin content (elastogenesis), and 
new formation of blood capillaries (neoangiogenesis) after an immediate tissue 
shrinkage following laser treatment [58, 59, 63–65]. There is an increase in tissue 
collagen and elastin content. The vaginal epithelium gets thicker. Rugae formation 
reappears. The vagina becomes tight and elastic. Superficial epithelial cells of the 
vagina contain glycogen; thus, vaginal microbiata changes to normal flora and the 
vaginal PH decreases [58–62, 66, 67].

Laser treatment for GSM can be applied by a specifically designed vaginal or 
urethral cannula or external beam shot directed to the vulva. Although both laser 
types (CO2 and Erb:YAG) can be applied to vulvovaginal area, intraurethral can-
nula is recently present only for the application of the Erb:YAG laser [68]. Even 
the intraurethral cannula can safely be inserted along the urethra under the ultraso-
nographic guidance [69]. Although most of the studies are lacking solid evidence, 
they reach a consensus on that both types of laser treatments improve the atrophic 
vaginal epithelium [58–67, 70–76]. The studies usually have the limited number of 
patients, short duration of follow-up, no consistency regarding the evaluation and 
treatment protocols, and finally lack of control groups and proper randomization. 
However, available data has shown that the intravaginal laser application improved 
the Vaginal Health Index Score (VHIS) which includes vaginal elasticity, pH, dis-
charge, mucosal integrity, and moisture [60–62, 70–76]. Another consisting result 
is the fact that Visual Analog Scale (VAS) for the vaginal dryness, dyspareunia, 
itching, burning, and dysuria has shown an improvement after the vaginal laser 
treatment of GSM [60–62, 70–76]. Usually, three laser sessions have been recom-
mended for the treatment of symptoms due to the vaginal atrophy, but an extra 
fourth or fifth sessions might further increase the GSM symptom-free rate [60, 62, 
70–72, 74]. Recently, it has reported that the improvement in the atrophic vaginal 
epithelium provided by the laser treatment was found to be comparable with the 
estrogen treatment [60, 70]. Even the laser treatment is better, since its mainte-
nance of vaginal health continues longer duration after the cessation of therapy 
[60]. Its effect on the vaginal health can last ranging from 12 to 24 months [71, 72, 
76]. Intravaginal laser treatment also provides an increase in sexual gratification 
[63, 73, 74, 76–78]. This improvement in sexual function is not only due to vagi-
nal health, but it also ameliorates the vaginal relaxation in some degree [60, 63]. 
Moreover, intravaginal laser application was defined as an acceptable procedure by 
most of the patients [66]. Breast cancer survivors with vulvovaginal atrophy may be 
treated safely and effectively by intravaginal laser application [71, 75]. In addition 
to vaginal atrophy symptoms, other symptoms (such as pain, itching, burning) due 
to lichen sclerosus et atrophicus, lichen planus, and other atrophic changes in the 
vulva may be improved by the application of laser light [58].

C. T. Erel



199

Intravaginal laser application may treat the urological components of the GSM 
such as dysuria, frequency, urgency, and urinary incontinence [58–60, 74, 76–82]. 
After the laser application, most of the studies report an improvement in uro-
logical symptoms which are usually determined by the International Consultation 
on Incontinence Questionnaire-Urinary Incontinence Short Form (ICIQ-UI SF). 
Although there is not a randomized controlled trial, intravaginal laser treatment 
may relieve the symptoms of stress urinary incontinence (SUI) [77–82]. Erb:YAG 
laser has been used to treat the SUI in most of the studies. It has been suggested 
that younger age and normal BMI women with moderate to severe SUI showed 
better improvement [79]. The patients who had more severe UI had the greatest 
benefit from the laser therapy [78, 81]. On the other hand, patients with SUI had 
a higher rate of improvement than those with mixed urinary incontinence [81]. 
In addition to the success of laser therapy for SUI, a study reported a decrease in 
pad weights before and after the operation, while no differences were found in 
urodynamic values [77]. Three years after the initial treatment, the laser therapy 
might be repeated in some patients with mild incontinence [81]. Optimal results 
can be achieved after three sessions with 3–4-week interval. Specific group of 
patient having SUI with poor intrinsic sphincter function who is defined as intrin-
sic sphincter deficiency (ISD) may be treated by the application of an intraurethral 
cannula with non- ablative Erb:YAG laser tip [68]. During this treatment, ultra-
sound guidance of the intraurethral laser cannula allows us to treat the patients 
with ISD, safely [69].
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12.1  Introduction

The genitourinary syndrome of menopause (GSM) is a chronic and progressive con-
dition that includes a constellation of symptoms related to the decline of circulating 
ovarian hormones, as vulvovaginal atrophy (VVA), vaginal dryness, dyspareunia, 
recurrent urinary tract infections, and urinary incontinence [1–5]. GSM can affect 
up to 70% of women [1–5]. GSM is defined as a collection of signs and symp-
toms involving changes to the vulva, vagina, urethra, and bladder, including, but 
not limited to, dryness, burning and irritation, poor lubrication, discomfort or pain, 
impaired sexual function, and urinary symptoms of urgency, dysuria, and recurrent 
urinary tract infections [1–5].

The diagnosis of GSM is clinical, based upon characteristic symptoms, associ-
ated with typical signs on physical examination. Classic vaginal findings include a 
pale, dry vaginal epithelium that is smooth and shiny, with loss of most rugation. 
Women may present with some or all of the signs and symptoms, which must be 
bothersome jeopardizing sexual activity and the quality of life [1–5].

Several therapeutic options are available to alleviate GSM symptoms, including 
hormonal and non-hormonal products. The non-hormonal moisturizers and lubri-
cants may provide only a temporary relief. Local vaginal estrogen administration 
is nowadays considered the treatment of choice [1–5]. However, some women may 
not wish to take hormone preparation for long term or have absolute contraindica-
tions to estrogen therapy [1–5]. In addition, different studies report that the compli-
ance to local therapies is very low, and the rate of discontinuation in the first few 
months is high.

Recently a selective estrogen receptor modulator (SERM), ospemifene, has been 
introduced as oral agent for dyspareunia treatment. It provides an alternative to 
oral and local estrogen therapies [6–8]. New management strategies for GSM can 
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increase our armamentarium in order to offer a wide range of options to enable 
women to choose, considering the benefits and risks associated with each strategy. 
Today the laser therapy may offer new options in order to stimulate tissue repair and 
to restore normal vaginal functions.

12.2  Principles of Laser

Current medical lasers emit wavelengths from the ultraviolet to the mid-infrared 
portions of the spectrum [9]. Laser treatment has been safely and effectively used 
in many areas including gynecology. The different wavelengths are specifically 
absorbed by a tissue component, a specific chromophore, including hemoglobin, 
melanin, and water [9].

The concept behind laser procedures to treat vulvovaginal conditions is to use a 
wavelength having high water absorption, such as the carbon dioxide (CO2) laser 
and the Erbium (Er:YAG) [9, 10]. Laser treatment induces tissue remodeling, with 
histological evidence of the restoration of vaginal mucosa, a thickening of the epi-
thelium, with the maturation of epithelial cells, a new formation of papillae indent-
ing the epithelium with newly formed and extended small vessels. In addition, in 
the connective tissue underlying the epithelium, the formation of new thin fibrils 
and morphological features of fibroblasts supporting a renewal of the extracellular 
matrix with functional restoration [9, 10] are generated.

12.3  Types and Mechanisms of Action of Laser Used 
in Vaginal Atrophy

Fractional CO2 laser was the first used to treat vaginal atrophy. According to the con-
cept of fractional photothermolysis, these lasers ablate a fraction of the vaginal mucosa 
in the treatment area. An array of microscopic thermal wounds is created that ablates 
the vagina within very tiny zones; adjacent to these areas, the mucosa is spared and 
leads to natural healing process that builds new healthy tissue. In 2011, Gaspar et al. 
[11] first demonstrated that vaginal fractional CO2 laser treatment induced a signifi-
cant improvement of clinical and histological signs of vaginal atrophy. Successively, 
Salvatore et al. [12] reported in a short-term study that after CO2 laser treatment, vagi-
nal symptoms and dyspareunia improved in postmenopausal women.

The microablative fractional CO2 laser effects on vaginal atrophy lead to an 
improvement of both sexual function and quality of life [13]. These papers opened a 
new era for non-hormonal treatment of GSM. All the above data were obtained with 
the same microablative fractional CO2 laser technology [11–13]. Other CO2 laser 
systems are marketed for the treatment of GSM, using different devices and differ-
ent technologies, claiming the effects obtained using the abovementioned apparatus 
[11–13]. However, at the moment no solid efficacy figures and convincing safety 
data are available for GSM treatment with different CO2 lasers.

At variance of CO2 laser, the second-generation vaginal erbium laser (VEL®) 
stimulates photothermal effects by a non-ablative thermal diffusion to the vag-
inal walls [9, 14]. The studies of the thermal effects of a non-ablative 2940  nm 
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erbium are conducted using precisely controlled, sequentially packaged bursts of 
pulses (SMOOTH® mode) [9, 14]. The “smooth mode pulse,” with a duration of 
250 ms, consisted of a fast sequence of individual micropulses (300 μs) with intra-
pulse intervals of 50 ms. In this mode, vaginal mucosa temperatures increased to 
60–65 °C, without inducing superficial ablation, with an increased vascularization 
and a deep collagen remodeling and new collagen synthesis [9, 14]. Thus, the spe-
cifically designed sequence of SMOOTH Er:YAG laser pulses can be delivered to 
the vaginal tissue in order to achieve controlled heating of the collagen in the deeper 
mucosa layers, without ablation or overheating of the mucosa surface, resulting in 
the generation of new collagen and an overall improvement of treated tissue tight-
ness and elasticity. VEL usually is associated with a very low incidence of discom-
fort, erythema, edema, and fast recovery rate [14–29].

Specific vaginal probes have been designed to enable a uniform and well- 
controlled VEL distribution on the whole length and circumference of the vaginal 
canal. As for the first-generation microablative CO2 laser, also for the erbium laser, 
we have to underline that the core of the published data was obtained using the spe-
cific SMOOTH erbium in yttrium aluminum-garnet crystal (Er:YAG) technology. The 
SMOOTH® mode allowing the use of full beam and patterned handpieces to deliver 
Er:YAG laser energy with different fluences to the vaginal tissue is a patented and reg-
istered technology which differs from other Er:YAG lasers on the market. Therefore, 
the term vaginal erbium laser (VEL) refers to SMOOTH® mode technology.

12.4  Vaginal Erbium Laser

Recent publications suggest that VEL may provide a new noninvasive treatment 
with non-ablative, second-generation photothermal vaginal therapy [14–29]. 
Vaginal laser stimulates profound effects on the vaginal epithelium and lamina pro-
pria [14–16]. Gaspar et al. [15] presented seminal data on the effects of VEL in 
comparison to estrogen vaginal administration. Other groups reported the improve-
ment of GSM as well as stress urinary incontinence and initial grades of vaginal 
prolapse in VEL-treated patients [14–29].

In a prospective study, the effects of VEL in women with GSM were compared 
with another group of women treated with vaginal estriol administration, a stan-
dard treatment of GSM [19]. Signs and symptoms were evaluated subjectively by 
the visual analog scale (VAS) and objectively by the vaginal health index (VHIS) 
[19]. Three applications of VEL every 30 days induced a significant improvement in 
both subjective symptoms of vaginal dryness and dyspareunia and objective evalu-
ation of VHIS. These changes were matching those induced by 3 months of vaginal 
estriol administration [19]. In both groups the VAS scores for vaginal dryness and 
dyspareunia showed a significant improvement with VEL treatments or 12 weeks of 
estriol. However, in the estriol group a reduction of efficacy was seen 12 weeks after 
the end of treatment. Conversely, in the VEL group, the same positive results were 
maintained throughout all the study period up to the 6 months of follow-up. In that 
study [19] the VEL treatment was performed in PMW suffering from GSM with-
out any previous or concomitant treatment with estrogens or even non-hormonal 
vaginal creams. Therefore, the effects of VEL seems to be independent from any 
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pretreatment, suggesting that VEL can be proposed in PMW that cannot be treated 
with hormones, as in breast cancer survivors. In fact, in a parallel study [26], it 
has been demonstrated that VEL is effective and safe for the treatment of GSM 
in postmenopausal breast cancer survivors [26]. In these particular set of patients, 
VEL improved both dryness and dyspareunia, inducing a rapid and long-lasting 
positive effect on the appearance of vaginal mucosa, up to the 12 months after the 
VEL treatment [26].

These observations are of relevance, since one of the frequently asked questions 
is how long the laser effects can last. This issue was evaluated in a large prospec-
tive, longitudinal study conducted in more than 200 women [28]. The results of 
this study indicate that the VEL effects are rapid and long-lasting in PMW suffer-
ing from GSM. Patients were treated with three VEL applications, and follow-up 
evaluations were performed up to 24 months from the last laser application. Vaginal 
dryness and dyspareunia showed a significant decrease after the first VEL treatment, 
and in the follow-up period, the dryness and dyspareunia values were significantly 
different from baseline values during the follow-up period up to the 12 months of 
observation. Conversely, the values measured after 18 and 24 months from the last 
VEL application were not significantly different anymore from basal values [28]. 
It is noteworthy that 73.6% of them (n = 151) reported that the VEL treatment was 
effective for 12–18 months [28]. Only 8 patients (3.9%) affirmed that the treatment 
was not effective in reducing GSM symptoms, while total of 174 (84.9%) patients 
decided to repeat the VEL procedure [28].

Thus, this large longitudinal study [28] can be of help in setting the timing of 
when a repeated laser procedure(s) can be offered. The positive action on VEL ther-
motherapy may last at least 1 year, and it can be suggested that 12 months could be 
a therapeutic window for the vast majority of women. Therefore, a new VEL pro-
cedure could be indicated every 12 months. In this view, the use of a non-ablative 
laser such as VEL with the smooth mode is particularly appropriate in younger 
women suffering from GSM in which we can imagine many laser procedure during 
their lifetime. Thus, VEL is appropriate for women that cannot or do not want to be 
treated with hormones, such as breast cancer survivors, often young and sometimes 
premenopausal before cancer treatment. In addition VEL can be of help in women 
who do not accept long-term use of moisturizing and lubricants for the interferences 
with sexuality.

This study [28] demonstrates that the large majority of patients were satisfied, 
as demonstrated by the high percentage (85%) that chooses to repeat the treatment. 
The possible difference in the outcomes of VEL treatment with or without estrogen 
or other non-hormonal pretreatment or the current use of other therapies is a matter 
of future randomized studies.

12.5  Conclusions

In conclusion, although data from large randomized trials are not available, the 
results from a large number of observational studies are encouraging (Table 12.1). 
The effect of laser treatment is comparable to that exerted by local hormone 
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treatment in postmenopausal women suffering from GSM. Cohort prospective long- 
term studies show that the second-generation VEL-Smooth® procedure is effective 
and intrinsically safe, if applied with the appropriate parameters, and no serious 
adverse effects were ever reported. Thus, VEL-Smooth® for vaginal functional res-
toration can be seen as an effective, noninvasive ambulatory procedure for the treat-
ment of GSM. VEL-Smooth® can increase our armamentarium in order to offer a 
new, long-term therapeutic option, to improve the quality of life, allowing women to 
choose, considering the limits and the balance between benefits and risks associated 
with each therapeutic approach.
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13.1  Introduction

A wide spectrum of treatments for stress urinary incontinence (SUI) include non-
invasive (pelvic floor muscle training, weight reduction, laser interventions), mini-
mally invasive (bulking methods), less invasive (sling and mesh), and invasive 
surgical procedures. Less invasive operative techniques are relatively effective but 
are still related to >15% complications (bleeding, erosions, urethral injury, infec-
tion, chronic pain, and urine retention) [1], while conventional surgery relates to 
anesthesia risks and high recurrence rates (25%) [2].

The association between pelvic organ prolapse (POP) and SUI with collagen is 
well established. The expression levels of Type I and Type III collagen are signifi-
cantly lower in patients with POP and SUI when compared to the controls (p < 0.01) 
[3], and pubocervical fasciae of incontinent women have a lower collagen content [4]. 
Postmenopausal hormonal deficiency with increased degradation of collagen reserve 
is a possible explanation for the failure of many surgical procedures aimed at correct-
ing prolapse/incontinence with a frequent recurrence of symptoms [5].

Contemporary scientific and technological breakthroughs have led to better clin-
ical outcomes with less invasive procedures with shorter recovery times and lower 
implicated costs. In this sense, recent evidence supports laser treatment as an alter-
native and effective intervention for SUI [6].

13.2  Mode of Laser Action and Protocol for Its Use for Stress 
Urinary Incontinence

Pulsed laser photothermal energy can improve collagen structure and initiate neo-
collagenesis in the skin [7] and pelvic floor with nearby tissue as well [8]. An 
increase in temperature breaks up intermolecular cross-links and stabilizes the col-
lagen triple-helix structure, thus resulting in the shortening of collagen fibers with 
consequent neocollagenesis, elastogenesis, neoangiogenesis, and increased fibro-
blast pool. In addition, morphometry showed an increase of the volume density of 
blood capillaries and the thickness of the epithelial layer [9].

The Er:YAG laser SMOOTH® mode beam (Fotona, Slovenia) is strongly absorbed 
in water which is the major constituent of human soft tissue. Precisely controlled 
sequences of non-ablative Er:YAG laser pulses are delivered to the intravaginal 
mucous tissue in order to achieve controlled heating of the collagen in the deeper 
mucosa layers (lamina propria), without ablation and overheating of the mucosa sur-
face, so avoiding the risk of perforation with accidental lesions of the urethra, blad-
der, or rectum. Recommended parameters are laser spot size of 7 mm, frequency of 
1.6 Hz, and fluence (laser energy emitted per unit area) of 6.0 J/cm2. Mechanical 
pull of the deeper tissue layers following shrinkage of the upper, photothermally 
processed tissue layers further contributes to the tightening effect [10]. No general 
anesthesia is needed. The lower vaginal third and introitus can be covered with a thin 
layer of anesthetic cream. Treatment regimen consists of three sessions 3–4 weeks 
apart. When the process of neocollagenesis is well on its way, and assuming the 
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patient Collagen Remodeling Capacity (CRC) was not fully reached during the first 
session, with the second and third session, some previously not affected collagen 
fibers are additionally captured. Minor side effects include sensation of warmth, 
increased vaginal discharge, and rarely transient urge urinary incontinence [11].

CO2 laser system MonaLisa Touch® (DEKA, Florence, Italy) intravaginal ther-
apy is delivered once a month for 3 consecutive months. Recommended settings 
[12, 13] of the microablative fractional CO2 laser (MFCO2-Laser) are as follows: 
D-pulse mode, dot power 40 W, dwell time 1000 μs, and dot spacing 1000 μm for 
the treatment of the vaginal canal and the dot power 24 W, dwell time, 400 μs, and 
dot spacing 1000 μm for the treatment of the vaginal introitus. The procedure is 
performed in the outpatient setting and does not require any specific preparation 
or anesthesia. Patients are recommended to avoid coital sexual activity for at least 
3 days after each laser application as mild inflammatory reaction may last up to 
48 h.

13.3  Stress Urinary Incontinence (SUI)

The first pilot study regarding Er:YAG laser for the treatment of female SUI 
started on September 20, 2009 [14]. The degree of incontinence and its impact on 
quality of life were assessed with the International Consultation on Incontinence 
Questionnaire-Urinary Incontinence Short Form (ICIQ-UI SF) [15] tool, where a 
maximum score of 21 represents permanent incontinence.

The inclusion criteria for entering the study were a history of vaginal delivery, 
SUI, normal cell cytology, negative urine culture, and a vaginal canal, introitus, 
and vestibule free of injuries and bleeding. The exclusion criteria were severe pro-
lapse and damage of the rectovaginal fascia, urge incontinence, severe neurologi-
cal conditions associated with incontinence (multiple sclerosis, spinal cord injury, 
stroke, Parkinson’s disease), neurogenic bladder, insulin-dependent diabetes mel-
litus, current urinary tract infection, hematuria, age <18 and >70 years, pregnancy, 
less than 24 weeks after vaginal delivery, body mass index (BMI) >30 kg/m2, intake 
of photosensitive drugs, injury and/or active infection in the area to be treated, and 
undiagnosed vaginal bleeding.

At the first follow-up measurement (1 month after the intervention), the number 
of those with an ICIQ-UI score = 0 increased from zero to 17/52 (42.3% continent). 
At the second follow-up measurement, 2–6  months after the intervention, 18/47 
(38.3% continent) had an ICIQ-UI score = 0 (Fig. 13.1). From the baseline to the 
second follow-up, a total of 34/47 (72.3%) of participants experienced improve-
ment, whereas 11/47 (23.4%) experienced no change in the ICIQ-UI score, and two 
(4.3%) experienced worsening of symptoms. No major adverse events throughout 
the course of laser treatment and the follow-up period were noticed or reported. The 
rare mild reported symptoms such as slight edema, vaginal discharge, and transient 
urgency vanished spontaneously after 8 days.

Ogrinc et al. published a study of 175 women with newly diagnosed SUI (66%) 
and mixed urinary incontinence (MUI, 34%) [16]. Patients were treated according 
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to the uniform Er:YAG laser protocol. Follow-ups were performed at 2, 6, and 
12 months after procedure. Results were based on the Incontinence Severity Index 
(ISI) and the reduction in ICIQ-UI SF scores. One year after laser treatment, 77% 
of the SUI patients and only 34% of mixed UI remained continent. No difference in 
efficacy was noted between pre- and postmenopausal patients.

In another study [17], using the same Er:YAG protocol for SUI, urodynamic 
studies, pad testing, lower urinary tract symptoms (LUTS), and sexual function 
were assessed before and after treatment. The authors concluded that the procedure 
for mild SUI was effective at 6-month follow-up, but was not for the patients with 
an initial pad weight >10 g. Moreover, it improved LUTS, quality of life (QoL), 
and sexual function. Urodynamic values did not differ across the timeline. The 
authors speculate that this paradox originates from tighter and more elastic colla-
gen that acts as a “hammock,” preventing urine leakage and reducing pad weights. 
Although procedure follow-up was only up to the sixth month, authors summarize 
that IncontiLase™ should not replace mid-urethral sling (MUS) surgery as the stan-
dard therapy for SUI patients who fail to improve following first-line therapy. In 
addition, authors stress that the injection of bulking agents has been reported to have 
a cure rate of 53–73.2%, which is better than the cure rate of 39.3% they achieved 
at a 6-month follow-up with IncontiLase™. In conclusion authors admit that, based 
on its minimally invasive nature and the lack of significant adverse effects, the 
IncontiLase™ procedure may be used as an alternative therapy for mild SUI cases.

In a long-term, 24-month follow-up study [18] of 114 postmenopausal 
women suffering from SUI, the vaginal erbium laser (VEL) treatment induced a 
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significant decrease of baseline ICIQ-SF scores of 12.2 ± 2.5. The ICIQ-UI SF 
scores remained significantly (p < 0.01) lower than basal values 1 (4.8 ± 1.8), 3 
(6.2 ± 1.9), 6 (7.0 ± 2.3), and 12 (8.0 ± 1.8) months after the last VEL application. 
Scores after 18 (9.3 ± 2.7) and 24 (9.9 ± 2.8) months from the last VEL applica-
tion were, however, not significantly different from the baseline values. This study 
shows for the first time that VEL treatment significantly improves the genitouri-
nary syndrome of menopause (GSM) at 12 months after the last laser application, 
while the effects decrease afterward. The study confirms that VEL is effective in 
the treatment of GSM, with clinical effects similar to those exerted by established 
local therapies.

Several other observational studies in which Er:YAG was used for mild to mod-
erate SUI also showed improvement of SUI symptoms [19–21]. Up to date, there is 
only one patient-blinded randomized controlled trial for SUI [22] consisting of 114 
women patients receiving a single-session of  non-ablative thermal-only Er:YAG 
laser treatment. This study reported improvement of SUI symptoms, QoL (ICIQ-UI 
SF), and sexual function (PISQ12 and FSFI) in premenopausal parous women. A 
21.4% (12/56) of the laser group patients were continent 3 months after treatment 
according to ICIQ-UI SF (score  =  0) in comparison to only 3.6% (2/56) conti-
nence in the sham control group. Covariates age, BMI, and parity had no significant 
effect on the outcome. All pelvic floor muscle variables, derived from perineometry 
studies (duration and maximum pressure), showed a significant improvement in the 
laser group but not in the sham control group.

Carbon (CO2) laser has been used for the treament of GSM, particularly focusing 
on the vulvovaginal atrophy segment [8]. To date, very few studies regarding CO2 
laser treatment of SUI have been published.

Isaza et al. [23] used the SmartXide2 V2LR fractional microablative CO2 laser 
system (MonaLisa Touch™; Deka, Florence, Italy) in a prospective study of 161 
postmenopausal women suffering from mild SUI. Patients received four sessions 
30–45 days apart. SUI was evaluated using the 1-h pad test and the ICIQ-UI SF at 
the baseline and at 12, 24, and 36 months of follow-up. Basal ICIQ-UI SF score 
(14.34 ± 2.65) significantly decreased 12 (7.09 ± 1.1, p < 0.001), 24 (7.49 ± 0.94, 
p < 0.001), and 36 months (6.76 ± 0.82, p < 0.001) of follow up. The 1-h pad test 
reduced from 9.89 ± 0.57 g at the baseline to 3.52 ± 1.89 g, 3.55 ± 1.88 g, and 
3.72 ± 2.05 g at 12, 24, and 36 months, respectively (all p < 0.001). Histology ana-
lyzed pretreatment and 6 weeks after the first treatment showed essentially thicker 
epithelium with a higher population of intermediate and superficial cell shedding. 
Nevertheless, such multiple ablative vaginal treatments raise concerns regarding the 
possibility of vaginal scarring and infection, which can be reduced with the use of 
a non-ablative treatment [22].

The prospective observational study regarding  the efficacy of fractional CO2 
laser in postmenopausal women with moderate to severe clinical signs of GSM [24] 
showed significant improvement of dyspareunia, dryness, burning, itching, dysuria, 
urgency, and SUI scores assessed by standard questionnaires. Participants received 
intravaginal therapy, once a month for 3 consecutive months, with a CO2 laser system 
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(MonaLisa Touch®, DEKA, Florence, Italy). As a secondary outcome, authors noted 
that urinary symptoms improved, as scores of the urinary and QoL questionnaires 
significantly decreased. ICIQ-UI SF at the baseline was 8.1 ± 5.6 vs. 3.4 ± 4.3 at 
the 3rd month of follow-up. All participants showed a >5-point improvement in the 
King’s Health Questionnaire (KHQ) score, which includes psychometric aspects of 
urinary incontinence. Despite this, authors concluded that factors predictive of ideal 
CO2 laser therapy candidates were not identified. Considering predictive, preven-
tive, and personalized medicine (PPPM) current goal is not only to predict the risk 
of an adverse clinical event but also benefits [25]. A recent study [26] identified 
predictors for the segment of patients achieving optimal short term Er:YAG laser 
treatment outcomes. The best results after Er:YAG laser treatment of SUI should be 
expected in younger women (<47.5 years) with a body mass index of <23.3, average 
newborn birth weight of >3.6 kg, ICIQ-UI at a baseline of <10, and a perineometer 
squeeze duration at a baseline of >3.51 s.

However, despite the rigorous selection of patients, in a certain group, laser 
treatment will not succeed. Namely, SUI is not only induced by urethral hypermo-
bility, as a result of weakening or disruption of the pelvic floor musculature and/
or pubourethral ligament, but also due to the weakening of the urethral sphinc-
ter, resulting in more severe intrinsic sphincter deficiency (ISD) [27]. The ure-
thral sphincter function depends on the muscular component; the rhabdosphincter, 
extending along 60–70% of the urethra length; and the mucosal or intrinsic com-
ponent, extending across the urethra and contributing to urethral closure [28]. 
Gaspar et al. [29, 30] hypothesized that by targeting the mucosal component of the 
urethral sphincter, urethral coaptation ability would be able to increase. Authors 
used the  novel Er:YAG intraurethral cannula (IntraLase™, Fotona, Slovenia). 
As assessed by a questionnaire addressing QoL (ICIQ-UI SF) and the 1-h pad 
test, therapeutic efficacy was measured at 3 and 6  months after the procedure. 
ICIQ-SF  scores improved by an average of 64% at 3  months and by 40% at 
6 months. The 1-h pad test showed a reduction of the quantity of leaked urine by 
59% at 3 months and by 42% at 6 months.

Patel [31] enrolled women whose urodynamic studies showed a maximal ure-
thral closure pressure (UCP) of less than 40 cm H2O. Subjects received three frac-
tional CO2 laser treatments 4 weeks apart. Three months posttreatment, urodynamic 
reevaluation showed an increase in maximal UCP from 19 to 33 cm H2O at pretreat-
ment to 45–73 cm H2O posttreatment.

13.4  Overactive Bladder

Perino et al. [32] analyzed the effect of CO2 laser treatment in postmenopausal 
women with overactive bladder (OAB) symptoms (≥8 times micturition/24 h) 
and ≥1 symptoms of GSM (itching, burning, reduced lubrication, superficial 
and/or severe dyspareunia) in the previous 3  months. OAB symptoms were 
assessed using the validated Overactive Bladder Questionnaire Short Form 
(OAB-Q SF). Results at 1-month follow-up after the third laser session indicated 
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a significant reduction of the number of micturitions and number of urge epi-
sodes (p < 0.0001). Since atrophy of muscles and reduction of collagen content 
may be important factors in the increased prevalence of urinary incontinence, 
authors stress that fractional CO2 laser system can irradiate deeper layers of the 
vaginal wall, ultimately enhancing tissue trophysm and reactivating the extracel-
lular matrix and collagen synthesis, with beneficial effects in the three layers of 
the vaginal wall, in contrast to estrogens or other local therapies that only treat 
the epithelium.

Besides improvement of  SUI episodes using the  Er:YAG protocol, Tien and 
coauthors [17] also found a positive effect over OAB, as evidenced by the improve-
ments in the Urgency Severity Scale Questionnaire (USS), the Overactive Bladder 
Symptoms Score Questionnaire (OABSS), nicturia episodes, and daytime frequency 
episodes. Since the majority of women with stress predominant MUI experience 
significant improvement in OAB symptoms following incontinence surgery [33], 
authors speculate that their findings may be at least partly related to SUI improve-
ments following laser treatment.

In patients with SUI, urine leakage into the proximal urethra may stimulate ure-
thral afferents and facilitate the voiding reflex [34]. Lin et al. [35] hypothesized that 
laser therapy may slightly increase the entire urethral pressure, including proximal 
urethral pressure, and in turn alleviate OAB symptoms due to a reduction of the 
bladder reflex response observed in SUI patients. Their treatment consisted of two 
sessions, 4 weeks apart using the Er:YAG laser (XS Dynamis, Fotona, Slovenia). 
OABSS scores were significantly improved at 3-month follow-up (p  <  0.027), 
especially in terms of urinary frequency (p  <  0.001). However, symptom scores 
were not sustained at the 12-month follow-up. By most patients’ report, the optimal 
therapeutic effect was maintained for the duration of 3–6 months, similar to results 
observed by Fistonic et al. [14] (2–6 months). Neocollagenesis induced by Er:YAG 
SMOOTH® mode can change the composition of the pelvic floor structures and thus 
increase pressure over the entire length of the urethra. In SUI patients, the increased 
proximal urethral pressure may alleviate OAB symptoms by reducing the bladder 
reflex response.

13.5  Vaginal Microbiota

An effect of laser on vaginal microbiota has been reported by Athanasiou et al. They 
assessed the effect of microablative fractional CO2 laser (MFCO2-laser) therapy 
on the vaginal microenvironment of postmenopausal women [13]. Findings sug-
gest that in their sample of 53 postmenopausal women with moderate to severe 
GSM symptoms, the completion of three laser therapies (at monthly intervals) sig-
nificantly increased Lactobacillus (p < 0.001) and normal flora (p < 0.001), which 
decreased vaginal pH from a mean of 5.5 ± 0.8 (baseline) to 4.7 ± 0.5 (third month, 
p  <  0.001). The prevalence of Lactobacillus changed from a baseline value of 
30–79% at 3  months. Clinical signs and symptoms of bacterial vaginosis, aero-
bic vaginitis, or candidiasis did not appear in any participant. Although significant 
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decreases were observed only for E. coli and Mobiluncus, there was a trend of lower 
growth of all Lactobacillus antagonists.

Authors suggest that the observed increase of the normal vaginal epithelial cells 
confirms the results of the histological study of Zerbinati et al. [36] where it was 
demonstrated that one of the effects of the MFCO2-Laser therapy on the vaginal 
mucosa was the high degree of epithelial exfoliation, with superficial cells filled 
with glycogen shedding at the epithelial surface. In conclusion, authors believe that 
MFCO2-Laser therapy is a promising treatment for the improvement of postmeno-
pausal vaginal health, aiding the repopulation of the vagina with normally existing 
Lactobacillus species and reconstituting the normal flora as that observed in the 
premenopausal status.

13.6  Histology

Histological changes in the epithelium and lamina propria, following fractional CO2 
laser treatments (CO2 RE Intima, Syneron Candela, Wayland, MA), correlated with 
clinical findings of vaginal hydration and pH in SUI patients [37]. At the 3-month 
follow-up, biopsies showed increased collagen and elastin staining, as well as a 
thicker epithelium with an increased number of cell layers and a better degree of 
surface maturation (increase in the ratio of parabasal, intermediate, and superficial 
cells showing an estrogenic effect). At the 6-month follow-up, histology showed 
increased submucosal vascularity with increased collagen and elastin deposits 
(Fig. 13.2).

Histological study of vaginal wall biopsies showed signs of neocollagenesis, 
elastogenesis, neoangiogenesis, reduction of epithelial degeneration and atrophy, 
and an increase of the fibroblast population after non-ablative Er:YAG laser SUI 
treatment (IncontiLase™, Fotona, Slovenia) [38].

a b

Fig. 13.2 (a) Pretreatment histology of a 59-year-old woman. (b) At 8 months post-baseline, 
histological findings showed increased submucosal vascularity, as well as increased collagen 
deposits and elastic fibers. Reproduced with permission from Samuels and Garcia [37]
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13.7  Non-ablative Photothermal Er:YAG Laser 
and Microablative Fractional CO2 Laser in SUI 
Treatment: Differences

Lasers used in SUI treatment emit thermal energy at the different wave lengths 
(Er:YAG 2940 nm; CO2 10,600 nm), but they both induce similar changes related 
to increased tissue trophysm such as retraction of collagen, neocollagenesis, elas-
togenesis, enhanced density of connective particles, and neovascularization. CO2 
laser thermal action spreads to the depth of 50–125 μm in the vaginal tissue, caus-
ing superficial vaporization. Under the same conditions, Er:YAG laser reaches only 
5–20 μm in depth with no ablation at all [8].

Er:YAG laser has 10–15 times the affinity for water absorption compared with 
carbon dioxide laser. Mucous membranes have a very high percentage of water, 
which is a good target for the Er:YAG laser beam. Because of the extremely high 
absorption in water, the incident photon energy is almost totally attenuated in the 
first few micrometers of the tissue, producing at appropriate parameters a very con-
trolled column of ablation with an extremely narrow band of secondary coagulation. 
This process has been known as residual thermal damage (RTD) [39]. This trans-
lates into shorter down time with quicker healing and has been the cornerstone for 
the use of the Er:YAG in full-face ablative laser resurfacing when compared to the 
CO2 laser, which has a much larger RTD zone [40]. That was a rationale for Lee to 
use Er:YAG in the treatment of the vaginal relaxation syndrome [41]. The authors 
emphasize that the depth control associated with the Er:YAG wavelength offers 
major benefits as ablative damage depth is minimized. Multiple micro-pulses create 
a shallow, few μm-thick epidermal windows in the vaginal epithelium with minimal 
RTD, and subsequent micro-pulses create a pulse-stacking effect without further 
ablation but with thermal buildup down into the lamina propria, increasing the RTD 
zone. Only Er:YAG laser is characterized by the critical temperature above ablation 
temperature, making this laser the safest medical laser for dual-tissue regeneration 
mechanism (DRM) non-ablative resurfacing (Fig. 13.3) [42].

Athanasiou et al. [13] stress out, based on Hutchinson-Colas et al. [43] and Helbig 
et al. [44], that erbium YAG laser only has a thermal effect, while the MFCO2-Laser 
has both ablative and thermal effects, thus stimulating heat shock proteins and other 
factors (e.g., TGF-β), promoting neocollagenesis and neoangiogenesis, and conse-
quently resulting in tissue rejuvenation.

13.8  Review Papers

Most review articles discuss different methodological aspects of the published stud-
ies regarding the use of laser for the treatment of the GSM, vaginal relaxation syn-
drome, and urinary incontinence [11, 45–50]. Conte et  al. [51] reviewed the use 
of laser for the treatment of female SUI in seven prospective, single-centered, and 
non-comparative studies without control groups. All studies used Er:YAG or a CO2 
laser. Primary outcomes were ICIQ-UI SF scores in six studies and the pad test in 
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one. Follow-up ranged from 5 to 36 months. Improvement rates ranged from 62 to 
78%. No major adverse events were noted. Minor side effects included sensation 
of warmth, increased vaginal discharge, and transient urge urinary incontinence. 
Authors stand for more rigorous and adequately powered trials to assess the benefits 
and adverse event profile of laser treatment of SUI, as compared with other mini-
mally invasive procedures.

An updated technical bulletin on laser for GSM and SUI was prepared by the uro-
gynecology committee and approved by the Board of the Society of Obstetricians 
and Gynaecologists of Canada [52]. Analyzing contemporary reviews on the SUI 
topic, conclusion is that short-term observational studies of small patient number 
with the use of intravaginal laser have demonstrated improvements in symptoms 
of SUI. Evidence is insufficient to offer intravaginal laser therapy as an effective 
modality for the treatment of SUI compared to alternate managements such as pel-
vic floor physiotherapy, incontinence pessaries, or surgery.

The Canadian group [53] summarized Er:YAG laser therapy as a minimally inva-
sive, alternative treatment option for female SUI and that laser therapy has yielded 
reasonable initial outcomes with an acceptable low cost and safety profile. At the 
same time, authors emphasized that it was not clear which group of patients will 
respond better to this therapy, as the mechanism of action was still somewhat vague. 
In this sense, a recently published predictive model [26] detects patients’ baseline 
characteristics that may aid at achieving the best results after Er:YAG laser treat-
ment for SUI. A clinically relevant decrease in the ICIQ-UI (minimum important 
difference, MID) of >30% can be predicted based on age, body mass index, aver-
age newborn birth weight, perineometer squeeze duration, and pre-intervention 
ICIQ-UI score. In addition, the first single-blinded sham study regarding Er:YAG 
laser treatment for SUI [22] moderately reduced frequent criticism on the lack of 
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Fig. 13.3 Critical temperature depends on penetration depth. Only Er:YAG laser is characterized 
by the critical temperature above ablation temperature. Reproduced with permission from Lukac 
et al. [42]
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randomized controlled trials in this field. Results showed a significant improvement 
in 114 women at the 3rd month follow-up, with a single-session treatment with non- 
ablative thermal-only Er:YAG laser.

A systematic critical review published in July 2018 analyzed 17 eligible stud-
ies including 652 (12 studies) and more than 240 patients (5 studies) treated 
with Er:YAG-laser and CO2 laser, respectively. Authors concluded that the use of 
laser for women with urinary incontinence seems a promising minimally inva-
sive alternative to the current standard therapies. On the other hand, there is still 
lack of evidence showing long-term safety and effectiveness. Additionally, all 
reviewed studies included only patients with primary urinary incontinence, so 
there is no information about these treatments on patients previously treated with 
surgery [54].

Upon the review of the literature derived from the PubMed database up to July 
2018, using the key words “laser” and “urinary incontinence”, 326 articles were 
found. After exclusion for incontinence in male, laser use in surgery, and non-laser 
techniques, 34 articles met criteria regarding laser use in women with urinary incon-
tinence. Twelve of them were review articles and 22 were original papers. Laser 
effect in SUI patients was analyzed in 19 and OAB patients in three articles. Authors 
used Er:YAG laser in 16 studies, while CO2 laser was used in six studies. A total of 
1310 patients were enrolled at the 1–36 months of follow up (average 7.9 months).

Although laser is an attractive [45] novel, non-hormonal but expensive [47] new 
technology for the treatment of the GSM, additional studies are needed to explore 
the long-term safety and efficacy of various laser therapies for genitourinary symp-
toms as most of published evidence rely on short-term follow-up (1–6  months). 
Three studies extended to 12–24 months (Er:YAG) [16, 18, 35] and 1–36 months 
(CO2) [23]. To date, only one patient-blinded randomized controlled laser sham 
trial for SUI, using Er:YAG laser, has been published [22]. Also, future studies 
need to be designed taking mentioned considerations into account, including the 
histological assessment performed immediately after treatment, which will help 
compare morphology at baseline with changes in the vaginal architecture following 
laser procedure [41]. Next studies should focus on the individual patient level in 
order to predict personal risk or benefit based on the decision of undergoing a given 
proposed procedure [26, 55]. Simultaneously, predictive systems may impact public 
health policies in terms of prevention [56].
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14.1  Introduction

The metabolic syndrome (MetS), previously known as the insulin resistance syn-
drome or syndrome X, was first described by Reaven in 1988, and it is a complex 
of interrelated risk factors for cardiovascular risk and diabetes. In women, the loss 
of sex hormones during aging contributes to changes in body mass, musculoskeletal 
integrity, sexual dysfunction, and long-term risks of health and disease. The MetS 
increases in prevalence after menopause and consists of insulin resistance, abdomi-
nal obesity, dyslipidemia, elevated blood pressure, and pro-inflammatory and pro-
thrombotic states. This syndrome usually precedes the development of diabetes 
mellitus and carries a twofold increased risk for cardiovascular events.

Similar, the prevalence of obesity (body mass index [BMI] ≥ 30 kg/m2) is higher 
in postmenopausal women than in premenopausal women. This is a consequence of a 
multifactorial process that involves reduced energy expenditure due to physical inac-
tivity, which is sometimes compounded by depression, as well as to muscle atrophy 
and a lower basal metabolic rate. Although the menopause, per se, is not associated 
with weight gain, it leads to an increase of total body fat and a redistribution of body 
fat from the periphery to the trunk, which results in visceral adiposity. Increased BMI 
and upper body fat distribution (indicated by waist-to-hip ratio) and menopausal estro-
gen decline are associated with adverse metabolic changes such as insulin resistance 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-13936-0_14&domain=pdf
mailto:andrea.giannini@unipi.it
mailto:tommaso.simoncini@med.unipi.it
mailto:peter.chedraui@cu.ucsg.edu.ec


226

and a propensity to develop type 2 diabetes mellitus and dyslipidemia characterized 
by high triglyceride levels (TG), low high-density lipoprotein (HDL-C) cholesterol 
levels, and an increased frequency of small, dense low-density lipoprotein (LDL-C) 
particles. Altered adipokine secretion, which leads to chronic inflammation, is a pos-
sible mechanism that links abdominal obesity to its metabolic consequences.

Insulin resistance and diabetes have been associated with greater cardiovascular 
risk among women in different clinical trials. Moreover, data from a meta-analysis 
suggest that the risk for fatal coronary artery disease associated with diabetes is 50% 
higher in women, whereas diabetes and hypertension represent the two most important 
cardiovascular risk factors in women, especially when they occur in association [1–4].

Cross-sectional and longitudinal studies using waist circumference or the waist- 
to- hip ratio show no effect of menopause on body fat distribution. By contrast, 
studies using dual-energy X-ray absorptiometry (DXA) showed increased trunk 
fat in postmenopausal women. Moreover, studies using computed tomography and 
magnetic resonance imaging (MRI) show that postmenopausal women have greater 
amounts of intra-abdominal fat compared to premenopausal women.

Collectively, these studies confirm that the menopause transition is associ-
ated with an accumulation of central fat and, in particular, intra-abdominal fat. 
Postmenopausal women had 36% more trunk fat, 49% greater intra-abdominal 
fat area, and 22% greater subcutaneous abdominal fat area than premenopausal 
women. The menopause-related difference in intra-abdominal fat persisted after 
statistical adjustment for age and fat mass, whereas no differences were noted in 
trunk or abdominal subcutaneous fat [5, 6]. In vivo and in vitro studies indicate that 
estrogen receptors (ER) are mechanistically implicated in endocrine-related dis-
eases. Recent studies with ER knockout mice have helped to unravel the role of ER 
in brain degeneration, osteoporosis, cardiovascular diseases (CDV), and obesity [7]. 
In humans, hormones help integrate metabolic interactions among major organs that 
are essential for metabolically intensive activities like reproduction and metabolic 
function. Sex steroids are involved in the metabolism of adipocytes and also influ-
ence the sex-specific remodeling of particular adipose depots. The concentrations of 
sex hormones partially control fat distribution: men have less total body fat but more 
central/intra-abdominal adipose tissue, whereas women tend to have more total fat 
in gluteal/femoral and subcutaneous depots. Weight and abdominal fat distribution 
differ among women of reproductive age and menopausal women. Estrogen func-
tion is mediated by nuclear receptors that are transcription factors that belong to the 
superfamily of nuclear receptors. Two types of nuclear ERs have been identified, the 
alpha (ER𝛼) and beta (ER𝛽) receptors. Human subcutaneous and visceral adipose 
tissues express both ER𝛼 and ER𝛽, whereas only ER𝛼 mRNA has been identified 
in brown adipose tissue. ER𝛼 plays a major role in the activity of adipocytes and 
sexual dimorphism of fat distribution. Polymorphism of ER𝛼 in humans has been 
associated with risk factors for CVD. Lipolysis in humans is controlled primarily 
by the action of 𝛽-adrenergic receptors (lipolytic) and 𝛼2A- adrenergic receptors 
(antilipolytic) [8]. Genazzani’s group in 2006 evaluated the effects of climacteric 
modifications on body weight and fat distribution [9]: they selected 2175 untreated 
normal healthy women attending a menopause clinic. Women were  divided into 
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three groups, premenopausal, perimenopausal, and postmenopausal, and compared 
them with 354 postmenopausal women receiving different forms of HRT. The total 
body fat tissue mass and distribution were analyzed using DXA. Body weight and 
BMI were significantly higher in perimenopausal and postmenopausal than in pre-
menopausal women. Fat tissue and regional fat tissue as a percentage of total fat 
tissue were higher in the trunk and arms in perimenopausal and postmenopausal 
than in premenopausal women. Instead, in age-matched HRT- treated postmeno-
pausal women, the fat tissue was similar to that in the premenopausal group. 
Perimenopausal and postmenopausal women show a shift to a central, android fat 
distribution that can be counteracted by HRT.

14.2  The Menopausal Transition and Cardiovascular Risk

Early after the menopause women begin to gain weight, and their body fat is redis-
tributed from a gynecoid to an android pattern. The increase in BMI and the propor-
tion of visceral fat are strongly correlated with the development of hypertension, 
insulin resistance, and a number of metabolic risk factors for CVD. It is otherwise 
known that the menopause is associated with an increase of TG, LDL-C, and lipo-
protein- a (Lp(a)). Levels of HDL-C gradually fall after the menopause, although 
concentrations always remain significantly higher in women as compared to men. 
This finding could be considered a protective factor for female subjects.

CVD is the number one cause of death globally, both for men and women. It is 
well documented that morbidity and mortality rates from CVD are higher in men 
than in women; however, this gender gap narrows after the menopause suggesting 
a role of female sex hormones and aging. In fact, the incidence of CVD in women 
increases substantially with aging, probably because the menopause diminishes 
the gender protection hence contributing to an adverse impact over cardiovascular 
risk variables. Nevertheless, whether this higher cardiovascular risk is a function of 
aging or a consequence of the loss of endogenous estrogen due to the menopause or 
both has been debated in the literature for many years [10].

Several studies in recent years have analyzed the differences of hormonal modi-
fications observed  during the  menopausal transition between obese and normal- 
weight women. For instance, the results of the study of Women’s Health Across the 
Nation (SWAN) are worth mentioning; SWAN is a multicenter, multiethnic longitu-
dinal study designed to characterize the physiological and psychosocial changes that 
occur during the menopausal transition and to observe their effects on subsequent 
health and risk factors for age-related diseases. A total of 3302 women were enrolled 
at seven clinical sites between 1996 and 1997. At the time of enrollment, women 
were premenopausal, non hormone users, and aged from 42 to 52. The participants 
were self-identified as African-American (28%), Caucasian (47%), Chinese (8%), 
Hispanic (8%), or Japanese (9%). SWAN has a multidisciplinary focus and thus has 
repeated measures of bone health, cardiovascular risk factors, psychosocial factors, 
and ovarian hormones [11]. In this set, Matthews et al. evaluated the change in coro-
nary heart disease (CHD) risk factors in relation to a very particular and critical 
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period of women’s life that is the final menstrual period (FMP). Women who experi-
enced a natural menopause (1054 out of the total) were analyzed independent of age 
and other confounders. The results showed significant increases in total cholesterol, 
LDL-C, and apolipoprotein B (Apo B) within a year of the FMP; importantly, the 
rate of change relative to FMP did not vary by ethnicity, suggesting that menopause 
had a uniform influence on lipids. The other risk factors changed in a linear pattern 
consistent with chronologic aging: TG, Lp(a), insulin, factor VIIc, and systolic blood 
pressure increased; diastolic blood pressure, tissue plasminogen activator antigen, 
fibrinogen, and high-sensitivity C-reactive protein did not change [10].

Similar to the SWAN study, in the Penn Ovarian Aging Study (POAS), obese 
women had lower estradiol (E2) and follicular stimulating hormone (FSH) levels 
than nonobese women. However, more rigorous analysis of hormonal changes 
between obese and nonobese women before and after the FMP found that the pat-
terns of change in FSH and estradiol (E2) in relation to the FMP were not sta-
tistically different. The E2 change was less pronounced in obese women when 
compared with nonobese women. The rate of E2-blunted decline observed among 
obese women is physiologically corroborated by a similarly blunted FSH rise sur-
rounding the FMP in obese versus nonobese women. Ultrasound data have shown 
no difference in antral follicle count between obese and nonobese women in their 
late reproductive years (40–52 years). This lack of difference does not support low 
ovarian reserve as the mechanism underlying lower E2 levels in obese women pre-
menopausally, mechanism which is currently unclear.

In the POAS, the anti-Müllerian hormone (AMH) was found to be lower in obese 
women compared to nonobese ones in the late reproductive years, demonstrating 
the complex relationship between obesity and reproductive hormones in women 
approaching the menopause. Follicular dysfunction and alterations in the  central 
nervous system regulation of hormonal levels among obese women may be factors, 
but additional research in this area is required. The blunted magnitude of change 
in reproductive hormones in obese women during menopausal transition may be 
related to the modification in the primary source of circulating E2 as the menopausal 
transition progresses; the primary source of circulating E2 in premenopausal period 
is the ovary, whereas in postmenopause, the primary source of circulating E2 is the 
aromatization of androgens within the adipose tissue. This change in E2 source pro-
vides postmenopausal obese women with a non-ovarian reservoir of estrogen that 
normal-weight women do not have, which may blunt gonadotropin rises and miti-
gate ovarian estrogen loss related with the menopause. These hormonal alterations 
may also blunt menopause-associated adverse health effects [12, 13]. Data from 
the Women’s Healthy Lifestyle Project provide clear evidence that weight gain and 
increased waist circumference, along with elevations in lipid levels and other CVD 
risk factors, are preventable through lifestyle intervention in healthy menopausal-
aged women. In fact, although these changes are inevitable with age and meno-
pause, physical activity may attenuate the impact of both events. Thus, weight gain 
prevention should be recognized as an important health goal for women before they 
approach the menopause and women should make regular physical activity [14].
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14.3  Other Menopausal Changes Related to Excessive Body 
Weight

Genitourinary syndrome (GSM) is a relatively new terminology describing vulvo-
vaginal changes at menopause, as well as urinary symptoms of frequency, urgency, 
nocturia, dysuria, and recurrent urinary tract infections. Vaginal dryness is com-
mon after the menopause and unlike vasomotor symptoms (VMS) it usually persists 
and may worsen with time. Urogenital symptoms are effectively treated with either 
local (vaginal) or systemic estrogen therapy. Pelvic floor dysfunction is more com-
mon in the overweight and obese women. Risk factors for developing pelvic organ 
prolapse (POP) can be divided into obstetric, lifestyle, comorbidity, aging, social, 
pelvic floor, and surgical factors. The most important lifestyle factor is a higher 
BMI. Obesity may impair pelvic floor function increasing intra-abdominal pressure 
that damages pelvic musculature and nerve; this is linked to conduction abnormali-
ties and obesity-related comorbidities including diabetic neuropathy and interverte-
bral disc herniation [15, 16].

14.4  Management of Women with the MetS and Obesity 
Across the Menopause

All women at midlife should be encouraged to maintain or achieve a normal body 
weight, be physically active, adopt a healthy diet, limit alcohol consumption, 
and quit smoking. Some women find that avoidance of spicy food, hot drinks, 
and alcohol lessens their VMS.  Obesity is associated with a greater likelihood 
of VMS, although women who are overweight (BMI from 25 to <30 kg/m2), as 
opposed to obese (BMI ≥ 30 kg/m2), are more likely to have severe symptoms. 
For obese women, weight loss may lessen VMS,  as well as reduce the risks of 
CVD; diabetes; urinary incontinence; breast, pancreatic, and endometrial cancer; 
and dementia.

Estrogens seem to influence glucose homeostasis through increased glucose 
transport into cells, whereas the  lack of estrogens has been associated with a 
progressive decrease in glucose-stimulated insulin secretion and insulin sensi-
tivity as well as with insulin resistance. These may explain why HRT adminis-
tration to postmenopausal women is associated with a significant decrease in the 
incidence of type II diabetes. Estrogen deficiency is the principal pathophysi-
ological mechanism that underlies menopausal symptoms, and various estrogen 
formulations are prescribed as menopausal hormone therapy, which remains 
the most effective available  therapeutic option. The addition of progesterone 
aims at protecting against the consequences of systemic therapy with estrogen 
only in women with intact uteri [17], namely, endometrial pathologies, includ-
ing hyperplasia and cancer. The risk- benefit ratios of all treatment options must 
be considered, taking into acount the nature and severity of symptoms and indi-
vidual treatment-related risks.
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In the systemic circulation, E2 and estrone, as well as testosterone, are partly 
bound to sex hormone-binding globulin (SHBG), as well as to albumin. Increasing 
or decreasing SHBG levels will affect the amount of unbound circulating estrogen 
and testosterone [18].

Obesity is a biologically plausible risk factor for venous thromboembolism 
(VTE), but the mechanisms underlying the relation of obesity with VTE are not 
totally understood. A strong positive correlation between plasminogen activator 
inhibitor-1 (PAI-1) levels and BMI has been reported. PAI-1 is the main fibrinolytic 
inhibitor, and reduced plasma fibrinolytic potential may be a risk factor for venous 
thrombosis. Decreased fibrinolysis due to a high level of PAI-1 could explain in part 
the association of VTE with overweight and obesity. Moreover, other studies sug-
gested that an increased BMI was associated with higher levels of prothrombotic 
factors such as fibrinogen and factor VII (F-VII). Thus, both oral estrogen and obe-
sity may have synergistic effects on the unbalance between procoagulant factors and 
antithrombotic mechanisms. By contrast, transdermal estrogen appears to have little 
or no effect on hemostasis. Alternatively, increased C-reactive protein levels have 
been reported in obese individuals with a history of VTE, and low-grade inflam-
mation could explain in part these findings. In addition to the effects on hemostasis 
and inflammation, obesity may also have direct mechanical effects on the venous 
system. An increased BMI may result in a higher VTE risk through an increased 
intra-abdominal pressure and a decreased venous return. These effects may result in 
venous hypertension, varicose veins, and venous stasis which promote the develop-
ment of VTE [19].

For those who require pharmacological therapies, average dose HRT is the most 
effective treatment for VMS [20] with reductions in both frequency and severity in 
the order of 75%, and the improvement of quality of life in symptomatic women 
[21]. HRT should be avoided in those with unexplained vaginal bleeding, active 
liver disease, previous breast cancer, coronary heart disease, stroke, personal his-
tory of thromboembolic disease, or a known high inherited risk. CVD risk factors 
do not automatically preclude HRT but should be taken into account. Upregulation 
of the hepatic synthesis of procoagulants is another known effect of oral estrogens. 
Transdermal estradiol does not seem to increase the risk of venous thromboembolic 
events. Evidence shows that transdermal estrogen (≤50 μg) is associated with a 
lower risk of deep vein thrombosis, stroke, and myocardial infarction compared 
to oral therapy and may be the preferred mode of treatment in women with an 
increased thrombosis risk, such as obese women and smokers. In addition, unlike 
oral estrogen, transdermal estradiol does not increase the risk of gallbladder disease 
[22, 23].

Estrogen therapy restores the normal vaginal flora, lowers the pH, and thickens 
and revascularizes the vaginal lining. The number of superficial epithelial cells is 
increased and symptoms of atrophy are alleviated. Importantly, low-dose vaginal 
estrogen improves vaginal atrophy without causing proliferation of the endome-
trium. Given the documented efficacy and proven safety, vaginal estrogen is the 
first-line approach to treat symptoms of vaginal atrophy in the majority of women: 
vaginal estrogen is effective, and while systemic absorption does occur, it does 
not induce endometrial hyperplasia. Concerns regarding  systemic absorption has 
lead to the tendency  that vaginal estrogens be avoided in breast cancer patients 
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taking aromatase inhibitors. The relationship between HRT and urinary inconti-
nence depends on the delivery route. Systemic HRT worsens urinary incontinence, 
but vaginal treatment may improve urge incontinence and prevent recurrent urinary 
tract infections. Using very low doses for the first few weeks is helpful if irritation 
occurs, and indeed lower doses of vaginal estrogens, with less frequent administra-
tion, often yields satisfactory results [16, 24].

In conclusion, initiation of hormone therapy is usually contraindicated in 
women with a personal history of breast cancer or VTE or those with a high risk 
for breast cancer, thrombosis, or stroke. Transdermal estrogen therapy may be 
considered and preferred when highly symptomatic women with type 2 diabetes 
mellitus or obesity, or those at high risk of CVD, do not respond to non-hormonal 
therapies. In general, initiation of of HRT is not recommended for women who are 
aged >60 [25].

In order to avoid undue chronic stimulatory effects on the endometrium, con-
trol menstrual bleeding, avoid abnormal bleeding, and avoid cancer development, 
the combination of the estrogen with a progestogen is needed. Endometrial cancer 
is the most common gynecologic cancer: it is estimated that risk of endometrial 
cancer increases about 59% for every 5 units of increase in BMI (kg/m2) and over-
weight and obesity are responsible for 57% of all cases of endometrial cancer in 
the USA.  Obesity increases exposure to estrogen unopposed by progesterone in 
pre- and postmenopausal women. The inclusion of progesterone appears to increase 
breast cancer risk, but progestogens are still indicated to prevent endometrial hyper-
plasia and cancer risk [26].

Progesterone is naturally produced in women in the ovaries (particularly the cor-
pus luteum), in the placenta, and to a certain extent in the adrenal glands. There are 
a variety of synthetic progestogens. One of these progestogens, dydrogesterone, is 
a retro-progesterone, and another, drospirenone (DRSP), is spironolactone deriva-
tive. The “newer” progestogens belong to different classes based on their struc-
ture. For each of them, progestogenic, as well as antiestrogenic action, is common. 
The antiandrogenic effect is relevant for dienogest (DNG) and DRSP and lesser for 
nomegestrol acetate (NOMAC). None of them have a glucocorticoid effect. DRSP 
is different due to its strong antimineralocorticoid action and has a favorable effect 
on blood pressure. In addition, these progestogens do not interfere with the posi-
tive effect of estrogens on lipid and carbohydrate metabolism, they do not augment 
hemostasis processes as monotherapy, and they  avoid the  induction of abnormal 
proliferation of the endometrium in doses clinically tested. Therefore, all three pro-
gestogens appear to be suitable for the treatment of menopausal women [27].

Nonetheless, considering that HRT could create important health risks, it is highly 
desirable the discovery of  new alternatives for the  management of  menopause- 
related symptoms, with minor side effects. Over the past 15 years, hormone prepa-
rations of dehydroepiandrosterone (DHEA) have been available over the counter 
and have been sold as the “fountain of youth.” DHEA serves as a precursor for 
estrogens and androgens from fetal life to the postmenopause, and many people 
believe that DHEA is merely an inactive precursor pool for the formation of bioac-
tive steroid hormones. DHEAs represent the most abundant sex steroid in plasma 
in humans (more than 1000 times higher than estradiol and testosterone levels), but 
its serum concentration goes down to 10–20% of its maximum level by around the 
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age of 70. The large difference between low and high serum DHEA levels has a 
major clinical impact. Among postmenopausal women with coronary risk factors, 
lower DHEA levels were linked to higher CVD and all-cause mortality [25]. Several 
studies had previously demonstrated that 1-year treatment, using administration of 
10 mg DHEA daily in symptomatic postmenopausal women with lower (fifth per-
centile) baseline DHEA sulphate levels, improved climacteric and sexual symptoms 
and directly reversed some age-related changes in adrenal enzymatic pathways, 
including adrenal DHEA and progesterone synthesis [28–30].

14.5  Non-hormonal Treatments

In the past 2 years, two new pharmaceutical preparations were approved in the 
USA and Europe for the treatment of menopausal symptoms: an oral selective 
estrogen receptor modulator (SERM), ospemifene, for the treatment of moderate 
to severe pain during intercourse associated with vulvovaginal atrophy [31] and 
a tissue- selective estrogen complex (TSEC), a combination of oral conjugated 
equine estrogen (CEE) and bazedoxifene (BZA, a SERM), for the management 
of moderate to severe VMS in women with an intact uterus. Tissue selectivity is 
achieved through the concurrent use of estrogen and a SERM, which replaces 
a progestogen and selectively blocks the undesirable actions of estrogen. In the 
case of CEE-BZA  the proliferative effects of estrogen are blocked in the uterus 
and possibly also the breast, whereas the bone-sparing actions of estrogen are 
preserved. The role of testosterone for the treatment of postmenopausal desire 
or arousal disorders and the long-term implications of such a therapy in post-
menopausal women are unclear. The motivation for combining CEE-BZA is to 
retain the beneficial effects of estrogens over VMS, vulvovaginal atrophy, and 
bone while incorporating the antiestrogenic effects of the SERM on the breast 
and endometrium to improve the overall safety profile [32]. The combination of 
20 mg BZA and 0.45 mg CEE is the only approved drug to date for the manage-
ment of moderate to severe VMS in the USA and Europe [33].

Tibolone is a synthetic steroid that is rapidly converted into two metabolites 
with estrogenic activity and to a third metabolite characterized by a mixed pro-
gestogenic/androgenic activity. Tibolone controls hot flushes, sweating, and mood 
symptoms and is effective at improving libido, due to its androgenic component. 
Randomized, controlled studies show that tibolone increases bone mineral density 
and reduces fracture risk. These beneficial effects are seen over long-term treat-
ments [34] (over 10 years) and in both early and late postmenopausal women, as 
well as in women with established osteoporosis. The combined analysis of ran-
domized clinical studies of tibolone indicates no increase in risk of breast cancer 
development compared with the placebo group. Tibolone treatment is associated 
with a reduction of proliferation and a stimulation of apoptosis in normal breast 
cells that is possibly attributable to the impact of this compound on the activity of 
estrogen-metabolizing breast enzymes [35]. The metabolization of tibolone is tissue 
selective, and the conversion to the progestogenic metabolite is particularly active 
in the endometrium. Investigation of endometrial histology in women treated with 
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tibolone shows no hyperplasia and a high level of atrophic endometrium, indicating 
no proliferative effect of this molecule.

Some non-hormonal therapies are effective against menopausal VMS and should 
be considered for women who do not wish to take estrogens or those with con-
traindications. For VMS, many drugs have demonstrated efficacy in several stud-
ies: paroxetine, fluoxetine, and citalopram (which are selective serotonin reuptake 
inhibitors); venlafaxine and desvenlafaxine (selective noradrenaline reuptake 
inhibitors); clonidine (α2-adrenergic receptor agonist); and anticonvulsants (gaba-
pentin and pregabalin). Paroxetine and fluoxetine are potent cytochrome P450 2D6 
(CYP2D6) inhibitors, and as they decrease the metabolism of tamoxifen (a SERM 
used in the treatment of breast cancer)—which may reduce its anticancer effects—
these drugs should be avoided among  tamoxifen users. However, consistency of 
treatment response and efficacy of the various alternative options remain question-
able [33, 36–38].

14.6  Conclusions

MetS refers to a clustering within the same individual of hyperinsulinemia, mild to 
severe glucose intolerance, dyslipidemia, hypertension, an increased risk for CVD 
and diabetes. Parallel  to this, adipose tissue could be an “insulator” and interfere 
with normal thermoregulatory mechanisms of heat dissipation. Women with higher 
abdominal adiposity, particularly subcutaneous adiposity, report an increase of VMS 
during the menopausal transition and in the early postmenopause. Healthy weight 
among mid-aged women who are early in the menopausal transition may help pre-
vent VMS. Overweight women may suffer psychosocial consequences, with a signif-
icant impact on self-esteem and general well-being: obese postmenopausal women 
have lower health-related quality of life, physical functioning, energy, and vitality 
compared with normal-weight women. Obesity is also a major risk factor for pelvic 
floor dysfunction, some cancers (endometrial, breast and colon) and musculoskeletal 
disorders, especially osteoarthritis (a highly disabling degenerative disease of the 
joints). It could be necessary to encourage lifestyle measures in addition to thera-
peutic interventions throughout the menopausal transition in order to control meno-
pausal obesity and to manage menopause-related symptoms, with mild side effects 
(Tables 14.1 and 14.2).

Table 14.1 Mechanisms by which estrogen may exert beneficial cardiovascular effects

Direct effects Indirect effects

Nitric oxide production and release ↑ Total cholesterol ↓, LDL ↓, HDL ↑
Prostacyclin production and release ↑ Antioxidant effects: oxidation of LDL ↓
Endothelin-1 production and release ↓ Blood pressure ↓
Cytokine release ↓ Insulin sensitivity ↑
Inflammation ↓ Homocysteine ↓
Smooth-muscle cell growth ↓ Ischemia/reperfusion injury ↓, cardiac hypertrophy ↓
Atherosclerotic plaque progression ↓
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15.1  Introduction

Metabolic syndrome (MetS) is one of the most prevalent conditions predisposing 
to cardiovascular disease (CVD). Although various criteria have been proposed for 
the definition and diagnosis of the syndrome, the most commonly used is the Joint 
Interim Societies (JIS) MetS definition. According to these criteria, the diagnosis 
of MetS is established in the concomitant presence of any three of the following: 
(1) increased waist circumference depending on ethnicity (e.g. >94 cm for men and 
>80 cm for women from a Mediterranean population), (2) hypertension (systolic 
blood pressure > 130 mmHg and/or diastolic blood pressure > 85 mmHg or known 
hypertension on drug treatment), (3) decreased concentrations of high-density lipo-
protein cholesterol (HDL-c) (<50 mg/dL), (4) increased concentrations of triglycer-
ides (TG) (>150 mg/dL or known hypertriglyceridemia on drug treatment) and (5) 
hyperglycaemia (fasting glucose >100 mg/dL or known glycaemic disorder on drug 
treatment) [1]. Insulin resistance is considered as the pathophysiological hallmark 
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of all parameters of MetS and is mostly met in centrally obese individuals [2]. Many 
researchers have doubted the importance of the syndrome and the need for such a 
diagnosis. However, the cardiometabolic factors that MetS includes increase inde-
pendently and additively the risk for the development of type 2 diabetes mellitus 
(T2DM), atherosclerosis and CVD [3]. Therefore, their recognition and treatment 
are of great value.

Menopause represents the end of reproductive life of women, as the result of 
depletion of the follicle pool in ovaries. Transition to menopause is associated with 
a substantial decrease in oestrogen concentrations and a less intense one in andro-
gen concentrations, resulting in a state of relative androgen excess. This imbal-
ance is further amplified by the decrease in sex hormone-binding globulin (SHBG) 
concentrations [4]. These hormonal changes are accompanied by other phenotypi-
cal, metabolic and biochemical changes. Postmenopausal women have significantly 
higher rates of obesity compared with women of reproductive age [5], and they 
present a more atherogenic lipid profile, derangement of glucose homoeostasis and 
body fat redistribution into an “android” pattern with increased visceral adipos-
ity [6, 7]. These changes increase the likelihood to develop MetS and, possibly, 
atherosclerosis and CVD [8]. Indeed, the prevalence of MetS in postmenopausal 
women is higher compared with women of reproductive age [9–12]. Whether these 
phenomena are independent of the chronological ageing itself has been a matter of 
scientific discussion.

The aim of this chapter is to analyse and qualitatively synthesise current infor-
mation regarding MetS and atherosclerosis in postmenopausal women without pre- 
existing diabetes. The following topics are discussed: (1) the effect of menopause on 
the risk of MetS as a whole, (2) the effect of menopause on individual components 
of MetS and (3) the risk of atherosclerosis and CVD in women after menopause.

15.2  Menopause and the Metabolic Syndrome

The prevalence of MetS in women older than 20 years old in the USA is 23.4% [2]. 
The prevalence of MetS in postmenopausal women ranges between 31 and 55% 
in different studies [9, 10], depending on the diagnostic criteria and ethnicity, as 
well as on dietary, cultural and environmental factors. In any case, postmenopausal 
women present a significantly higher prevalence of MetS compared with premeno-
pausal women [9–12].

Small studies have indicated that MetS is not associated with the menopausal 
status after adjustment for age [13, 14]. However, larger studies support that meno-
pause affects the prevalence of MetS after adjustment for age and/or body mass 
index (BMI) [15–17]. Subgroup analysis of a cross-sectional study in women with 
premature menopause revealed that these women had significantly higher risk of 
MetS compared with age-matched premenopausal women (40% vs. 24%, respec-
tively) [16]. Interestingly, decrease in SHBG concentrations and increase in serum 
testosterone concentrations were significantly correlated with the development of 
MetS in postmenopausal women, while the decrease in oestradiol concentrations 
was not [18]. It has been demonstrated that the increase in androgen-to-oestrogen 
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ratio over the menopausal transition is associated with increased incidence of MetS, 
independently of ethnical background or other possible confounders [19]. Similarly, 
in a study in 362 postmenopausal women, those in the highest quartile of free andro-
gen index (FAI) had a fivefold higher likelihood to present MetS when compared 
with women in the lowest quartile of FAI after adjustment for age and ethnicity [20], 
indicating an essential association between free androgen concentrations and the 
presence of the syndrome.

The years after menopause also seem to affect the prevalence of MetS. It has been 
reported that the risk for MetS increases during the first 14 years after menopause. 
The peak incidence was shown in the group of women between 10 and 14 years 
after the last menstrual cycle [odds ratio (OR) 4.0, 95% confidence interval (CI) 
1.6–9.8], while after this time the incidence decreased [15]. In accordance, Park 
et al. reported that the peak prevalence of MetS is reached in around mid-60 years of 
age in women [9]. Of note, surgical menopause is associated with a 1.5-fold higher 
risk of MetS in comparison with natural menopause. This was demonstrated by a 
recent meta-analysis, which included 428 surgically menopausal women and 1259 
naturally menopausal women from three observational studies with low heteroge-
neity (OR 1.5, 95% CI 1.2–1.9, p < 0.001) [21]. The exact mechanism is not clear; 
however, the sudden decrease in oestrogen concentrations after surgical menopause 
may play an essential role.

15.3  Menopause and the Individual Components 
of the Metabolic Syndrome

15.3.1  Central Obesity

One of the most notable phenotypical changes in women after menopause is weight 
gain, associated with an increase in total body fat mass and central abdominal fat 
accumulation, as well as loss of muscle mass and strength [22]. Various studies have 
shown that the transition from pre- to post-reproductive life is associated with an 
increase in waist circumference and waist-to-hip ratio (WHR) [20, 23, 24]. Even 
after adjustment for BMI and other possible confounding factors, postmenopausal 
women present about fivefold risk of central obesity compared with premenopausal 
women [25]. A recent meta-analysis, including 12,277 premenopausal and post-
menopausal women, revealed that the mean waist circumference was by 4.1  cm 
increased in postmenopausal women (95% CI 3.1–5.1). Regarding BMI, results 
from a study including 14,445 subjects showed that it was significantly higher too 
in postmenopausal women (0.94 kg/m2, 95% CI 0.7–1.2) [21].

The use of accurate body composition assessment techniques, such as dual- 
energy X-ray absorptiometry (DXA) or computed tomography (CT), has provided 
evidence that the main parameter affected during the menopausal transition is that 
of intra-abdominal fat [26–28]. When perimenopausal women were studied for 
4 years, only women who reached menopause showed an increase in visceral fat. In 
addition, these women presented significant reduction in energy expenditure from 
fat oxidation, which favoured an increase in total body and visceral fat, without 
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important changes in energy intake [29]. Another study suggested that the increase 
in abdominal obesity (OR 3.0, 95% CI 1.1–8.3) associated with menopause is time- 
dependent and occurs primarily in the early postmenopausal period, mainly within 
the first 5 years after the last menses [15]. Interestingly, the peak prevalence of MetS 
in postmenopausal women is seen later in life, during the mid-1960s [9].

15.3.2  Insulin Resistance

Insulin resistance is the pathophysiological hallmark of MetS and originally was 
included within the diagnostic criteria [30]. It is highly associated with central obe-
sity. Abdominal fat deposition after menopause leads to systemic low-grade inflam-
mation through the action of cytokines and adipokines which results in insulin 
resistance in the peripheral tissues. Decreased lean muscle mass due to sarcopenia 
further contributes to this phenomenon. However, few studies investigated the pos-
sible direct effect of menopause, independently of changes in body composition. 
With the use of intravenous glucose tolerance test (IVGTT), insulin sensitivity was 
found to be decreased in postmenopausal women in early studies [31, 32]. Such dif-
ferences were not detected with the use of euglycaemic, hyperinsulinaemic clamp, 
which constitutes the gold standard, but it cannot always detect clinically important 
alterations [33, 34].

Bidirectional pathophysiological associations between MetS, insulin resistance 
and androgens have been proposed, indicating that the higher the concentrations of 
androgens, the higher the degree of insulin resistance [35]. This association may 
be mediated by ovarian androgens, as adrenal hyperandrogenism does not further 
deteriorate the metabolic profile of women with polycystic ovary syndrome (PCOS) 
[36]. Even after menopause, there is evidence indicating a positive independent 
association between insulin resistance, increased FAI and decreased concentrations 
of SHBG [4, 37].

15.3.3  Dyslipidaemia

Women after menopause present multiple disturbances in their lipid profile, with 
increase in total cholesterol (TC), increase in low-density lipoprotein cholesterol 
(LDL-c) and increase in TG, as well as decrease in HDL-c concentrations [6, 7, 
38]. Close monitoring of lipid profile in perimenopausal women from the SWAN 
(Study of Women’s Health Across the Nation) study revealed that changes in TC 
and LDL-c concentrations are associated with menopause per se rather than with 
chronological ageing [39]. This is not the same for HDL-c concentrations, as they 
seem to be affected by both chronological and ovarian ageing [39, 40]. TG concen-
trations increase steadily during the menopausal transition [38, 41], but this change 
is strongly affected by the presence of central obesity [38]. Regarding sex hormone 
concentrations during menopause and lipids, a significant negative correlation of 
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TC and LDL-c with SHBG and a positive correlation with FAI was reported, but 
not with testosterone or oestradiol concentrations. Multiple regression analysis 
indicated that this association was affected by waist circumference [13].

Furthermore, concentrations of apolipoproteins may also change after meno-
pause. Postmenopausal women demonstrate higher apolipoprotein B (apoB), as 
well as A-I (apoA-I) and A-II (apoA-II) concentrations compared with premeno-
pausal women, which result in significant changes in the cholesterol content of LDL 
and HDL particles [7, 42]. Lipoprotein (a) may slightly increase during the meno-
pausal transition; the evidence, however, is inconclusive [43].

15.3.4  Hypertension

Age represents a strong risk factor for hypertension in both genders. The prevalence 
of hypertension in the USA increases from 11.6% between 20 and 39 years to 37.3% 
between 40 and 59 years to 67.2% for ≥60 years of age. Interestingly, after the age of 
65 years, the prevalence of hypertension in women is higher compared with that in 
men [44–48]. Hypertension is more prevalent in postmenopausal women compared 
with that in premenopausal women of the same age. The incidence of hypertension 
increases steeply during the first years after the last menstrual cycle [45, 49]. Central 
obesity and insulin resistance essentially affect the risk of hypertension. The follow-up 
of 3848 postmenopausal Hispanic women for 3 years showed that 27.3% of normoten-
sive at baseline women progressed to prehypertension and 9% to hypertension and the 
likelihood of this progression was much higher for those who had a BMI ≥25 kg/m2 
[50]. Similarly, a study from India, including 415 postmenopausal women 40–85 years 
of age, demonstrated that the development of hypertension was affected primarily by 
central obesity and waist circumference [51]. Another study from Tunisia revealed 
a higher prevalence of hypertension in postmenopausal women compared with pre-
menopausal women of similar age (72.8% vs. 26.0%, p < 0.001). Waist circumference 
and insulin resistance were the strongest predictors for hypertension too [52].

There are also cross-sectional studies which suggest that menopause increases 
the risk of hypertension, independently of age and BMI [38, 53]. On the other hand, 
there are various, epidemiological mainly studies, which did not find any differences 
in blood pressure between premenopausal and postmenopausal women after adjust-
ment for age and BMI [54–56]. A recent meta-analysis, pooling data from 12 studies 
and 1211 women, concluded that both systolic [mean difference (MD) 6.1, 95% CI 
3.8–8.4] and diastolic blood pressure (MD 3.5, 95% CI 2.1–4.9) were significantly 
increased in postmenopausal women but without any adjustment [21]. The relative 
androgen excess associated with menopause may also play a role in the develop-
ment of hypertension. In a study of 180 postmenopausal women followed up for 
29 months, 13% of women in the highest FAI quartile developed new-onset hyper-
tension as compared to only 4% in the lower quartiles [57]. The same group investi-
gated 411 consecutive apparently healthy postmenopausal women and showed that 
FAI was an independent determinant of systolic blood pressure [58]. In general, 

15 Metabolic Syndrome and Atherosclerosis in Nondiabetic Postmenopausal Women



242

hypertension is more common in postmenopausal women and is strongly associated 
with central obesity and insulin resistance and cardinal metabolic consequences of 
menopause.

15.3.5  Impairment of Glucose Homeostasis

Hyperglycaemia, even in the milder type of impaired fasting glucose (IFG, fasting 
glucose ≥100 mg/dL), represents one of the criteria for MetS. In a study evaluating 
women at midlife, fasting glucose concentrations in postmenopausal women were 
higher compared with those in premenopausal women (93.9 ± 7.6 vs. 96.8 ± 7.0 mg/
dL, p = 0.001). Multivariable analysis including various potential confounders, such 
as age, BMI, TG, TC, LDL-c, HDL-c, systolic and diastolic blood pressure as well 
as menopausal status, showed that menopause remained an independent risk factor 
for increased fasting glucose, along with BMI and TG concentrations [59]. A meta- 
analysis pooled data from 15 trials and 12,466 participants for this parameter and, 
even though with high heterogeneity (I2 95%), resulted that fasting glucose con-
centrations were significantly increased in postmenopausal women compared with 
premenopausal ones (MD 4.6, 95% CI 3.9–5.3). The same difference was found for 
fasting insulin concentrations (MD 20.9, 95% CI 2.1–39.7) [21].

Regarding T2DM development after menopause, the initial findings of the Study 
of Women’s Health Across the Nation (SWAN) proposed that it is related with age 
and was not associated with the hormonal changes due to the decline of ovarian 
function [39, 60]. However, later analysis of the same data resulted that lower oes-
tradiol concentrations contributed 47% higher risk for the clinical presentation of 
T2DM [61]. Further studies followed and confirmed these results. The European 
Prospective Investigation into Cancer (EPIC)-InterAct study, which followed 
women for 11 years, provided evidence that menopause before the age of 40 years 
contributed 32% greater risk for T2DM [62]. A study in 16,299 women from China 
showed that menopause before 45 years of age was associated with 20% greater 
risk for T2DM compared with the normal age at menopause [63]. Studies with 
surgically menopausal women reported increased risk up to 57% for T2DM [64]. 
A recent analysis of data from 124,379 postmenopausal women from the Women’s 
Health Initiative (WHI) study, after adjustment for chronological age, is of great 
interest. This analysis provided evidence that women with less than 30  years 
between menarche and menopause presented 37% greater risk for T2DM compared 
with women having 26–40 years of reproductive lifetime [65]. Therefore, it seems 
that menopause and its consequences can predispose to the development of T2DM, 
independently of and additively to ageing.

15.4  Menopause, Metabolic Syndrome and Atherosclerosis

The adverse cardiometabolic profile which occurs after menopause can ultimately 
predispose to increased CVD risk. Indeed, endothelial dysfunction is evident 
early during the menopausal transition [66]. The Framingham Heart Study is one 
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of the first major studies which demonstrated a higher incidence of CVD events 
in postmenopausal women compared with age-matched premenopausal women 
[67]. The evidence is more robust regarding premature ovarian insufficiency (POI) 
(menopause before 40 years of age) and early menopause (menopause between 40 
and 45 years of age). A recent meta-analysis of prospective cohorts showed that 
women with POI present an increased risk for ischaemic heart disease mortal-
ity [relative risk (RR) 1.48, 95% CI 1.02–2.16] and all-cause mortality (RR 1.39, 
95% CI 1.10–1.77) [68]. Another meta-analysis also provided evidence that POI is 
associated with increased risk of ischaemic heart disease [hazard ratio (HR) 1.69, 
95% CI 1.29–2.21] and total CVD mortality (1.61, 95% CI 1.22–2.12) [69]. Early 
menopause is also associated with a higher CVD risk, but to a lower extent than 
POI. One meta-analysis concluded in slightly increased risk for death from isch-
aemic heart disease in women with early menopause compared with those after 
normal menopause (RR 1.09, 95% CI 1.00–1.18) [68], while another one showed 
that early menopause increases the risk for coronary heart disease (RR 1.50, 95% CI 
1.28–1.76), total CVD mortality (RR 1.19, 95% CI 1.08–1.31) and all-cause mor-
tality (RR 1.12, 95% CI 1.03–1.21) [70]. Of note, surgical menopause is soundly 
associated with increased risk for CVD. The risk for coronary heart disease was 
more than twofold increased in women with bilateral oophorectomy (RR 2.2, 95% 
CI 1.2–4.2) [71]. It has been established that surgical menopause under the age of 
45 years is not only firmly linked with increased CVD risk [71, 72] but also with a 
higher all-cause mortality [73].

In large population studies, the increase in the risk of CVD in postmenopausal 
women was largely attributed to coexisting metabolic risk factors [74]. MetS is a 
major contributor to atherosclerosis and CVD in postmenopausal women. When 
473 postmenopausal women without T2DM were studied, MetS was found in 
17.3% of them. Pulse wave velocity increased linearly with the accumulation of 
features of the syndrome, while carotid artery intima-media thickness was inde-
pendently affected by MetS [75]. In the same cohort, the triglyceride-glucose 
index (TyG index) was shown to be strongly associated with carotid atheroscle-
rosis and arterial stiffness mainly in lean postmenopausal women, while MetS 
was proved to be a better predictor of subclinical atherosclerosis in overweight 
and obese women [76]. A comparative analysis of data from young postmeno-
pausal women (n = 101) with men (n = 85) without T2DM, matched for other risk 
factors, resulted that the prevalence and severity of carotid atherosclerosis was 
similar between the two populations [77]. In accordance, an Iranian prospective 
cohort study that followed women for 12  years reported that women who had 
MetS were those who developed CVD more often (24.2% vs. 15%) [78]. Data 
from the Rotterdam Study with a median follow-up of 7.2 years also indicated 
that the presence of MetS was associated with a slightly increased risk of coronary 
artery disease (HR 1.08–1.32) [79].

In another study with 120 healthy postmenopausal women with low-to-medium 
calculated cardiovascular risk, subclinical atherosclerosis was found to be highly 
prevalent, especially in those with higher age, more years since menopause and 
increased insulin resistance and blood pressure [80]. The relative androgen excess 
associated with menopause may has been implicated in atherosclerosis development 
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too. In the same population of healthy postmenopausal women [80], it was shown 
that total testosterone and FAI were the most important predictors of common 
carotid artery intima-media thickness [81]. Similarly, FAI was the only significant 
independent predictor of pulse wave velocity after adjustment for age, smoking, 
BMI, insulin resistance and lipid concentrations. On the contrary, dehydroepian-
drosterone sulphate (DHEA-S) concentrations were shown to exhibit a negative 
association with arterial stiffness [81].

15.5  Conclusions

Transition to menopause is associated with changes in fat tissue distribution, which 
predispose to central obesity and increased risk for the development of MetS. The 
substantial decrease in oestrogen concentrations, the state of relative androgen 
excess and the decrease in SHBG concentrations may mediate these phenotypi-
cal and metabolic consequences. Regarding individual components of MetS, some 
of them seem to be affected by menopause per se, such as glucose metabolism, 
while some others seem to be the result of increased central obesity and insulin 
resistance, such as hypertension. The lipid profile worsens after the menopause, but 
whether this phenomenon is irrespective of age, BMI and central obesity is incon-
clusive. The presence of MetS appears to increase the CVD risk after menopause. 
Surgical menopause is strongly associated with a higher prevalence of MetS and 
increased risk for CVD. Bearing in mind that most women will spend more than 
one-third of their lifespan in the postmenopausal status, public health strategies 
should encourage women to maintain normal body weight during the transition to 
post- reproductive life, in an attempt to counteract the inevitable consequences of 
both chronological and ovarian ageing.
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16Polycystic Ovary Syndrome-Related 
Risks in Postmenopausal Women

Panagiotis Anagnostis, Stavroula A. Paschou, 
Irene Lambrinoudaki, and Dimitrios G. Goulis

16.1  Introduction

Polycystic ovarian syndrome (PCOS) is the most common endocrine disorder of 
reproductive life, with an estimated prevalence of 6–20%, depending on the criteria 
used [1]. Three different definitions have been used so far: (a) National Institutes of 
Health (NIH) (1990), which requires the presence of both hyperandrogenism and 
oligo- or anovulation; (b) Rotterdam criteria (2003), which requires two out of the 
following three, oligo- or anovulation, hyperandrogenism (either clinical or bio-
chemical), and polycystic ovarian morphology (PCOM); and (c) Androgen Excess 
PCOS Society (AEPCOS), which requires the coexistence of hyperandrogenism 
(either clinical or biochemical), as a sine qua non for PCOS diagnosis, and either 
PCOM on ultrasound or clinical anovulation [1]. According to NIH criteria, the 
prevalence of PCOS is estimated at 8.7%, rising to 17.8% with the Rotterdam cri-
teria and approaching 12% with the AEPCOS definition [2]. These criteria can be 
applied only in premenopausal women, after excluding other causes of androgen 
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excess [1]. In postmenopausal women, there is no uniform definition of PCOS. A 
potential, but precarious, diagnosis can be indirectly set in cases of menstrual irreg-
ularity (oligo- or amenorrhea) during the reproductive ages and current clinical and/
or biochemical hyperandrogenism [3, 4].

PCOS has been associated with metabolic disorders, with insulin resistance (IR) 
being the central pathogenetic component. These disorders include impaired glu-
cose metabolism [predisposing to type 2 diabetes mellitus (T2DM)], dyslipidaemia, 
hypertension and central adiposity [1, 3]. Whether these PCOS-related cardiometa-
bolic risk factors are also translated into an increased cardiovascular disease (CVD) 
risk in postmenopausal life remains to be established.

The purpose of this chapter is to present current data on the association between 
PCOS and the risk of co-morbidities, such as T2DM, hypertension, CVD and can-
cer, in postmenopausal women.

16.2  Diabetes Mellitus in Postmenopausal Women 
with PCOS

In general, PCOS is associated with increased IR and concomitant higher risk of 
impaired glucose tolerance (IGT) or T2DM. The prevalence of IR in lean and obese 
PCOS women is estimated at 30% and 70%, respectively [5]. Only obese women 
with PCOS are prone to exacerbating IR and developing T2DM during the ageing 
process. Thus, not all women with PCOS should be considered as “high risk” of 
T2DM, since weight loss may ameliorate T2DM risk [6]. Except for body mass 
index (BMI), the risk of developing IGT or T2DM is dependent on the ethnicity 
(higher in Hispanic than non-Hispanic PCOS women), the PCOS phenotype (type 
1, including all three Rotterdam criteria, presents the highest IR and type 4, with 
PCO morphology and hyperandrogenism, the lowest), testosterone (positive rela-
tion with IR) and sex hormone-binding globulin (SHBG) concentrations (negative 
relation with IR) [1].

A meta-analysis of 35 studies, published in 2010, showed that women with 
PCOS are at a 2.5-fold risk of IGT [OR 2.48, 95% confidence interval (CI) 1.63–
3.77] and more than fourfold risk of T2DM (OR 4.43, 95% CI 4.06–4.82). These 
OR remained significant after adjustment for BMI (OR 2.54, 95% CI 1.44–4.47 for 
IGT and 4.00, 95% CI 1.97–8.10) for T2DM [7]. However, in this meta-analysis 
only two studies were conducted in premenopausal women [8, 9]. The first [8] 
included 28 perimenopausal women with PCOS (mean age 51.9 years) and showed 
a higher risk of T2DM compared with 752 non-PCOS controls (32% versus 8%, 
p < 0.001), as defined by increased fasting plasma glucose (FPG) concentrations 
(≥7 mmol/L). Except for the small sample size, another limitation was the low 
proportion of postmenopausal women (35.7%) [8]. The second study [9] was con-
ducted exclusively in postmenopausal women with PCOS and showed a higher risk 
of T2DM; nevertheless, it was withdrawn due to inability of the authors to replicate 
the original results.
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In general, few studies have assessed T2DM risk in postmenopausal women. 
One retrospective study included 2301 women with PCOS, defined by the NIH and 
Rotterdam criteria. For the age groups 45–54, 55–64 and >65 years, the ORs for 
T2DM were 3.75 (95% CI 2.59–5.43), 2.89 (95% CI 1.57–5.34) and 7.09 (2.15–
23.35), respectively, compared with the general female population. The overall OR 
was 2.02 (95% CI 1.71–2.38). This increased T2DM risk was affected by a his-
tory of hypertension, older age, obesity and South Asian ethnicity [10]. However, 
a prospective cohort study in 295 postmenopausal women with PCOS (defined as 
premenopausal menstrual irregularity and postmenopausal biochemical hyperan-
drogenism) failed to show an independent effect of the history of PCOS on the 
development of T2DM in later life, after a median follow-up of 9.3 years [11]. In 
a cross-sectional study, the prevalence of T2DM in postmenopausal women with 
PCOS (n = 106, defined by a history of both cycle irregularities and biochemical 
hyperandrogenism) was higher than in women without PCOS (n = 171, 20% versus 
7%, p < 0.01) [12].

The effect of menopause per se on the deregulation of glucose metabolism dur-
ing the menopausal transition should be considered when assessing the impact of 
PCOS history on T2DM risk. This is mainly attributed to the increased abdominal 
obesity and concomitant insulin resistance as well as to a defect in insulin secretion, 
as a result of oestrogen depletion [13]. It is not clear if these pathogenetic mecha-
nisms are entirely independent of the ageing process [13]. Another confounding 
factor could be the past use of oral contraceptives (OC), anti-androgens or insulin 
sensitizers that may affect evolution to T2DM following menopause in women with 
PCOS. Of note, a recent meta-analysis showed that OC use does not affect FPG 
(irrespective of the regimen) or IR indices, such as the homeostasis model assess-
ment of insulin resistance (HOMA-IR) [14]. Concomitant use of anti-androgens, 
such as cyproterone acetate, may increase HOMA-IR and abolish possible benefi-
cial or neutral effects of OC [15].

16.3  Arterial Hypertension in Postmenopausal Women 
with PCOS

Most studies show a higher prevalence of (mainly systolic) hypertension in women 
with PCOS, at least in their later post-reproductive life, compared with the general 
population [1]. The exact pathogenetic mechanisms are not fully elucidated, since 
both BMI and IR may play a role. Independent factors have been suggested, such 
as activation of the renin-angiotensin system by testosterone; testosterone seems to 
increase plasma renin concentrations and angiotensin-converting enzyme activity 
[16], although this hypothesis has not been confirmed [17].

In general, data regarding the effect of PCOS on the risk of developing hyperten-
sion in postmenopausal women are inconclusive, mainly due to the different study 
design, the small number of patients and the various definitions used. A prospec-
tive study (including 35 women with PCOS and 68 age-matched controls, mean 
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age 70.4 and 70.7 years, respectively, with 21 years of follow-up) showed a higher 
prevalence of hypertension in PCOS (histologically verified Stein-Leventhal syn-
drome at wedge resection) compared with controls (69% versus 41%, p = 0.008) 
[18]. However, another prospective cohort study in 295 postmenopausal women 
failed to show an independent effect of PCOS on the development of hypertension 
in later life, after a median follow-up of 9.3 years [11].

A cross-sectional study included 286 asymptomatic postmenopausal women (43 
with PCOS) and showed that PCOS was characterised by higher systolic and dia-
stolic blood pressure (BP) compared with controls. However, BP did not reach hyper-
tensive levels in either group [systolic BP, 127.0 ± 20.5 versus 118.3 ± 15.3 mmHg, 
(p = 0.001); diastolic BP, 78.7 ± 11.8 versus 74.4 ± 10.2 mmHg (p = 0.014)] [19]. 
However, a cross-sectional study did not find any difference in either systolic or dia-
stolic BP between perimenopausal women with (n = 35) or without PCOS (n = 752). 
Of note, only ten PCOS women were postmenopausal [8].

Some confounding factors should be taken into consideration when evalu-
ating the risk of hypertension in postmenopausal women with a diagnosis of 
PCOS. Transition to menopause per se may increase the risk of arterial hyperten-
sion, irrespective of BMI [20, 21]. The decline in oestrogen concentrations dur-
ing menopause and the decline in oestrogen/androgen ratio increase the production 
of vasoconstrictive factors, such as endothelin and angiotensinogen, as well as the 
sympathetic activity [22]. The effect of OC use during the reproductive years on the 
development of hypertension in later life is not known, although current data do not 
indicate such a detrimental effect [14].

16.4  Dyslipidaemia in Postmenopausal Women with PCOS

PCOS has been associated with an atherogenic lipid profile in 70% of the cases, 
including increased low-density lipoprotein cholesterol (LDL-c), very-low-density 
lipoprotein cholesterol (VLDL-c), triglyceride (TG) and free fatty acid concentra-
tions, as well as decreased high-density lipoprotein cholesterol (HDL-c) concentra-
tions, mainly HDL2-c, due to reduced apolipoprotein A-I (apoA-I). The quality of 
LDL particles is also affected in PCOS, since it is characterised by the predominance 
of small and dense LDL particles and higher concentrations of oxidised LDL- c. 
These disorders of lipid metabolism are independent of BMI but may be aggravated 
by obesity and IR [1]. On the other hand, menopause per se is also associated with 
these alterations [23, 24], as well as a potential increase in lipoprotein (a) [Lp(a)] 
concentrations [25], further augmenting CVD risk.

It can be concluded that the effect of PCOS on lipid profile in postmenopausal 
women cannot be precisely estimated, taking into account the heterogeneity in PCOS 
definition and study design, as well as the use of hypolipidaemic drugs and OC in 
the past [26]. Prospective cohort and cross-sectional studies have shown either a null 
effect of PCOS history on lipid profile [8, 11] or an increase in TG and a decrease in 
HDL-c concentrations during postmenopausal years [12, 18, 19]. No difference has 
been identified in any lipid parameters in the retrospective studies [27].
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16.5  Cardiovascular Risk in Postmenopausal Women 
with PCOS

Data from premenopausal women indicate that PCOS confers a potentially higher 
CVD risk in these patients, considering the higher prevalence of traditional CVD 
risk factors and CVD surrogate markers, such as arterial stiffness and carotid 
intima- media thickness (cIMT), compared with their age-matched controls. 
However, whether postmenopausal women with PCOS are indeed at a higher risk 
of CVD events compared with postmenopausal women without a history of PCOS 
has not been yet established. Many factors compromise the exact estimation of this 
risk. First, most data derive from retrospective cohort and case-control studies. 
Second, the definition of PCOS in postmenopausal women is quite obscure, based 
mostly on the history of irregular menses during the reproductive age and the pres-
ence of biochemical or clinical hyperandrogenism. Third, the ultrasound criterion 
of PCOM cannot be implicated in postmenopausal women. Fourth, some of these 
women have been treated with agents that may have affected the metabolic profile 
with unknown consequences on their CVD risk, such as OC and/or anti-androgens. 
Fifth, some clinical features in postmenopausal women, such as menstrual irregu-
larities, may be attributed to other surgical or anatomical causes than PCOS. This 
limitation is further expanded considering that the pattern of menstruation due to 
PCOS during the reproductive ages usually improves during the last years before 
the menopausal transition. Sixth, the most crucial parameter compromising an 
independent effect of PCOS on CVD risk is the age- and menopause-associated 
deterioration of the metabolic profile (including body fat redistribution leading to 
increased central adiposity [28], dyslipidaemia [23, 24], deregulation of glucose 
metabolism [29, 30], arterial hypertension [30]), which confers a well-established 
CVD risk.

Three meta-analyses have been conducted on the concept of assessing CVD risk 
in women with PCOS. Despite the heterogeneity in study design and quality, as well 
as PCOS definition, these meta-analyses showed a higher CVD risk in PCOS than 
in women without PCOS. However, this risk was found to be lower than the one 
predicted by the accumulation of CVD risk factors during the premenopausal ages. 
The first one [31], which included three retrospective and two prospective studies, 
showed a twofold increased risk for the composite outcome of coronary heart dis-
ease (CHD) events and stroke [pooled relative risk (RR): 2.02, 95% CI 1.47–2.76]. 
After using BMI-adjusted risk data, the RR remained significant (1.55, 95% CI 
1.27–1.89) [31].

The second meta-analysis [32] assessed the risk for nonfatal CHD events and 
stroke between women with and without PCOS and showed no significant results 
(OR: 1.61, 95% CI 0.82–3.15 and 1.63, 95% CI 0.96–2.78, respectively). When the 
analysis was confined to women older than 45 years, the risk for nonfatal stroke was 
increased in women with PCOS (OR: 1.94, 95% CI 1.19–3.17), whereas this was 
not true for CHD (OR: 1.70, 95% CI 0.92–3.11). This difference was not shown, 
when the analysis was restricted to studies (n = 3) with similar BMI values between 
women with and without PCOS.
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The third meta-analysis included data from five case-control and five cohort 
studies. It also showed an increased risk of CVD in women with PCOS compared 
with controls (OR: 1.30, 95% CI 1.09–1.56), especially for CHD (OR: 1.44, 95% 
CI 1.13–1.84). In a subgroup analysis, the risk remained increased only for case- 
control and prospective cohort studies (OR: 1.79, 95% CI 1.16–2.77 and 1.20, 95% 
CI 1.06–1.37, respectively), but not for retrospective studies [33].

The effect of PCOS on CVD risk cannot be safely extrapolated to postmeno-
pausal women, mainly for two reasons. First, the proportion of postmenopausal 
women in the study samples was relatively small or not reported [8, 27, 34]. Second, 
the diagnosis of PCOS was not based on NIH or Rotterdam criteria in most studies, 
but on menstrual irregularity [35, 36]. In some studies, the number of women with 
PCOS was very small to draw safe conclusions for CVD risk [8, 18, 37]. A study that 
overcame most of these methodological restraints [10] included 2301 women with 
PCOS, using the NIH or Rotterdam criteria. For age groups of 45–54, 55–64 and 
>65 years, the OR for myocardial infarction (MI) were 10.63 (95% CI 4.93–22.90), 
9.27 (95% CI 3.73–23.03) and 12.88 (95% CI 3.41–48.00), respectively. The OR 
for the composite outcome of MI, angina, heart failure, cerebrovascular death and 
CVD death was increased for these age groups (2.95, 95% 1.81–4.83; 3.09, 95% CI 
1.64–5.84; and 6.31, 95% CI 1.84–21.56, respectively), providing evidence for an 
association of PCOS with CHD risk in postmenopausal life. In a logistic regression 
analysis, this risk was affected by age, history of hypertension and smoking, but not 
by BMI and T2DM [10].

A cross-sectional study conducted in 390 postmenopausal women with clini-
cal features of PCOS showed a higher prevalence of angiographic coronary 
artery disease (CAD) compared with women without PCOS. Furthermore, the 
cumulative 5-year CVD event-free survival was lower (78.9% versus 88.7%) 
[9]. However, this study was withdrawn because of the inability of the authors 
to replicate their results [11]. Eight years later, the same group published the 
results from their prospective cohort (n = 295), after a median follow-up time of 
9.3 years. PCOS was defined as premenopausal menstrual irregularities in com-
bination with postmenopausal biochemical hyperandrogenism. The study failed 
to show an effect of the history of PCOS on the development of CAD, CVD and 
all-cause mortality [11].

The risk for CVD in women with PCOS seems to be elevated even from the pre-
menopausal ages. A Danish register-based study (n = 18,112, median age 29 years, 
range 23–35 years, follow-up time 11.1 years) showed that women with PCOS were 
at an increased risk of CVD [hazard ratio (HR): 1.7, 95% CI 1.7–1.8] compared 
with their age-matched controls. The total CVD event rate was 22.6/1000 patient- 
years and a median age at CVD diagnosis of 35 (range 28–42) years. This risk 
was affected by obesity, T2DM, history of infertility and/or previous OC use [38]. 
Hyperandrogenism did not seem to affect CVD risk in postmenopausal women with 
PCOS [12, 39].

Premenopausal women with PCOS have a higher prevalence of subclinical ath-
erosclerosis compared to controls as it is evident by surrogate markers for CVD, 
such as arterial stiffness [assessed by means of pulse wave velocity (PWV)], arterial 
structure (evaluated by means of cIMT) and coronary artery atherosclerosis (CAC) 
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[1, 40]. This association is confirmed by two meta-analyses [41, 42]. In postmeno-
pausal women, very few studies exist. In one representative study of asymptomatic 
postmenopausal women (n = 286), PCOS diagnosis was independently associated 
with increased arterial stiffness, as assessed by PWV. No difference in cIMT was 
observed between postmenopausal women with and without PCOS [19].

The Coronary Artery Risk Development in Young Adults (CARDIA) study 
assessed a mixed population of pre- and postmenopausal women for CAC (n = 982) 
and cIMT (n = 988). Fifty-five of those (mean age 45.4 years, 12.7% postmeno-
pausal) were defined as PCOS, when both menstrual irregularities and hyperan-
drogenism existed. The prevalence of CAC was higher in PCOS compared with 
healthy controls or those women with isolated irregular menses or isolated hyperan-
drogenism, yielding an OR of 2.69 (95% CI 1.37–5.25), independently of CVD risk 
factors, such as obesity, menopausal status, hypertension, smoking, HOMA-IR and 
TG. Similar OR were observed for PCOS with regard to internal cIMT (OR: 2.00, 
95% CI 1.07–3.75) [43]. However, others found no association between PCOS phe-
notype and indices of subclinical or clinical CVD in postmenopausal women [12].

16.6  Cancer Risk in Postmenopausal Women with PCOS

PCOS is characterised by chronic hyperoestrogenaemia, unopposed by progester-
one, due to anovulation, a state associated with increased risk of some types of 
cancer, such as breast, endometrial and ovarian cancer. In a meta-analysis (11 stud-
ies, 919 women with and 72,054 without PCOS), no increased risk was found for 
breast cancer (OR: 0.95, 95% CI 0.64–1.39), a finding that remained non-significant 
after excluding studies conducted in women older than 54 years (OR: 0.78, 95% CI 
0.46–1.32) [44]. Other systematic reviews and meta-analyses were confirmatory 
[45, 46]. However, PCOS has been associated with a high risk of endometrial cancer 
(OR: 2.79, 95% CI 1.31–5.95), which was further increased when studies includ-
ing women >54 years were excluded (OR: 4.05, 95% CI 2.42–6.76) [44]. However, 
these findings were not adjusted for BMI.  Studies that reported effect estimates 
adjusted for BMI provided inconsistent results with either increased or attenuated 
ORs or lack of significance [45].

The association between PCOS and ovarian cancer has been attributed to the 
chronic androgen exposure and the presence of androgen receptors in normal ovar-
ian cells [45]. The aforementioned meta-analysis [44] did not show any associa-
tion between PCOS and ovarian cancer risk (OR: 1.41, 95% CI 0.93–2.15), which 
reached significance after excluding studies in women aged >54 years (OR: 2.52, 
95% CI 1.08–5.89). Perhaps, there is an association of PCOS with an increased 
risk of only the serous borderline subtype of ovarian cancer [45]. This finding was 
not supported by a recent study for any ovarian cancer both for women with self- 
reported PCOS and those with a history of menstrual cycle length >35 days [47].

The potential effect of obesity and long-term use of OC [48] should be taken into 
consideration when evaluating the link between PCOS and cancer. In a nationwide 
study, the OR for cancer ranged from 1.09 (95% CI, 0.96–1.23) with <1 year of OC 
use to 1.38 (95% CI, 1.26–1.51) with >10 years of use [49].
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16.7  Conclusions: Future Perspectives

PCOS is associated with an increased prevalence of CVD risk factors, such as 
deregulation of glucose metabolism, dyslipidaemia and arterial hypertension, pre-
disposing to the development of subclinical atherosclerosis and CVD. Despite the 
clustering of these risk factors, an association between PCOS and CVD has not 
been established in the post-reproductive life, at least to the extent that would be 
expected. Many reasons contribute to this phenomenon, such as the heterogeneity 
of both PCOS and CVD definitions in postmenopausal women, study design, small 
sample size, amelioration of menstrual pattern with ageing and insufficient follow-
 up. Well-designed, high-quality prospective studies are needed to establish whether 
the history of PCOS confers an independent CVD risk in postmenopausal women, 
irrespective of obesity, ageing and menopause per se. Finally, there is no evidence 
of an association between PCOS and breast or ovarian cancer, as a consequence of 
prolonged unopposed oestrogen and androgen stimulation. However, this is not the 
case for endometrial cancer, although an independent effect of obesity should be 
considered.
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17Sleep and Sleep Disturbances 
in Climacteric Women

Päivi Polo-Kantola, Tarja Saaresranta, and Laura Lampio

17.1  The Importance of Sleep

Good and sufficient sleep is necessary for good quality of life [1, 2] and health. 
Chronic sleep disturbances are associated with both physical and mental neg-
ative health consequences, like with cardiovascular diseases [3–6], diabetes 
[7, 8], depression [9], and cognitive impairment [10, 11]. In addition, sleep 
disturbances are related to increased work absenteeism [12–15], poor work 
performance [16, 17], accidents, and increased healthcare costs [18, 19]. Sleep 
disturbances increase in prevalence during climacteric [20, 21], thus influenc-
ing in health-related quality of life, work productivity, and healthcare utiliza-
tion [22].
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17.2  The Sleep Regulation and Measuring the Sleep Quality

The sleep-wake cycle is regulated by two biological processes, which interact 
and balance each other, the circadian process C and homeostatic process S [23]. 
Circadian rhythm (circa dia) is an approximately 24-h regulation cycle of the body’s 
internal processes and alertness levels [24]. Sleep-wake homeostasis, process S, is an 
internal mechanism that produces a pressure to sleep and regulates sleep intensity; 
i.e., the longer awake, the stronger the need to sleep, and vice versa. Several brain 
areas are involved in regulation of sleep, most importantly the medulla oblongata, 
pons, formation reticularis, midbrain, thalamus, hypothalamus, preoptic area, basal 
forebrain, hippocampus, and cerebral cortex. Of neurotransmitters, adenosine and 
nitric oxide [25] and gamma-aminobutyric acid (GABA), hypocretin, and histamine 
[26] are critical for sleep regulation. Also various hormones, such as growth hor-
mone, cortisol, melatonin, prolactin, and ovarian hormones, are involved [27–34].

Sleep quality is divided to subjectively reported sleep quality (subjective sleep 
quality) and objectively measured sleep quality (sleep architecture). Subjective 
sleep quality and daytime consequences (fatigue, tiredness, reduced attention, cog-
nition or memory impairment, mood disturbance, or irritability) are evaluated with 
structured questionnaires or sleep diaries. Subjective sleep quality is most com-
monly worsened by insomnia symptoms (e.g., difficulty initiating or maintaining 
sleep, or too early morning awakening) but sometimes by sleep disordered breath-
ing (SDB) or restless legs syndrome (RLS) as well. One or more insomnia symp-
toms which occur at least three times per week during at least 1 month with daytime 
symptoms are required for the definition of insomnia disorder [35]. Generally, older 
age, female sex, and lower socioeconomic status, as well as previously diagnosed 
insomnia, positive family history of insomnia, and poor perceived mental and gen-
eral health are risk factors for insomnia [36–39]. Also several systemic diseases and 
the use of medicaments may induce sleep disturbances [40, 41].

Sleep can be objectively measured with polysomnography (PSG), which consists 
of an electroencephalogram (EEG), electrooculogram (EOG), and electromyogram 
(EMG). Sleep is divided into wake, non-rapid eye movement (NREM) sleep, and 
REM sleep. NREM is further divided into stages N1–N3 (former S1–S4). N3 (for-
mer S3 and S4) is also called as slow-wave sleep (SWS) [42–44] (Fig. 17.1). In 
addition to the percentages of sleep stages and total sleep time, sleep latency, sleep 
efficiency, slow-wave activity (SWA), and the number of arousals and awakenings 
are typically determined from PSG-measured sleep. The optimal average sleep 
duration in order to maintain good health ranges from 7 to 8 h [45]. Shorter and 
longer sleep durations have been associated with increased morbidity and mortal-
ity in general populations [46–49]. The basic challenge for evaluating sleep quality 
and sleep disorders is that the correspondence between subjectively and objectively 
measured sleep is not unambiguous [50–53]. However, the individual’s perceptions 
of sleep disturbance and daytime consequences are more likely to direct diagnosis 
and treatment.
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17.3  Subjective Sleep Quality and Insomnia Symptoms 
in Climacteric

Sleep disturbances, especially insomnia symptoms, are one of the most bother-
some symptoms in climacteric, being reported by 40–60% of climacteric women 
[54]. Both cross-sectional [55–59] and longitudinal [60–63] studies confirm that 
the prevalence of perceived sleep disturbances increases in the menopausal transi-
tion, even after controlling for age. A meta-analysis of 24 cross-sectional studies 
reported higher odds of experiencing sleep disturbance relative to premenopause in 
perimenopausal (1.60), postmenopausal (1.67), and surgically menopausal (2.17) 
women [64]. The most common sleep-related complaint is nighttime awakenings 
[55, 58, 61, 63], although also difficulty falling asleep increases across the meno-
pausal transition [55, 58, 61, 63]. The increase in early morning awakening is shown 
to level off from late perimenopause to postmenopause [55, 58, 61, 63]. Although 
the insomnia symptoms inevitably increase in climacteric, the research about insom-
nia disorder in climacteric is limited. The phone interview of nearly 1000 women 
showed that 26% of perimenopausal women qualified for a DSM-IV diagnosis of 
insomnia, with difficulty maintaining sleep the most common symptom [65]. As for 
increasing follicle-stimulating hormone (FSH), the association with greater odds of 
waking up several times was found, whereas decreasing estradiol (E2) was associ-
ated with higher odds of difficulty falling and staying asleep [61]. Despite this clear 
increase in poor sleep quality as women enter climacteric, the severity and persis-
tence of poor sleep, as well as the extent of impairment in daytime function, vary 
between women.
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Fig. 17.1 Hypnograms derived from the polysomnograms of the same woman. Premenopausal 
situation (upper hypnogram) and perimenopausal situation 6 years later (lower hypnogram). Note 
especially the sleep fragmentation. MT movement time, S1 stage 1 non-REM sleep, S2 stage 2 
NREM sleep, S3 stage 3 NREM sleep, S4 stage 4 NREM sleep. Data from Lampio et al., 2017
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17.4  Sleep Architecture in Climacteric

Even though the evidence for declining subjective sleep quality in climacteric is 
strong, polysomnographic (PSG) studies have generally not found a corresponding 
negative change in sleep architecture. The observed mismatch between subjective 
and objective sleep quality [66] has been explained by a possible influence of psy-
chological state on sleep quality judgments by affecting the sleep appraisal process 
rather than sleep itself [67]. Also, most PSG studies have been cross-sectional with 
small sample sizes and differences in definitions of menopausal stages, age ranges, 
presence of systemic diseases and sleep disorders, and sleep-recording techniques. 
Some studies have found no differences in sleep architecture between pre- and post-
menopausal women [68–72], while a few studies have reported more slow-wave 
sleep (SWS) in peri- and postmenopausal women than premenopausal women [59, 
73–76]. More SWS could be interpreted as reflecting a better sleep pattern, on the 
one hand, but alternatively could reflect a recovery response to sleep deprivation. 
A single study has found more time spent awake and lower sleep efficiency in peri- 
and postmenopausal women compared to premenopausal women, but all studied 
women were insomnia patients [77].

Few studies have investigated the association between serum concentration of 
FSH and PSG measures. A cross-sectional study of women mostly in the early 
menopausal transition without sleep complaints found that higher FSH concentra-
tions were associated with more wakefulness after sleep onset, awakenings, and 
arousals, after adjusting for age and BMI [78]. However, in women with insomnia 
symptoms, PSG measures did not correlate with FSH, whereas they were associ-
ated with anxiety and symptoms of depression [78]. In a small study with a group of 
pre- and postmenopausal women with diagnoses of depression, FSH concentration 
was positively associated with wakefulness after sleep onset and negatively associ-
ated with SWS [79]. Further, in another cross-sectional study, a more rapid rate 
of FSH change over the previous few years was associated with higher amount of 
SWS and longer total sleep time during a subsequent sleep study [80]. In the only 
longitudinal, 6-year follow-up study addressing changes in PSG measures across 
the menopausal transition, at follow-up, women had a shorter total sleep time, lower 
sleep efficiency, more wakefulness after sleep onset, and more awakenings after 
adjusting for vasomotor symptoms, BMI, and mood (Fig. 17.1). These changes in 
sleep were linked with advancing age rather than increased FSH levels. Increasing 
FSH was associated with a greater proportion of SWS, presumably reflecting an 
adaptive change to counteract the age-related sleep fragmentation [73] (Table 17.1).

Only limited work about PSG measures in climacteric women with insomnia dis-
order exists. One study showed substantial objective sleep disruption, with a poorer 
sleep efficiency, more wakefulness after sleep onset, and shorter total sleep time, 
matching the subjective poor sleep quality in this group compared to women with-
out insomnia [81]. Further, women with insomnia were more likely to have objec-
tively measured hot flashes, and the presence of hot flashes predicted the number 
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Table 17.1 Polysomnography sleep studies in menopausal transition

Authors Study design
Sample 
characteristics Findings Comments

Shaver 
et al. 
1988 [72]

Cross-sectional Pre-, peri-, and 
postmenopausal 
women aged 
40–59 y (n = 76)

No differences in 
sleep parameters 
between the groups

Peri- and 
postmenopausal 
women 
experiencing hot 
flashes had longer 
REM latency and 
tended to have 
lower SE compared 
to women without 
hot flashes

Young 
et al. 
2003 [59]

Observational 
epidemiologic 
study

Pre-, peri-, and 
postmenopausal 
women, mean age 
46.3 y, SD 8.1 
(n = 589)

Peri- and 
postmenopausal 
women had more 
SWS, and 
postmenopausal 
women had less S2, 
and higher SE 
compared to 
premenopausal 
women

Peri- and 
postmenopausal 
women were more 
dissatisfied with 
their sleep quality 
compared to 
premenopausal 
women. No 
adaptation night

Sharkey 
et al. 
2003 [76]

Cross-sectional Pre- and 
postmenopausal 
women aged 
45–56 y (n = 25)

Postmenopausal 
women had more 
SWS and less S1

No difference in 
subjective sleep 
quality. Two 
consecutive 
laboratory nights

Freedman 
et al. 
2004 [71]

Cross-sectional Pre- and 
postmenopausal 
women with and 
without hot flashes, 
aged 46–51 y 
(n = 31)

No differences in 
sleep parameters

Most awakenings 
preceded a hot 
flash, but not vice 
versa in the three 
consecutive 
laboratory nights

Kalleinen 
et al. 
2008 [70]

Cross-sectional Young (aged 
20–26 y), 
premenopausal 
(aged 45–51 y) and 
postmenopausal 
(aged 59–71 y) 
(n = 61)

No differences 
between pre- and 
postmenopausal 
women. Young 
women had longer 
TST, higher SE and 
SWA, more SWS, 
and less WASO 
compared to 
pre- and 
postmenopausal 
women

Postmenopausal 
women were less 
satisfied with their 
sleep quality 
compared to 
premenopausal 
women. Two 
consecutive 
laboratory nights

(continued)
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Table 17.1 (continued)

Authors Study design
Sample 
characteristics Findings Comments

Sowers 
et al. 
2008 [80]

Sleep was 
studied 
cross- 
sectionally and 
FSH annually 7 
y prior the 
sleep study

At the time of the 
sleep study, 
women were 
premenopausal, 
early or late 
perimenopausal, 
and 
postmenopausal, 
median age 52 y 
(n = 365)

More rapid rate of 
FSH change was 
associated with 
more SWS and 
longer TST

More rapid rate of 
FSH change was 
associated with 
poorer subjective 
sleep quality. Two 
nights of in-home 
PSG

Hachul 
et al. 
2009 [69]

Cross-sectional Early and late 
postmenopausal 
women aged 
50–65 y (n = 30)

No differences in 
sleep parameters

Two consecutive 
laboratory nights

Hachul 
et al. 
2010 [75]

Cross-sectional Reproductive 
(mean age 38.8 y 
[SD 10.4]) and 
postmenopausal 
(55.9 y [SD 7.9]) 
women (n = 931)

More SWS, less S2 
and REM in 
postmenopausal 
women compared 
to reproductive 
women; after 
adjustment of age 
and BMI, only 
greater chance of 
having AHI >5 for 
postmenopausal

No adaptation night

Campbell 
et al. 
2011 [68]

Cross-sectional Pre-, early peri-, 
late peri-, and 
postmenopausal 
women aged 
48–59 y (n = 321)

No differences in 
PSG measures. 
Beta EEG power, 
indicating arousal, 
↑ in late peri- and 
postmenopausal 
women, but no 
difference in delta 
EEG power

Beta EEG power 
was related to hot 
flash frequency. 
Three consecutive 
in-home PSG- 
measurement 
nights. Results 
adjusted with age 
and other 
covariates

Xu et al. 
2011 [77]

Cross-sectional Pre-, peri-, and 
postmenopausal 
women aged 
40–59 y (n = 74)

Longer total wake 
time and lower SE 
in peri- and 
postmenopausal 
women compared 
to premenopausal 
women

All subjects were 
insomnia patients. 
No differences in 
subjective sleep 
quality. Three 
consecutive 
laboratory nights

(continued)
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of PSG awakenings per hour of sleep [81]. According to another study, where sub-
jective sleep quality and PSG measures were compared between premenopausal 
and peri-/postmenopausal women with insomnia disorder, subjective sleep quality 
and depression were similar between the two groups, whereas peri-/postmenopausal 
women had a longer PSG-defined total wake time and lower sleep efficiency, sug-
gesting that PSG measures of sleep quality are impacted to a greater extent in peri-/
postmenopausal than in premenopausal women with insomnia disorder [77].

Table 17.1 (continued)

Authors Study design
Sample 
characteristics Findings Comments

de 
Zambotti 
et al. 
2015 [78]

Cross-sectional Young (aged 
18–27 y) and 
perimenopausal 
women with and 
without insomnia 
(aged 43–52 y) 
(n = 44)

FSH ↑ was 
associated with 
WASO, awakenings 
and arousals ↑ in 
perimenopausal 
non-insomniacs, 
but not in insomnia 
patients in young 
women FSH ↑ was 
related to WASO 
and N1 ↑

In perimenopausal 
insomniacs TST 
correlated with 
anxiety and 
depression. No 
adaptation night

Hachul 
et al. 
2015 [74]

Cross-sectional Reproductive 
(mean age 34.6 y, 
(SD 8.4)), early 
(5.22 y (5.3)), and 
late (63.3 y (8.6)) 
postmenopausal 
women (n = 535)

More N3, higher 
AHI, and lower 
SaO2 in 
postmenopausal 
women compared 
to premenopausal, 
no difference 
between early and 
late 
postmenopausal 
women

Wide age range 
(20–80 y), results 
were adjusted with 
age, BMI, blood 
pressure. No 
adaptation night

Lampio 
et al. 
2017 [73]

6-year 
follow-up

At baseline all 
women (mean age 
46 y, SD 0.9) were 
premenopausal and 
at the follow-up in 
different stages of 
menopausal 
transition (n = 60)

Increase in FSH 
associated with 
SWS ↑, after 
controlling for 
BMI, vasomotor 
and depressive 
symptoms

Aging was 
associated with 
shorter TST, lower 
SE, increased 
transitions from 
SWS to wake, 
increased WASO 
and amount of 
awakenings after 
controlling for 
confounding 
factors

n number, y year, REM rapid-eye movement sleep, SD standard deviation, SWS slow-wave sleep, 
S2 stage 2 non-rapid eye movement (NREM) sleep, SE sleep efficiency, S1 stage 1 NREM sleep, 
FSH follicle-stimulating hormone, TST total sleep time, PSG polysomnography, WASO wake after 
sleep onset, N1 stage 1 NREM sleep, N3 stage 3 NREM sleep, SD standard deviation, EEG elec-
troencephalogram, AHI apnea-hypopnea index
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17.5  Primary Sleep Disorders in Climacteric

Sleep disturbances may arise in climacteric in association with primary sleep dis-
orders, such as sleep disordered breathing (SDB), restless legs syndrome (RLS), 
and periodic limb movement disorder (PLMD) [21, 82]. SDB is characterized by 
snoring, upper airway obstruction, inspiratory flow limitation, and excessive day-
time sleepiness [83]. An apnea-hypopnea index (AHI) of five or more per hour of 
sleep indicates SDB [83]. The prevalence of SDB is higher in men than in women 
before menopause [84]; however, the prevalence increases in women following 
menopausal transition [85–89]. The postmenopausal women have shown to be 2.6 
times more likely to have an AHI ≥ 5 per hour and 3.5 times more likely to have an 
AHI ≥ 15 per hour, compared with premenopausal women, after adjusting for con-
founding factors (age, BMI, and smoking) [88]. In the recent longitudinal analyses 
of the same data, AHI increased from premenopause to peri- and postmenopause, 
independent of age and changes in body habitus, although these factors were also 
associated with AHI [85]. Furthermore, in a large follow-up study, the hazard ratio 
for OSA in women with surgical menopause was 1.27 compared in women with 
natural menopause independently of age at menopause. The increased OSA risk 
due to surgical menopause persisted for over 15  years into the postmenopausal 
period and was more pronounced in leaner women, as well as among women who 
never used menopausal hormone therapy (MHT). OSA risk associated with sur-
gical menopause was attenuated among physically more active women [90]. The 
greater prevalence of SDB after menopause might, in part, be due to the loss of 
the protective effects of female reproductive steroid hormones, especially proges-
terone, which have shown to have respiratory stimulative effects [88, 89], as well 
as changes in fat distribution after menopause [86]. The clinical picture of SDB in 
women usually differs from that of men, and therefore women are probably more 
likely to be undiagnosed. Women are more symptomatic with lower AHI compared 
to men, and they have more prolonged partial upper airway obstruction and report 
insomnia as a symptom of SDB more frequently [91, 92]. Of importance, patients 
with SDB and insomnia-like symptoms have higher burden of cardiovascular, pul-
monary, and psychiatric comorbidity and lower adherence to continuous positive 
airway pressure treatment compared to patients with traditional sleepy phenotype 
despite less severe SDB in terms of AHI [92].

The prevalence of RLS and PLMD increases with age, and RLS is more common 
in women [93]. Freedman et al. found periodic limb movements and apneas to be 
the best predictors for poorer sleep efficiency in peri- and postmenopausal women 
reporting sleep disturbances [94]. However, in a group of asymptomatic postmeno-
pausal women, the incidence of periodic limb movements was unrelated to E2 or 
FSH levels [95], suggesting that the increase in prevalence of RLS and PLMD after 
menopause may be related more to aging than to hormonal changes.

In addition to primary sleep disorders, other medical disorders, as well as use 
of medications, become more common with advancing age and may affect sleep 
in midlife women [41, 96, 97]. In one of the few prospective studies assessing pre-
dictors for menopausal sleep disturbances, medical diseases and use of prescribed 
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medication predicted future sleep disturbances [98]. In another prospective study, 
depressive symptoms, personal crises, use of medications affecting the CNS, and 
perceived impaired general health already 5 years before menopause predicted vari-
ous sleep disturbances in menopausal transition [99].

17.6  Contributing Factors for Sleep Disturbances 
in Climacteric

17.6.1  Vasomotor Symptoms (Hot Flashes and Sweating)

Several factors contribute for sleep disturbances in climacteric (Fig. 17.2). Nocturnal 
hot flashes and sweating are an important component of sleep disturbance during 
midlife: self-reported vasomotor symptoms are consistently associated with poorer 
self-reported sleep quality and chronic insomnia [57, 61, 65, 100]. Women with 
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Fig. 17.2 Factors contributing for sleep quality and sleep disorders in climacteric. SDB sleep- 
disordered breathing, PLMD periodic limb movement disorder, RLS restless legs syndrome
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moderate-severe hot flashes are almost three times more likely to report frequent 
nocturnal awakenings compared to women without hot flashes [101]. However, 
studies that investigated relationships between reported vasomotor symptoms and 
objectively measured sleep (with actigraphy or PSG) have produced conflicting 
results, with no relationship [59, 71] or with association between hot flashes and 
disrupted sleep [102–104].

Objectively measured vasomotor symptoms have been linked to sleep disruption 
in some [102, 103, 105, 106], but not all [71, 94, 104] studies. Differences between 
studies might relate to the classification of hot flashes in association with awaken-
ings [102], as well as between-women variability in the impact of hot flashes on 
sleep. In an experimental model of new-onset hot flashes in young premenopausal 
women treated with a gonadotropin-releasing hormone agonist, hot flashes were 
linked with more PSG awakenings, more wakefulness after sleep onset, and more 
stage 1 sleep [107], providing a link between hot flashes and disturbed sleep. In 
an analysis of the overall impact of hot flashes on sleep architecture, wake time 
attributed to hot flashes was responsible for, on average, 27% of objective wake-
fulness after sleep onset, although there was wide variability in hot flash impact 
between women [102]. Additionally, an awakening occurred simultaneously with 
the majority (69%) of hot flashes. The strong overlap in timing between hot flash 
onset and awakenings suggests that these events may be driven by a common mech-
anism within the central nervous system in response to fluctuating estrogen levels, 
although sweating triggered by a hot flash may still contribute to or extend the 
interval of waking [102].

17.6.2  Depressive Symptoms

Risk for depression increases in climacteric, independently of other factors [108–
111]. Women have been reported to be two to four times more likely to develop 
major depressive disorder in the menopausal transition and early postmenopause 
compared to premenopause, after adjusting for confounding factors [109].

Mood and sleep disturbances act in a bidirectional relationship [112, 113]. 
This relationship has also been documented in climacteric women [114–116]. In 
a longitudinal study, depressive symptoms were unrelated to menopausal status 
or annual change in E2 but were associated with hot flashes and sleep disturbance 
[117]. Further, in another longitudinal study, the presence of subjective sleep 
problems at baseline was an important predictor of persistent/recurrent major 
depressive disorder at follow-up [118]. Studies about the association between 
sleep architecture and depressive symptoms have produced, however, con-
flicting results. In one study, more depressive symptoms were associated with 
lower sleep efficiency and shorter total sleep time in perimenopausal women 
and with a higher percentage of REM sleep in postmenopausal women [116]. 
In contrast, in another study, mood symptoms were not independently related 
to sleep architecture, but anxiety symptoms were related to longer sleep onset 
latency and lower sleep efficiency; however, this was found only in women who 
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also reported vasomotor symptoms [119]. Moreover, hot flashes and depres-
sive symptoms have shown to be associated with different sleep disturbance 
patterns, with hot flashes being exclusively associated with frequent awaken-
ings whereas depression was uniquely associated with difficulty falling asleep 
and too early morning awakening [120]. In addition, an intervention study in 
depressive perimenopausal women found that improvement in depression was 
predicted by improved sleep and increasing E2, but not by alleviation of vaso-
motor symptoms [121].

17.6.3  Psychosocial and Sociodemographic Factors

In midlife, women face several challenges and personal life stressors, including 
changing family roles, loss of significant others, health concerns and worries 
about getting old, as well as alterations and increasing demands at work or 
retirement [122]. Life stressors and experiencing stress may contribute to sleep 
disturbances [122–124]. Indeed, perceived stress and poor perceived health have 
been associated with subjective sleep disturbances in midlife women [63, 97]. 
Furthermore, midlife women with higher chronic stress exposure over a 9-year 
follow-up period were more likely to have insomnia and more wake in objec-
tively measured sleep than participants with moderate stress exposure [125]. 
Concerning work stress with sleep disturbances, a recent prospective study with 
over 24,000 participants (82% women, mean age 44  years) showed that the 
disappearance of job strain was associated with lower odds of insomnia symp-
toms [126]. In a study of 131 Egyptian teachers in the menopausal transition 
(aged 46–59  years), the most important menopausal symptoms that affected 
their work capacity and performance were tiredness (83%) and sleep distur-
bances (64%) [127]. A larger study of 961 midlife women found that insomnia 
symptoms were the most problematic menopausal symptoms to affect daily life 
and working performance [128]. As for work stress and sleep disorders in cli-
macteric, postmenopausal women had worse sleep than premenopausal women 
during working days, but few differences during leisure days, showing an exist-
ing coping mechanism of work stress after menopause and the requirement of 
enough rest [129].

Some socioeconomic factors are protective against the development of sleep 
disturbances in climacteric; higher educational level [100], lower financial strain 
[130], and satisfactory marriage [131, 132] are all related to fewer sleep distur-
bances. Further, the prevalence of menopausal sleep disturbances is influenced by 
race and ethnicity: Caucasian women have higher rates, while Hispanic women 
have lower rates of sleep disturbances [61]. A study assessing the burden of meno-
pausal sleep disturbances on societal costs concluded that menopausal chronic 
insomnia, characterized by nighttime awakenings, was linked with increased 
healthcare utilization and associated costs, decreased work productivity, and 
decreased health-related quality of life after adjustment for demographics and 
comorbidity [22].
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17.7  Management of Sleep Disturbances in Climacteric

As the reasons for sleep disturbances in climacteric are potentially multiple, and 
sometimes overlapping, before prescription of the treatment, the causes behind 
should be accurately evaluated. For note is that for some women, sleep distur-
bances may be transient and thus not requiring any active treatment, whereas for 
other women, sleep disturbances may be severe, with a significant impact on day-
time functioning and quality of life and thus necessity for treatment. In addition, 
occasionally combined treatments may be required, such as for women who have 
depression in addition to severe vasomotor symptoms and sleep problems. The cor-
nerstone of management of sleep disorders is good sleep hygiene: appropriate sleep-
ing environment, regular sleep-wake rhythm, sufficient exercise, and avoidance of 
stimulants, i.e., coffee, especially too late in the evening. Treatment options include 
MHT, non-hormonal pharmacological medications, and non-pharmacological and 
self- management strategies (Table 17.2).

17.7.1  Menopausal Hormone Therapy

Several studies have evaluated the effect of MHT on sleep; however, findings are 
mixed and difficult to compare, given the heterogeneity in study populations and 
tools to evaluate sleep and various MHT preparations (formulation, dose, and type 
of administration). According to a recent meta-analysis, MHT modestly improves 
subjectively evaluated sleep disturbance [133]. In most studies, improved sleep 
quality has co-occurred with improvement of vasomotor symptom [133–137]. 
However, there are also some data of enhanced sleep quality with MHT without 
the report of vasomotor symptoms [135]. PSG studies examining the effect of MHT 

Table 17.2 Treatment of climacteric sleep disturbances

Non-pharmacological treatment
  Sleep hygiene
   Appropriate sleeping environment (calm, dark, appropriate temperature; comfortable bed)
   Regular sleep-wake rhythm
   Reducement of daytime stimulants
   Regular daytime exercise
  Relaxation techniques
  Behavioral techniques, i.e., stimulus control or sleep restriction
  Cognitive-behavioral treatment of insomnia (CBT-I)
Menopausal hormone therapy
Antidepressants (i.e., low-dose selective serotonin/serotonin noradrenaline reuptake inhibitors, 
mirtazapin)
Gabapentin
Melatonin
H1-antihistamin
Sleep medication (i.e., intermediate-acting benzodiazepines, “Z-drugs”)
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on sleep architecture in menopausal women share the same problems with study 
design as the studies evaluating subjective sleep quality and MHT. In addition, those 
studies are rare, and the results are conflicting. Some studies have observed positive 
changes in sleep architecture with MHT [138–141], mainly decreasing wake after 
sleep onset, although other studies found no improvement [142–144].

17.7.2  Non-hormonal Pharmacological Medications

Of other treatment options, low-dose selective serotonin/serotonin norepineph-
rine reuptake inhibitors have shown to reduce hot flashes to some extent and mod-
estly reduce insomnia symptoms in women with hot flashes [145–147], although 
the adverse-effect profiles of these medications need to be carefully considered. 
Evidence from a single trial shows that gabapentin improves sleep quality in peri-
menopausal women with hot flashes and insomnia [148]. As for sleep medica-
tion, melatonin, antihistamine, intermediate-acting benzodiazepines, and so-called 
Z-drugs can be used, although especially the two latter with short-term only.

17.7.3  Cognitive-Behavioral Treatment and Other Non- 
pharmacological Treatments

Cognitive-behavioral treatment of insomnia (CBT-I) is considered the primary 
intervention for patients with chronic insomnia [149], and it is superior to sleep 
medication alone in the long term [150]. Recently, a study using CBT-I during the 
menopausal transition in a randomized clinical trial of peri- and postmenopausal 
women with insomnia symptoms and daily hot flashes showed that 8 weeks of 
CBT-I led to a greater reduction in insomnia symptoms, with improvements main-
tained at 6  months posttreatment [151]. An open trial of CBT-I in women with 
menopausal sleep problems also found a reduction in insomnia (and depression) 
symptoms posttreatment [152].

Other non-pharmacological approaches for treating menopausal insomnia, like 
acupuncture, yoga, massage, exercise, and nutritional supplements containing soy 
isoflavones, have been used, with mixed effects [153].

17.8  Conclusion

Sleep quality decreases and sleep disturbances increase in climacteric. Sleep prob-
lems may be severe and thus deteriorate daytime functioning and quality of life 
in part of the women, having often also long-term consequences for mental and 
physical health. Climacteric symptoms, especially vasomotor symptoms, typically 
interfere with sleep and are strongly associated with reports of sleep disturbances 
as well as PSG-measured wakefulness. However, also other factors directly related 
to climacteric (e.g., hormonal changes), as well as a variety of health and/or life 
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circumstances (e.g., SDB or movement disorders, mood disturbances, presence of 
medical conditions, or life stressors), have an impact and thus should be evaluated. 
Given the presence of distinctive sleep-disruptive factors (e.g., hot flashes) and the 
multifactorial nature of sleep disturbances in climacteric women, treatment needs 
to be tailored.

Disclosure Statement The authors have nothing to disclose.
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18.1  Introduction

Menopause, defined as cessation of menses after 1  year, represents an impor-
tant transition in reproductive states in women. It occurs at a median age of 51, 
preceded by 4–6 years of cycle alterations, and it’s associated with fluctuating 
hormone levels and emergence of symptoms like sleep disturbances, mood and 
memory changes, cognitive impairment, hot flushes, and vaginal dryness. Those 
symptoms occur with different grades of severity, frequency, and duration and 
can invalidate women’s life. In this scenario, specific brain areas are involved: 
olfactory bulb, thalamus, hypothalamus, amygdala, mammillary bodies, nucleus 
accumbens, septum, hippocampal formation, parahippocampal gyrus, insula, 
orbitofrontal cortex, medial prefrontal cortex, and cingulate gyrus. Increasing 
evidences suggest that cognitive complaints after menopause may represent an 
important marker for early neural dysfunction and dementia connected with the 
physiological postmenopausal loss of estradiol. In fact, even if subjective cogni-
tive decline can be associated with nonmenopause- related conditions (i.e., nor-
mal aging; psychiatric, neurologic, and medical disorders; substance use; and 
drug effects), several studies demonstrate organic neurological changes caused 
by sex hormone deprivation [1]. This opens new frontiers to an additional under-
standing of peripheral hormones affecting cognitive and, in general, neurological 
functions.
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18.2  From Reproductive Age to Menopausal Transition

The estrogen and progesterone synthesis from enzymatic modifications of choles-
terol takes place primarily in the ovaries but also in the adrenal gland and adipose tis-
sue. The two main active estrogens in nonpregnant women are estrone and estradiol, 
while pregnant women also produce significant quantities of estriol. Gonadotropins, 
luteinizing hormone (LH), and follicle-stimulating hormone (FSH), released from the 
pituitary gland under hypothalamus control, modulate both production and secretion. 
During the entire life, physiological hormonal fluctuations may determine organic 
and cognitive changes (Fig.  18.1). During childhood, estrogen and progesterone 
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levels are low but increase at the onset of puberty under the influence of LH and FSH 
leading to regular menstrual cycling. In this last scenario, it’s possible to identify 
two phases: follicular phase when serum estrogen levels are high and progesterone 
low and luteal phase when progesterone level is high compared to the estrogen level. 
It’s interesting to notice that luteal phase can be associated with several premen-
strual symptoms such as abdominal bloating, cramping, weight changes, headaches, 
decreased concentration, depression, irritability, and anxiety. Specific hormonal 
changes happen during pregnancy: both estrogen and progesterone increase across 
the three trimesters and then return to baseline after parturition. During postpartum 
phase on the one hand, the high prolactin level suppresses the synthesis of sex hor-
mones (GnRH mediated) so that ovulation can’t occur; on the other hand, the rela-
tively low estrogen level detected can cause in some women postpartum depression. 
Interestingly, another hormonal modification starts during perimenopause when pro-
gesterone levels decline more quickly than estrogen. Instead, levels of progesterone 
and estrogen become permanently low after menopause transition. Specifically, the 
decline of sex steroid and inhibins leads to a loss of hypothalamic feedback inhi-
bition that stimulates GnRH and gonadotropin production. Moreover, the decrease 
inhibin production results in a decreased activin receptor inhibition and, together 
with the increase in bioavailable activin, leads to a further increase in the secretion of 
GnRH and gonadotropins. As a consequence, without a negative feedback, the ele-
vated secretion of GnRH, LH, and FSH causes ovarian senescence and impairment.

18.3  Estrogen Receptor Alpha and Beta

Estrogen receptors are members of the nuclear receptor superfamily and DNA- 
binding transcription factors localized in synaptic terminals, dendritic spines and 
shafts, axons, mitochondria, and glial cell. It’s possible to identify two different iso-
forms, ER α and ER β, differing in expression and actions [2]. Both are able to het-
erodimerize, suggesting that different responses are modulated by their coexistence 
[3]. During aging, changes in the ratio ER α/ER β regulate estrogen-mediated gene 
transcription and control memory, cognition, attention, sensory integration, mood, 
emotion, and motivation [4]. In this scenario estrogens act both via traditional and 
nontraditional mechanisms, on the one hand binding ER α or ER β in the nucleus 
and on the other hand cooperating in association with lipid rafts and receptors like G 
protein-coupled estrogen receptor (GPER) [5]. In the classical mechanism, after the 
dimerization between receptors, a binding to a DNA estrogen receptor (ERE) occurs; 
thus transcription of estrogen-sensitive genes and proteins can initiate. It’s interesting 
to notice that there is a higher affinity between ER α and ERE than the one with ER β 
that may reflect in a more successful transcription. In nonclassical mechanism, estro-
gens bind to membrane-bound receptors, including GPER, which activates second 
messenger systems, causing the resulting response. Evidence suggests a combination 
of both membrane-initiated and genomic actions to affect transcription.

Evidences have demonstrated that ERs may be integrated into the plasma mem-
brane: it’s reasonable that they may be localized in lipid rafts microstructures and 
they would take part in cell survival with other molecules which may modulate 
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their physiological activities. The list includes GPI-anchored receptors, G protein-
coupled receptors (adrenergic receptors, adenosine receptors, and cannabinoid 
receptors), glutamate receptors (AMPA, NMDA, mGluR), neurotrophin receptors 
(tyrosine kinase receptors, TrkA, TrkB, ephrin receptor, Eph, c-Ret, ErbB), Src fam-
ily receptors (c-Src, Lyn, Fyn), cell adhesion molecules (NCAMs, TAG-1, Thy- 1), 
and proteins associated with myelin glycosynapse (LINGO1, p75, NgR1, myelin-
associated glycoprotein). What is certain is that numerous studies demonstrate 
the lipid raft involvement in nervous system functioning like modulating synap-
sis, neuronal plasticity, cell-cell communication, myelin organization and stability, 
autophagy, neuronal survival, and neurodegeneration and protection from oxygen 
deprivation, stroke, and Aβ- and glutamate-induced toxicities [6].

18.4  ER α

It’s primarily expressed as a nuclear receptor in prefrontal cortex, in hippocampus, 
and especially in amygdala and hypothalamus, regions that mediate memory and 
emotional process; however, an extranuclear form is found in both cytoplasmic and 
membrane locations including within dendritic spines and at the synapse (Fig. 18.2). 
Gonzalez et al. [7] demonstrated that expression of ER α in the nuclei of pyramidal 
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Fig. 18.2 Estradiol regulates spine synapses on hippocampal pyramidal neurons through ER α. In 
the diestrus phase, when estradiol levels are low, spine densities are also low. During proestrus, 
when ovulation occurs, both estrogen levels and spine densities increase in parallel. In the estrus 
phase, the day after proestrus, the system prepares for the next cycle, and spine densities return to 
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cell of the hippocampus could occur from 15 gestational week to adulthood where it 
was maintained with the association of the cytoplasmatic isoform. Moreover, during 
the transition period to menopause, we assist to an increased expression of ERα-
splice variant (MB1) as an indicator of its potential role during aging.

Supporting the importance of ER α in neuronal process, the study by Wang AC 
et al. “Synaptic estrogen receptor-alpha levels in prefrontal cortex in female rhesus 
monkeys and their correlation with cognitive performance” asserts that in ovariec-
tomized female monkeys, estradiol treatment with the presence of postsynaptic ER 
α improves cognitive performance.

Moreover ER α nonneuronal expression may contribute to estrogen actions, 
including injury-sensitive expression of ER α in glial cells.

18.5  ER β

This receptor is transcribed from a different gene than ER α, and for this reason, 
despite similar properties, it has both ligand-dependent and ligand-independent 
actions. It’s expressed as a nuclear receptor in the hippocampus, neocortex, claus-
trum, and thalamus, participating to preservation of neuronal integrity. ER β is 
also found in the mitochondria, protecting from the oxidative and metabolic stress 
implicated in Alzheimer and Parkinson disease. Its first detection appears at 15 ges-
tational weeks in proliferative zones, and then, at 25 gestational weeks, ER β is 
detected in cortical neurons, both in the nuclei and in the cytoplasm. This condition 
changes during life; in fact in adulthood much of the nuclear isoform is lost, while 
cytoplasmatic ER β receptors become predominant; however, the total percentage 
of synapse connected to ER β decreases.

18.6  Neuroendocrine Changes Across the Menopausal 
Transition

Hypothalamic-pituitary-adrenal axis activity regulates several physiological and neu-
rological functions by monoamine neurotransmitter and glucocorticoids. Given the 
early change of GNRH and FHS in middle-aged women before ovarian decline, the 
hypothesis outlined is that HPA undergoes independent functional modifications dur-
ing its physiological aging. The dysregulation of this axis causes loss of coordination 
with ovarian hormonal secretion. In particular the loss of estrogenic sensitivity at the 
hypothalamic level determines an increased production of gonadotropins that, with 
a concomitant lower ovarian response to FSH and LH, leads to anovulatory cycles.

Furthermore, the general evidence is that in areas such as the prefrontal cortex, 
limbic system, and hypothalamus, high levels of ERs are expressed so that, thanks 
to its interactions with ER alpha and beta estradiol, these can modulate the synthe-
sis, release, and metabolism of peptides like dopamine, serotonin, acetylcholine, 
β-endorphin, and neurosteroids, such as allopregnanolone and dehydroepiandros-
terone (DHEA) (Fig. 18.3) [8]. In fact, during climacterium and menopause, the 
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fluctuation of steroid hormones induces a dysregulation of neurotransmitter path-
ways that concomitant with the persistently high levels of FSH and LH leads to 
neurologic, mood, memory, sleep, and thermoregulation disturbances. Moreover, 
the decreases in both DHEA/cortisol ratio and androgens may have implication in 
the lack of energy, sexual arousal and satisfaction, and learning and memory pro-
cesses [9]. Finally, a study by Farrag et al. [10] suggested that surgical menopause 
obtained with oophorectomy before the natural onset of menopause may result in a 
more negative symptom manifestation when compared to oophorectomy after the 
menopause transition is completed.

18.7  Symptoms and Consequence

18.7.1  Mood Disorders and Depression

Mood disorders are the second leading cause of disability in developed countries, 
affecting over 350 million people worldwide without distinction of sex, age, and 
social status.

Epidemiologic data suggest two different incidence and prevalence peaks of 
depressive symptoms in women: the first at 40s and the second between 55 and 
64 years, following the trend of menopause transition. During this period, the risk 
of developing mood disorders is greater the more the woman is exposed to sex 
hormone fluctuations rather than to their decline. Since perimenopause can last for 
several years, the risk of developing depression increases over time as the transition 
is longer [11]. Furthermore the Mayo Clinic Cohort Study of Oophorectomy and 
Aging by Rocca et al. asserts that mono- or bilateral oophorectomy before the onset 
of menopause can cause a major risk of anxiety symptoms, standing for a risk factor 
for depression.

Underlying all these modifications are some emerging hypotheses such as the 
reduction of neurosteroids and the expression of high serum MKP-1 levels.
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Low circulating allopregnanolone levels (caused by ovarian failure) could be 
responsible for depressive symptoms in vulnerable women since they determine a 
consequent reduced synthesis of GABA-A receptor in specific brain areas deputed 
to mood and emotional control [12].

Ling-yun et al. [13] find a correlation between high serum MKP-1 (a protein that 
inactivate mitogen-activated protein kinase MAKP-1), low serum levels of brain 
neurotrophic derived factor (BDNF), and depression. However more studies need 
to be elaborated.

Moreover vasomotor symptoms represent an index of increased prevalence of 
mood disorders that can be studied in the late reproductive years. Indeed, Boulant 
et al. [14] confirm this association describing an increased number of hot flushes 
episodes in women with severe depressive symptoms rather than in those without 
mood alterations. In addition, general data support the fact that high levels of anxi-
ety correlate with more severe and frequent vasomotor symptoms.

Finally as glucose is fundamental for brain metabolism, a decrease in its blood 
concentration and consumption in the hippocampus, parahippocampal gyrus, and 
temporal lobe, shown by 18F-FDG_PET images, may have a plausible role in mood 
disorders [15].

18.8  Alzheimer Disease

Alzheimer disease, one of the major neurodegenerative causes of dementia, mostly 
affects women (16.7% versus 9.1% for men). This is confirmed by several evi-
dences which show the influence of sex hormone fluctuation on brain changes dur-
ing women aging. The transition from pre-menopause to menopause may represent 
the crucial time frame in which the metabolically active and healthy status of the 
female brain switches to a hypometabolic and oxidative state.

Short et al. [16], studying gonadotrophin levels in Alzheimer postmenopausal 
women, prove the relation between increased production of amyloid-β and high 
levels of FSH and LH. Indeed, the use of leuprolide acetate reduces the plaque for-
mation blocking FSH and LH release.

Long et al. [17], testing neuronal mitochondria, suggest that the reduction of ER 
β expression in the mitochondria associated with a consequent increase in oxidative 
stress may play an important role in Alzheimer disease in women.

Many other studies on apolipoprotein E (APOE), a protein responsible for the 
transport of lipids in the blood, show that its expression is stimulated in specific 
brain areas dedicated to learning and memory including the hippocampus and cor-
tex by interactions between 17β-estradiol and ERs. In particular, increasing evi-
dence indicates that the link between APOE4 and Alzheimer disease is far more 
prominent in women, suggesting that female sex hormones play a role in modulat-
ing the effect of this protein in the development of this neurodegenerative disorder.

Finally, data like the one by Brinton et  al. [18] demonstrate a significantly 
reduced risk for the development of Alzheimer in women who start estrogen therapy 
immediately after menopause, while this benefit disappears and turns into adverse 
effect if therapy is taken years later after menopause.
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18.9  Sleep Disruption

Sleep disturbances are one of the major complaints of women during climacterium 
because of their impact on the quality of life, mood, productivity, and general physi-
cal health. Specifically, as for brain functions, multiple studies show the correla-
tion between sleep deprivation and reduced hippocampus and parietal gray matter 
volume, causing decreased memory, cognitive impairment, and increased risk of 
β-amyloid accumulation [19]. The biological mechanism underlying sleep difficul-
ties is still unclear; however, the suprachiasmatic nucleus may have a relevant role, 
thanks to its ER β expressions which follows a diurnal rhythm [20]. Furthermore 
lower levels of inhibin B, which represent a marker for early menopausal transition, 
can be used to predict poor sleep quality. Instead, the same marker role in late meno-
pausal transition and in postmenopause is described by high urinary FSH levels. As 
confirmed, the FSH increase is associated with longer sleep duration, indicative of 
less restful and non-REM sleep [21]. Moreover, the Penn Ovarian Aging Study 8 
asserts that the decrease in sex hormone levels is associated with worse sleep qual-
ity and more severe sleep problems such as obstructive sleep apnea (considering the 
respiratory-stimulating properties of progesterone).

18.10  Thermoregulation

Hot flushes are one of the characteristic symptoms of perimenopause, affecting 
about 80% of women, with an average duration of about 7 years. They are described 
as sudden increases in body temperature associated with profuse sweating and red-
ness mainly of the upper body, followed by dissipation within seconds to minutes. 
The frequency and severity of such episodes can affect the woman’s lifestyle, lead-
ing in some cases to stress, anxiety, and drowsiness [22]. Behind this there is the 
thermoregulatory center, located in the hypothalamus and more specifically in the 
anterior nucleus and the adjacent preoptic area regions. As the temperature varies 
from the baseline, endocrine production initiates control mechanisms to increase 
or decrease energy production/dissipation as needed to return to the initial tem-
perature. Thermoregulatory dysfunctions can be associated with alteration of the 
noradrenergic and serotoninergic pathways that occur during estrogen level fluc-
tuations. As a matter of fact, the progressive reduction of vasomotor system dur-
ing menopausal transition indicates a readjustment of the brain to the different sex 
hormone concentrations. Despite the certain role of the hypothalamus, new theories 
have been proposed. A hypothesis deriving from RMN studies of brain functions 
suggests a control of thermoregulation also at subcortical level, showing an activa-
tion of the insula and anterior cingulate cortex during hot flushes [23]. Another 
finding is the association between thermoregulatory dysfunction and low brain glu-
cose metabolism highlighted by 18F-FDG PET. As confirmed, in the SWAN study, 
the rising of hot flushes frequency is related to a simultaneous increase in fasting 
blood glucose and HOMA index. Finally other factors play a role in this scenario: 
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low levels of adiponectin, high levels of leptin, and cytokine monocyte chemotactic 
protein 1 indicating a strong association with impaired glucose homeostasis in peri-
menopausal women [14].

18.11  Migraine

Headache is one of the relatively common symptoms that occurs during menopause, 
increasing in peri- and decreasing in postmenopausal period. It tends to be more 
frequent for menopausal women who experienced premenstrual migraine during 
fertile years; however, its prevalence is stable at between 10 and 29% [24]. Migraine 
in women is usually caused by the abrupt decline in estrogen levels that occurs both 
before menses and during menopausal transition. In fact, several findings confirm 
the importance of areas such as hippocampus and prefrontal cortex rich in ERs, in 
influencing electrical excitability and neurotransmission, thanks to the release of 
neurotransmitters and neuropeptides. Emerging data suggest that the typical pulsing 
pain reported could be exacerbated by changes in estradiol levels in the brain that 
induce an inflammatory neurogenic state and determine vasodilatation and plasma 
extravasation [25].

In this scenario, the age at the onset of menopause represents a critic parameter 
that impacts differently cognitive outcomes, influencing hormone therapy efficacy, 
and for this reason it has to be examined in depth in future researches.

18.12  Imaging of the Menopause

Increasing evidence for hormone-dependent modification of function and behavior 
during the menstrual cycle leads to research of the corresponding data from neuro-
imaging. The study conducted by Hagemann et al. [26], using MRI to investigate 
brain volume changes connected to estrogens in fertile women, asserts that there 
is an increase in gray matter volume and a decrease in cerebrospinal fluid between 
the luteal and periovulatory phases, while no changes are detected in white matter 
volume. The hippocampus, parahippocampal gyrus, fusiform gyrus, cingulate cor-
tex, insula, middle frontal gyrus, thalamus, and cerebellum are areas found to have 
a hormone structural plasticity. In these regions, estrogen seems to have trophic 
effects.

Goto et al. [27], using the same technique and comparing neurological volume 
changes in premenopausal vs. postmenopausal women, show a significant decline 
in hippocampal volume in the second group of studies rather than the first.

Thanks to MRI and PET, Kantarci et  al. [28] studied the effects of oral con-
jugated equine estrogen (oCEE, Premarin 0.45 mg/dL), transdermal 17β-estradiol 
(tE2, Climara 50 μg/day), and placebo therapy within 3–36 months after the onset 
of menopause. This study leads to a major finding: no difference is detected in 
global brain volumes and cognitive function between mHT group (tE2 or oCEE) 
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and placebo group 3 years after the exposure to mHT. However, during those first 
3 years, white matter hyperintensity volume increases in the oCEE group more than 
in placebo and dorsolateral prefrontal cortex volumes are preserved (and correlated 
with lower global cortical β-amyloid deposition) in the tE2 group more than in 
the placebo. Furthermore, PET images show a correlation between the lower PiB 
uptake (i.e., β-amyloid deposition) and the preservation of the dorsolateral prefron-
tal cortex volume in the tE2 group (but not in the oCEE group). The subsequent 
normalization of changes in brain structure after the cessation of mHT confirms the 
transient mHT effects and the difference in all formulations.

18.13  Hormonal Treatment and the Brain

Studies on the effects of postmenopausal hormone treatment on cognitive functions 
are still not conclusive; however, new evidences suggest that cognitive effects are 
influenced by specific hormone formulations [29]. The KEEPS Cog study analyzing 
the efficacy of oral conjugated equine estrogen and transdermal estradiol suggests the 
second formulation to have a more effective action on cognitive function in peri- and 
early menopausal women. In general, more positive cognitive effects have been iden-
tified with the single estrogen therapy rather than the one combined with progestin. 
For example, the combination of equine estrogen with medroxyprogesterone acetate 
(MPA) may not have the same positive effects of estrogen alone because of the MPA 
neutralizing activity. In addition, the new common trend leads to think that progestins 
and progesterone have no the same influence on neurobiological mechanisms of cog-
nitive function and that progesterone is probably more beneficial and less dangerous 
than its synthetic counterparts. As confirmed, verbal ability appears to be negatively 
influenced by progestins, while those formulations with less antiestrogenic effects 
seem to have neutral or positive impact on benefits conferred by estradiol treatment. 
Moreover neurotrophic and neuroprotective progesterone actions are well known in 
animal models (i.e., modifying hippocampus response, reducing cell inflammation, 
protecting from traumatic brain injury and cerebral ischemia) so that it gives the input 
to examine in depth its potential effects on women postmenopausal cognition.

A study conducted by Berent-Spillson et al. [30] demonstrates the association 
between both estrogen or progesterone treatments and activation of verbal process-
ing and encoding. In particular these treatments are found to be in association with 
an increase in number of words remembered, while only progesterone is related to 
visual memory task. These results are aligned with the general evidence that meno-
pausal estrogen treatment increases prefrontal activation and cognitive processes, 
thanks to mechanisms like modulation of interactions with neurotransmitter sys-
tems, growth factors, and dendritic spine density. Although much more data needs 
to be collected, the general evidence is that estrogen treatment has positive effect on 
neurological activity exclusively in the initial period after the cessation of the men-
strual cycle or immediately following surgical menopause, while it has deleterious 
effects in older women.
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18.14  Prospective

Having laid the foundations of neurobiological and hormonal changes and their 
correlation with menopause encourages us to elucidate molecular mechanisms, cog-
nitive pathways, and homeostasis as aging occurs. This will yield insight into how 
and when the brain responds to endogenous hormone changes as well as to exog-
enous hormone treatment. Moreover, it will permit to develop new opportunities for 
menopausal women that not only solve undesirable symptoms but also potentially 
prevent, attenuate, or postpone cognitive and affective changes. One interesting tar-
get would be focusing on receptor dynamics and synaptic regulation rather than on 
circulating estrogen and progesterone levels, in the way to develop more successful 
treatments.

Another finding that needs to be more investigated is the differential effect of 
natural versus surgical menopause. In fact several studies suggest that the abrupt 
loss of estrogens induced by oophorectomy/ovariectomy in humans produces a 
more severe consequence in cognitive and synaptic health than what happens with 
the gradual loss of estrogens in natural menopause. These differences may suggest 
distinct treatment regimens more efficacious for each condition.

In conclusion, more detailed investigations are required to develop more specific 
and effective interventions tailoring the treatments to each woman’s need.
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19Vasomotor Symptoms: Clinical 
Management

Maria Celeste Osorio-Wender and Mona Lúcia Dall’Agno

Vasomotor symptoms (VMS) or “hot flashes” are the most common complaint dur-
ing the menopausal transition, occurring in up to 80% of women, with approxi-
mately 33% experiencing more than ten episodes per day [1, 2]. Despite the high 
prevalence, only a minor seek medical attention for treatment.

The pathophysiology of the hot flash is not fully understood and is likely related 
to multiple factors. Changes in reproductive hormones and in thermoregulatory 
mechanisms are involved. The thermoregulatory zone is narrowed and becomes 
more sensitive to subtle changes in core body temperature. Small increases in tem-
perature trigger thermoregulatory mechanisms causing the sensation of a hot flash 
(vasodilatation, sweating, and decreased skin resistance) [1, 3]. They affect quality 
of life (QoL) and appear to be associated with adverse health outcomes including 
cardiovascular, bone, and brain health [4]. VMS may also interfere with sleep and 
cause chronic sleep disruption [1, 5].

Symptoms are progressive during the menopausal transition until early post-
menopausal stage and can last 7.4 years. Women who experience early VMS have 
the longer total duration: 11.8 years being that 9.4 years is after the final menstrual 
period (FMP) [6].

Frequency, duration, and severity of symptoms appear to vary by culture and 
ethnicity. African American women reported the most vasomotor symptoms, and 
Asian women reported the fewest symptoms compared with other groups in a study 
that assessed menopause symptoms in a large sample of women with diverse ethnic 
backgrounds [6].

The management of VMS is based on the symptoms’ intensity and fre-
quency and the women’s medical history and personal choice. Usually, the 
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pharmacological treatments are used for women with moderate to severe hot 
flashes (symptoms that interfere with usual activities or usual activities cannot 
be performed).

19.1  Non-pharmacological Treatments

19.1.1  Behavioral Measures

Besides the lack of data from well-structured clinical trials, these behavioral mea-
sures are recommended. These measures help the core body temperature not to 
increase and not to initiate mechanisms to dissipate heat [7].

Higher temperatures are triggers for vasomotor symptoms, and identifying that 
is recommended [8, 9]. Also it is recommended avoiding spicy foods and stressful 
situations, alcohol intake, hot foods, or liquids [8].

Although other lifestyle changes, like performing aerobic physical exercises, 
yoga practice, or weight loss, have beneficial effects on several aspects of the physi-
cal and psychological health of the individual, they are not yet supported by high- 
quality evidence for improving VMS [8, 10, 11].

19.1.2  Other Techniques

Other potential options may include cognitive behavioral therapy (CBT), 
mindfulness- based stress reduction (MBSR), relaxation, paced respiration, hypno-
sis, and vitamin E.

CBT effectively reduced the impact of VMS by an average of 50% after 8 h of 
group CBT or self-help CBT with benefits maintained at 6 months. Improvements 
in QoL are more expressive in individuals who experienced group CBT. The fre-
quency of night sweats reduced subjectively and objectively in healthy women who 
underwent CBT [12, 13]. This technique is recommended for management of hot 
flashes [8].

Current evidence does not support the efficacy of MBSR for VMS [9, 14]. 
There is insufficient evidence to recommend relaxation techniques [14, 15]. 
Paced breathing was previously recommended but has been found to be ineffec-
tive [9].

Hypnosis is recommended for treatment supported by randomized controlled tri-
als [8, 16]. The mean reduction in hot flash score was 18.83 (80.32%) for the clini-
cal hypnosis intervention compared with 3.53 (15.38%) for controls (P < 0.001; 
95% CI 12.60–17.54) [8, 16].

The improvement superior to placebo for VMS in some pilot studies using vita-
min E has been suggested. It was tested in a study with women treated for breast 
cancer, with a marginal reduction when compared with placebo (mean of 1 less 
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episode/day). At the dose of 800 international units (IU)/day, it is well tolerated and 
not associated with toxicity [17].

Some preliminary data suggest that stellate ganglion blockade (SGB), by local 
injection of anesthetic into the sympathetic nerve fibers of the neck, may reduce 
vasomotor symptoms in women with contraindications to HT. This is an invasive 
and costly procedure, and more evidence is needed [7, 8].

Initial evidence suggests that transcranial direct current stimulation (tDCS) 
showed a trend in VMS improvement. Complementary data are needed [18].

19.1.3  Alternative Techniques

19.1.3.1  Acupuncture
Several studies have been conducted to assess the effectiveness of acupuncture for 
the management of VMS with contradictory results [8, 19–23]. A systematic review 
published in 2017 concluded that acupuncture was more effective than no treatment 
[21]. Comparison with hormonal therapy with estrogen (HT) found that acupunc-
ture was less effective than HT for hot flash frequency [8, 20].

19.1.3.2  Phytoestrogens
Phytoestrogens are found naturally in foods. Its chemical structure is compared 
with intrinsic estradiol, acting as an estrogen agonist or antagonist. This occurs with 
respect to the type of estrogen receptor present in various tissues [24].

Isoflavone components genistein and daidzein are found in soy products that 
bind to estrogen receptors and have both estrogen agonist and antagonist proper-
ties. Soy supplementation with soy foods or soy extracts, including derivatives and 
metabolites, has been extensively studied, and there’s no conclusive evidence to be 
more effective than placebo for VMS treatment [25–27]. Their safety are not estab-
lished. Some limitations are the uncontrolled manufacturing process with resulting 
variability in composition and poor quality studies [8].

Black cohosh (Actaea racemosa L.—previously Cimicifuga racemosa) active 
compounds are unknown, as well as the mechanisms of action. After 23 weeks of 
black cohosh or placebo use, there was no significant difference in VMS treatment 
in perimenopausal or postmenopausal women [28]. There is insufficient evidence to 
support its use—and safety—for menopausal symptoms [8].

Other herbal treatments that have been studied for VMS include ginseng, St. John’s 
wort, Ginkgo biloba, Trifolium pratense (red clover), maca, and dong quai (Angelica 
polymorpha). However, the overall quality of evidence for these therapies is poor. 
Despite the “natural” appeal, there is no data that phytoestrogens are proven to be 
superior to placebo in most well-designed studies, and, little is known about their 
safety, particularly in women with contraindication to hormone therapy (HT). Current 
evidence from randomized controlled trials does not support specific diet regimens 
such as plant-based diets or supplementations for the management of VMS [7–9, 24].

19 Vasomotor Symptoms: Clinical Management



298

19.2  Pharmacological Treatments

19.2.1  Hormonal Treatment

19.2.1.1  Hormone Therapy
Systemic HT, with estrogen alone or in combination with progestogen, is the most 
effective therapy for vasomotor symptoms related to menopause [4, 29]. HT was 
found to reduce VMS frequency in 75% (IC: 64%–82%) and symptom severity in 
87% (RR: 0.13; IC95%: 0.27) [30].

The candidates for HT are symptomatic women, younger than 60 years or who 
are within 10  years of FMP.  The therapy should be individualized, taking into 
account the potential benefits and risks. The lowest dose that offers relief should be 
used, since it may have lower risks and may reduce the adverse events such as breast 
tenderness and vaginal bleeding [4, 29].

The association of estrogen and progestogen is required for the endometrial pro-
tection in women with a uterus [4, 29].

19.2.1.2  Combination of Selective Estrogen-Receptor Modulator 
(SERM)/Estrogen: TSEC

Bazedoxifene is a SERM that in combination with an estrogen results in a tissue- 
selective estrogen complex (TSEC). This class of drug is available for the treat-
ment of VMS and osteoporosis prevention [4]. The association of bazedoxifene and 
conjugated equine estrogen (CEE) has estrogen agonist effects on bone, antagonist 
effects on the endometrium, and apparently neutral effects on breast. It promotes a 
decrease in the incidence of hot flashes with no increased risk of endometrial hyper-
plasia, without the need for a progestogen. It has also been associated with a lower 
incidence of breast pain and tenderness than other therapies. In addition, breast 
density does not increase [31, 32].

The combination of bazedoxifene with CEE is indicated for women with moder-
ate to severe VMS who have breast tenderness with estrogen-progestin therapy or 
for women who cannot tolerate oral progestin therapy [4].

19.2.1.3  Tibolone
Tibolone is a synthetic steroid with tissue-specific estrogenic and progestogenic 
effects and appears to have a beneficial effect on bone density, vasomotor symp-
toms, and vaginal symptoms without estrogenic effects on the uterus [33, 34].

Tibolone is not FDA-approved and is not available in the United States.

19.2.1.4  Compounded Bioidentical Hormones
Bioidentical hormones are substances that are chemically similar or structur-
ally identical to those produced by the body. Most compounded preparations 
have not undergone any rigorous clinical testing for either safety or efficacy, 
so the purity, potency, and quality of compounded preparations are a concern. 
There are no controlled trials which support claims for better efficacy and safety 
concerns.
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Data do not support the use of progestin-only medications, testosterone, or 
compounded bioidentical hormones for the treatment of vasomotor symptoms 
[4, 7, 24, 29].

19.2.2  Nonhormonal Treatments

There are some options for women with moderate to severe VMS who are not can-
didates or don’t want to use hormone therapy. It also can be tried in women who 
experience recurrent hot flashes after stopping HT.

The choice will depend whether the patient is taking tamoxifen, the pattern of hot 
flashes, and the presence of a mood disorder or sleep problem.

19.2.2.1  Selective Serotonin Reuptake Inhibitors (SSRIs)/
Serotonin- Norepinephrine Reuptake Inhibitors (SNRIs)

Although paroxetine 7.5 mg/day is the only nonhormonal medication approved by 
the FDA for treatment of moderate to severe VMS of menopause, other SSRIs, 
SNRIs, and others show evidence of efficacy. SSRIs and SNRIs are the most effec-
tive nonhormonal pharmacologic alternatives, demonstrated in placebo-controlled 
trials and meta-analysis [8, 9, 35, 36].

Some drugs have been tested and have shown some degree of efficacy in symp-
tomatic women. Although no head-to-head trials have been performed, indirect 
comparisons suggest that paroxetine [35, 37, 38], venlafaxine [39–41], desvenla-
faxine [42–45], citalopram [46], and escitalopram [47, 48] have a similar benefit for 
hot flashes. These drugs appear to be equally effective [36].

These medications increases the levels of serotonin and norepinephrine, both 
implicated in the origin of hot flashes. The clinical response is rapidly observed, 
usually in 2 weeks, and is associated with mild to moderate improvements in symp-
tomatic postmenopausal women. Reduction in hot flash frequency varies from 25 to 
69% and severity from 27 to 61%. There’s no difference between the responses in 
women with surgical or natural menopause [8]. Suggested dose of SSRI and SNRI 
for hot flash treatment is expressed in Table 19.1.

There’s no consistent evidence to use fluoxetine and sertraline to hot flash treat-
ment [35, 49–53].

Besides that, the use of paroxetine or fluoxetine is not recommended to treat 
hot flashes in women who use tamoxifen. These drugs may interfere with the 

Drug Suggested dose (mg/day)
Paroxetine salt 7.5
Paroxetine 10–25
Escitalopram 10–20
Citalopram 10–20
Desvenlafaxine 100–150
Venlafaxine 37.5–150

Modified from the North American Menopause Society [8]

Table 19.1 Suggested 
dosing of SSRI and SNRI for 
hot flash therapy
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metabolism of tamoxifen by inhibiting cytochrome CYP 3A and CYP 2D6 reduc-
ing the effect of treatment of breast cancer [54].

19.2.2.2  Gabapentin and Pregabalin
Gabapentin is an antiepileptic drug whose action seems to involve a direct effect on 
the hypothalamus. Although it’s used for neuropathy and neuralgia, some evidences 
have shown improvement in frequency and severity of hot flashes at 900 mg/day [8, 
9, 35, 36, 55–57].

Gabapentin, SSRIs, and SNRIs have similar effects to reduce the VMS [58]. 
Gabapentin may be an option in some women whose hot flashes are primarily at 
night, interrupting sleep (because drowsiness can be an adverse event). Other adverse 
events include dizziness and unsteadiness, mainly at first week. Higher doses seem 
to be as effective as estrogen, but adverse events limit the use [8]. Suggested dose of 
gabapentin and pregabalin for hot flash treatment is expressed in Table 19.2.

Also there’s evidence that pregabalin is effective for treatment of hot flashes [59].

19.2.2.3  Clonidine
Clonidine is an alfa-adrenergic agonist, with antihypertensive action. The decrease 
of VMS occurs by the reduction of central and peripheral vascular reactivity but is 
less effective than SSRIs, SNRIs, gabapentin, and pregabalin [9, 35].

The use is limited by security and adverse events of hypotension, dry mouth, 
sedation, dizziness, and constipation.

19.2.2.4  Sulpiride
Sulpiride is an atypical neuroleptic that can act on serotonin receptors in low doses. 
Originally, it is known that this drug has clinical positive effects on schizophrenia 
and for mood spectrum disorder treatment.

One pilot clinical trial comparing sulpiride 50 mg/day versus placebo results in 
improvement of frequency of hot flashes after 4–8 weeks, with minimal adverse 
events [60].

19.3  Conclusions

VMS are the most common complaint during the menopausal transition and post-
menopausal women.

The management of hot flashes is individualized and based on symptom’s inten-
sity and frequency and women’s medical history and personal choice. The aim is 
to promote QoL offering evidence-based information and safety and effective treat-
ments, when needed.

Drug Suggested dose (mg/day)
Gabapentin 900–2400
Pregabalin 150–300

Modified from the North American Menopause Society [8]

Table 19.2 Suggested 
gabapentin and pregabalin 
doses for hot flash therapy
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20Vasomotor Symptoms, Metabolic 
Syndrome, and Cardiovascular Risks

Pauliina Tuomikoski and Hanna Savolainen-Peltonen

20.1  Vasomotor Symptoms and Metabolic Syndrome

Although the majority of menopausal women suffer from vasomotor symptoms (VMS; 
hot flushes and night sweats), the underlying etiopathology behind them is not fully 
identified. However, the decrease in endogenous estrogens and an elevated central 
sympathetic tone, mediated through alpha-2 adrenergic receptors, have been associ-
ated with a narrowed thermoneutral zone in the thermoregulatory center in the brain 
possibly causing VMS [1]. Menopausal symptoms and their impact on the quality of 
life are described. Abundant data link metabolic disturbances to the activation of the 
sympathetic nervous system [2]. This is, in turn, associated with changes in blood pres-
sure (BP) [3], dyslipidemia [4], and the development of insulin resistance [2], which all 
are components of the MetS. Although both VMS and MetS are linked to sympathetic 
overactivity, it is unclear whether VMS are an independent risk factor for MetS.

20.1.1  VMS and BP

Cross-sectional data on BP and VMS are mixed. For instance, one study found that 
in lean and healthy postmenopausal women, the more frequent the VMS, the lower 
the systolic BP [5]. Data on no association between VMS and BP [6] also exist. In 
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another study both systolic and diastolic BPs were significantly higher in meno-
pausal women with VMS, when compared with asymptomatic women [7]. Of note, 
women with VMS and increased BP [7] were overweight with a mean BMI between 
26 and 29 kg/m2. On the contrary, in studies [6, 7] showing lack of association, the 
women were lean (mean BMI ≤25 kg/m2).

The Study of Women’s Health across the Nation (SWAN) is a large and ethni-
cally diverse longitudinal study of the menopausal transition with long follow-up 
and 3302 women enrolled [8]. One of the reports from the SWAN study focuses 
on the association between VMS and BP [9]. In this study (n = 2839), data on 
VMS and BP was collected at each annual study visit, and mean follow-up was 
8.2  years. Women with ≥6  days with VMS during the preceding 2  weeks had 
greater increases in diastolic BP over time than did asymptomatic women or those 
with less symptoms. Symptomatic women were also at an increased risk of devel-
oping prehypertension or hypertension during follow-up (hazard ratio of 1.39, 95% 
CI 1.09–1.79).

20.1.2  VMS and Lipids

As regards lipids, in the SWAN study [10], the presence and frequency of VMS 
after 8 years was associated with higher lipid and lipoprotein levels. Overall, good 
quality data on VMS and lipids seems scarce. In a recent pooled analysis [11], data 
on VMS and lipids consisted of only two studies. A larger number of studies were 
analyzed for night sweats, and the meta-analysis showed that night sweats were 
associated with significantly increased levels of total cholesterol (0.17  mmol/L, 
95% CI 0.03–0.31) and LDL-cholesterol (mean difference: 0.07 mmol/L, 95% CI 
0.01–0.13).

A Korean cross-sectional study on 1906 postmenopausal women with no current 
HT use addressed specifically the relation between VMS and MetS [12]. The study 
showed that women with VMS had a higher risk for MetS and that the relationship 
was stronger for women with a BMI over 25 (OR 2.1, 95% CI 1.3–3.5).

According to a recent systematic review on VMS and metabolic health [13], 
many studies suffer from high heterogenicity and do not possess the quality to make 
definite conclusions. However, the majority of data point toward an unbeneficial 
association between VMS and BP and lipids, to name a few [11], and obesity may 
well be a factor that modulates these relations [14].

20.1.3  VMS, Obesity, and Insulin Resistance

The prevalence of obesity is increasing steadily in the Western world, and this is 
in line with the growing incidence of MetS [15]. According to the World Health 
Organization statistics, the worldwide prevalence of obesity nearly doubled between 
1980 and 2008. Excessive body weight and the related MetS are mutually related. 
Briefly, the hormonal changes in menopause are associated with an increase in total 
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and abdominal adipose tissue [16–18], and these changes, together with estrogen 
deficiency, are well-known risk factors for insulin resistance and type 2 diabetes 
mellitus, elevated BP, dyslipidemia, and MetS.

Both epidemiologic and longitudinal studies have linked obesity with post-
menopausal VMS [19–22]. The mechanisms are by far not clear, but there is sup-
port for the idea that adipose tissue-derived adipokines may be one link between 
increased adiposity, metabolic disturbances, and VMS. Abdominal obesity is char-
acterized with chronic low-grade inflammation of adipose tissue, which results in 
impaired adipokine secretion and metabolic dysregulation [23]. Adipokines have 
been shown to influence the central nervous system, the body temperature [24, 
25], as well as sympathetic nerve activity [26]. In the SWAN study, higher odds 
of VMS in pre- and early perimenopause was related to an adverse adipokine 
profile [22].

Altered adipokine profile and an increased sympathetic nerve activity have been 
linked to impaired glucose metabolism as well [26]. However, there are conflict-
ing data on the association between VMS and insulin resistance [14]. In some, but 
not all studies, elevated BMI explained the positive association between VMS and 
insulin resistance [27–30]. However, there is a growing number of data that links 
increased adiposity, adipokines, metabolic disturbances, and VMS in postmeno-
pausal women.

20.2  Vasomotor Symptoms and Cardiovascular Disease

20.2.1  VMS and Subclinical CVD

Vascular aging, seen as endothelial dysfunction and development of subclinical 
atherosclerosis, increases the risk of later CVD. Studies on VMS, endothelial dys-
function, and subclinical atherosclerosis, some of them reviewed here, have yielded 
somewhat conflicting results.

Findings from the SWAN study point toward endothelial dysfunction and 
subclinical CVD in women with VMS. In a cross-sectional setting of the SWAN 
study (n = 432–492), women with VMS had poorer endothelial function assessed 
as brachial flow-mediated dilatation (FMD) [31]. Symptomatic women also had 
greater aortic calcification and greater carotid intima-media thickness (CIMT) than 
asymptomatic women [32]. This effect was independent of traditional cardiovas-
cular risk factors, hormone therapy (HT) use, or estradiol levels. Relation between 
VMS and CIMT was most pronounced in overweight and obese women and in 
women with persistent VMS. However, no association between symptom status and 
CIMT progression during a 2-year follow-up was found. A follow-up of the SWAN 
study [33] shows that long-lasting VMS that begin already in the early menopausal 
years are associated with a higher CIMT at approximately 59 years of age, when 
compared with women who traverse through menopause with a low frequency of 
VMS. Perhaps the longevity of symptoms may be of more significance than just the 
presence of them?
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On the contrary, two studies on recently postmenopausal women with a low 
CVD risk profile found no adverse effect of VMS on vascular function [34], coro-
nary artery calcification (CAC), or CIMT [35]. Both studies included only lean 
women; thus, obesity may indeed be a factor that modifies the risk profile asso-
ciated with vasomotor symptoms. Also, the estrogen-only arm of the WHI trial 
shows contrasting results as regards CAC [36]. Women with a history of VMS 
had significantly reduced odds for CAC (OR 0.66, 95% CI 0.45–0.98) compared 
with women with no VMS. Moreover, estrogen therapy in women with VMS, initi-
ated within 2 years from menopause, resulted in an even lower risk of CAC (OR 
0.48, 0.26–0.89), indicating perhaps a more beneficial effect of estrogen therapy in 
women with VMS. This finding is supported by data from a randomized, placebo-
controlled trial, which shows that in women with tolerable VMS or no VMS at 
all, oral estradiol led to unbeneficial vascular reactivity as assessed by pulse wave 
analysis and rises in BP. Women with intolerable VMS showed no unbeneficial 
effects of HT on vascular function, and BP actually decreased during the 6-month 
intervention [37].

20.2.2  VMS and CVD Outcomes

The exact mechanism by which VMS may affect risk factors for CVD is not known. 
In addition to risk factors, such as MetS and its components or endothelial dysfunc-
tion, researchers have also investigated whether presence of VMS influences clini-
cal outcomes.

An Italian observational study [38] examined whether a history of VMS could 
affect the outcome of acute coronary syndrome (ACS). A total of 373 consecutive 
women undergoing coronary angiography due to ACS were followed for 1 year, 
and data on VMS history was gathered through questionnaires. Women with VMS 
at menopause were younger at the time of the ACS than asymptomatic women. 
However, the extent of calcifications at angiography or incidence of cardiovascu-
lar events, such as stroke or recurrent ACS at 1 year, did not differ between the 
groups. Of note, information on VMS was recalled, and the researchers were not 
able to adjust for possible confounding factors, so these results need to be inter-
preted cautiously.

A large (n = 11,725) Australian longitudinal population-based study [39] with a 
14-year follow-up sought to elucidate whether there could be a difference between 
hot flushes or night sweats on the risk of incident CHD. The participants were sur-
veyed for VMS and CHD events with repeated self-completed questionnaires at 
approximately 3-year intervals. Cause of death was confirmed from a national reg-
ister. Menopause status, type (hot flushes or night sweats), and frequency of VMS 
and HT use were queried at every survey point. Adjusting for age, menopause sta-
tus, and lifestyle and chronic disease factors revealed a similarly increased risk for 
developing CHD for women with frequent hot flushes (OR 1.70, 95% CI 1.16–2.51) 
or night sweats (OR 1.84, 95% CI 1.24–2.73). Of note, long duration of VMS did 
not further increase the risk of CHD in this population.
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The data on VMS and CVD risk are not unanimous. As regards hard outcomes, 
an observational study found a decrease in all-cause mortality associated with 
VMS. The Rancho Bernardo study [40] included white middle- to upper-middle 
class women, and the researchers distinguished between hot flushes and night 
sweats instead of overall VMS. During the average 11.5-year follow-up, hot flushes 
alone were not associated with all-cause mortality, but in women with both hot 
flushes and night sweats, the risk of all-cause mortality was 28% lower compared 
with women without VMS. This finding was independent of body mass index, past 
or current use of estrogen or progestin, physical exercise, and smoking habit. The 
study included a very selected group of women, and of course, the findings cannot 
be directly extrapolated to women of other ethnic origins or other social classes.

The longevity of VMS and the cardiovascular effects of estrogen are of interest 
also when considering the discontinuation of HT. The mean duration of vasomo-
tor symptoms is longer than previously thought, even up to 7–10 years [41]. On 
the other hand, many current guidelines recommend that HT should be used for 
the shortest possible time. Both epidemiological [42, 43] and clinical studies have 
shown an increased risk for overall mortality [44] and CVD outcomes [42, 45] after 
HT discontinuation. In a Finnish nationwide study, the risk increases were evident 
during the first post-HT year and significantly higher in women who were younger 
than 60  years of age at HT discontinuation [42, 43]. Although the mechanisms 
behind this finding are not known, one interesting possibility is the reoccurrence of 
VMS in women under 60 years of age at HT discontinuation, and an increased sym-
pathetic activity, which could predispose some women to fatal arrhythmias [46]. 
Also, withdrawal of the vasodilatory effect of estrogen could lead to vasoconstric-
tion and result in ischemia.

20.2.3  Timing of VMS and CVD Risk

Another piece in the puzzle is the possible impact of the timing of VMS on car-
diovascular health. The HERS trial studied women with established CHD.  For 
women with VMS (mean age at baseline 63 years), the risk of CHD events during 
the first year of HT was ninefold compared to those with no VMS (mean age at 
baseline 67 years) [47]. The observational arm of the WHI study (WHI-OS) [48], in 
turn, showed that VMS during menopausal transition did not associate with CVD, 
whereas women with VMS starting in their sixties or later were at increased risk for 
CHD, stroke, total CVD, and all-cause mortality, compared with women without a 
history of VMS. Of note, 44–55% of women in the WHI-OS were current HT users.

Also the Women’s Ischemia Syndrome Evaluation (WISE) addressed the timing 
of VMS on CVD mortality and nonfatal events [49], and the findings are contradic-
tory to those of HERS and WHI. The WISE study was a four-center prospective 
cohort study on women (n = 254, mean age 67 years) undergoing coronary angiog-
raphy due to a suspicion of myocardial ischemia. Nonfatal events were unaffected 
by the VMS status, but women with early-onset VMS (before age 42) had three 
times higher CVD mortality risk than women with later-onset VMS (after age 42). 
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Interpretation of the findings is complicated by the fact that also women without 
VMS had an increased mortality risk when compared with women with later-onset 
VMS. Women with early-onset VMS had also a lower FMD than women with no or 
later-onset VMS. Of note, some of the women with early-onset VMS could perhaps 
suffer from premature ovarian insufficiency, which is an independent CVD risk. 
Moreover, women with early-onset VMS were obese, whereas women with later- 
onset VMS were only overweight (p < 0.05). Once again, obesity could play a role 
here.

20.3  Importance of VMS Measurement

Increasing attention has been given to how VMS are measured, and concerns have 
been raised that self-reported and recalled VMS may be subject to several biases 
[50–52]. Recent studies have utilized both objective and subjective methods to assess 
VMS [53, 54]. In two studies that assessed VMS and markers for subclinical CVD, 
the women (aged 40–60 years) recorded their VMS for 3 days in an electronic hot 
flush diary and a wrist actigraph and wore a physiologic hot flush monitor for 24 h. 
The median numbers of physiologically detected and self-reported hot flushes were 
12 and 5, respectively, indicating that women do underreport their symptoms. The 
VMS data were compared to brachial artery FMD (n = 272) and CIMT (n = 295) 
measurements and controlled for common CVD risk factors. Age bore an impact on 
the association between physiologically monitored hot flush frequency and brachial 
FMD.  Greater VMS frequency was associated with poorer FMD among women 
aged 40–53 years, when compared with older women. For this youngest tertile of 
women, VMS also accounted for the most variance in FMD. In this setting age did 
not affect CIMT, but women with ≥4 self-reported VMS or with ≥10 physiologi-
cally measured VMS had higher CIMT and more carotid plaque than non-flushers. 
The presence of carotid plaques was positively related to physiologically measured 
VMS only in women aged 54 or more.

Taken together, women may underreport their symptoms, which may enhance 
the importance of physiological measurements. Furthermore, different markers for 
CVD may show different temporal relations to VMS. Whether this in later life trans-
lates to clinical CVD, especially with early-onset, long-lasting VMS, needs to be 
determined.

20.4  Summary

Menopausal VMS are a form of neurovascular dysregulation, and they show a com-
plex interplay with different risk factors for CVD.  Current data point toward an 
increased risk of MetS and CVD in women with VMS.  Thus, clinicians should 
consider screening their patients with VMS for MetS and CVD risk factors.

Majority of the studies are cross-sectional, and the presence and frequency of 
VMS is often recalled rather than observed. Furthermore, VMS may not have been 
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included in the original study protocol, and the power to detect differences may be 
low. Thus, we need studies specifically designed to investigate VMS, and future 
research needs focus on using also objective methods to assess what type of VMS is 
the most relevant as regards cardiovascular health.

As VMS may negatively affect the quality of life, the use of HT is often needed. 
Future research should also try to elucidate whether HT possibly reverses any 
unbeneficial effects of VMS. Some of the questions that still remain open are as 
follows: (1) if VMS indeed are a risk factor for CVD, should also mild symptoms 
be treated, and (2) due to the longevity of symptoms, and a possible adverse effect 
of the discontinuation of HT use in women under 60 years of age, should longer 
treatments be encouraged?
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21.1  Introduction

Cardiovascular disease (CVD) remains the leading cause of morbidity and mortal-
ity, and about two out of three individuals will suffer from some form of the CVD 
[1]. Although the lifetime risk of CVD is equal in males and females, it is well estab-
lished that in women CVD occurs later, and the incidence increases significantly 
after the menopause. Three major CVD are coronary heart disease (CHD), cerebro-
vascular disease (stroke), and venous thromboembolism (VTE). Epidemiological 
data shows the lifetime risk of CHD is higher in males than in females at a younger 
age (at age 40 approximately 50% for men and 32% for females) [2]. VTE also 
tends to be more prevalent in males; the risk of the first episode is twice as high 
in males as in females [3, 4]. Referring to the stroke risk, data are unfavorable for 
women; at the age of 55 years old, the risk of the first incident of cerebrovascular 
disease is higher than in men [1].

Gender differences in cardiovascular pathophysiology are believed to be an 
effect of multiple mechanisms, including the contribution of sex hormones, sex 
chromosomes, and epigenetic mechanisms [5]. In this chapter, we will focus on 
links between the risk of CHD and hormonal changes related to menopausal transi-
tion and the role of endogenous and exogenous estrogens in modifying the CHD 
risk.
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21.2  Estrogens Effects on the Cardiovascular System

At the cellular level, estrogens exert their effects through two kinds of estrogen 
receptors (ERs) α and β which may act in different compartments of the cell: cyto-
plasm/nucleus and mitochondria. Nuclear receptors act as transcription factors; 
estrogens cause dissociation of ER from heat shock proteins which lead to dimer-
ization of ER subunits and direct up- or downregulation of gene transcription. In 
general, nuclear ERα is responsible for cell proliferation and anti-apoptotic effects, 
whereas ERβ causes differentiation and apoptosis [6]. Since these receptors modu-
late transcription processes, their effects are considered as long-acting. The rapid 
action of estrogens is mainly dependent on the activation of the membrane ER. The 
primary membrane receptor has been identified as a G protein-coupled receptor 
(GPR30), which is expressed in veins and arteries [7].

In the CVS, these receptors are probably responsible for mediating vasodilatation 
after exposure to estrogens. Kinases act in this phenomenon as a second messenger 
and activate endothelial nitric oxide synthase (NOS) [8]. In mitochondria, ERβ is 
the more abundant form. Activation of mitochondrial ER is believed to induce cell 
protective mechanisms, by inhibition of apoptosis [9]. ERα and β are expressed in 
the heart, but some gender-specific differences are present, i.e., ERβ expression is 
higher in males than females [10].

21.2.1  The Action of Estrogens on Cardiac Function

Many animal studies have been conducted to elucidate the relationship between 
estrogens and the heart [11, 12]. Experimental data on ovariectomized mice, which 
mimic the postmenopausal hormonal milieu, bring some insights. In pathological 
models of pressure overload, augmented hypertrophy of myocardium was revealed 
in ovariectomized mice in comparison to mice supplemented with estrogens. 
Moreover, models of volume overload (i.e., aortocaval fistula) showed more severe 
left ventricular eccentric hypertrophy and pulmonary edema in ovariectomized 
females vs. intact individuals [13]. Experimental models also showed a cardiopro-
tective potential of estrogens, which is mediated by both types of ERs [11, 14, 15]. 
Estrogens have a potential to attenuate the heart injury after ischemia. Female ani-
mals suffer from milder injury after ischemia in comparison to male counterparts; 
in one study the mean infarct in females was 37% vs. 48% in males [16]. This pro-
tective action is believed to be dependent on a number of mechanisms including an 
increase in nitric oxide signaling, increasing transcription of cardioprotective genes 
like heat shock proteins and nitric oxide synthase via ER nuclear receptor. On the 
other hand, estrogens also influence the expression of genes involved in metabolism 
like prostaglandin D2 synthase, lipoprotein lipase, and peroxisome proliferator- 
activated receptor gamma coactivator 1 alpha, to name a few [11].

Estrogens exert a protective action on myocardial contractility by altering the 
expression of several regulators of contractility: ventricular β1-adrenoreceptor, 
intracellular calcium homeostasis related to the L-type Ca2+ channel, cardiac sar-
coplasmic reticulum Ca2+ uptake, and Ca2+ sensitivity of cardiac myofilaments 
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[5]. Animal experiments demonstrated that estradiol has a negative inotropic effect 
on ventricular myocytes mediated by reducing systolic Ca2+ influx [10].

21.2.2  The Action of Sex Steroids on the Vasculature

The presence of ERs has been confirmed in the wall of peripheral vessels: ERα is 
predominant in myocytes and ERβ in endothelial cells.

The genomic effects of estrogen action in the peripheral circulation are related 
to the regulation of gene expression involved in vascular tone and remodeling, 
e.g., nitric oxide synthase, cyclooxygenase, prostacyclin synthase, collagen, elas-
tin, metalloproteinases, and enzymes involved in reactive oxygen species (ROS) 
elimination [17, 18]. Estrogens stimulate the proliferation of endothelial cells and, 
in contrast to androgens, inhibit proliferation of vascular smooth muscle cells in 
the blood vessel wall. They also inhibit endothelin-1 expression [19]. Moreover, 
ER stimulation decreases the angiotensin receptor (AT1) in smooth muscles [20]. 
Altogether, these mechanisms contribute to the anti-atherogenic action of estrogens 
in the blood vessel wall. On the other hand, ERβ stimulation may increase the pro- 
inflammatory and atherogenic processes, including destabilization of the athero-
matous plaque once it is formed [21]. Estrogens also inhibit calcium channels and 
activates BKCa channels, both of which are vasodilatory [22].

Non-genomic, rapid action of estrogens on the peripheral circulation is predomi-
nantly linked to vasodilation. This action is mediated mainly through stimulation of 
NO synthesis. Also increased production of PGI2 and endothelium-derived hyper-
polarizing factor has been reported. Interestingly activation of GPR30 is responsible 
for the proapoptotic action, as opposed to the classical nuclear ER-mediated path-
way [22] (Table 21.1).

Table 21.1 Summary of crucial actions of estrogens on the heart and blood vessels, according  
to [22]

Heart
Genomic changes Ischemia Remodeling

↓ Adhesion molecules ↓ Ischemia/ROS ↓ Fibrosis

↓ Inflammatory cytokines ↓ Necrosis ↓ Pathologic 
hypertrophy

↓ Metalloproteinase 
expression

↓ Apoptosis

Blood vessels
Endothelium-dependent Smooth muscles Inflammation Atherosclerosis

↑NOS ↓ Proliferation ↓ROS ↓LDL

↑NO ↓ AT1R ↓ Inflammatory 
cytokines

↑ HDL

↑Relaxation ↓ Ca channels ↓ Adhesion 
molecules

↑ Flow-induced dilation ↓ Monocyte 
adhesion
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21.3  Hormonal Alterations of Menopausal Transition 
and Their Influence on CVS

21.3.1  Hormonal Changes During Menopause

The menopause is defined as the last spontaneous menstrual period, reflecting 
the cessation of ovarian function in women. The age of menopause in Western 
countries is typically between 51 and 52 years old and is determined genetically 
[23]. The menopause is related to significant changes in the hormonal milieu of 
women, which in turn has a substantial impact on CVS function. The decrease 
in estrogen concentration is marked, on average the estradiol concentration is 
55 pmol/L, ranging from 35 to 90 pmol/L [24]. A surgical menopause is related 
to even more profound hypoestrogenism, below 35 pmol/L. Also, estrone con-
centration drops, but to a smaller extent than estradiol (30 pg/mL). The estrone 
concentration may be higher in overweight/obese females, due to aromatization of 
peripheral androgens. Interestingly, ovaries continue to produce androgens (tes-
tosterone, androstenedione). Adrenal synthesis of androgens in postmenopausal 
women decreases, approximately 2% per year [25]. The sex hormone-binding 
globulin (SHBG) concentration also decreases, which result in a higher propor-
tion of free active androgens.

21.3.2  The Influence of Decreased Endogenous Levels on CVS 
Function

The lack of steroidal activity of the ovary has profound consequences on CVS func-
tion. In general, there are two main types of effects. One is related to direct vascular 
and cardiac action of estrogens, as described above. The other is related to indirect 
actions: modification of metabolic parameters, coagulation balance, and inflamma-
tion. It is difficult to assess if direct or indirect effects are more important, but gener-
ally these mechanisms are viewed as equal.

The most marked metabolic alterations following menopause are rises in total 
and LDL cholesterol, which in turn are strong risk factors for CHD. Also, changes 
in body fat distribution, blood pressure, and glucose and insulin metabolism are 
observed. Other changes in lipid metabolism develop after menopause, such as 
increases in triglycerides, very-low-density lipoproteins, and lipoprotein(a). Also, 
oxidation of LDL-C is increased, while high-density lipoprotein cholesterol (HDL- 
C) concentrations decrease [26, 27].

Some changes in coagulation balance have also been observed, but an 
increase of some factors (fibrinogen, factor VII) is balanced by endogenous 
anticoagulants (e.g., antithrombin, proteins C and S) [1, 26]. The rise in inflam-
matory markers (e.g., C-reactive protein) is a phenomenon related to increasing 
CHD risk.
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Direct effects relate to actions of estrogens on the CVS. Reduced activity of nitric 
oxide synthase and prostacyclin synthesis is observed after menopause. Moreover, 
endothelin concentrations increase, and blood flow through the blood vessels gener-
ally decreases [28–30].

21.4  Exogenous Estrogens and CHD Risk Factors

21.4.1  Metabolic Effects

Estrogens are known to decrease total and LDL-C and increase HDL-C. These 
effects are more significant with oral than with transdermal estrogen. The impact 
on triglycerides is dependent on the route of administration. Triglycerides are 
increased with oral estrogen but decreased with transdermal estrogen administra-
tion [31]. Lipoprotein (a) is reduced by HRT, and this contributes to the overall 
beneficial impact of exogenous estrogens on the lipid profile [32, 33].

Another risk factor for CHD is insulin resistance. Oral estradiol appears to reduce 
insulin resistance more effectively than transdermal estradiol [34]. For conjugated 
equine estrogens (CEE), the effect is dose-dependent, and high doses may worsen 
glucose tolerance. Some of these metabolic effects of estrogen can be negated or 
reversed by the addition of androgenic progestogens.

Interestingly, HRT is able to decrease the central deposition of body fat, which is 
another risk factor for CHD [35].

21.4.2  Exogenous Estrogens Impact on CHD Surrogates:  
Timing Hypothesis

To date, a large body of evidence has been collected regarding the issue of pos-
sible effects of exogenous estrogens on CHD risk factors. The first experimental 
and observational studies brought very optimistic conclusions about the beneficial 
effects on the CVS and risk factors for CHD. A wave of enthusiasm for estrogens 
for the primary prevention of CHD was countered by the preliminary results of the 
Women’s Health Initiative (WHI) study [36, 37]. WHI was a large randomized clini-
cal trial (RCT) which showed an increase in cardiovascular morbidity in women 
treated with combined oral HRT. These first results from WHI dramatically changed 
doctors and patients perception of HRT and resulted in a withdrawal of therapy in the 
majority of patients. Subsequent analysis of the WHI [37] and other RCTs changed 
our understanding of the relationship between exogenous hormones and circulatory 
system. Currently, our knowledge about the complex and multifactorial relationship 
between “hormones and women’s hearts” brings us better understanding. Recent 
meta-analyses of existing RCTs and some more recent RCTs have highlighted the 
“timing hypothesis.” This hypothesis proposes that giving exogenous hormones to 
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relatively young (soon after menopause) otherwise healthy women brings benefits 
for CHD. However, older women may be affected by early, asymptomatic CHD, 
and initiation of HRT in this group may be less beneficial. This hypothesis was sup-
ported by a number of experimental and clinical studies.

A study of cynomolgus macaques placed on an atherogenic diet following surgi-
cal menopause showed that CEE administration reduced the amount of atheroma-
tous plaque by 70% compared with placebo [38]. In a similar study, animals were 
put on an atherogenic diet before undergoing oophorectomy. The degree of the pro-
tective effect of CEE on atheromatous plaque formation was smaller (50%) in this 
study [39], suggesting less benefit in those with already established arterial disease. 
The timing hypothesis originated in a third macaque experiment. This time the ran-
domization to CEE/placebo occurred with a delay of the equivalent of six human 
years after surgical menopause. This study found no difference in atheromatous 
plaque extent in both CEE and placebo groups [40]. This series of studies shows 
that the introduction of hormonal therapy soon after cessation of ovarian function 
can improve CHD risk.

A similar conclusion comes from a human RCTs.  The Early versus Late 
Intervention Trial with Estradiol (ELITE, n  =  643) compared two groups of 
women, early postmenopausal (<6  years) and late postmenopausal (at least 10 
years), treated with oral estradiol plus sequential vaginal progesterone versus pla-
cebo. Oral estradiol 1 mg daily reduced carotid artery atheroma progression if ini-
tiated within 6 years of the onset of menopause, while no such effect was seen in 
those initiated treatment beyond 10 years postmenopause [41]. The trial failed to 
reveal any effect of HRT on coronary artery calcium scores.

The Kronos Early Estrogen Prevention Study (KEEPS n = 868) also measured 
surrogates of CHD in women within 3 years of menopause onset, randomized to 
either CEE 0.45 mg daily, transdermal estradiol 50 μg, or placebo for 4 years. In this 
study, there was no difference between the groups regarding carotid artery intima- 
media thickness changes or coronary artery calcification scores. Furthermore, 
endothelial function, measured as a reactive hyperemia index using digital volume 
tonometry, was not altered by HRT [37]. A subset of women enrolled in KEEPS 
(n = 76) were followed up for an additional 3 years. At 7 years, carotid artery intima- 
media thickness (CIMT) increase in the treatment group compared with the placebo 
group was not different. The authors concluded that the CIMT increase was mainly 
dependent on chronological age and timing of menopause [37].

21.4.3  HRT Effects on CVD Clinical Endpoints

Recently, data from several RCTs have been published assessing clinical endpoints 
in patients taking HRT for primary or secondary prevention of CHD (see Table 21.2 
for a summary).

The Women’s Health Initiative (WHI, n  =  27,347) studies remain the largest 
primary prevention studies. After 5.6 years of treatment with CEE 0.625 mg plus 
MPA 2.5 mg daily or 7.2 years of treatment with CEE 0.625 mg alone, HRT was 
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not significantly superior to placebo in terms of myocardial infarction or coronary 
death. The hazard ratio (HR) for coronary heart disease in women within 10 years of 
menopause on combined HRT was 0.90 (95% CI, 0.56–1.45), while in women more 
than 20 years postmenopause, the HR was 1.52 (95% CI, 1.07–2.17) (p = 0.08). 
On the other hand, the number of coronary interventions and coronary atheroma 
formation indices was smaller in women initiating estrogen treatment below age 
60 years compared with placebo [37]. The hazard ratio (HR) for coronary heart 
disease in women within 10 years of menopause on estrogen-alone HRT was 0.50 
(95% CI, 0.22–1.18), while in women more than 20 years postmenopause, the HR 

Table 21.2 Table with a summary of trials reporting cardiovascular disease (based on [42])

Study, year Participants, design Main result
PEPI, 1995 [43] 175 E vs. 348 EP vs. E vs. 178 EmP vs. 

placebo – 3 years
CHD 1 (E: 0.6%) vs. 1 (EP: 
0.3%) vs. 3 (EmP: 1.7%) vs. 0 
(placebo); NS

ERA, 2000 [44] 100 E vs. 104 EP vs. 105 
placebo—3.2 years

CVE
29 (29.0%) vs. 28 (26.9%) vs. 
34 (32.4%); NS

STOP-IT, 2001 
[45]

121 E/EP vs. 121 E/EP + calcitriol vs. 
123 calcitriol vs. 123 placebo

CVE
8 (E/EP: 3.3%) vs. 7 (calcitriol 
only or placebo: 2.8%) NS

EPAT, 2001 [46] 111 E vs. placebo—2 years CVE 3 (2.7%) vs. 4 (3.6%); NS
WAVE, 2002 
[47]

Women with a confirmed coronary 
stenosis
124E vs. 86 EP vs. 213 placebo

MI or CD
26 vs. 15 (HR, 1.9; 95% CI, 
0.97–3.6)

WHI EP, 2002 
[36]–2013 [37]

8506 EP vs. 8102 placebo—5.6 years CHD
196 (0.41%) vs. 159 (0.35%); 
HR, 1.18 (95% CI, 0.95–1.45)

WHI E, 2004 
[48]–2013 [37]

5310 E vs. 5429 placebo – 7.2 years CHD
204 (0.55%) vs. 222 (0.58%); 
NS

Greenspan, 2005 
[49]

66 
E vs. 121 EP vs. 186 placebo – 3 years

CHD
66 (16.3%) vs. 62 (16.6%); HR 
1.03 (95% CI, 0.73–1.46)

EPHT, 2006 [50] 404 EP vs. 373 placebo – 3.4 years CVE 11 (15.7%) vs. 8 (11.1%); 
NS

EMS, 2009 [51] 70 EP vs. placebo – 2 years CVE
2 (0.2%) vs. 7 (0.3%) vs. 0 
(0.0%); p = 0.016

WISDOM, 2007 
[52]

826 E vs. 2196 EP vs. 2189 placebo – 
1 year (closed because of WHI results)

CHD coronary heart disease, CI confidence interval, CVD cardiovascular disease, CVE cardiovas-
cular event, DOPS Danish Osteoporosis Prevention Study, E estrogen only, EP estrogen plus pro-
gestin, EMS Estrogen Memory Study, EPAT Estrogen in the Prevention of Atherosclerosis Trial, 
EPHT Estonian Postmenopausal Hormone Therapy Trial, ERA estrogen replacement and athero-
sclerosis, HR hazard ratio, MI myocardial infarction, NS nonsignificant, PEPI Postmenopausal 
Estrogen/Progestin Interventions Trial, RR relative risk, STOP-IT Trial of Short-Course 
Antimicrobial Therapy for Intraabdominal Infection, WHI Women’s Health Initiative, WISDOM 
Women’s International Study of Long Duration Oestrogen After Menopause
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was 1.08 (95% CI, 0.83–1.40) (p = 0.16). Furthermore, with long-term follow-up 
post-intervention in those women initiating estrogen-alone treatment below age 
60 years, there was a significant reduction in CHD events compared with placebo, 
HR 0.65 (95% CI, 0.44–0.96) [37]. Reduction in CHD was also observed in the 
Danish Osteoporosis Prevention Study (DOPS, n = 1006), a randomized trial of 
women in the early postmenopause. HRT for 10 years (oral estradiol with or without 
norethisterone acetate addition) reduced by approximately half the risk of death, 
admission to hospital for heart failure, and myocardial infarction, in comparison to 
no treatment. In the same study, no increased risk for any cancer, including breast 
cancer, VTE, or stroke, was observed [53]. However, this study was criticized for 
being underpowered to draw these conclusions [54].

Recently, the US Preventive Services Task Force (USPSTF) published a review, 
regarding hormonal therapy as primary prevention for chronic conditions. The 
group reviewed the available data regarding combined hormonal therapy and risk 
of coronary heart disease. Data from six clinical trials were included, but only three 
were eligible for meta-analysis. They provided data on more than 18,000 individu-
als and treatment duration of 2–5 years. Overall, unselected data showed the numer-
ically higher but nonsignificant risk of coronary events in women treated with HRT 
versus placebo (2.1% vs. 1.7%; RR, 1.23 [95% CI, 0.996–1.520]) [42]. In the same 
statement, authors found evidence that timing of HRT initiation in relation to the 
menopause onset is of importance, and early initiation of HRT is not related to 
increased risk of coronary disease. This review has been heavily criticized [55]. The 
National Institute for Health and Care Excellence (NICE) guideline on the diagno-
sis and management of menopause concluded that HRT does not increase the risk 
of death related to CHD and estrogen-only HRT may be linked to decreased risk of 
CHD [56].

A recent Cochrane database meta-analysis of 19 RCT of HRT versus placebo or 
no treatment included over 49,000 women. The authors conclude that there is strong 
evidence that HRT in postmenopausal women for either primary or secondary pre-
vention of CVD has little if any benefit [57]. This strong conclusion was criticized 
later in the literature [58]. According to the same Cochrane review, initiating HRT 
within 10 years of menopause had a significant 50% reduction in the endpoint of 
myocardial infarction or death, while there was no significant change in those initi-
ating HRT beyond 10 years postmenopause [57]. The optimal duration of HRT use 
for CHD prevention remains to be determined, but need not necessarily be lifelong.

21.5  Summary and Future Perspectives

A woman’s heart needs her hormones. This is the truth from the cellular to the 
clinical level and also for endogenous and exogenous hormones. Even though the 
preliminary results from the WHI appeared unfavorable and some ongoing RCTs 
were then closed, further analysis of WHI results supported the “critical window” 
hypothesis and showed an eventual benefit for CHD prevention. Contemporary 
studies revealed surrogate and clinical results confirming the protective action of 
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estrogens on the CVS. Many questions still require answers and need further stud-
ies. Firstly, what is the upper limit of age for the safe introduction of HRT, and what 
are the safe starting doses at different ages? Similarly, what about comorbidities 
which increase CHD risk? Tailoring therapy to individuals with certain conditions 
may remain an unsolved problem for many years, due to difficulties in conducting 
appropriate clinical trials. More attention is needed for the characterization of ben-
efit/risk ratios for different estrogens, progestogens, and routes of administration. 
Non-oral estrogen administration has less adverse effects on coagulation activation 
compared with oral administration, although this could in part also be related to 
dosage. Regarding progestogens, non-androgenic preparations potentially may be 
safer, because they do not exert the adverse metabolic and vascular effects seen with 
androgenic progestogens. There are still many unanswered questions, but it is time 
to change the WHI paradigm of a harmful influence of estrogens on CHD. The total-
ity of current evidence shows that HRT can be beneficial for the primary prevention 
of CHD when given appropriately.
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SERM Selective estrogen receptor modulator
TSEC Tissue-selective estrogen complex
VMS Vasomotor symptoms
VTE Venous thromboembolism

22.1  Introduction

Menopause is a biological process that occurs as a part of aging in women. The 
symptoms of the menopause go beyond vasomotor effects (hot flashes and night 
sweats). Other symptoms associated with the onset of the menopause include 
potential alterations in sexual response, musculoskeletal complaints, mood swings, 
irritability, and sleep disorders, all of which affect quality of life and for which 
menopausal hormone therapy (MHT)—previously known as hormone replacement 
therapy—has proven beneficial.

Because chronic disease rates generally increase with age, absolute risks tend to be 
greater in older women, even if the relative risks remain similar. Guidelines [1] and 
systematic reviews [2] have expressed that MHT is not indicated for the prevention 
of chronic conditions. Given recent findings, specifically regarding the effect of the 
timing of MHT initiation on woman’s health risk, it seems appropriate to reassess the 
clinician’s approach to menopause based on recent data. In an era of personalized 
medicine, a more holistic approach needs to be made inclusive of menopausal symp-
toms. Health advice should be tailored across the life course and encompass a healthy 
diet, physical activity, as well as pharmacological interventions such as MHT [3].

22.2  Menopausal Hormone Therapy

The concept of menopausal hormone therapy (MHT) after menopause is based on clin-
ical observations that elderly women with very low serum estrogen levels have a higher 
incidence of osteoporotic fractures; coronary heart disease (CHD); onset of VSM, such 
as hot flashes and night sweats; and, most importantly, loss of quality of life (QoL).

By convention, MHT includes any estrogenic or estrogen-like therapy, such as 
estrogen therapy, alone or in combination with progestogens, tibolone and the com-
bination of conjugated estrogens and bazedoxifene (CE/BZA), and even testosterone. 
We will name the unopposed estrogen therapy as E-MHT, the combined therapy of 
estrogen and progestogen as EP-MHT, and hormone therapy for menopause as MHT.

22.3  How to Prescribe MHT

Women with an intact uterus require an estrogen antagonist (usually a progestogen) 
in addition to estrogen to prevent endometrial hyperplasia. For women whose last 
menstrual period (LMP) was less than 12 months ago, the progestogen should be 
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cyclical. Use of continuous combined estrogen and progestogen too soon after the 
LMP can result in unpredictable breakthrough bleeding. For women whose LMP 
was more than 12  months ago, continuous combined estrogen plus progestogen 
therapy can be used. Approved pharmaceutical preparations with combinations of 
estrogen and progestogen have been shown in clinical trials to provide symptom 
relief and endometrial protection [4].

22.3.1  Contraindications

Before MHT is prescribed to symptomatic women, personal and familial risk fac-
tors should be taken into consideration, as should age and time since onset of the 
menopause. MHT may not be suitable for some women with a greater risk of car-
diovascular disease (CVD) or transient ischemic attack; a greater risk of thrombo-
embolic disease (e.g., those with obesity or a history of venous thrombosis), stroke, 
active liver disease, and unexplained vaginal bleeding; or a greater risk of some 
types of cancer, such as breast cancer [5]. Age and duration of estrogen deficiency 
at initiation of MHT should be taken into account.

22.3.2  Dose

Dose and time of administration seem to be the main indicators of safety in 
MHT.  The importance of the type of estrogen and the route of administration 
remains open to debate. Even if women whose menopause is of recent onset have 
similar and substantial reductions in hot flashes and night sweats with doses of oral 
or transdermal estrogens that are lower than the standard doses, it is important to 
transmit the message that the dose necessary to obtain the desired effect must be 
used. We suggest starting at the lowest dose possible for the formulation and adjust-
ing according to response.

22.3.3  Route

All routes of administration of estrogens seem to be equally efficient for relief of 
symptoms, although their metabolic effects differ. Transdermal formulations should 
be taken into consideration because of their less severe adverse effects: as they avoid 
the first-pass effect in the liver, there may be no accumulation of metabolites with 
estrogenic activity. Oral estrogens should be avoided in women with hypertriglyceri-
demia, active gallbladder disease, or known thrombophilias such as factor V Leiden 
(without a personal history of venous thromboembolism [VTE]). Transdermal estro-
gen is also preferred for women with migraine headaches with auras.

In addition to oral and transdermal estrogen preparations, estrogen is available as 
a vaginal ring and as a topical spray, cream, or gel. Percutaneous E2 gel is another 
parenteral preparation and passes through the skin and then forms a reservoir in the 

22 Menopausal Hormone Therapy to Prevent Chronic Conditions



330

epidermal layer for continuous release of E2 [6]. Compared with patches, gel has 
lower adverse skin effects and could provide higher E2 serum values with less day- 
to- day variation [7].

22.3.4  Adding a Progestogen

All women with an intact uterus need a progestogen in addition to estrogen to 
prevent endometrial hyperplasia, which can occur after as little as 6 months of 
unopposed ET [8]. When use of progestogens, natural progesterone (P4), or its 
synthetic alternative dehydrogesterone, is necessary—administered at appropri-
ate doses via the route chosen (oral or vaginal)—this is considered the safest 
approach [9]. Additionally, risk of venous thromboembolism and breast cancer 
does not appear to increase with use of P4 plus estrogens as shown with syn-
thetic progestins plus estrogens in large observations studies, and no detrimental 
effects of P4 in HT have been found on outcomes related to cardiovascular dis-
ease or cognition [10].

In women using a levonorgestrel-releasing intrauterine system (LNG-IUS) that 
is active at onset of symptoms, addition of other progestogens is not necessary [11]. 
This alternative may be valid—albeit off-label—for women who do not tolerate 
oral progestogens. Another option can be found in the combination of bazedoxifene 
with conjugate estrogens. In this combination, bazedoxifene prevents the endome-
trial hyperplasia induced by estrogens; therefore, it is not necessary to administer a 
progestogen.

22.3.5  Duration of Use

In the absence of other factors, age is not a limitation for the duration of 
MHT. Decisions on a longer or shorter duration of MHT should be taken on an 
individual basis and according to the risk for various diseases (venous thrombosis, 
stroke, and some types of cancer). MHT can be interrupted if symptoms disap-
pear. The duration of treatment-free periods should be as short as possible and will 
depend on the reappearance of symptoms.

22.3.6  Monitoring

The use of MHT during the menopause does not imply the need to carry out tests 
other than those corresponding to basic health tests in this age group. As with any 
medical intervention, treatment should be on an individual basis using the best avail-
able evidence to maximize benefits and minimize risks, with regular re- evaluation 
of the risks and benefits of continuing or suspending menopause MHT.
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22.3.7  Discontinuation

Options for discontinuation are either to stop treatment immediately or to gradually 
wean off by decreasing the dose or number of days per week. Given that strong 
evidence does not exist to indicate differential outcomes for tapering or abruptly 
stopping, both methods can be used, and this decision should be based on the wom-
an’s preference. Recent data suggesting that discontinuation of MHT may lead to 
increased cardiovascular morbidity and mortality do not yet indicate whether the 
risks can be mitigated through tapering the dosage [12]. This clearly warrants fur-
ther investigation.

22.3.8  Custom-Compounded Bioidentical Hormone Therapy

Although most often used to describe custom-made MHT formulations com-
pounded according to a clinician’s prescription, the term bioidentical hormone 
refers to hormones identical to those made by the ovaries. We do not recommend 
the use of alternative MHT (also incorrectly known as “bioidentity”) [13]. There is 
no scientific evidence in favor of greater efficacy or safety with these products. Very 
often, the content or release of the components is inconsistent; consequently, lower 
or higher quantities of the biologically active hormone are administered [14]. No 
controlled clinical trials support efficacy or rule out concern over safety.

22.3.9  Early Menopause

In women with early-onset menopause (primary ovarian insufficiency) and those 
who undergo bilateral salpingo-oophorectomy before age 50 years, MHT is recom-
mended at least until they reach the age for spontaneous menopause in the gen-
eral population. Systemic MHT is an effective approach to treat the symptoms of 
hypoestrogenism and mitigate long-term health risks if there are no contraindica-
tions to treatment. Hormone therapy is indicated to reduce the risk of osteoporosis, 
cardiovascular disease, and urogenital atrophy and to improve the quality of life of 
women with primary ovarian insufficiency [15].

22.4  MHT and Vasomotor Symptoms

Vasomotor symptoms (VMS) continue to be the main indication for MHT.  The 
most efficient approach for relief of the VMS of the menopause at any age com-
prises MHT based on estrogens alone or in combination with progestogens, tibo-
lone, and the combination of conjugated estrogens and bazedoxifene (CE/BZA). 
Findings from randomized clinical trials (RCTs), as well as preclinical, clinical, 
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and epidemiologic studies, clarify the favorable benefit-risk profile for MHT use by 
recently menopausal women with bothersome vasomotor and related menopausal 
symptoms.

• A Cochrane review of double-blind, randomized, placebo-controlled trials of 
oral MHT concluded that estrogen therapy, alone or in combination with proges-
togens, is highly effective in alleviating hot flushes and night sweats. Hot flush 
frequency was reduced 75%, and severity decreased as well [16]. The dropout 
rate due to side effects was only marginally increased in the MHT groups.

22.4.1  Tibolone

Tibolone is a drug with complex tissue-specific action that exhibits a combination 
of estrogenic, progestogenic, and slight androgenic activity. Its variable profile 
explains its clinical effects, depending on the target tissue where it is metabolized, 
its metabolites’ affinity for and potency in hormone receptors, and probable enzy-
matic activity modulation. Tibolone, used at the daily dose of 2.5 mg, may be less 
effective than combined MHT in alleviating menopausal symptoms although it 
reduced the incidence of vaginal bleeding [17]. There are the same concerns about 
their long-term safety as with estroprogestins [18].

22.4.2  Conjugated Estrogen-Bazedoxifene

The combination of conjugated estrogen with a selective estrogen receptor modula-
tor (SERM), bazedoxifene, also called tissue-selective estrogen complex (TSEC), 
is projected as a progestogen-free option for the treatment of estrogen deficiency 
symptoms in postmenopausal, non-hysterectomized women. A combination con-
jugated estrogen 0.45 and 20 mg bazedoxifene tablet is effective in reducing VMS 
frequency and severity, as well as sleep parameters when compared to placebo [19]. 
In addition, TSEC has shown improvements in quality of life and vaginal atrophy. 
In respect to MHT using progestogens, the benefits of TSEC are found mainly in 
the bleeding pattern, amenorrhea rate, and reduction in mammary repercussion (i.e., 
breast tenderness and radiological density) [20]. It can be an alternative to conven-
tional combined estrogen-progestin therapy. Its efficacy and safety have been evalu-
ated in randomized controlled trials (RCT) compared with placebo or menopausal 
hormone therapy (MHT) [21], but long-term data are lacking.

22.5  MHT and Other Menopause-Related Symptoms

Other menopause-related symptoms including mood swings, sleep disturbance, 
sexual dysfunction, and myalgia may improve with MHT [22].
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22.5.1  Sleep Disturbance

Poor sleep quality is common in recently menopausal women. Sleep quality 
improved with MHT formulations. The relationship of VMS with domains of sleep 
suggests that assessing severity of symptoms and domains of sleep may help direct 
therapy to improve sleep for postmenopausal women [23].

22.5.2  Mood Lability/Depression

During the menopausal transition, there is an increased risk of depressive symp-
toms and depressive disorders. Although there are few trials, it seems that treat-
ment with estrogens, alone [24] or combined with progesterone [25, 26], which 
could minimize estradiol (E2) fluctuation and/or withdrawal, is an effective 
treatment for perimenopausal depression. MHT, alone or in combination with 
an antidepressant as a selective serotonin reuptake inhibitor (SSRI), is effective 
for women who experience lability or depression of mood during the perimeno-
pause [27].

22.5.3  Joint Aches and Pains

It is unclear whether the pain is related to estrogen deficiency or a rheumatologic 
disorder, but MHT has been shown to have some benefit in alleviating arthral-
gia associated with menopausal transition and can be considered in women who 
report distressing vasomotor symptoms [28, 29]. SERMs and estrogen may rep-
resent therapeutic options to treat joint diseases in the future [30]. A new group 
of estrogen- related drugs, TSECs, may have the potential to protect other joint 
tissues [31].

22.5.4  Sexual Function

The perimenopausal and postmenopausal periods are associated with many symp-
toms, including sexual complaints. MHT treatment with estrogens alone or in com-
bination with progestogens was associated with a small to moderate improvement 
in sexual function, particularly in pain, when used in women with menopausal 
symptoms or in early postmenopause (within 5 years of amenorrhoea), but not in 
unselected postmenopausal women. Since oral estrogen increases the liver’s pro-
duction of sex hormone-binding globulin, resulting in lower free (bioavailable) 
testosterone, sexuality concerns may represent a reason to prefer the use of trans-
dermal as opposed to oral estrogen [32].

Evidence regarding other MHTs (synthetic steroids and SERMs) is of low qual-
ity, and we are uncertain of their effect on sexual function. The current evidence 
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does not suggest an important effect of tibolone or of SERMs alone or combined 
with estrogens on sexual function [33]. Available data are not adequate to pro-
vide counseling by the physicians in menopausal women regarding the efficacy 
of vaginal therapies as an alternative to estrogens, on all parameters of sexual 
function [34].

22.6  Urogenital Atrophy

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, which may be the reason for frequent symptoms related to 
the lower urinary tract in menopause [35]. Recently, a panel of experts incorporated 
this increased frequency of urinary tract symptoms into a unifying concept called 
“genitourinary syndrome of menopause” (GSM) [36]. While the creation of a new 
medical entity has been widely debated and criticized, it highlights how menopause 
does not affect solely vaginal tissues.

The beneficial effects of estrogen therapy include both the improvement of symp-
toms associated with vaginal atrophy and the restoration of the vaginal anatomy 
[37]. Both systemic estrogen and vaginal estrogen are effective for the symptoms 
of genitourinary atrophy, although in women who only have GSM with no other 
menopausal symptoms (e.g., flashes), vaginal estrogens are more efficient. Vaginal 
estrogens can be used at any age, and progestogens typically are not prescribed to 
women using any of these products [38].

• A Cochrane review of 30 randomized, controlled trials involving 6235 women 
reported that the efficacy of any estrogenic formulation in relieving symptoms of 
VVA was similar [39].

22.6.1  Promestriene

Promestriene is an analogue of estradiol which is minimally absorbed, and it has 
been shown to be effective in reversing atrophic changes caused by estrogen defi-
ciency in women undergoing natural or surgically induced menopause. Given the 
absence of systemic activity, promestriene may be a good choice in women requir-
ing purely locally estrogen and those who have survived or who are at risk of breast 
cancer and who have severe vulvovaginal symptoms [35]. There are little data avail-
able in the literature, mostly consisting of small, open-label, short duration studies 
and few RCTs. After a long-term market experience (almost 40  years), the side 
effects were very rarely reported in pharmacovigilance data, whereas the effective-
ness to relieve atrophy was good [40].
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22.6.2  Ospemifene

Ospemifene is a systemic selective estrogen receptor modulator (SERM) that acts as an 
estrogen agonist in the vagina and appears to have no clinically significant estrogenic 
effect on the endometrium or breast. A 1-year clinical trial did not identify endome-
trial safety concerns [41]. However, hot flushes were reported by 7.2% of participants 
randomized to ospemifene 60 mg vs. 2.0% of those randomized to placebo. Although 
there may be the possibility of its use in breast cancer survivors who are disease-free 
and who have completed their anticancer treatment, as with systemic MHT and low-
dose vaginal ET, package labelling for ospemifene cautions against using this medica-
tion in women with a personal history of breast cancer or thromboembolic disease.

The International Society for the Study of Women’s Sexual Health (ISSWSH) 
stressed the importance of androgens for women with GSM as they support genito-
urinary tissue structure and function. In the vagina, androgens and estrogens regulate 
vaginal mucin production in epithelial cells, and sex steroid hormones may regulate 
androgen and estrogen expression in genitourinary tissues. Although positive immu-
nostaining for estrogen and androgen has been demonstrated in human vulvar tissue, 
estrogen was less prevalent, and androgen was more prevalent when compared with 
vaginal tissue. Clitoral hypertrophy is considered one of the most sensitive markers 
for excess androgen production in women through menopause [42].

22.6.3  Transdermal Testosterone

Transdermal testosterone has shown efficacy for the treatment of hypoactive sex-
ual desire disorder (HSDD) in both naturally and surgically postmenopausal women, 
either alone or in combination with estrogen [43]. In RCTs at 24 weeks in women 
with natural or surgical menopause and referring HSDD, a 300 μg/day testosterone 
patch significantly improved the measures of primary efficacy of sexual desire and 
the frequency of satisfying sexual events (measured by patented instruments) versus 
placebo [44, 45]. Levels of sexually related distress also decreased significantly com-
pared to placebo. However, given the concern about the long-term safety of the use of 
testosterone in postmenopausal women [46], their use has been declining.

Treatments for GSM should combine both androgenic and estrogenic actions, 
such as seen with esterified estrogens with methyltestosterone and tibolone, which 
exerts estrogenic, progestogenic, and androgenic effects.

22.6.4  Vaginal Prasterone

Vaginal prasterone, another name for dehydroepiandrosterone (DHEA), an andro-
gen derivative, has shown effectiveness in treating GSM [47]. In placebo-controlled 
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clinical trials, daily insertion of dehydroepiandrosterone vaginal ovules decreased 
vaginal pH, improved the vaginal epithelial maturation index and vaginal epithelial 
thickness and integrity, and increased vaginal secretions resulting in improvement 
in dyspareunia.

Clinical trial data addressing the use of vaginal testosterone are limited; longer as 
well as larger studies are needed to assess efficacy and safety. Information related to 
systemic testosterone therapy and low testosterone therapy for GSM is insufficient; 
more trials are needed in a postmenopausal population to determine whether testos-
terone therapies are beneficial.

Several RCTs have demonstrated that low-dose vaginal estrogen, intravaginal 
prasterone, and oral ospemifene effectively treat GSM and related dyspareunia. 
Although libido can improve with adequate treatment of dyspareunia, these biologi-
cal improvements alone do not guarantee a good sexual response. However, DHEA 
has showed that all the six domains of the Female Sexual Function Index (FSFI) 
are improved over placebo (from P = 0.047 to 0.0005), by an action exerted exclu-
sively at the level of the vagina, in the absence of biologically significant changes 
of serum steroids levels [48]. A study evaluated the long-term (52 weeks) effect of 
treatment with daily intravaginal 0.50% (6.5 mg) DHEA on the various domains 
of female sexual function using a questionnaire at baseline, week 26 and week 52 
[49]. Postmenopausal women with at least one mild to severe symptom of VVA and 
who had completed the questionnaire at baseline and at least one post-baseline time 
point were included in the analysis (n = 154). All domains of sexual function ana-
lyzed increased as well as the total score [49]. Also, a randomized trial found that 
ospemifene (60 mg/day, 12 weeks) resulted in improvements in sexual pain, arousal, 
and desire domains of the FSFI, a validated measure of function sexual activity [50].

On the other hand, vaginal estrogens reduce irritative urinary symptoms, such 
as frequency and urgency, and have been demonstrated to reduce the likelihood of 
recurrent urinary tract infections in postmenopausal women [51]. Although incon-
tinence is a significant problem for aging women, the effect of estrogen deficiency 
remains unclear [52].

• In a Cochrane review, 34 trials were identified which included approximately 
19,676 incontinent women of whom 9599 received estrogen therapy (1464 
involved in trials of local vaginal estrogen administration). Urinary incontinence 
may be improved with the use of local estrogen treatment. However, there was 
little evidence from the trials on the period after estrogen treatment had finished 
and no information about the long-term effects of this therapy was given. 
Conversely, systemic MHT using conjugated equine estrogen may worsen incon-
tinence [53]. There were too few data to reliably address other aspects of estro-
gen therapy, such as estrogen type and dose, and no direct evidence comparing 
routes of administration.

Menopause is reckoned to be a key event associated with the emergence or a 
worsening of pelvic organ prolapse (POP). Symptoms and severity increase sig-
nificantly across the menopausal transition [54]. Despite this, it is difficult to 
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differentiate the specific contribution of estrogen withdrawal from that of the aging 
process per se. Pelvic organs, and their muscular and connective tissue supports, 
are estrogen- responsive. The use of postmenopausal systemic hormone therapy also 
stimulates steroid hormone receptors in the pelvic floor [55]. Based on the Cochrane 
analysis, the impact of postmenopausal hormone therapy on the pelvic floor support 
is, however, still unclear [56]. Controversy remains as to whether the use of local 
estrogens before and/or after vaginal surgery is beneficial. The use of local estro-
gens improves the rate of vaginal maturation at the time of surgery and increases the 
thickness of the vaginal epithelium, but this does not translate into increased vaginal 
subepithelial/muscularis thickness [57], and, therefore, possible surgical advantages 
still need to be demonstrated.

22.7  Cardiovascular Effects

The effect of MHT on cardiovascular health remains unclear and controversial. The 
many of the apparent benefits of MHT observed in epidemiologic studies were not 
found in the randomized trials. Rather than a reduction in risk of CHD events, an 
increase was seen [58, 59]. Possible methodologic explanations for the striking dif-
ference in CHD data include “healthy user” bias, older age of the study population, 
and timing of initiation of therapy.

The impact of age and years since menopause on the relationship between MHT 
initiation and health outcomes, also known as the timing hypothesis, has been identi-
fied as one of the important factors explaining the complex, and sometimes discrepant, 
findings. Specifically, it has been found that women who were less than 10 years from 
menopause or aged between 50 and 59 years at baseline when MHT was started had 
lower hazard ratios (HR) for CHD than women initiating MHT at an older age [60], 
which in turn would be related to the health of the underlying vascular tissue or other 
factors, such as the reduction in or downregulation of estrogen receptors (ER) [61].

In fact, available scientific evidence supports the hypothesis that MHT halts pro-
gression of atherosclerosis in women whose menopause is of recent onset but that 
it would have a neutral or adverse effect in older women or if it is started more than 
10 years after onset of the menopause. In addition, when initiated late in the athero-
sclerotic process, MHT could have adverse effects, potentially destabilizing exist-
ing plaques and triggering a coronary event [62, 63]. There is greater support for the 
possibility that the metabolic effects of estrogens can vary with age and time since 
onset of the menopause, and there is evidence that ER may be more functional and 
sensitive at the initiation of the menopause than afterward. As a result, any preven-
tive treatment for CHD, including MHT, is more effective in younger women with 
less established atherosclerosis.

However, although there is biological plausibility, the “timing” hypothesis has 
not been tested in an RCT as hard endpoints of myocardial infarction or CVD mor-
tality are not possible in a young healthy population. Use of “intermediate” end-
points with a high correlation to CHD has been proposed and has been incorporated 
into the design of ongoing RCTs, namely, KEEPS and ELITE.
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• The Early versus Late Intervention Trial with Estradiol (ELITE) attempted to dem-
onstrate the timing hypothesis for atherosclerosis progression [64]. The main find-
ing was that women who started MHT within 6  years of menopause had a 
significantly lower atheroma progression than those who initiated it beyond 10 years 
past of menopause. These findings support a benefit of MHT in the primary preven-
tion of CHD, particularly when it begins near the onset of menopause.

• Kronos Early Estrogen Prevention Study (KEEPS) is a multicenter, randomized, 
double-blinded, placebo-controlled trial, designed to test the hypothesis that 
low-dose MHT, either oral or transdermal, along with oral micronized progester-
one, initiated in recently postmenopausal women will reduce the progression of 
subclinical atherosclerosis, defined by carotid artery intima-media thickness and 
coronary artery calcification.

After 4  years of early use of MHT, the progression of atherosclerosis was not 
affected despite improving some markers of cardiovascular disease risk [65]. At first 
glance, the first KEEPS results were frustrating, since many expected to see clear car-
dioprotective outcomes in hormone users, which apparently was not the case. However, 
these KEEPS results are not surprising, since they reflect the almost nil expected pro-
gression of atherosclerosis during 4 years of follow-up in recently menopausal healthy 
women who had no atherosclerotic burden at the beginning of the study [66].

In addition, there is evidence that factors related to the type, the dose, and the 
route of delivery of MHT affect the risk of cardiovascular disease. Not only that, 
but there is strong suggestion that low-dose MHT via the transdermal route does not 
increase the risk of VTE, and biological data support this difference between oral 
and transdermal estrogens [64, 67]. However, KEEPS did not find any meaningful 
differences between transdermal and oral MHT with regard to effects on thrombo-
embolic and cardiovascular markers (VTE and CVD events were not assessed) [65].

The use of a progestogen and its type most probably has an impact on cardiovas-
cular risk: norpregnane derivatives are associated with higher risk of VTE, whereas 
micronized progesterone appears safe [68, 69]. In conclusion, transdermal estro-
gens alone or combined with micronized progesterone may represent the safest 
alternative for women who require MHT [67].

So far, there is no firm support for the use of MHT solely for the prevention of 
CHD, but evidence of the use of MHT in the primary prevention of CHD in post-
menopausal women continues to accumulate.

22.8  Cognition, Mood, and Psychosocial Functioning

Although a relationship between the development of cognitive impairment and 
lifestyle- related risk factors, such as obesity, tobacco, and alcohol use, has been 
reported, age is still the strongest risk factor for dementia and other neurodegenerative 
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disorders [70]. Estrogen has an array of action mechanisms underlying cognitive 
benefits [71]. Recently, some studies reported a significant effect of estrogen on 
DNA repair enzymes in the brain [72]. However, research on this issue and the 
related mechanisms are still scarce.

Many observational studies and meta-analyses agree that the use of estrogens in 
mid-life reduces a woman’s risk of subsequent dementia, whereas MHT initiation 
in late life could have deleterious effects [73]. Regarding the impact of estrogen on 
cognition, the effects of timing, route of administration, and dosage remain to be 
clarified. The timing hypothesis for dementia has been recently challenged by RCT 
[74] assessing the impact of oral estrogen on cognition.

Three large randomized trials found that MHT initiated early in menopause 
and continued for less than 7  years had no impact on cognitive function [26, 
74, 75]. The Cache County (Utah) long-term prospective cohort study, however, 
found that MHT started early in menopause and continued for 10 years or longer 
was associated with a significant reduction in risk of Alzheimer’s disease (AD) or 
other dementia [76].

Of note are results from the 2017 report of 18-year cumulative mortality among 
WHI participants [77]. In that study, mortality from AD and other dementia was 
lower among participants who were randomly assigned to treatment with estrogen 
alone versus placebo (HR, 0.74; 95% confidence interval [CI], 0.59–0.94). With 
estrogen-progestin therapy, the HR was 0.93 (95% CI, 0.77–1.11), and the pooled 
HR for the 2 trials was 0.85 (95% CI, 0.74–0.98) [77].

Cognitive impacts of progestogen differ widely by preparation. Analogous to 
estrogen, natural progesterone (P4) could be neuroprotective, stimulate synap-
tic plasticity, and enhance hippocampal neurogenesis [78]. Moreover, P4 might 
improve cholinergic neurotransmission. In animal and in vitro experiments, syner-
gistic effects of E2 and P4 have been reported [79]. Small, short-term clinical trials 
of progesterone show no meaningful effect on cognition. The quality of evidence 
is low, but overall findings do not reveal consistent, clinically important effects of 
progesterone on cognitive function in women [80].

Although MHT should not be considered in the prevention of dementia, these 
new studies reinforce the “critical window” hypothesis [81], leaving open the possi-
bility that initiating systemic MHT soon after the onset of menopause (especially in 
surgical menopause) and continuing it in the long term may have positive cognitive 
benefits and may decrease the risk of AD. It is necessary to evaluate the individual 
characteristics of the patients, the possible benefits and risks, and ongoing assess-
ment over time.

Based on findings from observational studies, the timing hypothesis posits that 
estrogen may preserve neurologic function and decrease the risk of dementia when 
administered early in menopause; however, the effects may be neutral or even harm-
ful if estrogen is initiated later in life [75, 76].
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22.9  Cancer

Sex steroids are not known to damage DNA directly. They can stimulate or inhibit 
cell proliferation and thus can modulate tumor developmental progression. However, 
it is important to consider that not all estrogens and progestins are used with the 
same dosage and route of administration (for oral, transdermal, and estradiol intra-
nasal) and, mostly, different estrogens do not show the same bioavailability and 
tissue effects. The available data do not allow to discriminate for all these variables, 
and therefore it is inappropriate to consider jointly all forms of hormonal therapy.

During the 18  years of follow-up Women’s Health Initiative (WHI) studies, 
cancer mortality rates were almost identical between hormone users and nonusers 
(8.2% vs. 8.0%; HR, 1.03 [95% CI, 0.95–1.12]) [77].

22.9.1  Breast Cancer

The relationship between estrogens to postmenopausal development of breast can-
cer (BC) is controversial, and the results of studies with respect to causality are 
mixed. Both in the original WHI study and in the long-term follow-up of this popu-
lation, the incidence of BC increased with combined EP-MHT. The use of estrogen 
only was paradoxically associated with a decrease in BC incidence [82, 83].

The slightly increased relative risk of BC could have been related to the duration 
of hormone use or the sequential administration of progestin therapy or even the 
progestogen formulation itself. In contrast, MHT users had more localized tumors 
and better survival rates. Individual risks were very small. Several other studies 
have reported differences in risk related to the type of MHT regimen.

• The safer risk profile of natural progesterone and dydrogesterone respects to 
other synthetic progestins, as showed in the E3N study, a French observational 
study of teachers, on menopausal MHT [84]. The increase in risk of breast cancer 
observed with the use of synthetic progestogens seems to apply preferentially to 
ER+ carcinomas, especially those ER+/PR−, and to affect both ductal and lobu-
lar carcinomas [85].

• Similarly, a Finnish observational study reported that sequential progestin use 
resulted in a smaller increased risk of BC than did continuous progestin use, but 
one should note that in this study most patients used NETA [86].

Regarding BC, the time hypothesis is also supported by several studies. Contrary 
to what happens in the cardiovascular and cognitive systems, starting therapy later 
than 5 years after the onset of menopause is associated with a significant reduction 
in BC risk, because the estrogen deprivation associated with menopause determines 
a sensitization of breast cancer cells to the proapoptotic effects of estrogen, whereas 
immediate initiation has no advantageous effects [87]. Furthermore, hormone 
receptor-positive breast cancers in postmenopausal women respond to treatment 
with high-dose estrogen therapy, while similar tumors in premenopausal women 
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do not. This paradoxical response to addition or deprivation of estrogen can explain 
both decrease in BC after initiation of MHT and the decrease following cessation 
of treatment [88].

22.9.2  Another Cancer

We do not consider ovarian cancer to be a major consideration when deciding to 
take MHT for symptomatic relief, because the absolute risk of ovarian cancer with 
MHT is very low. On the other hand, we did not consider in the assessment of the 
use of MTH the positive effect on the risk of colorectal cancer seen with combined 
conjugated equine estrogen-medroxyprogesterone acetate use [89].

22.10  Osteoporotic Fracture

Numerous studies have shown the effectiveness of MHT in preventing bone loss 
in postmenopausal women with and without osteoporosis. From a regulatory per-
spective, it may be rational to separate the indication of MHT for prevention from 
treatment of osteoporosis. But both prevention and treatment of osteoporosis share 
a common clinical goal, which is prevention of fractures. The efficacy of MHT on 
fracture reduction in postmenopausal osteoporotic women has been demonstrated 
in some small RCTs [90, 91]; however, there are no large long-term RCTs (i.e., 
more than 2–3 years as required by the Regulatory Agencies for bone mineral den-
sity data).

Given that bone mineral density (BMD) is considered a surrogate marker for 
osteoporotic fracture and that there are other approved osteoporosis drugs, high- 
quality antifracture evidence of MTH in women with postmenopausal osteoporosis 
may be forever unavailable.

Although the effect of BMD preservation dissipates rapidly after discontinua-
tion of MHT [92], it seems that there is no accelerated bone loss [93] or rebound 
fracture risk after stopping MHT [94]. Limited evidence suggests that the long-
term residual bone preservative benefit may extend for years after the interrup-
tion of MHT [94]. Evidence from both human and animal studies suggests that 
estrogen can enhance muscle mass and strength [95] and increase collagen con-
tent and preserve the health of collagen-rich tissues, including the intervertebral 
discs [96]. Women reporting continuous or remote past MHT use had significantly 
less pronounced kyphosis than never users by their mid-80s [97]. Maintenance of 
lean paraspinal muscle mass and intervertebral disc heights is essential to prevent 
kyphosis and vertebral fracture.

Along with a “timing hypothesis” supported by a critical mass of data and 
emerging evidence of residual skeletal benefit after HT discontinuation, MHT as a 
bone- sparing agent has a distinct value in treating postmenopausal women with or 
without established osteoporosis. It may be considered first-line therapy for some 
patients with appropriate indications mentioned above.
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22.11  Mortality

A new analysis from the Women’s Health Initiative (WHI) randomized trials 
examined all-cause and cause-specific mortality during the intervention and post- 
intervention follow-up periods (total cumulative follow-up of 18 years) [77]. The 
primary outcome measure was all-cause mortality in the two pooled trials and in 
each trial individually. There was no link between MHT and all-cause mortality 
in the overall study population (ages 50–79) in either trial. However, there was a 
trend toward lower all-cause mortality among the younger women in both trials. In 
women aged 50–59, there was a statistically significant 31% lower risk of mortality 
in the pooled trials among women taking active MHT compared with those taking 
placebo, but no reduction in mortality with MHT among older women (P for trend 
by age = 0.01) [77].

22.12  Conclusions

Hormone therapy continues to have an important clinical role in the management 
of menopausal symptoms. Currently available evidence does not support the use of 
MHT for chronic disease prevention. However, the absolute risks of adverse events 
in younger women are much lower than in older women, and the quality-of-life ben-
efits are likely to outweigh the risks for many women who seek treatment for symp-
toms in early menopause. Given the lack of validated primary prevention strategies 
other than lifestyle changes for younger women (<60 years), MHT is considered a 
good strategy—taking into account current knowledge thereof—for reducing the 
risk of osteoporosis fractures in menopausal women and for reducing the frequency 
of CHD and general mortality of women in their sixth decade (or in the 10 years 
since onset of the menopause), unless there are specific contraindications.

In conclusion, our understanding of the benefits and risks of MHT has advanced 
substantially. The guidance for physicians and women should reflect this evolu-
tion and emphasize the individualization and shared decision-making that facilitates 
appropriate decisions regarding the use of MHT.
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23Selective Estrogen Receptor Modulators 
(SERMs): State of the Art
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23.1  Introduction

During and after menopause, women may experience various symptoms, such as 
vasomotor symptoms and genitourinary syndrome associated with menopause, 
attributable to the decrease in estrogen levels, with the consequent physiological 
changes [1]. In addition, there has been shown to be a strong link between decreased 
estrogen levels and loss of bone mass with the consequent risk of osteoporosis and 
fracture [2].

Hot flushes affect 50–82% of women undergoing menopause [3], and 40–50% 
have vaginal atrophy [4]. In addition, more than 40% of women have low bone mass 
between the ages of 50 and 60 [5].

Estrogen therapy at menopause is considered the number one treatment for both 
hot flushes and vulvovaginal atrophy, and most scientific societies consider estro-
gen therapy to be a very effective treatment for the prevention and/or treatment of 
osteoporosis [2, 6–8].

But estrogen therapy, even local, has its contraindications. After any gyneco-
logical or hormone-dependent cancer, it is preferable to start with non-hormonal 
therapies [8]. On the other hand, in general, concerns about the possible stimulating 
effects of systemic estrogen on the breast and endometrium as well as other nega-
tive effects of long-term estrogen treatment may be a barrier to its use [9]. Another 
important point is that adherence to drugs prescribed for long-term conditions is 
often poor [10, 11].

Therefore, the search for an alternative to estrogen therapy, both systemic and 
local, has proved necessary. Selective estrogen receptor modulators have been used 
for more than 30 years and have made it possible to avoid many of the side effects of 
estrogens. The possibility of them being used for the therapeutic purpose of treating 
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osteoporosis and vulvovaginal atrophy has been investigated. The result of this is the 
emergence of various selective estrogen receptor modulators (SERMs) with different 
applications, ranging from the prevention and treatment of breast cancer to the pre-
vention and treatment of osteoporosis or even dyspareunia and vulvovaginal atrophy.

The aim of this paper is to briefly compare the pharmacology of different SERMs 
and provide a detailed review of the available clinical data on their effects. The 
relevant English-language articles, published between 1985 and 2018, were first 
identified through a PubMed database search with the search string “selective estro-
gen receptor modulator or SERM.” Furthermore, a specific review has been made 
of each individual SERM.

23.2  Selective Estrogen Receptor Modulators

SERMs are compounds with a molecular structure different from that of steroids. 
They share their selective binding to estrogen receptors (ER) with steroids and pro-
duce an estrogen agonist or antagonist effect depending on the target cell and hor-
monal environment. They have been developed with the aim of producing specific 
positive estrogenic effects on some target tissues, but with negative or neutral estro-
genic effects on other tissues [12].

They were first known as antiestrogens and developed for the treatment of breast 
cancer. The four best known SERMs are tamoxifen, raloxifene, bazedoxifene, and 
ospemifene, wherein tamoxifen is currently being used for the prevention and treat-
ment of breast cancer, both raloxifene and bazedoxifene for the treatment of osteo-
porosis, and ospemifene for dyspareunia or vulvovaginal atrophy. Therefore, the 
main aim of the pharmacological development of SERMs is to increase the benefit/
risk ratio compared to estrogen therapy in the prevention and treatment of several 
highly prevalent, chronic, postmenopausal diseases that are associated with this 
state of estrogen deficiency.

Tamoxifen, a drug that was introduced more than 40 years ago for the treat-
ment of hormone-dependent breast cancer, has been considered an antiestro-
gen for decades because of its blocking action on the binding of endogenous 
estrogens to the estrogen receptor (ER) of neoplastic breast cells. However, sev-
eral studies suggest that tamoxifen may have a protective action on bone tissue 
(estrogen agonist) [13]. Raloxifene is the first SERM approved for preventing 
and treating osteoporosis [14]. In addition, raloxifene is as effective as tamoxi-
fen in reducing the risk of breast cancer in postmenopausal women [15] and 
does not significantly affect the risk of cardiovascular disease [16]. Bazedoxifene 
has been shown to be effective in reducing vertebral and, in a high-risk group, 
non-vertebral fractures [17]. Finally, the first SERM, ospemifene, has recently 
been approved in the USA and Europe for the treatment of dyspareunia in the 
USA and for patients with vulvovaginal atrophy who are not eligible for estrogen 
treatment in Europe [18].
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This class of drugs has enormous potential in the primary and secondary preven-
tion of various types of estrogen-dependent tumors, postmenopausal osteoporosis, 
and vulvovaginal atrophy.

23.3  SERM Classification

There is an extensive list of compounds that can be considered SERMs for which 
results are available in either in vitro or in vivo animal cell models and in human 
experiments. There are more than 60 molecules already described with a SERM 
pharmacological profile [19]. Table 23.1 provides a summary of the main SERM 
groups classified according to chemical structure [20]. But they could also be 
divided by generations (Table 23.2) [21]. Certain phytoestrogens, such as genistein 
and daidzein, also appear to have a SERM-type pharmacological profile. There are 
currently three main chemical classes of SERM approved for clinical use: triphe-
nylethylene derivatives, such as tamoxifen and ospemifene, used to treat and pre-
vent breast cancer and vulvovaginal atrophy, respectively, and clomiphene to induce 

Class Examples
Triphenylethylenes Tamoxifen

Clomiphene
Droloxifene
Fispemifene
GW-5638
Idoxifene
MDL-103,323
Miproxifene
Ospemifene
Toremifene

Benzothiophenes Raloxifene
Arzoxifene
LY-117018

Indoles Bazedoxifene
Pipendoxifene

Naphthalenes Lasofoxifene
Trioxifene

Benzopyrans EM-800
Acolbifene
Levormeloxifene
Ormeloxifene
NNC 45-0781 and derivatives
SP-500263

Table 23.1 Classification of 
SERMs
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ovulation; benzothiophene derivatives, such as raloxifene, used for the treatment 
and prevention of osteoporosis; and indoles such as bazedoxifene used for the treat-
ment of women at risk of osteoporotic fracture.

23.4  Mechanism of Action

To understand the mechanism of action of SERMs, we must remember how estro-
gen works. After the binding of the hormone to the receptor, a hormone-receptor 
complex is formed, which in turn binds to another complex of the same character-
istics to form homodimers, which acquire a unique spatial configuration and bind 
to DNA with high affinity and to different cofactors and stimulate or inhibit gene 
transcription by means of the AF-1 and AF-222 regions. The DNA region to which 
the activation domains or activation factors of the AF-1 and AF-2 transcription are 
attached is called the estrogen response element (ERE), which is a specific area 
and which, thanks to the spatial structure created by the hormone-receptor complex 
and its attachment to this area of DNA, causes a series of specific cofactors to bind 
together and activate or repress a series of genes [22].

To explain why the response induced by SERMs, after their binding to the recep-
tor, may be similar or different from that induced by estrogens themselves, the spa-
tial configuration of the SERM-receptor complex must be understood. Thus, after 
its binding to the receptor, the SERM creates an anomalous configuration of the 
hormone-receptor complex that causes it to be located in a different area of the 
DNA from the ERE and to bind to another type of cofactor, which entails another 
type of message and genetic expression. This makes each SERM unique [23, 24] 
(Fig. 23.1).

23.5  Main SERMs

23.5.1  Triphenylethylenes

23.5.1.1  Tamoxifen
Tamoxifen, a triphenylethylene derivative, has been used for more than 45 years. 
The accumulated clinical experience of more than ten million women/year is 

Generation Product Class
1° Clomifene

Tamoxifen
Triphenylethylene
Triphenylethylene

2° Raloxifene Benzothiophene
3° Bazedoxifene

Lasofoxifene
Ospemifene

Indole
Naphthalene
Triphenylethylene

TSEC Bazedoxifene +  
conjugated estrogens

Indole + estrogen

Table 23.2 Classification of 
SERMs
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evidence of its beneficial effect in the treatment of breast cancer and in the primary 
prevention of women at high risk of developing this disease [25–27]. It is important 
to note that treatment with a first-generation SERM such as tamoxifen is effec-
tive in all subgroups of breast cancer except ER-negative tumors in premenopausal 
women, which is not surprising given its mechanism of action.

Tamoxifen has been widely used in the adjuvant treatment of invasive breast 
cancer involving surgery and chemotherapy. It has been shown to be effective in 
preventing new contralateral tumors and local or peripheral recurrences [28, 29]. 
After 1, 2, and 5 years of adjuvant treatment, relapses were reduced by 21, 19, and 
47% and mortality by 12, 17, and 26%, respectively.

The most relevant study for primary prevention is the Breast Cancer Prevention 
Trial (BCPT, NSABP-P1) [25]. The women were randomly assigned to receive 
either tamoxifen (6681) or placebo (6707) for 5  years. However, the trial was 
stopped early because the findings provided strong evidence of a reduction in breast 
cancer with tamoxifen therapy. The administration of tamoxifen was effective in 
reducing the annual rate of ER+ tumors, both invasive and in situ, by 69%, but was 
not effective in reducing the recurrence of ER− tumors.

Tamoxifen has a partial estrogenic agonist effect in the uterus, and this effect has 
caused concern as it increases the incidence of endometrial pathology and endo-
metrial cancer. The likelihood of a woman developing endometrial cancer in the 
general population is low, ranging from 12 cases per 100,000 women aged 40 to 84 
cases per 100,000 women aged 60 [30]. Tamoxifen increases the risk of endometrial 
cancer according to most studies. Relative risks (RR) appear to vary between 1.3 
[31] and 6.4 [25] for 20 and 40 mg/day doses.

Binding 1
(Estrogen)

Binding 2
(SERM)

Active Receptor

ER

Adaptive
Protein

Active Receptor

Gene Expression Gene Expression

ERE ER-SERM

Biological Response 1 Biological Response 2

+

+

+
Fig. 23.1 Mechanism of 
action of SERMs
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In the Breast Cancer Prevention Trial, the reduction in breast cancer risk with 
tamoxifen was accompanied by an increase in the incidence of invasive endometrial 
cancer (mean RR = 2.53). The increased risk was observed primarily among women 
aged ≥50 years with a RR = 4.01, whereas among those aged 49 years or less, the 
RR was 1.21 [25]. However, it appears that adding metformin to tamoxifen may 
reduce this increased risk of endometrial cancer [32].

A meta-analysis of 55 trials in 37,000 women showed that the risk of breast 
cancer recurrence was significantly reduced by 18%, 25%, and 42% after 1, 2, or 
5 years, respectively, of adjuvant tamoxifen therapy compared to no treatment [33].

Ding and Field [34] examined the effect of tamoxifen on bone health in post-
menopausal women with early breast cancer and found that bone mineral density 
(BMD) is retained in the spine and hip, but not the wrist [34]. While there is no 
evidence that tamoxifen reduces the risk of fracture, the incidence of fractures is 
lower in users of tamoxifen than in users of aromatase inhibitors [35]. Recently 
a large cohort study found that the risk of fracture in premenopausal women with 
breast cancer and tamoxifen was twice that of the control group, with the risk being 
similar in postmenopausal women [36]. Tamoxifen is not suitable for the prevention 
or treatment of postmenopausal osteoporosis.

In tamoxifen users, the risk of deep vein thrombosis and pulmonary embolism is 
twice as high as in the general population. This increase, however, does not imply 
increased mortality in the pool of randomized trials of tamoxifen as an adjuvant 
treatment for early breast cancer [33].

23.5.1.2  Clomiphene
Clomiphene, which may be considered the first SERM for clinical use, is also a 
derivative of triphenylethylene but has been used since 1967 exclusively for ovula-
tion induction [37], and no research exists for its clinical use in postmenopausal 
women. However, there are data in rats that show it to have the same positive effect 
on bones as estrogen [38]. A recent review indicates a possible increased risk of 
thyroid cancer and malignant melanoma, especially if clomiphene is used in more 
than six cycles [39]. This fact must be confirmed with further trials.

23.5.1.3  Ospemifene
Ospemifene belongs to the family of triphenylethylenes. It is a biologically active 
metabolite of toremifene (desamino-hydroxy-toremifene) that demonstrated pre-
vention of bone loss and reduced cholesterol levels in castrated rats without weight 
gain in the uterus [40]. In addition, in in vitro studies, it acts as a potent estrogen 
antagonist in ER-positive breast cancer cell lines [41]. Ospemifene greatly reduces 
the incidence of breast carcinomas in comparison to control mice and was similar to 
tamoxifen in dimethylbenzanthracene (DMBA)-induced breast tumors [42].

Ospemifene proved more estrogenic than raloxifene, as shown by changes in 
serum levels of follicle-stimulating hormone and sex hormone-binding globulin. 
Neither ospemifene nor raloxifene stimulated the endometrium, but in contrast to ral-
oxifene, ospemifene had a clear estrogenic effect on the vagina [43]. For this reason, a 
comprehensive clinical program was conducted on its effect on vulvovaginal atrophy.
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Ospemifene has been assessed for the treatment of postmenopausal women with 
vulvovaginal atrophy in two 12-week phase III trials, two long-term safety extension 
trials, and one 52-week safety and efficacy trial [44–47]. The first trial with ospe-
mifene (60 mg) was randomized, double-blind, and placebo-controlled. It included 
919 women with moderate to severe vulvovaginal atrophy (ospemifene, n = 463; 
placebo, n = 456) and lasted 12 weeks [46, 47]. The women were subdivided into 
two strata according to whether subjective perception was more important for dys-
pareunia or vaginal dryness. Both strata, dyspareunia and vaginal dryness, had their 
own randomization programs and were analyzed as independent trials. The trial 
with dyspareunia patients included 605 participants. At 12 weeks, 60 mg ospemi-
fene produced a statistically significant improvement compared to placebo at all 
the points analyzed: percentages of decrease in parabasal cells (p < 0.0001) and 
increase in superficial cells (p < 0.0001) in the rate of vaginal maturation, reduction 
in vaginal pH (p < 0.0001), and improvement in symptoms related to vulvovaginal 
atrophy (p = 0.0001) [46].

Another 12-week, randomized, double-blind, placebo-controlled, phase III trial 
assessed the efficacy and safety of ospemifene (30 or 60 mg/day) in 826 postmeno-
pausal women with moderate to severe vulvovaginal atrophy (ospemifene 30 mg/
day, n = 282; ospemifene 60 mg/day, n = 276; placebo, n = 268) [44]. Compared 
to placebo, ospemifene (30 and 60 mg) significantly increased the percentage of 
surface cells and decreased the percentage of parabasal cells (improved matura-
tion rate) at weeks 4 and 12 (p  <  0.001 for all comparisons for both doses and 
placebo); a significantly greater reduction in vaginal pH was also observed in the 
ospemifene group compared to the placebo group at weeks 4 and 12 (p < 0.001) for 
both doses of ospemifene. After 12 weeks of treatment, ospemifene (30 and 60 mg) 
significantly decreased the vaginal dryness symptom rating compared to placebo 
(p = 0.04 and 0.021 for the 30 and 60 mg ospemifene groups, respectively). Also, 
60  mg ospemifene significantly reduced the symptom rating of the women who 
reported dyspareunia as the major symptom in comparison to placebo (p = 0.023).

In this trial, an endometrial biopsy was performed at the beginning to rule out endo-
metrial hyperplasia and adenocarcinoma. At the end of the 12-week efficacy study, 
patients were invited to enroll in a further 40-week, double-blind, safety extension 
study for a total of 52 weeks of treatment: ospemifene 30 mg/day, n = 62; ospemifene 
60 mg/day, n = 69; and placebo, n = 49 [45]. Endometrial safety was assessed by trans-
vaginal ultrasound and biopsy. At week 52, an increase in mean endometrial thickness 
of 0.68 and 1.14 mm was observed with ospemifene 30 and 60 mg/day, respectively. 
The vast majority of endometrial biopsy samples were atrophic or inactive.

In a post hoc analysis of a pool of six phase II and three double-blind, random-
ized clinical trials, hot flushes (8.5% vs. 3.3% placebo) and urinary tract infections 
(86.5% vs. 4.8%) were found to be the most frequent side effects [47].

We can conclude that it is the first non-hormonal oral alternative for vulvovaginal 
atrophy. It is a selective estrogen receptor modulator (SERM) that selectively exerts 
agonistic effects on vaginal tissue. Sixty milligrams of ospemifene has been shown 
to reduce symptoms of dyspareunia and vaginal dryness significantly compared to 
placebo and to be safe at 52 weeks.
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23.5.1.4  Toremifene
Toremifene has been in clinical use for more than 20  years for the treatment of 
advanced hormone-sensitive breast cancer and the adjuvant treatment of early breast 
cancer, and there is experience of use in more than 500,000 women/year [48]. The 
incidence of secondary endometrial cancer was lower with toremifene than with 
tamoxifen and similar to raloxifene. The risk of stroke, pulmonary embolism, and 
cataracts may be lower with toremifene than with tamoxifen, and the risk of pulmo-
nary embolism and deep vein thrombosis may be lower than with raloxifene [49, 50].

After 5 years of follow-up, toremifene 60 mg/day has no substantial negative 
effect on bone mineral density in pre- or postmenopausal women and may have a 
positive influence on lipids [51].

23.5.2  Benzothiophenes

23.5.2.1  Raloxifene
Raloxifene was originally designed as a drug to treat breast cancer, but its clini-
cal development later focused on the prevention and treatment of postmenopausal 
osteoporosis, becoming the first SERM approved to prevent and treat this metabolic 
bone disease [52]. Raloxifene has also been investigated for the primary and sec-
ondary prevention of cardiovascular disease in postmenopausal women [16] and for 
the prevention of breast cancer in high-risk women [53]. After tamoxifen, raloxifene 
is the SERM with the most information available on its pharmacological effects in 
postmenopausal women, due to the size of its clinical program (more than 40,000 
women included in phase III trials) and the fact that, since its commercialization 
in 1998, it is estimated that more than one million patients/year have been treated 
with the drug. Initial research in experimental osteoporosis models in castrated rats 
showed that raloxifene induces a bone anti-resorptive effect similar to estrogens, but 
without inducing endometrial proliferation [54]. In the same animal model, it was 
shown to have a very estrogen-like effect on lipid metabolism [54, 55]. In in vivo 
and in vitro studies on ER-positive breast cancer, raloxifene has also been shown to 
inhibit tumor growth and spread [56].

The MORE trial in postmenopausal women with osteoporosis has shown that 
raloxifene reduces bone turnover markers by 25–35% after 1 year of treatment and 
reduces the relative risk of new vertebral fractures by 30–50% after 3 years of treat-
ment [14]. According to a meta-analysis including seven clinical trials, raloxifene at 
doses of 60 mg or 120/150 mg a day reduces the risk of vertebral fracture by 40% 
(RR, 0.60; 95% CI, 0.49–0.74) and 49% (RR, 0.51; 95% CI, 0.41–0.64), respec-
tively [57].

The rate of invasive ER-positive breast cancer, a secondary objective in the 
MORE trial, showed an 84% reduction after 4 years of follow-up [58]. Moreover, 
during the next 4 years of follow-up, invasive ER-positive breast cancer was reduced 
by 66% [59]. These results have not been associated with any harmful effects on the 
endometrium [60] or the pelvic floor [61].
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In order to compare the relative effects and safety of raloxifene and tamoxifen 
and the risk of developing invasive breast cancer and other outcomes of the disease, 
the Study of Tamoxifen and Raloxifene (STAR) was conducted. It is a prospective 
randomized double-blind trial conducted in 19,747 postmenopausal women with 
a mean age of 58.5 years and an increased risk of breast cancer in 5 years (mean 
risk 4.03%). The results of the STAR trial show that raloxifene and tamoxifen are 
equally effective in reducing the risk of breast cancer in postmenopausal women. 
This means that tamoxifen and raloxifene can reduce the risk of breast cancer by 
half in 5 years. There were 36 cases of uterine cancer with tamoxifen and 23 with 
raloxifene (RR, 0.62). No differences were found in other types of cancer or in 
episodes of ischemic heart disease or stroke. Thromboembolism events occurred 
less frequently in the raloxifene group (RR, 0.70). The number of osteoporotic 
fractures in the different groups was similar. There were fewer cataracts (RR, 0.79) 
in women taking raloxifene. There was no difference in the total number of deaths 
or cause of death [15].

The effect of raloxifene on coronary heart disease (CAD) has been studied in 
the Raloxifene Use for the Heart (RUTH) trial. Ten thousand one hundred and one 
postmenopausal women with coronary heart disease or multiple risk factors for 
coronary heart disease were assigned 60 mg raloxifene or placebo. Compared to 
placebo, raloxifene had no significant effect on the risk of primary coronary events 
(RR, 0.95) and reduced the risk of invasive breast cancer (RR, 0.56). Raloxifene 
was associated with an increased risk of fatal stroke (RR, 1.49) and venous throm-
boembolism (RR, 1.44). Raloxifene reduced the risk of clinical vertebral fractures 
(RR, 0.65). Raloxifene did not significantly affect the risk of heart disease.

Therefore, raloxifene is suitable for the treatment and prevention of osteoporo-
sis in postmenopausal women in the USA and Europe [52]. In the USA, it is also 
recommended for reducing the risk of invasive breast cancer in postmenopausal 
women with osteoporosis and in women at high risk of invasive breast cancer [52].

In recent years, various randomized trials have shown that raloxifene administra-
tion appears to be effective and safe in improving psychotic symptoms in postmeno-
pausal women with schizophrenia [62].

23.5.2.2  Arzoxifene
Arzoxifene, a potent raloxifene-like benzothiophene, has demonstrated an antago-
nist potency ten times greater than raloxifene in MCF-7 breast cancer cells and 
endometrial cancer cell lines [63]. In both ovariectomized rats and rats with ovaries, 
arzoxifene does not increase uterine weight [64].

Arzoxifene has shown skeletal effects similar to raloxifene in experimental 
osteoporosis models [65, 66]. In phase II with different doses of arzoxifene in 
women with estrogen receptor-positive but tamoxifen-resistant breast cancer and 
with advanced or metastatic breast cancer, positive results were shown in reducing 
disease progression time [67] and response rates [68].

However, the data from the pivotal studies, although they showed a decrease in 
vertebral fractures and breast cancer in this population [69, 70], did not show it to 
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have more potency than raloxifene but did show it to have more gynecological side 
effects than in the placebo group [71]. These data made the company decide not to 
submit it for registration.

23.5.3  Indoles

23.5.3.1  Bazedoxifene
Bazedoxifene is one of the newest SERMs recommended for the prevention and 
treatment of postmenopausal osteoporosis.

In preclinical models, bazedoxifene increases bone mineral density and bone 
strength in rats. Bazedoxifene did not stimulate the proliferation of MCF-7 cells 
but inhibited the proliferation induced by 17β-estradiol. In an immature rat uterus 
model, bazedoxifene was associated with less uterine weight gain than ethinyl estra-
diol or raloxifene [72–74].

In phases I and II, the data reveal that bazedoxifene is safe, very well toler-
ated, and effective. After therapy of just 3 months in 494 postmenopausal women, 
bazedoxifene (at doses as low as 5 mg/day) showed effects on bone turnover and 
LDL- cholesterol markers comparable to those seen with raloxifene. There were no 
increases in hot flushes or endometrial thickness [75].

Bazedoxifene was assessed in two phase III studies. In a 2-year prevention trial 
involving 1583 healthy postmenopausal women with low or normal bone mineral 
density (BMD), patients received daily doses of 10, 20, or 40 mg of bazedoxifene 
or 60 mg raloxifene or placebo, and all took 600 mg of elemental calcium daily 
[76]. All three doses of bazedoxifene and the raloxifene were equally effective in 
maintaining bone mineral density (BMD) in the hip, lumbar spine, femoral tro-
chanter, and femoral neck. Within 6 months, all three doses of bazedoxifene had 
already demonstrated a significant reduction in BMD loss compared to placebo. 
The differences in the mean percentage of BMD in the lumbar spine relative to 
baseline at 24 months with 10, 20, and 40 mg bazedoxifene, compared to placebo, 
were 1.08 ± 0.28%, 1.41 ± 0.28%, and 1.49 ± 0.28%, respectively (with a statistical 
significance of p < 0.001 for all of them).

A pivotal phase III trial was conducted to assess the efficacy and safety of baze-
doxifene in preventing fractures in postmenopausal women with osteoporosis (55–
85 years of age) [77]. Participants received daily treatment with 20 mg (n = 1886) 
or 40 mg (n = 1872) of bazedoxifene, 60 mg of raloxifene (n = 1849), or placebo 
(n = 1885), as well as a daily supplement of 1200 mg of calcium and 400–800 IU of 
vitamin D. Among 6847 subjects in the intention-to-treat population, the incidence 
of new vertebral fractures was significantly lower (p < 0.05) with 20 mg bazedoxi-
fene (2.3%), 40 mg bazedoxifene (2.5%), and 60 mg raloxifene (2.3%) compared to 
placebo (4.1%), with relative risk reductions of 42%, 37%, and 42%, respectively. 
The effect of treatment was similar among subjects with or without prevailing verte-
bral fracture (p = 0.89). The incidence of non-vertebral fractures with bazedoxifene 
or raloxifene was not significantly different from placebo. In an analysis of a sub-
group of women at higher risk of fracture (femoral neck T-score ≤ 0.0 and/or one 
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moderate or severe vertebral fracture or multiple mild vertebral fractures; n = 1772), 
20 mg bazedoxifene showed a 50% and 44% reduction in the risk of non- vertebral 
fracture relative to placebo (p = 0.02) and 60 mg raloxifene (p = 0.05), respectively.

The 3-year study was given a 2-year extension, involving a total of 4216 women and 
providing 5-year data [78]. The raloxifene arm was discontinued after 3 years; subjects 
receiving 40 mg bazedoxifene were switched to 20 mg bazedoxifene after 4 years. At 
5 years, the incidence of new vertebral fractures in the intention-to-treat population was 
significantly lower with 20 mg (4.5%) and 40/20 mg (3.9%) bazedoxifene compared 
with placebo (6.8%, p < 0.05), with relative risk reductions of 35% and 40%, respec-
tively. The incidence of non-vertebral fractures was similar between the groups. In a 
subgroup of women at high risk of fracture (n = 1324; femoral neck T-score ≤−3.0 and/
or ≥1 moderate or severe or ≥2 mild vertebral fracture), 20 mg bazedoxifene showed a 
reduced risk of non-vertebral fracture compared with placebo (37%, p = 0.06).

A further 2-year extension was conducted. At 7 years the cumulative incidence 
of new vertebral fractures remained significantly lower in the 20 mg bazedoxifene 
group, 30.4% less than in the placebo group (p < 0.001) [79].

In terms of bazedoxifene safety data, the number of reported heart disorders 
and cerebrovascular events was equally low among all treatment groups treated 
for up to 7 years [77, 78]. Although pulmonary embolism and venous thrombo-
sis of the retina increased in the treatment groups compared to placebo, this was 
not statistically significant [80–82]. However, the risk of deep vein thrombosis 
increased significantly after 3 years (RR 8 (95% CI 1.01–64.25)) [80–82]. After 3, 
5, and 7 years, there was no difference in the incidence of breast cancer between 
the different groups [80–82]. Bazedoxifene has shown a good safety profile in the 
incidence of vaginal bleeding, uterine cancer, and ovarian cysts among the groups 
treated for up to 7 years [80–82].

The only adverse effects found with bazedoxifene and which increased com-
pared to the placebo group were hot flushes (p < 0.001) and leg cramps (p < 0.01). 
Most of the adverse reactions that occurred during the clinical trials were mild to 
moderate and did not result in discontinuation of treatment [80–82].

Thus, in a meta-analysis of four randomized and placebo-controlled trials, it is 
concluded that the use of bazedoxifene reduces the incidence of vertebral fractures 
and increases bone mineral density at 3 and 7 years. Furthermore, serious adverse 
events such as myocardial infarction, stroke, venous thromboembolic events, and 
breast cancer do not increase during this period of use [17].

A new approach to hormone therapy is to combine an estrogen with a SERM 
in order to achieve all the positive effects of estrogens and even increase them and 
avoid their negative effects by using a SERM, and this combination is called the 
tissue-selective estrogen complex (TSEC). The purpose is to decrease hot flushes, 
prevent and treat vulvovaginal atrophy, and prevent bone loss, without stimulating 
the breast or endometrium. Bazedoxifene in combination with conjugated estro-
gens in doses of 0.45 or 0.625 mg significantly reduces vasomotor symptoms [83], 
improves vaginal symptoms [83], and increases bone mineral density in the lumbar 
spine and hip [83]. It is clear that this is a promising treatment for both vasomotor 
symptoms and the prevention of osteoporosis [84].

23 Selective Estrogen Receptor Modulators (SERMs): State of the Art



360

23.5.4  Naphthalenes

23.5.4.1  Lasofoxifene
The main representative of this SERM group is lasofoxifene. This compound 
selectively binds to both estrogen receptors (alpha and beta) with a high affinity 
and a mean inhibitory concentration that is similar to that observed with estradiol 
and higher than those reported for other SERMs (raloxifene and tamoxifen) [85]. 
Lasofoxifene has a significantly higher bioavailability than other SERMs due to 
increased resistance to glucuronidation of the intestinal wall.

In preclinical models of postmenopausal osteoporosis, lasofoxifene inhibited 
bone turnover and reduced bone loss [86]. In animals, lasofoxifene did not alter 
endometrial thickness, the glandular area of the endometrium, or the basal area of 
the luminal epithelium, compared to control animals [86, 87].

Two phase III clinical trials have been conducted: Osteoporosis Prevention and 
Lipid Lowering (OPAL) and Postmenopausal Evaluation and Risk Reduction with 
Lasofoxifene (PEARL). The OPAL trial involved 1907 non-osteoporotic postmeno-
pausal women aged 40–75  years, who were randomly assigned to 0.0025, 0.25, 
or 0.5  mg/day of lasofoxifene or placebo for 2  years. At 2  years, lumbar BMD 
increased by 1.5, 2.3, and 2.3% with 0.025, 0.25, and 0.5 mg lasofoxifene, respec-
tively, compared to a decrease of 0.7% in placebo users. Vaginal atrophy (assessed 
by vaginal pH or by an increase in the percentages of intermediate and superficial 
vaginal cells) improved after 1 and 2 years of treatment, at all doses of lasofoxifene 
compared to placebo [88, 89].

The PEARL trial is a randomized pivotal trial involving 8556 women aged 
59–80 years, with a BMD T-score of −2.5 or less in the femoral neck or spine. 
It was randomized for the women to receive a daily dose of lasofoxifene (0.25 or 
0.5  mg) or placebo for 5  years. Compared to placebo, lasofoxifene at a dose of 
0.5 mg per day was associated with a lower risk of vertebral fracture (13.1 vs. 22.4 
cases per 1000 person-years; RR, 0.58; 95% confidence interval (CI), 0.47–0.70), 
non-vertebral fracture (18.7 vs. 24.5 cases per 1000 person-years; RR, 0.76; 95% 
CI, 0.64–0.91), ER-positive breast cancer (0.3 vs. 1.7 cases per 1000 person-years; 
RR, 0.19; 95% CI, 0.07–0.56), coronary heart disease events (5.1 vs. 7.5 cases per 
1000 person-years; RR, 0.68; 95% CI, 0.50–0.93), and strokes (2.5 vs. 3.9 cases 
per 1000 person-years; risk ratio, 0.64; 95% CI, 0.41–0.99). At a dose of 0.25 mg 
per day, compared with placebo, lasofoxifene was associated with a lower risk of 
vertebral fracture (16.0 vs. 22.4 cases per 1000 person-years; RR, 0.69; 95% CI, 
0.57–0.83) and stroke (2.4 vs. 3.9 cases per 1000 person-years; risk ratio, 0.61; 95% 
CI, 0.39–0.96) [90, 91].

However, both the lower and higher doses of lasofoxifene, compared to placebo, 
were associated with an increase in venous thromboembolic events (3.8 and 2.9 
cases vs. 1.4 cases per 1000 person-years; RR, 2.67 (95% CI, 1.55–4.58) and 2.06 
(95% CI, 1.17–3.60), respectively). Endometrial cancer occurred in three women 
in the placebo group, two women in the low-dose lasofoxifene group, and two 
women in the high-dose lasofoxifene group. The death rates per 1000 person-years 
were 5.1 in the placebo group, 7.0 in the low-dose lasofoxifene group, and 5.7 in 
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the high- dose lasofoxifene group [91]. Lasofoxifene increased hot flushes and leg 
cramps at both doses (0.25 and 0.5  mg) (p  <  0.001 and <0.001) [90]. Although 
it was submitted and accepted for the treatment of osteoporosis by the European 
health authorities, this product was never launched on the market because the com-
pany decided not to do so because the FDA requested further trials before its accep-
tance. Recently lasofoxifene has been acquired by another company to investigate 
its use for the treatment of breast and ovarian cancers.

23.6  Conclusions

There is an estrogenic agonist effect that may be beneficial either on the bone or 
on the vagina and which appears to be an effect dependent on the greater or lesser 
potency of the SERM (in postmenopausal women). The SERMs assessed appear 
to have antiestrogenic or neutral effects on the breast; tamoxifen, raloxifene, and 
lasofoxifene have shown antiestrogenic effects in clinical trials; and bazedoxifene 
and ospemifene have shown antiestrogenic effects in preclinical trials but appear 
to be neutral in clinical trials to date. Most SERMs have been associated with a 
slightly increased risk of venous thromboembolism (VTE). The cardiovascular and 
cardiometabolic effects of SERMs in clinical trials appear to be positive or neutral. 
The adverse effects of tamoxifen, relative to other SERMs, on the endometrium are 
well documented.

We currently have extensive experience concerning the risks and benefits of 
SERMs (Table 23.3). Therefore, we know the benefits that are ideally required of 
a SERM, such as those that help in the prevention and treatment of osteoporo-
sis, those that help in the primary and secondary prevention of breast cancer, and 
those that may represent added cardiovascular benefits. Now, thanks to ospemifene, 
we can add treatment of dyspareunia and vulvovaginal atrophy. We also know the 
possible side effects to be avoided: the risk of endometrial cancer with tamoxifen, 
and venous thrombosis, and the possible increase in hot flushes with all SERMs. 
Therefore, the search for what we require of a SERM is clear.

In the short term, it does not seem realistic to expect a SERM to be able to meet 
all requirements. But each SERM that appears provides more information on effi-
cacy and safety.

Table 23.3 Intensity of clinical effects in clinical trials with SERMs

E effect in 
bone

E effect in  
vagina

E effect in  
endometrium

Anti-E effect in 
breast

Tamoxifen +/− = ++ +++

Raloxifene +++ = =/+ +++
Bazedoxifene +++ = Anti E =
Ospemifene + +++ =/+ =

E estrogenic, anti-E antiestrogenic, + mild, ++ moderate, +++ intense, = neutral, 
+/− controversial
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Another interesting concept would be TSEC, a combination of bazedoxifene 
with conjugated estrogens as a possible alternative to classical hormonal treatment 
and which opens up the possibility of different combinations.

Meanwhile, the rapid developments in the molecular biology of the ER activa-
tion cascade, together with advances in genomics and chemistry and proteomics, 
make us optimistic about the future of different estrogen modulators in the medium 
term.
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24Management of Osteoporosis 
in Postmenopausal Women

J. J. Hidalgo-Mora, Antonio J. Cano-Marquina, A. Szeliga, 
Miguel Ángel García-Pérez, and A. Cano

24.1  Introduction

Osteoporosis is a systemic disease of the skeleton consisting of a reduction of 
bone mass and deterioration of bone microarchitecture. Loss of bone strength and 
increased risk for fragility fracture are the consequences. Osteoporosis translates 
in the bone, as for other systems in the body, the impact of aging, which imposes a 
progressive deterioration of the biological regulators. There is a gradual, unfavor-
able disequilibrium between bone formation and bone resorption, which leads to the 
mentioned net loss of bone mass and disintegration of bone architecture.

The development of osteoporosis in concomitance with aging is universal, but 
as for other noncommunicable chronic diseases (NCD), the progression is asym-
metrical. The variables responsible of the individual differences are several, among 
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them, genetic susceptibility, lifestyle, hormonal problems, etc. Also important, the 
propensity to fall, a strong variable with an impact in the risk of fracture, varies 
between individuals.

Because aging is a global phenomenon, osteoporosis occupies a privileged posi-
tion among the causes of morbidity and mortality. According to the International 
Osteoporosis Foundation (IOF), it is estimated that the disease affects 200 million 
people worldwide [1]. Common sites for osteoporotic fracture are the spine and the 
hip but also the distal forearm, pelvis, proximal humerus, ribs, and distal femur. 
Given the population trends, the impact of the disease is expected to increase. So 
the 1.66 million hip fractures diagnosed worldwide in 1990 are estimated to reach 
6.26 million in 2050 [1].

Osteoporotic fractures are followed by increased mortality and loss of healthy 
life years (HLY). Hip fracture, for example, requires hospitalization in most cases 
and is associated with risk of death. Data from Sweden forecast that around 1% of 
all deaths are due to hip fracture, something that is only slightly lower to deaths due 
to breast cancer [2].

Osteoporosis particularly affects women. Studies from different sources estimate 
that one in three women over age 50 will suffer osteoporotic fractures, the cor-
responding figures in men being one in five [3–5]. The reasons are that women 
(1) have more fragile bone architecture, (2) have a longer life expectancy, and (3) 
suffer menopause. The impact of menopause resides in the high sensitivity of bone 
metabolism to estrogens. The size of the effect is huge, and postmenopausal osteo-
porosis (PMO) is the most prevalent form of the disease as opposed to involutional 
osteoporosis, which is that due to aging.

24.2  Biological Background

24.2.1  The Tissue Structure of Bone

Against its static appearance, the structure of bone is subjected to a continuous 
process of change, which is known as bone turnover or bone remodelling. There is 
of course inert material, composed of hydroxyapatite, a calcium salt, which gives 
consistency, and that contributes to the stable shape. There is also organic compo-
nents, including cells and a thick network of collagen that, once mineralized with 
hydroxyapatite, provides a strong structure, which warrants both resistance and 
flexibility to absorb impact energy without breaking.

All those material components organize according to two different basic struc-
tures, cortical and trabecular bone.

Cortical bone, the main component of long bones, is comprised of successive 
apposition of osteons, basic organizations composed of concentric layers of com-
pact bone (lamellae) encircling a central canal (Haversian canal). The strength pro-
vided by such a structure is optimal.

Trabecular bone, which is found in the vertebral bodies or the distal portions 
of long bones, has a spongelike structure. A network of interconnected trabecular 
plates provides a structure in which the energy is transmitted efficiently while main-
taining a light texture. The intertrabecular spaces are filled with bone marrow.
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24.2.2  The Cells in Bone

The three basic cell types in bone are osteoclasts, osteoblasts, and osteocytes. All 
the three work in a harmonious and continuous process that governs bone turnover 
and regularly provides renovated bone.

Osteoclasts and osteoblasts derive from progenitor cells in the near bone mar-
row and articulate a process within the so-called bone multicellular unit (BMU) 
(Fig. 24.1).

Bone remodelling results from a program in which resorption, a responsibility 
of osteoclasts, is the initial step. Osteoclasts firstly differentiate to become multi-
nuclear cells capable of digesting damaged bone areas [6]. As a result of a coupled 
and well-concatenated process, osteoblasts differentiate subsequently and start syn-
thesizing protein in the form of a matrix called osteoid, which fills up the cavities 
created by osteoclasts. This is the phase of bone formation. Osteoid undergoes a 
slow process of mineralization along several months in order to consolidate new 
bone. One crucial condition during this process is that the balance between resorp-
tion and formation is finally neutral, i.e., the volume of renovated bone equals that 
digested, so that there is not a net loss of material.

Osteocytes are key cells that derive from the osteoblasts that leave buried under 
the osteoid. Although apparently isolated within a mineralized mass, osteocytes 
are interconnected through a network of cytoplasmic dendritic processes extending 
through a thick net of canaliculi. This sophisticated system acts as a sensitive sensor 
capable of detecting areas of bone fatigue (microcracks, etc.) in which remodelling 
is desirable [7].

Bone-lining cells

Osteocytes

Marrow capillary

OC
OB

Fig. 24.1 The basic multicellular unit (BMU) includes the coupled collaboration between osteo-
clasts, osteoblasts, and osteocytes. The canopy of the bone lining cells and one associated marrow 
capillary are also included in the figure. There is a net of canaliculi that serves to interconnect 
osteocyte dendritic processes. (With permission of Elsevier from Khosla S, et al. Trends Endocrinol 
Metab. 2012; 23:576–81. Permission conveyed through Copyright Clearance Center, Inc.)

24 Management of Osteoporosis in Postmenopausal Women



370

There is a very detailed knowledge of the molecular mechanisms subserving 
the elaborated process of bone renovation (for review see [8, 9]). Osteocytes are 
the main regulatory cells involved in the control of bone resorption and forma-
tion, modulating the function of osteoclasts and osteoblasts at a molecular level. 
One key step is the contribution of osteocytes to the secretion of a crucial cyto-
kine, the receptor activator of nuclear factor κB ligand (RANKL), which plays 
a necessary role in the differentiation of osteoclasts from progenitor cells [6]. 
Interleukin-1 (IL-1), interleukin-11 (IL-11), interleukin-17 (IL-17), tumor necrosis 
factor-α (TNF-α), and prostaglandin E2 contribute to increased RANKL secretion, 
while 17beta- estradiol downregulates its production [10]. Osteocytes modulate 
bone turnover by secretion of not only RANKL but also other specific factors, 
like sclerostin (SOST) and Dickkopf-1 (DKK1), inhibitors of osteoblast activity, 
as well as macrophage colony-stimulating factor (M-CSF) and osteoprotegerin 
(OPG), substances regulating osteoclast functions. Results from previously con-
ducted studies indicate that RANKL, acting on its receptor located on precursor 
cells, cooperates with M-CSF in osteoclastogenesis upregulation. On the other 
hand, osteocytes produce also OPG, a soluble factor inactivating RANKL, nitric 
oxide, and transforming growth factor β (TGFβ), and thus contribute to decrease in 
osteoclast formation [11].

Noteworthy, recent studies indicate that interleukin-20 (IL-20) is considered a 
relevant factor in regulation of osteoclasts activity. IL-20 has the ability to upregu-
late the expression of RANK and other markers of osteoclast differentiation (like 
nuclear factor of activated T-cells c1 [NFATc1], c-Fos, cathepsin K, and tartrate- 
resistant acid phosphatase [TRAP]). Additionally IL-20 stimulates production of 
cathepsin G by osteoclasts, which subsequently contributes to the increase of solu-
ble RANKL (sRANKL) secretion from osteoblasts, thus osteoclastogenesis promo-
tion [12].

24.2.3  The Key Role of Estrogens

Clinical investigators in the middle of the previous century already detected the 
association between ovarian function and bone metabolism. More recent basic work 
detected the presence of estrogen receptor (ER) mRNA expression in cell cultures 
and in both animal and human tissues [13–15]. Soon afterward, both the ERα and 
the ERβ were found in histological sections of the growth plate and in mineralized 
bone as well as in cell cultures of the three bone cellular types.

The experimental work has run in parallel with a series of clinical findings. 
Observations in individuals with genetic deficiencies confirmed that estrogens were 
the key regulator of bone metabolism not only in women but also in men [16, 17], 
and clinical studies in ovariectomized women proved that treatment with estrogens 
prevented bone loss [18]. The evidences have accumulated throughout the years 
to generate a solid body of knowledge confirming the crucial role of estrogens as 
regulators of bone metabolism [19].
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One important point to understand the role of estrogens relates with the patho-
physiological basis of PMO. The neutral balance in the process of bone remodel-
ling, mentioned above as a condition to maintain the integrity of bone mass, starts 
being unbalanced as a result of aging. Resorption progressively separates from for-
mation, which stays behind. In fact, involutional osteoporosis is the result of the 
prolongation of that slow disequilibrium during years.

Menopause in women imposes an acceleration of that process, and this has been 
proved to be the responsibility of estrogens that, therefore, act as the closing gate 
preventing the rapid loss of bone. Estrogens are, therefore, bone anti-resorptives. 
Clinical observation is consistent with that premise, and, for example, there is 
already an initial increase of bone loss during the perimenopausal years, when there 
are only slight reductions in the ovarian output of estrogens [20]. Also studies with 
bone biochemical markers across the menopausal transition are eloquent since there 
is an increase of markers of bone resorption in parallel with the decline in circulating 
estrogens. As a result of the coupling process between osteoclasts and osteoblasts, 
there is also an increase in markers of bone formation but of lower magnitude [21].

The identification of ER in osteocytes and osteoblasts raises questions about a 
potential effect of estrogens on both cell types. The action on osteocytes has been 
indirectly evaluated through histological assessments in bone biopsies during the 
use of analogues of gonadotropin-releasing hormone (aGnRH) [22]. There is an 
increase in cell apoptosis, which seems to be probably followed by an osteoclasto-
genic response emanating from signals released from the dying osteocytes [23]. The 
mechanism for the apoptosis of osteocyte associated with estrogen loss is unknown, 
although animal experiments suggest that might be related with increase of oxida-
tive stress [24].

The action of estrogens on osteoblasts is less apparent. As for osteocytes, estro-
gens reduce apoptosis of osteoblasts, although the mechanisms for such an effect 
are still elusive (for review, see [19]).

24.3  Diagnosis of Postmenopausal Osteoporosis

There are three main tools, clinical history, radiological imaging, and biochemical 
markers. All the three have to be used under the framework of a basic principle: 
the assessment of PMO and the interventions to reduce risk or treat the established 
disease need to be organized bearing in mind that the objective should always be the 
reduction of fragility fracture.

24.3.1  Clinical Assessment

Clinical history should be always the first and necessary step in every evaluation 
of PMO. Two important measures at this step are to identify major risk factors for 
fragility fracture and to discard secondary osteoporosis.
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The major risk factors have been traditionally considered to be four (Table 24.1), 
although the recent introduction of tools to calculate absolute risk has reduced the 
value of this analysis, since every relevant factor, and not only those in Table 24.1, is 
introduced and given the relative weight in the risk calculation. Age is a central risk 
factor, something of particular importance in the clinical management of women 
with PMO. Also important in anamnesis, potential causes of secondary osteoporosis 
should be detected (Table 24.2). Some of those are not too prevalent, and therefore 
there is insufficient information about the size of the relative risk. Therefore, they 
have not been included in the risk calculator algorithms.

In practical terms, it has been useful to separate risk factors in two groups, attend-
ing to whether they are modifiable or not. There is little point in paying attention 
to those that are unmodifiable, such as age, ethnicity (e.g., lower risk in blacks as 
compared with Caucasians), female gender, significant loss of height (4 cm at least) 
[25], etc., but preventive measures may be taken against the modifiable factors, such 
as sedentariness, smoking, very low body mass index, or very low calcium intake 
(<500 mg/day, see below).

24.3.1.1  Predictive Potential Based on Risk Factors (Risk 
Calculators)

The increased power of modern epidemiological databases together with the sophis-
tication of advanced computational statistics has allowed for the design of tools 

Table 24.1 Major risk 
factors for fragility fracture

Age
Fracture history after age 54
Parental hip fracture
Densitometry showing hip osteoporosis

Endocrine- metabolic History or actual hypogonadism 
(anorexia nervosa, early menopause, 
post-chemotherapy, etc.)
Cushing syndrome
Hyperthyroidism
Hyperparathyroidism
Diabetes mellitus

Nutritional Malabsorptive disease/malnutrition
Chronic liver disease
Chronic alcoholism

Drugs Glucocorticoids
Collagen diseases Osteogenesis imperfecta

Ehlers-Danlos syndrome
Marfan syndrome

Others Rheumatoid arthritis
Multiple myeloma
Prolonged immobility
Mastocytosis

Table 24.2 Main causes of 
secondary osteoporosis
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with potential to predict the absolute risk of fracture. The Fracture Risk Assessment 
algorithm (FRAX) from the World Health Organization (WHO) predicts the 10-year 
risk of hip fracture or major osteoporotic fracture. FRAX is supported by potent sci-
entific societies, like the IOF or the National Osteoporosis Foundation (NOF).

Despite being customized to different countries or regions in the world, there 
is a debate about the utility of FRAX. Retrospective and some prospective studies 
have suggested that the predictive potential in practice is limited, specifically in 
some countries [26, 27]. Part, but not all, of the debate moves around the thresh-
old for intervention. Even so, the low sensitivity to predict fracture of the imaging 
techniques (e.g., densitometry; see below) makes FRAX a very helpful instrument 
[28]. Moreover, one key factor of FRAX has been the rehabilitation of clinical risk 
factors, age mainly, in the decision-making.

24.3.2  Radiological Imaging

Several radiological techniques have been developed to provide information useful 
in the assessment of the strength of the skeleton.

The most popular technique at present is dual X-ray absorptiometry (DXA), which 
measures bone mineral density (BMD) at both the spine and the hip (Fig. 24.2), and 
that has been taken by the WHO as the gold standard to diagnose osteoporosis (hip 
T-score ≤−2.5). Moreover, DXA may be used to monitor the response to treatment, 
although with some limitations because accuracy is poor with variations of as much 
as 7% in repeated measures.

The basis of DXA utility resides in that the absorption of X-ray is very sensitive 
to the content of calcium in the tissue. Modern densitometry machines may mea-
sure both areal and volumetric densitometries, but areal densitometry is preferred 
because it accounts for some two thirds of bone strength. In this way the tech-
nique offers a quantitative parameter that directly relates with the risk of fracture. 
Moreover, recent technical developments have improved imaging so that deformi-
ties of the vertebral bodies may be identified and conventional X-ray assessments 
are no longer necessary.

24.3.2.1  DXA in Practice
The simplicity of DXA use and the low radiation of the technique invite to perform 
universal screening in women as soon as they enter menopause. However, and for 
general population, that should never be done before the age in which a minimum 
fracture risk already exists, and this occurs at 65 years. This is a general dictum of 
most scientific societies, such as the US Preventive Services Task Force (USPSTF) 
(level B recommendation) [29]. This is not the case, however, in women with any 
risk factor, as those mentioned in Tables 24.1 and 24.2.

Another important point concerning DXA refers to the potential for monitor-
ing, which may apply to women with or without treatment. The limited accuracy 
of the technique has been already mentioned, and substantial changes need to have 
occurred to get a reliable report. Of course, this also depends on the speed of loss, 
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but it seems wise to wait for at least 1 year before performing a second DXA, and, 
ideally, the interval should extend to 2 years. This will help to prevent diagnostic 
errors and to reduce unnecessary anxiety in women.

24.3.2.2  Imaging Alternatives to DXA
The poor accuracy of DXA in monitoring BMD evolution and the issue of bone 
quality motivated a National Institutes of Health consensus conference, which 
urged to search for imaging alternatives [30].

High-resolution peripheral quantitative computed tomography (HR-pCT) pro-
vides purely trabecular BMD, which may be more sensitive to therapy. Also, there 
is already experience, although most in the research setting, which separately mea-
sures trabecular and cortical bone architecture with HR-pCT (Fig. 24.3). Translating 
this information into assessment of bone quality remains as a challenging issue at 
present.

There is experience with other techniques. Quantitative ultrasound has been 
extensively investigated due to the low cost and the easiness to use in the office. 
Much of the work has been performed on the calcaneus, with the speed and atten-
uation of sound as principal variables. Quantitative ultrasound has demonstrated 
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Fem Neck version 2.31.190
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T-score                     −1.38
% for AGE                  96.7
Z-score                    −0.22

Change          %          %/Year
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Fig. 24.2 Standard report of a densitometry scan of the hip. The X–Y diagram shows BMD in the 
Y-axis (g/cm2) and age (years) in the X-axis. The middle line represents the mean population value 
as a function of age. Scans at different dates may allow for follow-up studies
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predictive potential of fragility fractures that, together with the poor correlation 
with BMD, has been taken to claim that the technique is measuring parameters 
related with bone quality. However, several insufficiencies, like a monitoring per-
formance even worse than that of DXA and the variety of techniques and param-
eters, moved the International Society of Clinical Densitometry to prioritize DXA 
as the reference technique [31].

Magnetic resonance is attractive because of the lack of radiation. The 3T tech-
nology has been shown to offer enhanced trabecular bone architecture imaging but 
mainly restricted to peripheral bones. Efforts to get quality information from the 
proximal femur are still challenging. There is much hope in the potential of this 
technology, although the actual state is far from becoming competitive with the 
easy-to-perform DXA [32].

Trabecular bone score (TBS) is a new technological procedure that aims at giv-
ing information about bone texture and microarchitecture. The method consists of 
software that works on the spine imaging provided by some specific densitometers. 
The understanding is that the standard DXA offers a global assessment of bone 
density in the area of interest, while TBS would be capable of distinguishing the 
irregularities of the density map, something that would be close to the bone micro-
architecture. It seems that TBS might improve the fracture risk prediction of con-
ventional DXA in specific cases, like, for example, diabetes [33, 34] or women with 
osteoarthritis [35], but the experience is still short [36].

24.3.3  Biochemical Markers

The metabolic activity of osteoclasts and osteoblasts releases different molecular 
products that should be accessible for measurement in blood or urine. Since both 
types of cells are coupled at the BMU, markers of either cell should work as reliable 
indicators of the resorption activity. Ideally, bone markers should form the most 

Fig. 24.3 A micro-CT figure of mice bones shows that the technique offers clear separation 
between cortical and trabecular bones. Information may be obtained about a list of parameters 
concerning the trabecular network, such as number of trabeculae, trabecular thickness, etc.
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appropriate approach to assess resorption, with the added advantage of being real 
time. However, important conditions are specificity of cell type to prevent contami-
nation from other sources and an appropriate correspondence between resorption 
and the cellular output of the marker in question.

Much has been advanced in this field in the latter years. Although there is a list of 
candidates, scientific societies like the IOF or the Federation of Clinical Chemistry 
and Laboratory Medicine have selected the degradation products of type I collagen, 
both the carboxy (CTX-1) and the amino-terminals (NTX-1) like the most consoli-
dated option for assessing resorption. Formation markers have been less popular, 
but again, the procollagen type I propeptide, an osteoblast-derived protein, is pre-
ferred, and more specifically the N-terminal fraction, PINP, has been selected in 
most studies.

24.4  Prevention and Treatment

Osteoporosis shares with other NCD a long subclinical period. There is, therefore, 
room for risk reduction strategies before the incidence of a clinical event, in this 
case the fragility fracture. Since age is a decisive risk factor and the peak preva-
lence of fractures occurs in older subjects (80 years for hip fracture), PMO offers 
a splendid opportunity for risk reduction. Lifestyle plays a crucial role at all ages, 
and, when risk is sufficiently high, the pharmacological option should be at hand.

24.4.1  Lifestyle

Osteoporosis is not different to other NCD, and omission of toxics (essentially 
smoking and excessive alcohol), balanced nutrition, and physical activity (PA) are 
the three pivotal measures.

Smoking has a detrimental dose-response effect on bone metabolism. The third 
National Health and Nutrition Examination Survey, 1988–1994 (NHANES-III), 
already proved an inverse association between cotinine, a metabolite of nicotine, 
and BMD in 14,060 subjects, men and women [37]. There are also data about frac-
tures. The analysis of data from the Women’s Health Initiative study concluded that 
tobacco use was an independent risk factor for fragility fracture [38].

24.4.1.1  Nutrition

Protein
This field has advanced dramatically in recent years. From calcium, which has been 
a common variable in clinical guides, attention has been shifted to protein intake. 
European investigators have found how decisive is the diet with adequate protein 
intake to accomplish a good bone capital during childhood and adolescence [39]. 
This mechanism reproduces at more advanced age, since increase in diet protein is 
followed by a lower bone loss and a reduction of fragility fractures [40–42].
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Calcium
A sufficient intake of calcium has been claimed in the vast majority of clinical 
guides. There is evidence showing that the consumption of calcium is followed by 
an increase in the blood circulating levels, which induces a reduction in the lev-
els of parathyroid hormone (PTH). PTH is one main regulator of serum calcium, a 
crucial second messenger, so that when the circulating level of calcium decreases, 
PTH mobilizes calcium from the skeleton, the main reservoir. Vitamin D modulates 
the efficiency of intestinal calcium absorption. The daily recommended amount of 
calcium, which oscillates between 1000 and 1500 mg depending on the individual 
profile, has been fine-tuned in more recent publications [43]. Because data from pop-
ulations with very low calcium intake show good bone health, and because increases 
in calcium intake may perhaps entail some risk, scientific societies of the UK like the 
National Osteoporosis Society recommend a daily amount slightly lower (700 mg) 
[44]. This agrees with experimental studies showing that the balance between intake 
and losses of calcium in the body moves around 700–750 mg [45].

The caution with excessive calcium ingestion is reinforced by data showing that 
the risk of urolithiasis [46], cardiovascular disease [47, 48], or even fractures [49] 
might increase. This evidence comes from observational studies in most cases, but 
because calcium supplementation, even when administered with vitamin D, has no 
[50] or a very limited protective effect, and only with older, institutionalized adults 
[51], discretion in recommending calcium intake is mandatory.

24.4.1.2  Physical Activity
There are two potential strengths in favor of the preventive role of PA, the reduction 
in the propensity to fall and the improvement of the density and quality of bone. 
Data in the latter years have supported those two assumptions.

The regular practice of PA is supposed to increase the neuromuscular coordi-
nation that should improve equilibrium. The expected reduction in falls has been 
reported [52].

The other strength of PA resides in the expected increase of bone resistance as a 
result of the response to the mechanical overload brought with exercise. The experi-
ences of microgravity environments, as that of astronauts in space travels, have been 
eloquent. Increased bone resorption, in the presence of unchanged rates of bone for-
mation, rapidly leads to net loss of bone mass [53]. Moreover, an association exists 
between body mass index and bone mass, and it is brown fat, which is promoted as 
a result of PA, the variant more clearly related with BMD [54].

Clinical studies support the above data. Both BMD data with DXA, ultrasound 
attenuation in the heel, and bone quality as measured by HR-pCT have found 
improvement of different sizes with PA during childhood and adolescence [55] or 
in young women [56, 57]. Protective effect has been found also in the case of post-
menopausal women [58] although some discrepancies exist in what concerns the 
type of exercise, namely, resistance exercise vs. resistance training combined with 
high-impact or weight-bearing exercise [59].

The prospects in what refers the risk of fracture, given the overall benefit in bone 
resistance plus the expected reduction in falls, should be encouraging. This has been 
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indeed the conclusion of 1 meta-analysis including 22 cohort studies, which found 
an inverse association between PA and total fracture risk, especially hip and wrist 
fractures [60]. However this position is not unanimous [61], so further research is 
still required.

24.4.2  Hormone Therapy

The decline in the production of estrogens is the key factor in PMO. Moreover, this 
hormonal loss produces symptoms and quality of life deterioration in many women. 
Consequently, the administration of estrogens seems the most appropriate interven-
tion to revert the lost benefits.

In the specific area of PMO, there is a wealth of studies showing how estrogens 
(or hormone therapy, HT, in a more general denomination that includes the option 
of combination with progestogens when women have a uterus) stop the process of 
menopausal bone loss and even recover the accumulated losses. But even more, 
HT reduces the risk of fragility fracture, as shown in the WHI study [62]. These 
data are important because HT demonstrated anti-fracture efficacy even in general, 
nonselected population.

Hormones do not seem to have a significant residual effect after treatment with-
drawal, with most of the BMD gain being lost in 1–2 years [63].

Despite so, the present indication of HT is only the treatment of symptoms 
associated with menopause. The unfavorable balance resulting from the increase 
in breast cancer risk or cardiovascular disease was the trigger of this limitation. 
Even so, the European Medicines Agency accepts the use of HT for the “preven-
tion of osteoporosis in postmenopausal women at high risk of future fractures who 
are intolerant of, or contraindicated for, other medicinal products approved for the 
prevention of osteoporosis” [64].

It cannot be discarded that a better knowledge of the actions of HT at either the 
breast or the vasculature might change that restricted position in the future.

24.4.3  Pharmacological Management

One key point that needs to be insistently stressed is that the purpose of treating 
osteoporosis is the reduction of the risk of fracture. The target should be fracture, 
and not BMD, although it is well known that both are related. That means that in 
women with low BMD who have a low risk of fracture, pharmacological treatment 
should not be used. Most women living the postmenopausal period only require 
lifestyle habits to reduce the risk of osteoporosis. Some of them will already have 
densitometric osteoporosis, but as far as age is not advanced, the risk is probably 
low and lifestyle should keep being the best recommendation. Of course, drugs will 
have to be used in some women because the fracture risk is high enough. There are 
several treatment options.
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24.4.3.1  Selective Estrogen Receptor Modulators (SERMs)
SERMs define a few families of compounds with affinity for the ER. However, 
the molecular differences with estrogens determine that binding to the receptor 
is followed by an array of actions moving between the extremes of pure agonism 
and absolute antagonism. These properties depend on the binding molecule but 
also of the target tissue [65]. That property converts SERMs in very attractive 
molecules, with the potential to achieve estrogenic or antiestrogenic effects a la 
carte.

Raloxifene and bazedoxifene are the two SERMs approved for treating osteopo-
rosis. The pivotal studies have shown that both raloxifene and bazedoxifene achieve 
increases in BMD and reduce the risk for vertebral but not hip fractures [66, 67]. 
There was a protective effect against nonvertebral fractures in corresponding post 
hoc analyses [67, 68].

Raloxifene has demonstrated reduction in the risk for breast cancer [69], although 
as for estrogens and also for bazedoxifene, an increase in deep vein thrombosis was 
apparent in the pivotal studies.

Bazedoxifene has demonstrated a more antagonistic effect than raloxifene in 
endometrium, and this interesting property has been taken as the basis for develop-
ment of new formulations in which bazedoxifene is mixed with estrogens (conju-
gated equine estrogens, 0.45 mg/day) to counterbalance the oncogenic potential of 
estrogens on the endometrium. The potential advantage of bazedoxifene against 
progestogens is that it probably deactivates their oncogenic potential in the breast. 
There is still insufficient information about endometrial safety of the estrogen- 
bazedoxifene combination.

Health economy analyses have shown acceptable cost-effectiveness of SERMs 
[70, 71]. SERMs are a good option for starting treatment in PMO, because they are 
effective in vertebral fracture, which is the most prevalent in not such older women. 
Moreover, a reduction of breast cancer risk needs to be considered as an additional 
benefit. So, selection of a SERM and, at an age in which hip fracture may be a real 
threat, the option of an alternative may be adequate [72].

24.4.3.2  Other Anti-resorptives

Bisphosphonates
Bisphosphonates are a family of molecules that share a high affinity by the calcium 
salts in the bone (hydroxyapatite), where they remain for years. Once the area is 
digested by osteoclasts as a result of the remodelling process, bisphosphonates 
enter into the cytoplasm and create a series of dysfunctions leading to osteoclast 
apoptosis. Nitrogen-containing bisphosphonates (alendronate, risedronate, iban-
dronate, pamidronate, and zoledronate) are particularly potent in that regard [73]. 
As a consequence, there is a decrease in bone remodelling that stabilizes in a few 
months.

Some bisphosphonates are administered intravenously when a rapid action is 
needed because their gastrointestinal absorption is poor. The oral administration 
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may be daily, weekly, or monthly. According to meta-analyses of the pivotal studies, 
the anti-fracture efficacy moves around relative risk 0.4–0.6 for vertebral fracture 
and 0.6–0.8 for nonvertebral fracture [74]. Ibandronate has not provided data about 
hip fracture.

Safety is an important issue. Osteonecrosis of the jaw (ONJ) and atypical 
femoral fracture have been reported, usually in oncological individuals using 
high dosages but also in long-term users. A systematic review of the International 
Task Force on Osteonecrosis of the Jaw concluded that the incidence oscil-
lates between 0.001 and 0.01%, which is ten times more than that in untreated 
general population [75]. The association with atypical femoral fractures comes 
from observational studies, although official agencies as EMA have recognized 
them as an adverse effect [76]. The absolute figures of these fractures are very 
low when compared with the typical ones, suffered by the untreated popula-
tion. This should not be, therefore, an argument to refrain from treating when 
indicated [77].

There is a difficulty with adherence of bisphosphonates, and this impacts effec-
tiveness. It is estimated that there is a global increased risk of 28% in hip fracture 
and of 43% in vertebral fracture as a consequence of the poor adherence to bisphos-
phonates [78].

Denosumab
The first biological option for treating osteoporosis is denosumab, a totally human 
antibody against RANKL.  The Fracture Reduction Evaluation of Denosumab in 
Osteoporosis Every 6 Months (FREEDOM) is the pivotal study that demonstrated 
a 68% reduction in vertebral fractures, a 20% in nonvertebral fractures, and a 40% 
in hip fractures with denosumab [79]. The anti-resorptive power of denosumab is 
higher than of bisphosphonates, as shown in comparative studies with alendronate 
[80, 81].

Adverse effects are not different to bisphosphonates in what refers to the drastic 
reduction in bone remodelling, so ONJ [82] and atypical femoral fractures have 
been described as well, although in less number, possibly because of the more 
recent appearance of denosumab in the market [83]. Denosumab, in turn, bears a 
specific group of adverse events, which relate with the role of RANKL as an immu-
nological agent. A higher susceptibility to infections, such as those of the urinary 
tract, cellulitis, etc., is observed [84].

Adherence seems to be better for denosumab than for bisphosphonates [85] 
something subsequently suggested by a retrospective 2-year assessment [86]. 
The optimal use of denosumab has been presented in a position statement of the 
European Menopause and Andropause Society (EMAS) [87]. Essentially, deno-
sumab is most appropriate for women with PMO and high risk of fracture so that 
it should be used as a first-line option with women of advanced age or with risk 
of hip fracture.
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24.5  Conclusion

Osteoporosis should be addressed from the infancy, but menopause is a crucial 
moment for women. It is important to take care of the skeleton along the whole life 
by adhering to a healthy lifestyle, which is particularly so at menopause and the 
years that follow. This is appropriate and sufficient for most women. Whether HT is 
prescribed because of menopausal symptoms, additional benefit is expected for the 
bones. When fracture, and not just low BMD, is a risk of enough size, osteoporotic 
medications should be considered. SERMs may be a good option during the years 
in which vertebral fracture is a threat. Moreover, SERMs protect breast and have 
no risk of ONJ or atypical femoral fractures. Then, when age adds sufficient risk, 
bisphosphonates may be of help, and also denosumab should enter as an option in 
cases of higher risk or when bisphosphonates are not eligible.
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25.1  Osteoporosis Definition and Its Burden

Osteoporosis is characterized by low bone mass (easily quantified by bone min-
eral density (BMD) measurement) and qualitative structural decay of bone tis-
sue (not easily evaluated by current techniques); therefore, both quantitative and 
qualitative skeletal alterations lead to increased bone fragility which results in 
fractures [1]. Mistakenly often considered an inevitable consequence of aging, 
osteoporosis with its ominous consequences of fractures represents a substantial 
and ever-growing burden on healthcare systems in many countries around the 
world [2].

It has been estimated that ten million Americans over the age of 50 have osteo-
porosis, so that about 1.5 million fragility fractures occur each year [3]; another 
34 million Americans are considered at risk of disease. Concerning the economic 
burden, the cost has been estimated to be around $17.9 billion per year. In European 
Union (EU), a report estimated that in 2010, 6.6% of men and 22.1% of women 
aged 50 years had osteoporosis, while the number of fragility fractures was esti-
mated to be 3.5 million. The annual direct costs attributable to fracture treatment in 
the EU are approximately € 24 billion. However, if we consider indirect costs such 
as long-term care and fracture prevention therapies, this figure rises to € 37 billion 
per year [4, 5].

Another important factor not commonly taken into consideration is represented 
by the deterioration of quality of life of those incurring in a fracture event [6, 7].
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25.2  Standard Therapies for Osteoporosis

The mainstays of treatment (and prevention) of osteoporosis are represented by fall 
avoidance [8], weight-bearing exercise [9], and adequate calcium and vitamin D 
intake [10–12]. These general measures can be effective [13] especially in elderly 
subjects confined to nursing home and vitamin D deficient; however, medical ther-
apy is needed when a previous fracture has already occurred.

Pharmacological therapy is aimed at decreasing the risk of fracture, mainly 
correcting the imbalance between bone resorption and formation at the level of 
bone remodeling units [14]. Indeed, there are a number of available drugs that have 
been shown to reduce the risk of future fractures based on both experimental and 
clinical data. Therefore, osteoporosis should be no more viewed as an inevitable 
consequence of aging. These pharmacological agents can be broadly divided into 
two subgroups: those decreasing bone resorption (acting on osteoclasts) and those 
increasing skeletal formation (acting on osteoblasts).

Antiresorptive agents [such as estrogens, bisphosphonates, selective estrogen 
receptor modulator, and the monoclonal antibody to receptor activator of nuclear 
factor kappa-B ligand (denosumab)] reduce the rate of bone resorption followed 
by a decrease in the rate of bone formation due to the coupling between these two 
processes; after about 6 months, a new equilibrium between the two phases of bone 
remodeling is reached although at a lower rate. These changes are associated with 
increases of bone mineral density and maintenance of some improvement of struc-
tural and material properties of bone leading to reduction of bone fragility. Long- 
term increases in bone mass are largely secondary to an increase in mineralization 
density that is a consequence of reduced bone turnover [15].

25.3  Anabolic Therapies

Anabolic drugs hold the ability to increase bone mass to a greater extent than tradi-
tional antiresorptive agents.

25.3.1  Teriparatide

The first available drug licensed as an anabolic treatment for osteoporosis was 
represented by parathyroid hormone (PTH) 1-34 (teriparatide). It stimulates bone 
formation, particularly in those skeletal segments rich in trabecular bone such 
as vertebrae, thus reducing both vertebral and non-vertebral fractures [16]. PTH 
improves bone quality and strength by inducing more favorable changes in micro-
architectural features such as connectivity, density, and geometric properties com-
pared to antiresorptive agents [17, 18].

In addition, owing to its ability to primarily stimulate bone formation, PTH 
1-34 should be considered a first-line therapy in glucocorticoid-induced osteoporo-
sis, which is associated with reduced bone formation [19, 20]. Studies comparing 
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antiresorptive drugs vs. PTH 1-34 have indeed demonstrated the superiority of 
teriparatide both in terms of improvements in bone strength [21] and reduction in 
vertebral fractures [22].

A recent trial (VERO study) evaluated for the first time the anti-fracture efficacy 
of teriparatide compared to risedronate in 1680 postmenopausal women with at least 
two moderate or one severe vertebral fracture and a bone mineral density T-score 
of less than or equal to −1.0. At 24 months, new vertebral fractures occurred in 28 
(5.4%) of 680 patients in the teriparatide group and 64 (12.0%) of 680 patients in 
the risedronate group (risk ratio 0.44, 95% CI 0.29–0.68; p < 0.0001). Clinical frac-
tures occurred in 30 (4.8%) of 680 patients in the teriparatide group compared with 
61 (9.8%) of 680  in the risedronate group (hazard ratio 0.48, 95% CI 0.32–0.74; 
p = 0.0009). Non-vertebral fragility fractures occurred in 25 (4.0%) patients in the 
teriparatide group and 38 (6.1%) in the risedronate group (hazard ratio 0.66; 95% 
CI 0.39–1.10; p = 0.10). This was the first head-to-head study between an antire-
sorptive agent (risedronate) and an anabolic agent (teriparatide) that shows that the 
risk of new vertebral and clinical fractures is significantly lower in patient receiving 
teriparatide than in those receiving an antiresorptive agent [23]. Most importantly 
the anti-fracture efficacy of teriparatide was consistent in a wide range of patients 
setting, including treatment-naїve and previously treated risedronate patients [24].

It is important to keep in mind that, when we use teriparatide (which primar-
ily stimulates bone formation), an increase in osteoclastic activity can be observed 
after a certain period; this foretells the closure of the so-called anabolic window, 
thus limiting further accrual of bone mass [25]. When treatment with teriparatide is 
stopped, there is a rapid decline in bone mineral density. Therefore, it is desirable 
to administer an antiresorptive agent following the completion of the treatment with 
teriparatide, so that gains obtained are maintained [26].

25.3.2  Abaloparatide

This is a 34-amino acid peptide which incorporates critical N-terminal residues, 
shared by PTH and PTH-related protein (PTHrP) followed by sequences unique 
to PTHrP.  Preclinical studies have clearly demonstrated that both peptides acti-
vate the same receptor; however, their kinetics are different determining dissimilar 
responses. It has been hypothesized that the two molecules favor different receptor 
conformations with abaloparatide binding with high affinity but only for a short 
period of time, thus limiting the duration of signaling compared with teriparatide.

Miller and coworkers [27] reported the efficacy and safety of abaloparatide 
administered in a daily dose of 80 μg subcutaneously for 18 months. A total of 2463 
patients were initially randomized and 1901 completed the investigation. Women 
were subdivided into three groups receiving subcutaneous injection of placebo, 
abaloparatide 80 μg, or open-label teriparatide 20 μg, respectively. In the modified 
intention-to-treat population analysis (defined as the intention-to-treat analysis in 
participants who had both pretreatment and post-baseline X-rays), new vertebral 
fractures occurred less frequently compared with placebo (0.58% vs. 4.22%; RR 
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0.14, 95% CI 0.05–0.39, p < 0.001). In the teriparatide group, new morphometric 
vertebral fractures were detected in six women (RR 0.20, CI 0.08–0.47, p < 0.001 
vs. placebo). Somehow similar results were obtained considering non-vertebral 
fractures; the Kaplan-Meier estimated event rate for non-vertebral fracture was 
lower with abaloparatide in respect to placebo group [2.7% in patients treated with 
abaloparatide vs. 4.7% in placebo-treated patients; hazard ratio, 0.57 (95 CI 0.32–
1.00) p < 0.049]. There were not significant differences in respect to teriparatide 
group (HR 0.79, CI 0.43–1.45, p = 0.44), even though the Kaplan-Meier estimated 
event rates in this last group were not significantly different from placebo-treated 
patients (HR 0.72, CI 0.42–1.22, p = 0.22).

Considering bone mineral density, it is important to note that mean improve-
ments with abaloparatide were significantly greater than those with teriparatide at 
the total hip and femoral neck at 6, 12, and 18 months (p < 0.001). Regarding lumbar 
spine there was a statistical significant difference (p < 0.001) at 6 and 12 months.

It is also important to underline the changes in bone turnover markers in patients 
treated with abaloparatide or teriparatide. Indeed, there was a similar increase of 
serum procollagen type I N-terminal propeptide (P1NP) and a less increase in 
serum carboxy-terminal cross-linking telopeptide of type I collagen (β-CTX) in 
abaloparatide- treated patients compared to those treated with teriparatide. This 
finding might be ascribed to the differential binding to PTH type 1 receptor, thus 
determining a more transient stimulation and lower expression of osteoblast-derived 
RANK-ligand. This very initial uncoupling of bone formation and resorption may 
justify the very rapid increase of bone mass with consequent rapid protection against 
future fracture. This could be particularly important in the immediate period after a 
fracture occurs; indeed a number of studies have documented that the risk is higher 
soon after the initial event and then declines with time [28].

Finally, concerning safety, there were more withdrawals from the study in 
abaloparatide- treated group (9.9% vs. 6.8% in the teriparatide and 6.1% in the pla-
cebo groups, respectively) because of adverse events mainly represented by nausea, 
dizziness, headache, and palpitations. This negative aspect, if conformed in future 
studies, implies a stringent medical surveillance.

Data from this original investigation have been subsequently reanalyzed, dem-
onstrating that abaloparatide maintains its effect in postmenopausal women with 
osteoporosis, regardless of age, previous fracture, or basal BMD value [29].

The US Food and Drug Administration (FDA) approved abaloparatide for the 
treatment of osteoporosis in 2017. Approval by the European Medicine Agency 
(EMEA) is pending.

25.3.3  Romosozumab

An important component of the Wnt signaling pathway, a well-known metabolic 
route to drive osteoblast proliferation and commitment, is represented by scleros-
tin. This is a glycoprotein mainly secreted by osteocytes (and to a lesser extent 
by cementocytes and mineralized hypertrophic chondrocytes) which is a potent 
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inhibitor of osteoblastogenesis. Sclerostin secreted from osteocytes reaches the 
bone surface through the canaliculi where it binds to co-receptors LRP5 and LRP6. 
It prevents co-receptor localization with frizzled protein and Wnt, thereby decreas-
ing osteoblastogenesis and bone formation [15, 30].

The link between sclerostin and bone formation is very well illustrated by two 
rare genetic decreases. Both sclerosteosis (due to a less of function mutation) 
and Van Buchem disease (caused by a deletion downstream of sclerostin gene, 
which includes sclerostin protein) are characterized by high bone mass. In this 
context, some scientists suggested that the effect of parathyroid hormone therapy 
in humans is mediated, at least in part, by a decrease in serum sclerostin levels 
[31, 32]. In addition, genetic studies have shown that polymorphism in sclerostin 
gene is associated with low bone mineral density in older men and women, fur-
ther emphasizing a causal link between modified sclerostin expression and bone 
mineral density.

These observations led to explore the pharmacological inhibition of sclerostin by 
a monoclonal antibody in various animal models of bone disease. Data obtained in 
experimental animals showed a consistent effect of sclerostin antibody (from now 
on called romosozumab) to increase bone formation, bone mass, and strength at 
various skeletal sites [33].

Romosozumab has been evaluated in a double-blind study at a monthly dose of 
210 mg versus placebo in more than 7,000 postmenopausal osteoporotic patients 
[34]. At 12 months of treatment, romosozumab was associated with a risk of new 
vertebral fracture that was 73% lower than the risk observed in the placebo group 
(16 of 3321 patients in the romosozumab group vs. 59 of 3322 in the placebo group; 
risk ratio 0.25, confidence interval 0.16–0.47, p < 0.0001). Non-vertebral fractures 
had occurred in 56 patients of the romosozumab group compared with 75  in the 
placebo group (p = 0.10).

After 12  months of romosozumab therapy, the positive percent changes of 
BMD therapy were 13.3, 6.9, and 5.9 at lumbar spine, total hip, and femoral neck, 
respectively.

Concerning markers of bone turnover, the serum levels of procollagen type I 
N-terminal propeptide peaked at day 14, while the levels of β-CTX decreased reach-
ing the maximum decline at day 14 and then remained below the level of placebo 
group during the whole treatment period.

Regarding safety profile, all adverse events were balanced between active treat-
ment and placebo.

Romosozumab has been also investigated in another trial in which 4093 post-
menopausal women with osteoporosis and a fragility fracture were randomly 
assigned to receive monthly subcutaneous romosozumab or weekly oral alen-
dronate for 12  months, followed by alendronate for 12  months in both groups. 
After 24 months, new vertebral fractures occurred 6.2% in the romosozumab-to- 
alendronate group compared with 11.9% in the alendronate to-alendronate group 
(48% lower risk of new vertebral fractures in the romosozumab-to-alendronate 
group). There was a 27% lower risk of clinical fractures and 38% lower risk of hip 
fractures [35].
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During the first year of treatment, serious cardiovascular adverse events were 
observed more often with romosozumab than with alendronate, a finding not 
observed in the previous trial utilizing this humanized monoclonal antibody [34]. 
This could be theoretically ascribed to the reported involvement of sclerostin in aor-
tic vascular smooth muscle remodeling or calcification. Some have also suggested 
that the comparison drug (alendronate) may be cardioprotective, so that the rate of 
cardiovascular events in the romosozumab group could be relatively higher than 
expected. Owing to these concerns, approval for romosozumab remains pending by 
both FDA and EMEA.

25.4  Practical Considerations for Anabolic Drugs 
on the Market

Before starting the administration of an anabolic agent, we must exclude possible 
causes of secondary osteoporosis, because in this case, the treatment is not cura-
tive (the same applies to antiresorptive agents). Both teriparatide and abaloparatide 
should not be administered in hypercalcemic patients and those at possible increased 
risk of osteosarcoma (i.e., patients with Paget’s disease, undergoing radiation ther-
apy, or with bone metastases) or in those with increased alkaline phosphatase values 
of unknown origin. It is also important to exclude at the beginning of therapy raised 
values of endogenous parathyroid hormone, because this represents a contradic-
tion, on theoretical grounds, to the exogenous administration of the hormone. Since 
many cases of secondary hyperparathyroidism are linked to hypovitaminosis D, it 
is important to test and replenish the patient in this particular situation [36, 37]. As 
both teriparatide and abaloparatide might exacerbate hypercalciuria, it is impor-
tant to evaluate, in basal conditions, the 24-h urinary calcium excretion. Once the 
therapy has been started, there are no official guidelines on how to biochemically 
monitor the patient for serum calcium and uric acid or for 24-h urinary calcium 
excretion. In any case serum calcium should be obtained 24 h after the last drug 
injection. If hypercalcemia is found, the first step is a reduction in the amount of 
calcium and vitamin D administered. If hypercalcemia persists, drug therapy should 
be adjusted to every other day [38]. If after this change hypercalcemia persists, it is 
prudent to discontinue treatment.

25.5  Conclusions

New anabolic drugs will increase the portfolio of compounds available to treat 
bone fragility; they also represent an opportunity to change our way of prescribing 
drugs in the most common and threatening metabolic bone disease. Indeed, unlike 
the majority of chronic diseases, which are generally treated by a combination of 
drugs, current practice in the field of osteoporosis is the administration of only one 
drug at a fixed dose. However, the chronic nature of osteoporosis will force doc-
tors to find alternative solutions by adding and switching therapies with the goal of 
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both prolonging the period of treatment and more importantly avoiding side effects 
consequent to long-term use of drugs. Therefore, osteoporosis should be no more 
viewed as an inevitable consequence of aging and estrogen deficiency but as a dis-
ease for which we have a wide selection of effective drug treatment with anabolic 
drugs having a prominent place.
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26.1  Introduction

26.1.1  Epidemiology

A substantial and increased proportion of morbidity and mortality due to chronic 
disease occurs in people aged 60 years and older. Within the leading contributors to 
disease burden in older people are the diseases of the musculoskeletal system, being 
responsible for 7.5% of the total global burden [1]. There is an emphasis on main-
taining an active lifestyle to reduce the risks of obesity, cardiovascular diseases, 
cancer, osteoporosis, and diabetes in older people. However, musculoskeletal condi-
tions profoundly limit the ability of people to make these lifestyle changes.

In this group of diseases, osteoporosis and sarcopenia are two disorders that seri-
ously impair the health of older women. Currently it is estimated that over 200 mil-
lion people worldwide suffer from osteoporosis. Approximately 30% of all 
postmenopausal women have osteoporosis in the United States and in Europe. In the 
different Latin American countries, between 8 and 22% of women over 50 have 
osteoporosis at the level of the femoral neck [2]. At least 40% of these women will 
sustain one or more fragility fractures in their remaining lifetime. With modest 
assumptions concerning secular trends, the number of hip fractures could range 
between 7.3 and 21.3 million by 2050. The major demographic changes will occur 
in Asia [3]. The socioeconomic impact of hip fractures will increase markedly 
throughout the world, and there is an urgent need to develop preventive strategies, 
particularly in the developing countries.

Loss of muscle mass and strength, which in turn affects balance, gait, and overall 
ability to perform tasks of daily living, is hallmark sign of sarcopenia. Prevalence 
increased from 13–24% in persons under 70 years of age to >50% in persons over 
80 years of age and was slightly greater in Hispanics than in non-Hispanic whites. 
Globally, with a conservative estimate of prevalence, sarcopenia affects >50 million 
people today and will affect >200 million in the next 40 years. Sarcopenia repre-
sents an impaired state of health with a high personal toll consisting in mobility 
disorders, increased risk of falls and fractures, impaired ability to perform daily 
activities, disabilities, loss of independence, and increased risk of death [4, 5].

26.1.2  Osteoporosis and Sarcopenia: Are They Two Different 
Diseases?

A growing evidence shows that osteoporosis and sarcopenia share many common 
pathways including the sensitivity to reduced anabolic hormone secretion, increased 
inflammatory cytokine activity, and anabolic or catabolic molecules released by the 
skeletal muscle or by the bone cells which affect the other tissue (i.e., myokines and 
osteokines). Studies using animal models in the setting of hind limb unloading or 
botulinum toxin (Botox) injection also reveal that muscle loss can induce bone loss. 
Moreover, muscle-derived factors such as irisin and leptin can inhibit bone loss 
induced by unloading [6]. Therefore, it is not surprising that, although osteoporosis 
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and sarcopenia are different nosological entities, the coexistence of both diseases in 
the same individual is not uncommon. The association of these two diseases has led 
to the development of the term “osteosarcopenia” to diagnose those patients suffer-
ing from both diseases. Actually, osteosarcopenia has been defined as the presence 
of sarcopenia and osteopenia or osteoporosis. Endocrine disorders, mainly diabetes, 
abnormal thyroid function and low levels of vitamin D, sex steroids, growth hor-
mone (GH) and insulin-like growth factor-1 (IGF-1), malnutrition, obesity, and the 
use of corticosteroids are also associated with osteosarcopenia [7].

The prevalence of osteosarcopenia varies with age, sex, and country. A study of 
community-dwelling Chinese elders older than age 65 found prevalence of 
osteoporosis- sarcopenia in 10.4% of men and 15.1% of women [8]. Studies in 
Australian persons with previous history of falls reported that 40% of this high-risk 
population had osteopenia-sarcopenia. Being a female; having a history of osteoar-
thritis, oophorectomy, or cancer; and impaired mobility were risk factors for osteo-
sarcopenia in this Australian cohort [9]. Data presented by Campodónico in the 
Congress of the Argentine Association of Menopause in 2016 shows that osteosarco-
penia is found in 9.7% of Chilean women between 35 and 69 years. Although the 
prevalence of osteosarcopenia may be different in each study group, its diagnosis has 
significant clinical implications. Patients with osteosarcopenia are more susceptible 
to occurrence of fragility fracture, poor quality of life, and higher mortality [10].

26.2  Pathophysiology

26.2.1  Role of Cytokines

The biological explanation of the association of low bone mass with sarcopenia is 
not based solely on the anatomical proximity of the muscle to the bone, but could be 
based on the cross talk between both organs. Muscle produces cytokines, called 
myokines, such as myostatin, transforming growth factor beta β, activin, interleu-
kin- 6, and monocyte chemoattractant protein-1 (MCP-1) which have a negative 
influence on bone metabolism. On the other hand, bone produces other cytokines 
such as sclerostin that decreases muscle mass. Osteosarcopenia would be produced 
by the interaction of these cytokines with aging, genetic factors, lifestyles, and 
chronic diseases (Fig. 26.1) [11].

26.2.2  A New Actor: Cellular Senescence

The paradigm of the pathophysiology of osteosarcopenia shown in Fig. 26.1 could 
be complemented with the concepts of cellular senescence described more than 
40 years ago. Fibroblasts in cultures initially undergo rapid division; but afterwards, 
they lose their capacity for duplication. However, they remain viable in a senescent 
state for many weeks. Later, cellular senescence was understood as an irreversible 
arrest of the growth that occurs when the cells undergo aggressions that may be 
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oncogenic. Therefore, cellular senescence is an important mechanism to prevent the 
proliferation of potential cancer cells [12].

However, it has become evident that senescence involves more than a simple ces-
sation of cell growth. These senescent cells stop their growth, thus contributing to 
the depletion of stem cell proliferation and cell aging. In addition to their capacity 
to suppress tumorigenesis, cell senescence could also promote chronic inflamma-
tion associated with aging. Several common molecular pathways have been identi-
fied that are associated with both aging and low-grade inflammation. Senescent 
cells have an altered secretion pattern SASP that comprises a complex mix of fac-
tors including cytokines, growth factors, chemokines, matrix metalloproteinases, 
telomere shortening, and decondensation of pericentromeric satellite DNA 
(Fig. 26.2). SASP has been related with inflammation that leads to cellular transfor-
mation and chronical diseases [13].

In bone, cellular senescence has been studied in animals and human beings. For 
example, in mice p16Ink4a expression, a senescence marker was significantly 
higher with aging in osteoblasts, osteocytes B cells, T cells, and myeloid cells. 
Furthermore, in vivo quantification of senescence-associated distension of satellites 
(SADS), i.e., large-scale unraveling of pericentromeric satellite DNA, revealed sig-
nificantly more senescent osteocytes in old compared with young bone cortices 
[14]. The same study analyzed a panel of 36 established SASP factors (p16INK4a, 
p16 cyclin-dependent kinase inhibitor 4A, multiple tumor suppressor 1, p21, p51, 
etc.) in bone biopsies from women, which found that 12 SASP factors were signifi-
cantly higher in the bone from old subjects compared with young ones.

IGF-1, Sclerostin, Osteocalcin,
VEGF, HGF, MGF

↑ Risk of Falls ↓ Bone Strength

Ageing,
Genetic factors,

Inactivity, Inflammation

Diabetes,
Obesity, ↓ Vit D,
Thyroid diseases

↓Sex hormones
↓GH/IGF-1, corticosteroids

↑muscle/bone fat

OsteosarcopeniaSarcopenia Osteopenia

↑ Fractures

Disability & dead

IGF-1, Myostatin,
Osteoglycin, FAM5C, Irisin,

Osteonectin, FGF2, IL-6, IL-7, IL-15, MMP-2

Fig. 26.1 Pathophysiology of osteosarcopenia. FAM5C family with sequence similarity 5, mem-
ber C, FGF2 fibroblast growth factor 2, GH growth hormone, HGF hepatocyte growth factor, 
IGF-1 insulin-like growth factor 1, IL interleukin, MGF mechano-growth factor, MMP-2 matrix 
metallopeptidase 2, VEGF vascular endothelial growth factor, Vit D vitamin D. (Modified with 
permission from: Hirschfeld HP, Kinsella R, Duque G. Osteoporos Int 2017; 28:2781–90)
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In the muscle, stem cell (satellite cells) function is essential for organismal 
homeostasis, providing a renewable source of cells to repair damaged tissues. 
Regeneration of skeletal muscle relies on a population of stem cells, which are 
impaired in very old individuals undergoing sarcopenia. Aged satellite cells lose the 
repression of locus, which switches stem cell reversible quiescence into a pre- 
senescent state; upon regenerative or proliferative pressure, these cells undergo 
accelerated senescence [15].

Therefore, as in the bone, in the muscle there are markers of cellular senescence 
in the elderly. We could conclude by pointing out that pathologically the central 
process that joins osteoporosis with sarcopenia is aging, which in the light of cur-
rent knowledge would be determined by cellular senescence. It could even be sug-
gested that the processes that have been described separately for both diseases, 
which involve a series of cellular mechanisms mediated by biochemical mediators 
of cellular metabolism, would be mere intermediaries of a central process that is 
cellular senescence. In the next few years, we expect to have the answers to these 
questions.

26.3  Diagnosis of Osteoporosis and/or Sarcopenia

The study of bone mass should be performed with double-photon bone densitome-
try. The World Health Organization has defined a number of threshold values (mea-
surements) for osteoporosis. The reference measurement is derived from bone 
density measurements in a population of healthy young adults (T-score). 
Osteoporosis is diagnosed when a person’s bone mineral density is equal to or more 
than 2.5 standard deviations below this reference measurement. Osteopenia is diag-
nosed when the measurement is between 1 and 2.5 standard deviations below the 
young adult reference measurement.

growth
Senescence

stimuli

arrest SASP

p16INK4a

SA-Bgal

Heterochromatin
foci (SAHF)

DNA damage foci
(DNA-SCARS/TIF)

Fig. 26.2 Hallmarks of cellular senescence. DNA-SCARS DNA segments with chromatin altera-
tions reinforcing senescence, p16INK4a tumor suppressor protein, SA-Bgal senescence-associated 
beta-galactosidase, SAHF senescence-associated heterochromatin foci, SASP senescence- 
associated secretory phenotype. (Copy with permission from Rodier F, Campisi J. Four faces of 
cellular senescence. J Cell Bio 2011; 192:547–56)
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Sarcopenia is the loss of muscle mass, strength, and function related to aging. 
The European Working Group on Sarcopenia in Older People (EWGSOP) devel-
oped a practical clinical definition and consensus diagnostic criteria for age-related 
sarcopenia (Fig. 26.3) [16].

The diagnosis of osteosarcopenia includes the presence of osteopenia/osteoporo-
sis and sarcopenia in the same patient.

26.4  Treatment of Osteoporosis and/or Sarcopenia

26.4.1  Treatment Today

At present, the available therapeutic options to treat osteoporosis are mostly limited 
either to decreasing bone resorption or to increasing bone formation, and both 
approaches could be associated with serious side effects. Although estrogen replace-
ment therapy is now rarely used for the prevention or treatment of osteoporosis, it 
continues to be a valid alternative, especially in women with climacteric symptoms. 
Additional pharmacological options have been developed, including a selective 
estrogen receptor modulator (raloxifene), bisphosphonates (alendronate, risedro-
nate, ibandronate, and zoledronic acid), a human monoclonal antibody to receptor 
activator of nuclear factor κ-B ligand (RANKL, denosumab), and the parathyroid 
hormone. The new preparation of conjugated estrogens/bazedoxifene has been 
approved by the US Food and Drug Administration to prevent postmenopausal 
osteoporosis. However, the suspension of these treatments may cause loss of bone 
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Measure muscle
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NormalNormal

No sarcopenia No sarcopeniaSarcopenia

LowLow

> 0.8 m/s ≤ 0.8 m/s

Fig. 26.3 EWGSOP-suggested algorithm for sarcopenia case finding in older individuals. From: 
Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et  al. Sarcopenia: 
European consensus on definition and diagnosis. Age and Ageing 2010; 39, 412–23
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gain obtained with the treatment. This has led to the search for new therapeutic 
options, without having achieved to date a therapy that satisfies the expectations of 
physicians and patients. In addition to the mentioned pharmacological options, a 
diet with an adequate supply of proteins, calcium, and fruits is necessary. Physical 
activity and the maintenance of adequate levels of vitamin D are essential measures 
[17].

In relation to sarcopenia, the main causes for the development of this disease are 
hormonal changes (reduced release of testosterone, estrogen, and growth hormone), 
nutritional deficiencies, chronic inflammation, and particularly a decrease in physical 
activity due to a sedentary lifestyle with advancing age. Therefore, treatment must 
first be focused on reversing these causes. A combination of exercise and high pro-
tein intake (≥1.2 g/kg/day), with a relatively high content of animal protein and frac-
tioned throughout the day, has the highest potential in improving different parameters 
of sarcopenia. In patients with sarcopenic obesity, we must add as an objective the 
achievement of moderate weight loss [18]. Potential medical treatments of sarcope-
nia are not evidence based and can be used in selected cases but not in all sarcopenic 
patients. They include androgenic hormones, estrogens, GH, and angiotensin-con-
verting enzyme inhibitors. A meta-analysis of the estrogen-based treatments indi-
cated that this therapy benefits strength [19]. This could explain why those women 
taking at least 80% of their hormonal prescriptions in the WHI study showed fewer 
falls compared with placebo [20]. There is evidence that both exercise training and 
vitamin D supplementation may benefit musculoskeletal health in older adults, and it 
is plausible that in combination their effects may be additive [21].

If we think that patients who have a musculoskeletal disease also have a high 
frequency of other comorbidities, it is not surprising that the elderly use many medi-
cations. If we add to this the fact that the elderly population is steadily increasing, 
we can understand why the use of polypharmacy in this age group has increased 
markedly in recent years. This is reflected in a study conducted in Scotland showing 
that between 1995 and 2010, the proportion of adults dispensed ≥5 drugs doubled 
to 20.8% [22]. Fundamentally, this is because current treatment strategies for all 
chronic age-related morbidities are disease-specific, with each drug targeting a sin-
gle disease or condition, e.g., a statin for cardiovascular risk reduction, an antihy-
perglycemic agent for diabetes, a bisphosphonate for osteoporosis, etc. This 
inevitably leads to polypharmacy and the resultant problems related to adverse drug 
interactions and compliance.

26.4.2  Treatment in the Future

The paradigm of cellular senescence allows us to see chronic diseases as a single 
disease originated in the increase in the population of senescent cells and, therefore, 
think of a unique therapy for chronic diseases. Theoretically, the decrease in senes-
cent cells or their biochemical mediators could stop the progression of chronic dis-
eases such as osteoporosis and sarcopenia.
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An option to decrease cellular senescence is to reduce senescent cells by acti-
vating a suicide gene with a drug. Baker using transgenic mice with accelerated 
aging, which permits inducible elimination of senescent cells (expressing 
p16Ink4a) upon administration of a synthetic drug (AP20187), showed that reduc-
tion of the senescent cell burden ameliorated multiple aging phenotypes in adi-
pose tissue, skeletal muscle, and eyes. P16Ink4a found in these tissues contributes 
to the acquisition of age-related pathologies [23]. While initial studies used 
genetic approaches for the killing of senescent cells, recent approaches showed 
similar effects with both senolytic products (quercetin and dasatinib) and drugs 
that inhibit the production of the pro-inflammatory secretome of senescent cells 
(SASP) using a Janus kinase (JAK) inhibitor. The JAK pathway is activated in 
adipose tissue with aging and plays an important role in regulating inflammatory 
cytokines produced by senescent cells [24].

Farr et al. treated old mice with bone loss for 2–4 months, with three antiaging 
interventions, (activation of suicide gene, use of senolytic drugs, and use of SASP 
blocking drugs), similarly improving bone mass and microarchitecture in both tra-
becular and cortical bone [25]. On the other hand, the positive effect of estrogens on 
bone could be due to the decrease in cellular senescence and the increase in osteo-
genic differentiation. Oophorectomized rats express less special AT-rich sequence- 
binding protein 2 (SATB2), a protein that regulates cell differentiation in stem cells, 
which is associated with greater senescence and less osteogenic differentiation. The 
administration of E2 causes greater expression of SATB2, which is inhibited by 
blocking the estrogen receptor (ER-β). These results indicate that estrogen prevents 
osteoporosis by promoting cell differentiation and by inhibiting the senescence of 
stem cells through a RE-β/SATB2 pathway [26].

Muscle repair and regeneration depends on a population of quiescent stem cells, 
called satellite cells, and is impaired in very old individuals with sarcopenia. Stem 
cell function is essential for organismal homeostasis, providing a renewable source 
of cells to repair damaged tissues. Old age causes an induction of p16INK4a in 
satellite cells, which translates into a senescent state, a condition in which there is 
a disorder in the regeneration of muscle fibers and tissue loss. Thus, cell senes-
cence is causally implicated in the intrinsic defective regeneration of sarcopenic 
muscle. Interestingly, p16INK4a silencing induces rejuvenation of satellite cells, 
restoring regeneration in geriatric muscles. This suggests that genetic rejuvenation 
of satellite cells by preventing p16INK4a expression may be an effective way to 
prevent poor regeneration phenotypes in humans undergoing sarcopenia [14]. As 
previously mentioned, estrogen decreases cellular senescence, which would 
explain the results of the Women’s Health Initiative Study that indicate that women 
who adequately complied with hormone therapy had fewer falls, which could 
reveal better muscle function [17]. The elimination of senescent cells or the inhibi-
tion of the production of their SASP (cytokines, metalloproteinase, etc.) in mice 
and even in humans has shown positive results not only in muscle and bone dis-
eases but also in osteoarthritis, insulin resistance, atherosclerosis, cardiac function, 
and frailty. All this opens a wide range of possibilities for an eventual use in humans 
in the coming years [27].
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26.5  Conclusion

There is an emphasis on maintaining an active lifestyle to reduce the impacts on 
obesity, cardiovascular conditions, cancer, osteoporosis, and diabetes in older peo-
ple. However, musculoskeletal conditions profoundly limit the ability of people to 
make these lifestyle changes. Therefore, physicians must give special importance to 
musculoskeletal diseases and understand that they are framed within the problems 
of aging. Therefore, the presence of osteoporosis or osteopenia forces us to look for 
other comorbidities that occur with increasing age. Today we have specific therapies 
for each of them, but it is likely that in the next few years, all these diseases will be 
confined within the same paradigm, cellular senescence, and we will probably have 
therapies capable of changing the quality of life of the aging human being.
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During the twentieth century, the overall life expectancy of the human population 
is rapidly increasing worldwide. The global share of older people (aged 60 years 
or over) increased from 9.2% in 1990 to 11.7% in 2013, and it is predicted that by 
2050, it will reach 21.1% of the world population, with 392 million persons aged 
80 years or over, more than three times the present [1]. Aging is associated with a 
progressive loss of tissue and organ function over time [2]. With aging, there is an 
increased risk of unfavorable changes in body composition, including a decrease in 
muscle and an increase in fat mass [3].

27.1  Obesity

Overweight and obesity represent worldwide phenomena, which are associated with 
a risk to develop several chronic diseases such as type 2 diabetes and metabolic 
syndrome, cancer, rheumatoid arthritis and osteoarthritis, cognitive impairment and 
dementia, gallbladder disease, and those affecting the cardiovascular system [4, 5]. 
Besides, both obesity and aging impose various functional limitations on the human 
body, resulting in a severe burden on quality of life [6], and it is estimated that a 2.3% 
of global disability-adjusted life years are caused by overweight or obesity [7].

With increasing longevity, the proportion of postmenopausal women is also 
on the rise. Obesity and central adiposity are major health problems during the 
postmenopausal years. Estrogen deficiency linked to the menopausal transition has 
been shown to be associated with the increase in visceral fat mass and waist to hip 
ratio changing from a gynoid to an android body fat distribution pattern, where 
fat accumulates on the upper portion of the abdomen instead of the hips [8, 9]. 
However other authors have reported that chronological aging but not menopause 
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was associated with the increase in weight and waist circumference during the fifth 
and sixth decades of life, while menopausal status was not associated with these 
changes [10]. As well as hormonal changes and aging, weight gain at midlife has 
been also attributed to the reduction in energy expenditure of women who have 
undergone menopause compared with premenopausal women, mainly as a result of 
the reduction in physical activity [11].

Body mass index (BMI) is the most commonly employed instrument to assess over-
weight and obesity in global population-based adult research and is assessed by divid-
ing an individual’s weight (kg) by her height (m2). A BMI < 25 kg/m2 indicates normal 
weight, 25 ≤ BMI < 30 kg/m2 overweight, and BMI ≥ 30 kg/m2 obesity [12]. However, 
several issues regarding BMI as a tool for obesity assessment have been reported. Its 
validity to assess obesity status in older adults has been recently questioned [13, 14], 
especially in older women due to those menopause-related changes in body composi-
tion and height decrease associated with kyphosis, shortening of the spinal vertebrae, 
or thinning of weight-bearing cartilage [15], which may result in BMI overestimation, 
causing weight category misclassifications. Moreover, BMI has little correlation with 
adipose mass, which in the second half of life tends to become troncular. To this respect 
waist circumference has been used to assess abdominal obesity. Overweight status and 
obesity have been reliably linked to coronary artery disease, congestive heart failure, 
and gallbladder disease using waist circumference to determine overweight and obese 
status [16]. Waist circumference of 102 cm and over for men and of 88 cm and over for 
women has been described to assess abdominal obesity [17].

BMI also fails to differentiate between lean and fat tissue. Imaging techniques 
such as magnetic resonance imaging (MRI) or computed tomography (CT) are the 
gold standard for evaluating the distribution of body fat, but the high cost and low 
availability make it difficult to use in large population studies. In clinical practice, 
dual-energy X-ray absorptiometry (DEXA) and bioelectrical impedance analy-
sis (BIA) are the most frequently used methods to assess body composition and 
calculate body fat percentage. When DEXA was employed for body composition 
assessment, a body fat percentage of more than 28% and 40% of body fat percent 
for elderly men and women, respectively, have been used to define obesity [18]. A 
cutoff point of 27% and 38% of body fat percentage for elderly men and women, 
respectively, has been described to determine obesity with BIA [19].

27.2  Sarcopenia

One of the dramatic changes associated with human aging is the progressive 
decline of skeletal muscle mass. As the human body ages, the skeletal muscle mass 
declines annually approximately by 0.1–0.5% starting from age 30, and this grad-
ual decrease, which has been suggested to be approximately 6% per decade after 
midlife, is accompanied by a simultaneous reduction of strength [20, 21]. There are 
significant differences among individuals in peak muscle mass, the age at which 
muscle loss begins, and the amount of muscle that is lost over time [22]. In women 
there a sharp decline in muscle mass after menopause has been described [23].
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The term “sarcopenia” was first proposed by Rosenberg in 1989 to describe the 
decline of muscle mass associated with aging [24]. Since then, sarcopenia has been 
defined as the loss of skeletal muscle mass and strength that occurs with advancing 
age [25].

In the last 20 years, several different definitions of sarcopenia have been proposed, 
but no consensus has been reached. For instance, Baumgartner et al. [26] used a mea-
sure of relative muscle mass, since absolute muscle mass is correlated strongly with 
height and thus calculated an index of relative skeletal muscle mass as appendicular 
skeletal muscle mass (kg)/height2 (m2). They defined sarcopenia as the index of rela-
tive skeletal muscle mass being less than two standard deviations below the mean of 
a young reference group. On the other hand, Janssen et al. [27] converted absolute 
skeletal muscle mass (kg) to percentage skeletal muscle mass (muscle mass/body 
mass × 100) and termed the skeletal muscle index. They defined class I and II sarco-
penia when values were within 1–2 and <2 standard deviations of young adult values.

Since then, muscle strength and physical performance have incorporated to mus-
cle mass in the criteria for sarcopenia diagnosis. In 2010, the European Working 
Group on Sarcopenia in Older People (EWGSOP) defined sarcopenia as “a syn-
drome characterized by progressive and generalized loss of skeletal muscle mass 
and strength with a risk of adverse outcomes such as physical disability, poor 
quality of life and death” [28]. Therefore, diagnostic criteria included low mus-
cle mass (presarcopenia) together with low muscle strength or physical function 
(sarcopenia). The presence of the three diagnostic criteria refers to severe sarco-
penia. Several groups such as the Foundation for the National Institutes of Health 
(FNIH) Sarcopenia Project [29]; International Working Group (IWG) [30]; Society 
of Sarcopenia, Cachexia, and Wasting Disorders (SCWD) [31]; and the European 
Society for Clinical Nutrition and Metabolism Special Interest Group on cachexia- 
anorexia in chronic wasting diseases (ESPEN) [32] have published operational 
criteria to define sarcopenia, using different assessment tools or cutoff points. For 
instance, while the EWGSOP employed appendicular skeletal muscle mass/height2 
as skeletal muscle mass index, the FNIH Sarcopenia Project used appendicular lean 
mass divided by body size (ALMBMI). SCWD and ESPEN criteria are similar to 
those described by the EWGSOP, while IWG took a different cutoff point for gait 
speed when assessing physical performance.

As for muscle mass assessment, CT and MRI are also considered as the gold 
standard for estimating muscle mass given that they allow distinguishing fat from 
other soft tissues [33]. DEXA has been shown to be the preferred alternative method 
to CT and MRI for research and clinical use since it may discriminate between fat, 
bone mineral, and lean tissues and estimate appendicular skeletal muscle mass [28]. 
Bioelectrical impedance analysis estimates lean and fat body mass at the molecular 
level with good correlation with MRI [34] and DEXA [35]. Although positive cor-
relations have been described between calf circumference and appendicular skeletal 
muscle mass and skeletal muscle index, and thus it could be used as a surrogate 
marker of muscle mass for diagnosing sarcopenia [36], anthropometric measure-
ments such as this one or calf circumference are not recommended for diagnosing 
sarcopenia given that they are prone to error [28].
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Regarding muscle strength, handgrip strength is commonly used in research and 
clinical practice [37], since it has been reported to be highly correlated with lower 
extremity muscle strength [38], which is important in gait, posture, and physical 
function. Knee flexion and extension techniques may be suitable for research stud-
ies, but their use in clinical practice is limited by equipment and training special 
requirements [28].

There are a number of methods to evaluate physical performance. The Short 
Physical Performance Battery test, which combines gait speed, chair-rise time, and 
balance assessment, is one of the most commonly used tools in the research of sarco-
penia [39]. Among other tests, usual gait speed, which is a part of the Short Physical 
Performance Battery test, but can also be obtained from the timed up-and- go test, can 
be used as a single parameter to provide a predictive value for disability [40].

27.3  Sarcopenic Obesity

Aging-related decrease in muscle and fat mass increase may be masked by a stable 
body weight, resulting in a phenotype called sarcopenic obesity which is id defined as 
the coexistence of both sarcopenia and obesity [41]. Although it has gained significant 
attention from the scientific community in recent years, there is no universally accepted 
definition. Therefore, true prevalence estimations are unclear due to several factors 
such as the lack of consensus regarding diagnostic criteria or definitions (i.e., muscle 
mass alone or together with muscle strength and/or physical performance for sarco-
penia) or differences associated with ethnicity in study populations [42]. For instance, 
Kemmler et al. [43] reported a SO prevalence that ranged from 4.1% (EWGSOP crite-
ria + body fat >25%) to 2.1% (IWGS criteria + body fat >30%) in community-dwell-
ing ≥ 70 years men. There is also divergence in terms of the chosen outcome to define 
sarcopenia (i.e., appendicular skeletal muscle mass, skeletal muscle mass, or fat-free 
mass) and obesity (i.e., body mass index, waist circumference, or body fat percentage). 
To this respect, fat accumulation and redistribution associated with muscle loss do not 
necessarily lead to BMI increase, and Han et al. [44] suggested that waist circumfer-
ence gives a better indication of adiposity and sarcopenic obesity than BMI.

The prevalence of sarcopenic obesity also varies with regard to the cutoff 
points and methods used for its diagnosis (Table 27.1). For instance, with DEXA, 
Baumgartner et al. [41] reported that the prevalence of SO was 2% in 60–69 years 
old people from New Mexico and 10% for those ≥80 years. When using a Relative 
Skeletal Muscle Index, 8.9% of men and 7.1% of women (70–79 years old, USA) 
sarcopenic obese (appendicular lean mass/height2) [45], but prevalence was higher 
(60 years and older, USA) when using appendicular lean mass/BMI, ranging from 
16 to 40% [46].

27.3.1  Etiopathogenesis

The etiopathogenesis of sarcopenic obesity is a complex process where several com-
mon pathophysiological mechanisms interplay (Fig.  27.1). These factors involve 
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lifestyle factors such as diet, low physical activity and sedentary behavior, smoking, 
hormone changes (insulin, growth factors, vitamin D), oxidative stress, neuromus-
cular changes, or immunological (proinflammatory cytokines) factors [51].

Aging-related changes in body composition seem to be strongly interconnected. 
With age, and together with muscle mass decrease, there is an alteration in body fat 

Table 27.1 Prevalence of sarcopenic obesity in female population using various definitions and 
criteria

Study group

Body 
composition 
assessment

Sarcopenia 
definition

Obesity 
definition

Sarcopenic 
obesity 
prevalence 
(females) (%)

Batsis 
et al.  [46]

Adults 
>60 years 
(USA)

DEXA ALM/BMI PBF 27.3
ALM PBF 12.6
ALM BMI 0.2

Bouchard 
et al. [47]

Adults 
68–82 years 
(Canada)

DEXA ASM/
height2

PBF 10.82

Oh et al. 
[48]

Adults 
>60 years 
(Korea)

DEXA ASM/weight BMI 31.10

Öztürk 
et al. [49]

Adults 
≥65 years 
(Turkey)

BIA ASM/
height2

Handgrip 
strength
Gait speed

BMI 12.5

Moreira 
et al. [50]

Women 
40–65 years

BIA ASM/
height2

WC 7.1

ALM appendicular lean mass, ASM appendicular skeletal muscle mass, BIA bioelectrical imped-
ance analysis, BMI body mass index, DEXA dual-energy X-ray absorptiometry, PBF percent body 
fat, SMM skeletal muscle mass, WC waist circumference

SarcopeniaObesity

Intramuscular fat
infiltration

Poor muscle
quality and
strength

Insulin
resistance

Inflamatory
markers

muscle mass
    muscle
strength

• Muscle fatigue

• Low mobility and physical acitvity
• Disability

Fig. 27.1 Association of sarcopenia and obesity
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distribution where visceral fat and waist circumference increase, whereas subcutane-
ous fat decreases. Besides, there is an important increase in muscle fat infiltration [52].

The aging process is characterized by a state of chronic inflammation, known 
as “inflammaging.” It is an important link among obesity, insulin resistance, aging, 
and age-associated diseases [4]. Inflammation leads to local and systemic increment 
of proinflammatory makers, such as tumor necrosis factor-α, interleukin-1β or 6, 
interferon-γ, inflammatory adipokines, chemokines, and free fatty acids [53].

Obesity and sarcopenia are interconnected. Abdominal fat deposit has been 
described to be more proinflammatory than general obesity. Increased intramus-
cular and intrahepatic fat contribute to insulin resistance [54] which may affect 
protein degradation, protein synthesis, and muscle growth through locally released 
adipokines and free fatty acids. Adipokines secreted from fat tissue could lead to 
muscle wasting and fatty infiltration [55] which may cause an inflammatory state 
within the muscle. With this proinflammatory environment, obese people prefer-
entially mobilize muscle, not fat, leading to fat increase and muscle loss and thus 
sarcopenic obesity.

27.3.2  Consequences

Obesity-related consequences are widely studied and debated modern epidem-
ics and are related to a substantial and rising percentage of healthcare costs [56]. 
Among others, obesity is associated with an increased risk of type 2 diabetes, hyper-
tension, dyslipidemia, and cardiovascular disease [57]. Sarcopenia is also known 
to be linked with adverse glucose metabolism and metabolic syndrome, in middle-
aged and older nonobese people [58].

Sarcopenia also represents a significant influence on healthcare charges, mainly 
attributed to its strong effect on disability, and the increased healthcare expenditures 
in disabled persons [59]. Compared with sarcopenia or obesity alone, individuals 
with sarcopenic obesity have been reported to have poorer physical function and 2.5 
times higher risk of reporting disability regarding instrumental daily living activities 
[18]. Obesity has been also associated with disability, and BMI and waist circum-
ference have been described as important predictors of the onset or worsening of 
mobility disability in the older adult [60].

In sarcopenic obese people, both sarcopenia and obesity might synergistically 
increase their health-related deleterious effects [42], with, among others, worse cardio-
vascular risk profiles [61]. However, there are conflicting results, and several studies 
have reported that, compared with sarcopenic obesity, obesity has more cardiovascular 
risk factors in older women [62]. Sarcopenic obesity also presents a negative effect on 
lower functional capacity, a higher risk of falls [35], and a loss of independence [63].

Regarding mortality rates, Janssen et al. [64] reported that higher BMI values 
may be related to a lower risk, but if obesity is combined with low muscle strength, 
the risk of mortality may overcome the protective effect. Elderly people with sarco-
penia have decreased survival rates following acute illness and with a doubled risk 
of nosocomial infection [65]. As for sarcopenic obesity, it has been associated with 
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significantly higher risk of all-cause mortality compared to nonsarcopenic, non-
obese subjects [66]. Nevertheless, in the study published by Batsis et al. [19] with 
data extracted from NHANES III study, older women with sarcopenia had a higher 
risk of all-cause mortality, independent of obesity.

27.3.3  Management

Differences regarding sarcopenic obesity definition and diagnose lead to difficulties 
in comparing the effectiveness of the strategies that target this entity [67]. Taking 
into account the complexity of sarcopenic obesity etiopathogenesis, its management 
requires a multifactorial approach [68].

Obesity management has traditionally centered on decreasing weight rather than 
increasing muscle. It mainly aims to reduce intra-abdominal fat through caloric 
restriction. As mentioned above, obesity is associated with several chronic illnesses, 
and in this way, intentional weight loss in obese patients can have important clini-
cal benefits or prevent many of the obesity-related risk factors for cardiovascular 
diseases as well as improvements in osteoarthritis or type 2 diabetes mellitus [69]. 
It has been also described that a moderate weight loss determines a significant 
improvement in insulin resistance, in fat distribution, and, more importantly, in 
muscle lipid infiltration [70]. Besides, excess caloric intake that results in obesity 
may lead to abnormal surges in serum-free fatty acids and glucose levels, which are 
linked high levels of oxidative stress, accelerating sarcopenia [71].

Therefore, a correct diet approach is of great importance in obesity manage-
ment. A recent study analyzed several diet patterns in postmenopausal women and 
showed that with independence of age, menopausal age, total daily caloric intake 
and daily physical activity, and high consumption of unrefined cereals and legumes 
together with low intake of refined cereals were associated with lower BMI, waist 
circumference, and waist to height ratio. Nevertheless, greater consumption of red 
meat and potatoes, and low consumption of nuts, coffee, and tea, was associated 
with an increase in these three obesity parameters.

In postmenopausal women, physical exercise benefits in age-related diseases such 
as disability and falls, metabolic syndrome, cardiovascular diseases, or dementia, 
and cognitive function impairment has been widely described [72]. Nevertheless, 
the addition of exercise to energy restriction does not appear to have an additive 
effect on the amount of weight lost [42]. Moreover, weight loss induced by energy 
restriction alone may be costly in terms of losses in fat-free mass, and thus, muscle 
mass may decrease together with total body weight.

Several strategies have been described in the recent years regarding the treatment 
and management of sarcopenia, mainly aimed to improve muscle mass and function 
[73]. The most important approaches include nutritional and physical exercise inter-
ventions, either alone or combined, which have been shown as effective strategies 
not only for sarcopenia treatment but also to prevent the onset and the development 
of risk factors for sarcopenia, such as obesity, diabetes, chronic low-grade inflam-
matory state, cardiovascular accidents, and hormonal deficit. In a recent review, 
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Sgro et al. [74] concluded that that even in the case of overt hormonal deficiency, 
replacement therapy may be recommended not only because of the direct effects on 
muscle mass and performance but also because a good hormone milieu represents 
a requisite for adaptive process of supercompensation to training-induced stimulus. 
At this respect, recent studies in rats have shown that hormone replacement therapy 
with growth and/or parathyroid hormone may be an effective strategy in sarcopenia 
prevention and treatment [75, 76].

27.3.3.1  Physical Exercise
The benefits of distinct forms of programmed physical exercise programs on muscle 
mass and function have been demonstrated in different age groups. For instance, 
Crane et  al. [77] studied muscle strength in three different age groups (20–39, 
40–64, and 64–86 years), concluding that muscle strength significantly decreased 
with age, and people who practiced long-term aerobic exercise had significantly 
higher muscle strength assessed by several methods such as grip strength, relative 
maximal isometric knee extension torque, and absolute and relative 1-RM knee 
extension. In addition, it has been shown that, in well-trained older adults, skeletal 
muscle structure analyzed by muscle biopsies is more similar to the active young 
men than to that of the age-matched sedentary men [78].

It has been widely described that prolonged resistance exercise, which has been 
shown to be effective and safe even in very old and frail subjects, leads to specific 
type II muscle fiber hypertrophy in healthy young and older men [79]. Aerobic exer-
cise training has also important benefits, and it is more suitable to maintain and/or 
increase aerobic and cardiovascular fitness and conserves muscle mass by improv-
ing muscle blood flow and decreasing oxidative stress [80].

Resistance exercise is currently described as the most effective exercise strategy 
to improve muscle mass, strength, and function in older people, but most of these 
studies have been performed among older, nonsarcopenic obese adults [81, 82]. 
When analyzing the effects of programmed physical exercise on people with sarco-
penic obesity, only a few randomized controlled trials have been published. At this 
respect, Gadelha et al. [83] found improvements in both fat-free mass and sarcope-
nic obesity index that considered appendicular FFM based on height and fat mass, 
after 24 weeks of progressive resistance training.

The benefits of both aerobic and resistance exercises combined in sarcopenic 
obesity people have been studied, and thus Park et al. [84] found improvements in 
waist circumference, physical performance, fat mass, and muscle strength in post-
menopausal women aged 65 years and over. Chen et al. [85], in a study performed 
in men and women aged 65–75  years, found an increase in muscle mass and a 
decrease in total fat mass and visceral fat area after resistance and aerobic exercises 
alone or combined (concurrent exercise), compared with participants who did not 
train. Muscle strength performance and serum IGF-1 level were also superior in 
the trained groups, especially after resistance exercises. Nevertheless, despite these 
improvements in sarcopenic obesity parameters, a clear conclusion cannot be drawn 
due to the disparity of the results obtained and the heterogeneity in the assessment 
of the sarcopenic obesity-related outcomes and criteria [86].
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Between the recent training modalities, whole-body electromyostimulation 
(WB-EMS) has been proven to be effective in increasing muscle thickness, muscle 
fiber cross-sectional area, and knee extension strength in healthy human skeletal 
muscles [87]. More specifically, WB-EMS has shown benefits in muscle strength 
in different target populations such as elite soccer players [88] or postmenopausal 
women [89]. In 2016, Kemmler et  al. [90] reported that, in middle-aged men, 
WB-EMS effects on general strength and body composition are similar to those 
obtained by high-intensity resistance training exercise. Nevertheless, WB-EMS 
studies carried out in sarcopenic obese people usually employee a combination of 
this exercises and dietary supplementation and will be described below.

27.3.3.2  Nutrition
Nutrition is a key factor in the development of both sarcopenia and obesity, although 
while sarcopenia is associated with an inadequate nutritional intake, obesity may be 
a result of an excess in the energy intake consumption (together with low energy 
expenditure) [91]. Consequently, nutritional strategies focused on sarcopenic obese 
people should target an optimal nutrient intake to increase skeletal muscle mass or 
prevent muscle mass loss, as well as to decrease excess fat mass.

Hypocaloric diets are very effective for losing weight in obese older adults. 
However, this strategy is highly undesirable in sarcopenic obese people, since it is 
estimated that about 25% of this weight loss is skeletal muscle mass, and can also 
have harmful effects for the micronutrient status and bone mineral density. Thus, 
in sarcopenic obesity, a weight loss diet should always focus on the preservation of 
muscle mass and could be combined with a high-protein diet and/or micronutrient 
supplementation [67].

Dietary amino acids have been demonstrated to have a positive regulatory effect 
on the muscle protein synthesis [92]. Protein intake may also be a significant factor 
for sarcopenia prevention and management. In older adults (>65 years), a dietary 
protein intake of 1.0–1.2  g/kg is recommended to maintain and regain the mus-
cle mass and function in the long term, while it should be higher (1.2–1.5 g/kg) 
in individuals that suffer from chronic diseases [93]. This can reduce the risk of 
chronic diseases and improve outcomes [94]. Nevertheless it has been reported that 
an excessive intake of protein could be very harmful for the 65 and younger popula-
tion [95].

The type of protein and the amino acid composition are also relevant for muscle 
mass preservation or gain during weight loss. Whey protein, the soluble protein 
fractions extracted from diary milk [96], can stimulate whole-body and muscle 
protein synthesis [97] and could represent an effective countermeasure to prevent 
muscle atrophy associated with physical inactivity and muscle unloading during 
aging [42]. Nevertheless, it has been reported that whey protein ingestion has a 
greater anabolic effect in the elderly than the essential amino acids that it contains 
[98]. An intake of leucine (2.0–2.5 g/day), mainly derived from animal sources, has 
been reported to improve the postprandial muscle protein synthesis in elderly men 
[99]. Beta-hydroxy-beta-methylbutyrate, a metabolite of leucine, can improve this 
muscle loss, but to date only a small number of studies have shown increases in lean 
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(muscle) mass and some muscle function and physical performance parameters in 
older people with or without resistance exercise and in muscle mass preservation 
during bed rest [100]. Other essential amino acids such as l-arginine [101] or l- 
cysteine [102] have been shown to have beneficial effects regarding insulin resis-
tance in type 2 diabetic patients.

Protein source (plant or animal) and intake timing are also of importance. 
Overall, animal-derived dietary protein seems most effective in eliciting muscle 
protein synthesis [103]. Regarding the timing of protein intake, a more evenly dis-
tribution of dietary protein intake (every 3–4 h), instead of protein consumption dur-
ing the three main meals, has been associated with higher muscle strength, physical 
performance, and skeletal muscle mass in older adults [104, 105].

As for older people with sarcopenic obesity, hypocaloric diets should be supplied 
with adequate protein, which may help to prevent muscle loss [106] and improve 
adherence to low energy intake [107]. Ensuring adequate dietary protein intake 
using high-quality proteins should be of importance in adults with sarcopenic obe-
sity, with the quality of the protein being more important than the quantity [42]. It 
has been described that whey protein and essential amino acid meal replacement 
during weight loss induced by caloric restriction diet promote a reduction of adi-
pose tissue and a modest loss of lean tissue in the elderly population people [108]. 
However, although the combination of a hypocaloric high-protein diet seems to be 
effective in the prevention of sarcopenic obesity, this strategy does not seem to be 
effective for its treatment [67].

Another strategy is to combine different anabolic nutrients. It has been recently 
reported that the combination of vitamin D with whey protein, which has been 
enriched with leucine, could increase protein synthesis and finally promote muscle 
mass gain in older adults [109]. The risk of developing micronutrient deficiencies 
such as 25-hydroxyvitamin D; vitamin B6, C, and E; selenium; magnesium; or zinc 
is relatively high in obese adults, who, in addition, are especially at risk for micro-
nutrient deficiencies when following a weight loss diet [110]. On the other hand, 
some of these minerals as well as low 25-hydroxy-vitamin D status are associated 
with the development of sarcopenia [111, 112], and vitamin D supplementation has 
been demonstrated to improve several sarcopenic parameters in older adults [113].

27.3.3.3  Exercise + Nutrition
As mentioned above, a combination of different approaches seems to be more 
appropriate than one single strategy, whether it is nutrition or exercise, in sarcope-
nic obesity management.

The addition of exercise to a hypocaloric diet in obese older adults attenuates the 
loss of skeletal muscle mass [114], and it also improves muscle strength and perfor-
mance [67]. In frail obese adults, a hypocaloric diet together with the combination 
of aerobic and resistance exercise is more effective for improving the functional 
status than the combination of low energy diet with either aerobic or resistance 
exercises alone [115].

As for the combination of exercise and nutrition, Liao et al. [116] reported that, 
in overweight and obese elderly people, higher increases in lean mass, muscular 
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volume, and leg strength are observed after resistance exercise combined with pro-
tein supplementation, in comparison with resistance exercise alone. However, they 
found that obese participants did not show greater change in muscle volume and 
grip strength compared with nonobese. Diet supplementation (particularly high pro-
tein intake or protein supplementation) combined with exercise is the most common 
strategy to counteract sarcopenic obesity. A recently published meta-analysis [117] 
focused on sarcopenic obese people has concluded that exercise alone and together 
with dietary supplementation improve muscle-related outcomes and reduce fat- 
related outcomes. However, the authors state that there is a need for better-designed 
randomized controlled trials with systematic evaluation of the different types of 
exercise and dietary supplements. More specifically, Kim et  al. [118] analyzed 
the effects of progressive sequence of resistance and aerobic training and amino 
acid supplementation with tea catechin alone and combined. They observed that, 
although exercise and nutrition have beneficial effects on individual variables of 
body composition and physical function, improvements in muscle mass and vari-
able combinations such as skeletal muscle mass index and fat percentage or physi-
cal performance and fat percentage were not found. When analyzing randomized 
controlled trials with combined nutritional supplements and exercise on sarcopenic 
obese population, WB-EMS is the most commonly used form of exercise. In a project 
performed in sarcopenic obesity community-dwelling women aged over 70 years, 
WB-EMS increased muscle mass and functional capacity, but the effect on body fat 
was minor, and the addition of protein-enriched supplements did not increase the 
effects of WB-EMS alone [43]. In the same project, when studying the effects on the 
metabolic syndrome [119], isolated WB-EMS did not induce significant improve-
ments, but combined with low-dose protein supplementation, more favorable results 
were observed. In a similar project carried out in men (>70 years), improvements 
in fat and muscle mass, muscle strength, and gait velocity were observed in both 
WB-EMS alone and combined with protein supplements [120, 121].

27.4  Conclusions

Aging-related decrease in muscle and fat mass increase may be masked by a stable 
body weight, called sarcopenic obesity. Estimation of the prevalence is difficult 
due to the lack of consensus regarding sarcopenia definition and the heterogeneity 
in the assessment of the sarcopenic obesity-related outcomes. Different common 
pathophysiological mechanisms, such as lifestyle, immunological, endocrine, or 
vascular factors, are involved in its pathogenesis. A proinflammatory environment 
seems to play an important role in the association between sarcopenia and obesity. 
Postmenopause is associated with an increase in visceral adipose tissue, an impor-
tant source of inflammatory markers. Sarcopenic obesity management requires a 
multifactorial approach, and several strategies, such as physical exercise or diet, 
either alone or combined have been studied in literature, but the limited number 
of studies focused on sarcopenic obesity people and the variability regarding the 
outcome measures and study designs preclude firm conclusions. An adequate 
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combination of hypocaloric diet focused on losing weight in obese older adults 
and an appropriate protein intake have been described to be important factors for 
sarcopenic obesity prevention and treatment. Among the different forms of exercise, 
resistance and aerobic exercise programs, as well as more recent modalities such 
as whole-body electromyostimulation, seem to be effective in sarcopenic obesity 
management.
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28.1  Introduction

The aging of the world’s population is well documented. According to the United 
Nations (UN) [1], the number of people aged 60 or over worldwide is expected to 
more than double from 962 million in 2017 to 2.1 billion in 2050. Moreover, given 
the higher life expectancy worldwide, the number of people aged 80 or over is 
expected to triple by 2050, from 137 million in 2017 to 425 million in 2050. In 
Europe, 25% of the population is already aged 60 years or over, and this figure is 
expected to reach 35% by 2050 [1].

The risk of cognitive impairment and dementia increases with age [2], given 
that advanced age is the strongest risk factor for dementia in all regions [3]. In 
addition, subjects with cognitive impairment have a higher risk of progression to 
dementia [2].

Dementia is traditionally defined as a syndrome of global deterioration of intel-
lectual function occurring in clear consciousness and caused by brain disease; to 
qualify for the diagnosis, the deterioration must be severe enough to adversely affect 
activities of daily living (ADL) [4]. Alzheimer’s disease (AD) is the most common 
type of dementia, accounting for an estimated 60–80% of cases [5]. Vascular demen-
tia (VaD), defined as dementia resulting from ischemic or hemorrhagic brain lesions, 
is also relatively prevalent in population studies [6], being the sole cause of demen-
tia in about 10% of dementia cases [5].

The construct “mild cognitive impairment” (MCI) has been widely used world-
wide to define the gray area between intact cognitive functioning and clinical 
dementia [7]. MCI represents a heterogeneous entity and it is a concept in evolution 

Table 28.1 Diagnostic criteria for mild cognitive impairment (MCI)

Petersen mild cognitive impairment criteria 
(MCI-P)

DSM-5 mild neurocognitive disorder criteria 
(MCI-DSM-5)

Subjective memory complaint, usually 
corroborated by an informant

Concern of the individual, a knowledgeable 
informant, or the clinician that there has been a 
decline in one (or more) cognitive domain

Isolated memory impairment on 
neuropsychological testing compared to 
healthy subjects matched by age and 
education level

A modest impairment in cognitive 
performance, documented by standardized 
cognitive assessment

Preserved general cognitive function Cognitive decline involves memory and/or 
other cognitive functions (attention, language, 
executive function, perceptual-motor, social 
cognition)

Intact activities of daily living Cognitive deficits do not affect independence 
in activities of daily living, but greater effort or 
compensatory strategies might be required

No dementia Cognitive deficits do not occur exclusively in 
the context of delirium
Cognitive deficits are not better explained by 
another mental disorder (such as psychosis or 
depression)
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[7]. The first definition (by Petersen, MCI-P) [8] focused on memory problems 
(Table 28.1), but, thereafter, diagnostic criteria were broadened to include impair-
ment in other areas of cognitive functioning. MCI can be classified into two sub-
types: amnestic MCI (aMCI), if performance on episodic memory tests is poor, and 
non-amnestic MCI (naMCI), in the case of poor performance on tests covering cog-
nitive domains other than memory, such as executive functions, language, or visuo-
spatial abilities. The latest version of the Diagnostic and Statistical Manual of 
Mental Disorders (DSM-5) [4] recognizes mild neurocognitive disorder as a pre- 
dementia stage of cognitive impairment that shares many of the features of MCI 
(MCI-DSM-5) (Table 28.1).

In 2015, the number of people living with dementia worldwide was 46.8 million, 
and this figure is predicted to increase to 131.5 million by 2050 [3]. Apart from the 
personal and family burden of the disease, the global cost of dementia is estimated 
to be US $818 billion, including medical costs, social care workforce costs, and the 
significant contribution from informal caregivers [3].

In 2014, 62% of people over 80 were women [9]. This survival bias and, eventu-
ally, other sex and gender differences between women and men might explain the 
higher prevalence of dementia reported among women [9], specifically AD [10]. 
However, less than half of the up-to-date scientific literature on dementia focuses 
specifically on women or, more generally, gender issues [9], even though a need to 
prioritize dementia as a global women’s health issue has been recognized [9].

In this chapter, we first describe the profile of cognitive aging in women and 
summarize epidemiological data on cognitive impairment and dementia, specifi-
cally in women. We will then discuss biological, societal, and cultural potential risk 
factors for cognitive impairment and dementia in women.

28.2  Cognitive Performance in Healthy Older Women

Differences in cognitive performance between men and women are consistently 
discussed in the literature, despite the controversial influence of biological and 
sociocultural factors. Adult women show an advantage over men in tasks related to 
memory, verbal fluency, and fine motor skills. Conversely, they perform worse in 
visuospatial tasks―such as rotation of an object or space navigation―and 
motor tasks, ―such as throwing an object to hit a target [11].

Even in healthy subjects older than 65, there is a clear, age-related decline in 
performance on executive functioning (mainly inhibition), verbal fluency, ver-
bal memory, and cognitive speed tasks [12]. Some studies suggest that the pat-
tern of sex differences in cognition observed in young adults declines in old age 
[11] and that there is a decline in the cognitive functions in which women out-
perform men, clearly significant in verbal fluency [13]. However, other studies 
[14] report that such differences persist throughout the life span: older women 
have higher scores than men on psychomotor speed, verbal learning, and mem-
ory tests, whereas they underperform on visuo-construction and visual percep-
tion tasks [14].
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28.3  Epidemiology of Cognitive Impairment and Dementia 
in Older Women

To document prevalence and incidence of cognitive impairment and dementia in 
women, we will mainly summarize findings of collaborative studies across 
Europe―the European Studies of Dementia (EURODEM) project―[6, 15] 
and worldwide,  ―the Cohort Studies of Memory in an International Consortium 
(COSMIC) project [16]. Both include longitudinal population-based studies of cog-
nitive aging with large samples of subjects aged 60 or over who were not identified 
as having dementia, such as the Zaragoza Dementia and Depression (ZARADEMP) 
project [17, 18], a five-wave epidemiological enquiry in which a sample of 4803 
subjects living in a large Spanish city was interviewed at baseline.

28.3.1  Mild Cognitive Impairment in Women

28.3.1.1  Prevalence and Incidence of MCI
Heterogeneity in the concept and diagnostic criteria of MCI may partly explain the 
wide differences in its prevalence reported to date [19, 20].

When MCI was diagnosed according to the scores in the Mini-Mental State 
Examination (MMSE) (MCI-MMSE), defined by a score range from 24 to 27 (with 
a maximum of 30) [21], the collaborative COSMIC study found an overall preva-
lence of 12% (95% CI 11.5–12.4) and no sex differences [21]. Prevalence of MCI- 
MMSE increased with age, but the pattern across age groups was different for men 
and women: for women, the increase in prevalence was from ages 70–79 to 80–89 
and for men, from ages 60–69 to 70–79 [21].

When MCI was diagnosed by a neuropsychological test representing each of 
the four cognitive domains (memory, language, processing speed, and execu-
tive functioning), the COSMIC study found that the strongest association with 
sex was for memory, with women performing better than men across the 
COSMIC cohorts. However, this result comes from developed nations, where 
women have been afforded the same educational opportunities as men [22]. 
Women tended to perform worse than men on all other cognitive measures but 
not statistically significantly so for any measure. Processing speed exhibited 
the strongest decline with age in both sexes. Decline in other cognitive domains 
showed an interaction of sex with age, with a trend toward a faster decline in 
women [22].

Regarding MCI subtypes, the COSMIC study [21] found an overall prevalence 
of 2.0% (95% CI 1.7–2.2) for aMCI and 3.9% (95% CI 3.6–4.2) for naMCI. Prevalence 
of aMCI did not differ significantly across age groups or by sex; however, preva-
lence of naMCI across age groups showed a different pattern for women and men, 
similar to that defined for MCI-MMSE. A meta-analysis published in 2016 [23] that 
examined sex differences on incidence and prevalence of MCI subtypes found only 
differences in the prevalence of naMCI, with a higher prevalence among women, 
apparently mediated by neurological conditions (since studies that specifically 
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excluded participants with known neurological conditions did not report significant 
sex differences).

In the ZARADEMP study, prevalence of MCI in women varies, depending on 
the diagnostic criteria applied (Table 28.1), between 3.3% (MCI-DSM-5) and 8.3% 
(MCI-P), which is higher than the prevalence in the overall population (Table 28.2) 
[20]. However, in multivariate models―after controlling by age, educational 
level, anxiety, and depression―differences in the prevalence of MCI in women 
over men were not statistically significant (Table 28.2).

28.3.1.2  Outcomes of MCI in Women
MCI is consistently associated with a higher risk of progression to dementia. 
According to the data of a meta-analysis including seven community studies from 
Japan, China, Sweden, France, and Austria [24], the annual conversion rate (ACR) 
from MCI to AD ranged from 5.4 to 11.5% (median: 7.1%). In the ZARADEMP 
study [25], ACR for dementia was 1.9% for MCI-P and 3.4% for MCI-DSM-5, 
being 1.2 and 2.2% for AD, respectively. Subjects diagnosed with MCI had a higher 
risk of progression to dementia than non-cases at 4.5-year follow-up (HR = 2.9 (CI 
95% 1.8–4.5) for MCI-P and HR = 5.3 (CI 95% 3.3–8.6) for MCI-DSM-5), inde-
pendently of age, sex, educational level, and comorbidity with anxiety or depression 
[25]. In a similar follow-up period, a French community study [26] found a higher 
conversion rate from MCI to dementia for men (8%) than for women (6%). 
Moreover, they found gender-specific risk profiles. The factors significantly 

Table 28.2 Epidemiological data of cognitive impairment in the overall population and, specifi-
cally, in women, found in the ZARADEMP study

Overall Women
Prevalence of MCI % (95%CI) % (95%CI)
  MCI-P 6.9 (6.5–7.3) 8.3 (7.8–8.8)
  MCI-DSM-5 2.5 (2.1–2.9) 3.3 (2.8–3.8)
Prevalence ratio of MCI (over men) OR (95%CI)
  MCI-P 0.88 (0.7–1.2)
  MCI-DSM-5 1.4 (0.9–2.1)
Prevalence of global dementia % (95%CI) % (95%CI)
  1988–1989 5.5 (2.9–9.8) 4.8
  1994–1996 3.9 (3.3–4.5) 5.0
Prevalence ratio of dementia (over men) OR (95%CI)
  1994–1996 2.1 (1.5–3.1)
Incidence of dementia IR (95%CI) IR (95%CI)
  Global dementia 8.6 (7.2–10.2) 9.6 (7.7–11.8)
  AD 5.4 (4.3–6.7) 6.8 (5.2–8.7)
Incidence rates of dementia (over men) IRR (95%CI)
  Global dementia 1.3 (0.9–1.9)
  AD 1.8 (1.1–3.0)

MCI mild cognitive impairment, MCI-P MCI according Petersen criteria, MCI-DSM-5 MCI 
according DSM-5 criteria (“mild neurocognitive disorder”), AD Alzheimer’s disease, OR odds 
ratio, IR incidence rate (per 1000 person-years), IRR incidence rate ratio, CI confidence interval
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associated with progression to dementia on MCI females were disability on instru-
mental ADL (IADL) (OR = 3.5 (95% CI 2.1–5.9)), lower education (OR = 2.2 (95% 
CI 1.3–3.6)), ApoE4 allele (OR = 2.1 (95% CI 1.4–4.0)), subclinical depression 
(OR = 2.0 (95% CI 1.1–3.6)), anticholinergic medications (OR = 1.8 (95% CI 1.0–
3.0)), and age (OR = 1.1 (95% CI 1.1–1.2)) [26]. The factors significantly associ-
ated with progression to dementia on MCI males were ApoE4 allele (OR  =  3.2 
(95% CI 1.7–5.7)), stroke (OR = 2.8 (95% CI 1.2–6.9)), lower educational level 
(OR = 2.3 (95% CI 1.3–4.1)), disability on IADL (OR = 2.2 (95% CI 1.1–1.2)), and 
age (OR=1.2 (95% CI 1.1–1.2)) [26].

In line with previous studies [27, 28], the ZARADEMP study found an increased 
mortality rate for subjects diagnosed with MCI [29]. MCI-DSM-5 was associated 
with a significant increased risk of mortality even after controlling by age, sex, edu-
cation, medical risk factors, and psychiatric conditions (OR = 1.24 (CI 95% 1.01–
1.53)) [29]. Some studies stratifying their results by sex found neither significant 
differences by sex strata [27] nor an increased risk of mortality in MCI males com-
pared to women [30].

28.3.2  Dementia in Women

28.3.2.1  Prevalence and Incidence of Dementia in Women
The EURODEM collaborative study, including 11 European cohorts from the com-
munity and a total of 2346 cases of dementia [15], found an age-standardized preva-
lence of dementia of 6.4% (4.4% for AD and 1.6% for VaD). In the United States 
(USA), a higher prevalence of AD (10%) is reported [5]. Prevalence of dementia 
increases steeply with age, with rates doubling approximately every 5 years [31]. 
Consistent with international literature [5, 31, 32], the EURODEMP study found 
that the prevalence of AD increased continuously with age and was higher in women 
than in men (Fig. 28.1) [15]. For VaD, an age-dependent difference in the preva-
lence between men and women was reported: under 85 years old, prevalence was 
higher in men; from that age onward, prevalence was higher in women (Fig. 28.1) 
[15]. Table 28.2 shows the prevalence of dementia in the ZARADEMP study [17].

Regarding the incidence of dementia, results of the EURODEMP and 
ZARADEMP studies are also consistent with other international reports that found 
an increased risk of dementia by age and in women, specifically for AD [5, 31, 32]. 
The EURODEMP study, recruiting 8 community cohorts, with pooled data includ-
ing 836 cases of dementia and a 42,996 person-years follow-up [6, 33], found that 
women had a 30% higher risk of dementia. In all studies, there was an exponential 
increase in dementia incidence with age, even in the very old. The rates continued 
to increase with age in women, whereas they plateaued in men at age 85. For AD, 
the pooled data showed that incidence rates among women were higher and 
increased more steeply by age than in men, whose rates plateaued at age 85. For 
VaD, the incidence rates increased with age, without any substantial difference by 
sex. Incidence rates of dementia and AD in the ZARADEMP study are shown in 
Table 28.2 [18].
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Public health planners use incidence rates of dementia to estimate the projected 
disease burden in a population. While incidence rates reflect the actual experience 
of a cohort, risk estimates are required to predict how much disease a population 
may expect. Lifetime risk (LTR), calculated at several ages, has been defined as the 
probability that a person of a specific age has of suffering the condition at that time 
in his or her life. Consistent with the results from the Framingham study in the 
United States [34], LTR in the ZARADEMP study [18] was reported to be higher in 
women than in men, both for overall dementia and AD. Lifetime probability of suf-
fering dementia for women aged 65 was 19.7% (vs. 14.1% in men) and aged 85, 
20.4% (vs. 16.8% in men). The corresponding figures for AD in women were 16.7% 
and 17.6% (vs. 8.4% and 10.9% in men). Differences regarding sex were indepen-
dent of the educational level, although they tended to decrease in subjects older than 
85 [18].

A recent review of international data investigating the changes in prevalence and 
incidence of dementia over time suggests a current decline in both [35]. The 
ZARADEMP study [17], which compares data from 1994 and 1987 (Table 28.2), 
and a Swedish study [36], which compares data from 2001 and 1995, did not find a 
significant reduction in the prevalence of dementia in the total population, but they 
found decreases in prevalence higher than 50% in men. Studies that investigated 
trends in the incidence of dementia found notable differences in subpopulations, 
particularly between sexes [35]. A British study, which compares data from 2008 to 
1991 [37], found that a decrease in the incidence of dementia was confined to men. 
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Fig. 28.1 Prevalence of Alzheimer’s disease (AD) and vascular dementia (VaD) by age and sex 
(EURODEMP project). *Adapted, with permission from the publisher, from Lobo et al. 2000 [15]. 
The pooled prevalences for the groups aged 65–69, 70–74, 80–84, 85–90, and 90 and older were 
for AD, 0.7%, 2.3%, 4.3%, 8.4%, 14.2%, and 23.6% in women and 0.6%, 1.5%, 1.8%, 6.3%, 
8.8%, and 17.6% in men, and for VaD, 0.1%, 0.6%, 0.9%, 2.3%, 3.5%, and 5.8% in women and 
0.5%, 0.8%, 1.9%, 2.4%, and 3.6% in men
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The Framingham study (USA), which compares data from 2005 to 1985 [38], found 
that in women, the decrease occurred earlier than in men and continued over time. 
A French study, comparing data from 1999 to 1988 [39], found that the decrease in 
the incidence of dementia was driven by an effect in women. The authors [35] con-
cluded that diagnosis of dementia, as of any disorder, is contextual and can change 
across time and geographies. They also reported that societal changes and improve-
ments in living conditions, education and healthcare, as we will discuss later, might 
have been responsible for these observed trends.

28.3.2.2  Outcomes of Dementia in Women
Women with AD seem to deteriorate faster in the earlier stages of the disease and 
show poorer cognitive profiles at the same stage of dementia than men [40].

Women have a broader spectrum of dementia-related behavioral symptoms with 
a tendency for depression [32, 41], anxiety, and delusions [42], while aggression is 
more frequent in men [32].

AD is a leading cause of disability and poor health and is officially listed as the 
fifth leading cause of death for people aged 65 and over, despite it being frequently 
unrecognized as cause of death by official sources [5]. The ZARADEMP study 
found an increased risk of mortality in moderate and severe cases of dementia [43], 
and that risk increased in parallel with the degree of cognitive impairment (measured 
by the MMSE), with HR = 2.08 (95% CI 1.42–3.04) in the most severe stage (MMSE 
score <10) [44]. In this sample, severe cognitively impaired people were more likely 
to be women, illiterate, and widowed. However, the increased risk of mortality for 
cognitive impairment was independent of these and other variables related to health 
status, the population attributable fraction (PAF) of cognitive impairment being 
3.49% (95% CI 1.38–6.40) [44]. However, a European study [45] found a higher risk 
of death in men with dementia than in women. Survival in subjects older than 85 at 
2 years was 81% in women without dementia (vs. 76% in men without dementia) and 
60% in women with dementia (vs. 52% in men with dementia). Survival at 5 years 
was 52% in women without dementia (vs. 44% in men without dementia) and 27% 
in women with dementia (vs. 16% in men with dementia) [45].

The aforementioned European study [45] found that the probability of being in 
institutional care increased with age and was significantly higher for cases of 
dementia in both sexes; however, women were more likely to be in an institution 
than men. This could be due to societal and cultural factors, because women take on 
a role as caregivers more frequently than men do [9]. Care for patients with demen-
tia takes place 80% of the time by families and is provided by women 78% of the 
time [32].

28.4  Risk Factors for Cognitive Impairment in Women

In addition to several biological explanations for the sex differences observed in the 
prevalence and incidence of MCI and dementia, the effects of sociocultural aspects, 
i.e., gender differences, should also be studied [33] (Table 28.3).
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28.4.1  Biological Risk Factors

Differences on brain reserve: Women have a smaller cerebral brain volume than 
men [11, 46], so they have less ability to cope with pathological insults compared to 
men and more probability of showing clinical symptoms of AD at the same level of 
brain pathology [46].

Genetics: The E4 allele of the apolipoprotein E (ApoE4) is the strongest known 
genetic risk factor for late-onset AD; its effects have been reported to be more pro-
nounced in women than in men [46].

Hormones: Estrogen receptors have been found in several areas related to cogni-
tion in the brain, which could explain (at least partially) differences in cognition 
found between women and men in adult life and the decline in some cognitive func-
tions in women after menopause [13]. Moreover, estradiol exerts neuroprotective 
actions―enhancing neuronal growth and formation of synapses―and 
increases the synthesis of acetylcholine, which is a key neurotransmitter in the regu-
lation of attention and memory. Therefore, depletion of estradiol could increase the 
risk of cognitive impairment and AD in women [13].

There is evidence in the literature of an association between a prolonged expo-
sure to female hormones―i.e., women with later menopause and longer repro-
ductive period―and better cognitive performance and delayed cognitive decline, 
despite no evidence of association between prolonged exposure to female hormones 
and a lower risk of dementia [47].

Hormonal therapy (HT) could have positive effects on cognition during a critical 
period in early postmenopause, for example, in women after a hysterectomy; how-
ever, HT positive or negative effects affect physical health for periods longer than 
10 years [13].

Estrogens are also involved in the regulation of behavioral mood through interac-
tion with the serotoninergic systems, so periods of hormonal fluctuations (such as 
perimenopause) are related to increased vulnerability to mood disorders such as 
depression [13], which is also associated with cognitive impairment and dementia 
in different ways.

Risk factors for cognitive impairment in women

Estrogen depletion in early menopause (?)
Depression
Diabetes
Mid-life hypertension
Mid-life obesity
Dyslipidemia
Smoking
Alcohol (?)
Diet high in saturated fats
Low educational level
Jobs with low intellectual demand
Lack of physical exercise

(?) Factors with controversial effects

Table 28.3 Potential 
 modifiable risk factors for 
cognitive impairment and/or 
dementia in women
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Depression: Epidemiological studies based on community samples consistently 
find a higher prevalence of depression in women than in men [41]. Moreover, 
women are also more frequent on psychopharmacological drugs [48].

Depression has been significantly associated with MCI and dementia. In the 
ZARADEMP study, more than 50% of cases of depression and/or anxiety were also 
diagnosed with MCI-P, and more than 50% of MCI cases had comorbidity with 
depression or anxiety [20]. A French community study [26] also found that both 
women and men with MCI were more likely to have depressive symptoms and to 
take anticholinergic medications than cognitively healthy subjects. In said study, 
women with MCI were more likely to suffer from insomnia and to have poor subjec-
tive health, disability, and social isolation. The ZARADEMP study, consistently 
with the literature [49], found not only a frequent comorbidity between depression 
and dementia [41] but also a longitudinal increased risk for dementia, specifically 
AD, in cognitively healthy subjects with more severe depression (HR = 4.30 (95% 
CI 1.39–13.33)) [50].

Cardiovascular risk factors. Many factors that increase the risk of cardiovascu-
lar disease are also associated with a higher risk of dementia:

• Diabetes: Type 2 diabetes is a risk factor for cognitive impairment and dementia 
(VaD and AD) [51]. Diabetes is a relatively frequent diagnosis in the community 
(8.7%) [52]. Globally, more men than women are diagnosed with diabetes, but 
there are large sex ratio differences in the prevalence of diabetes across countries 
that parallel those of obesity, the most prominent risk factor for diabetes in both 
sexes [53]. Moreover, women have a greater relative risk of cardiovascular com-
plications and mortality in the presence of diabetes [53].

• Mid-life obesity has been reported as an independent risk factor for cognitive 
impairment and dementia [54], specifically in women [55].

• In some studies, hyperlipidemia and mid-life hypertension have been associated 
with cognitive decline and dementia [54]. Hypertension, generally asymptom-
atic, was the most prevalent medical condition in the ZARADEMP sample 
(61.7%), and it was significantly more prevalent in women (65.1% (95% 
CI = 63.3–66.9)) [52]. Estrogens improve the lipid profile and promote vasodila-
tation and antioxidant activities; therefore, menopause leads to an overturn of all 
these effects on vascular health [13].

Survival bias: The higher overall lifetime risk of dementia in women might be influ-
enced by the combined effect of the longer life expectancy among them and a selective 
survival to age 65 of men with the lowest risk of developing dementia. Mortality from 
cardiovascular causes starts in mid-life, so men who die earlier from cardiovascular 
diseases might have had, if they had survived, the highest risk of dementia [34].

28.4.2  Social and Cultural Factors

Education: Previous studies consistently found that subjects with a low educational 
level, specifically women, have a higher risk of AD [10, 56]. A higher level of 
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education has been related to an increase in cognitive reserve; therefore, subjects 
with a higher level of education may take longer to reach the threshold of dementia 
detection at a same degree of pathological insult to the brain.

Occupation: Some studies [57, 58] have reported an increased risk of cognitive 
impairment and/or dementia in subjects who have a predominantly manual occupa-
tion in life compared to subjects with occupations that involve higher intellectual 
requirement.

There are gender-specific societal changes in intellectual lifestyle across different 
generations and countries, in the context of specific economic, political, social, and 
cultural background [35]. For example, an epidemiological study recruiting a large 
sample of older subjects from several developed countries worldwide (SCOPE) found 
significant differences in the level of education by sex, more notable at university level, 
with a considerably greater percentage of men who had attended university (11.1%) 
compared to women (3.1%) [48]. In Spain, the ZARADEMP study found a significant 
higher proportion of illiterate women (10.1%) than men (4.2%) [59]. In the last decades, 
women living in developed countries are afforded the same educational and occupa-
tional opportunities as men; thus, a different sex-specific trend on incidence and preva-
lence of dementia might be expected in future epidemiological studies.

Lifestyle: Lifestyle behaviors may influence cardiovascular health and, also, the 
risk of dementia.

• Diet: Emerging evidence suggests that a diet low in saturated fats may be associ-
ated with reduced Alzheimer’s and dementia risk [5].

• Exercise/physical activity: Aerobic and multimodal combined training have 
been reported to improve global cognition and some cognitive domains in both 
men and women; however, evidence in the literature suggests that physical exer-
cise could have more positive effects on executive function in women than in 
men [60] and that the protective effect of physical activity on the risk of dementia 
could be specific to women [55].

• Smoking: Some studies found that smoking was associated with an increased 
risk of AD, specifically in men [10]. However, others reported that both men and 
women were affected by smoking-related neurological disturbances to a similar 
extent [61]. According to these studies [61], smoking is associated with dementia 
and deficiencies in general intellectual abilities and several cognitive domains: 
executive functions, cognitive flexibility, learning and memory processing speed, 
and working memory.

• Alcohol: Some studies have reported that moderate alcohol consumption may 
decrease the risk of dementia [55, 62–64]. However, the evidence is not strong 
enough, and other studies, such as the ZARADEMP study [65], did not find such 
a protective effect; moreover, a trend toward greater odds of dementia has been 
associated with heavier alcohol consumption among men and participants with 
an apoE4 allele [63].

In current older generations, drinking and smoking patterns have been very dif-
ferent between men and women, with a much higher proportion of drinkers [59, 65] 
and smokers [48, 59] among men. Globally, the prevalence of smoking is higher for 
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men than for women (40% vs. 9% in 2006); however, in the United States and 
Europe, the prevalence of female smoking nowadays is high (around 17% and 22%, 
respectively) [66] and might result in a higher risk of cardiovascular diseases and 
dementia in women compared to previous generations.

28.5  Conclusion

The higher prevalence of dementia among women has resulted in a growing recog-
nition of the role of gender in dementia, with emerging evidence suggesting the 
need to acknowledge and prioritize dementia as a global health issue for women [9].

However, less than half of the published research focusing on dementia refers 
specifically to women or to gender issues [9]. In this chapter, we have discussed 
some differences on distribution of risk factors for cognitive impairment and/or 
dementia between men and women and an eventual differential vulnerability 
between them to such risk factors. Future research on cognitive impairment and 
dementia should stratify the analysis by sex for a better understanding of this issue. 
The understanding of sex and gender differences will help to define individualized 
treatment and preventive interventions for cognitive impairment.
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29Managing Menopause and Post- 
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29.1  Introduction

Women and health professionals have been exploring nonhormonal- and 
nonmedication- based approaches to managing menopausal symptoms and optimis-
ing post-reproductive health for many years. In 2002 and 2003, the first publications 
of the Women’s Health Initiative and Million Women studies on menopausal hor-
mone therapy (MHT) raised safety concerns with regard to cancer and cardiovascu-
lar risks [1, 2]. Although long-term follow-up has shown no association between 
MHT and all-cause, cancer-related or cardiovascular-related mortality and guide-
lines have supported its use, there are still concerns about continuation beyond the 
age of 60 [3–5]. Furthermore, the US Preventive Task Force does not recommend 
the use of MHT for the primary prevention of chronic diseases after the menopause 
[6]. As women are living longer, there are increasing concerns about chronic disease 
such as cardiovascular disease, osteoporosis, dementia and cognitive decline which 
can adversely affect quality of life and independent living. The focus of a holistic 
approach is to have a high quality of life and maintain independence—specifically 
by maintaining bone and muscle mass, function and strength and cognition. Both 
physical activity and an adequate diet are required for that.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-13936-0_29&domain=pdf
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The World Health Organization has raised concerns about physical inactivity and 
provided general guidance regarding physical activity in people aged over 65 [7, 8]. 
Thus:

 1. Older adults should do at least 150 min of moderate-intensity aerobic physical 
activity throughout the week or do at least 75 min of vigorous-intensity aerobic 
physical activity throughout the week or an equivalent combination of moderate- 
and vigorous-intensity activity.

 2. Aerobic activity should be performed in bouts of at least 10 min duration.
 3. For additional health benefits, older adults should increase their moderate- 

intensity aerobic physical activity to 300 min per week or engage in 150 min of 
vigorous-intensity aerobic physical activity per week or an equivalent combina-
tion of moderate-and vigorous-intensity activity.

 4. Older adults, with poor mobility, should perform physical activity to enhance 
balance and prevent falls on 3 or more days per week.

 5. Muscle-strengthening activities, involving major muscle groups, should be done 
on 2 or more days a week.

 6. When older adults cannot do the recommended amounts of physical activity due 
to health conditions, they should be as physically active as their abilities and 
conditions allow [8].

In addition to meeting age- and gender-related nutrient targets, there has been 
increasing focus on the additional health benefits of specific dietary patterns, such 
as the Mediterranean diet, the DASH (Dietary Approaches to Stop Hypertension) 
diet, the MIND (Mediterranean-DASH Intervention for Neurodegenerative Delay) 
diet and the Okinawa diet [9]. However, whether benefits are attained when imple-
menting these dietary strategies in later years as opposed to long-term adherence 
requires examination [9]. Maintaining lean body mass is important, as protein- 
energy malnutrition in older people, which can occur at any weight, can cause 
decreased quality of life and independence and increased morbidity and mortality 
[10–12].

This chapter will explore the recent evidence (published within the past 10 years) 
for diet and exercise lifestyle options for post-reproductive health in women, spe-
cifically examining interventions for menopausal vasomotor symptoms, cardiovas-
cular disease, osteoporosis, dementia and cognitive decline.

29.2  Menopausal Vasomotor Symptoms

Menopausal vasomotor symptoms (VMS), including hot flushes and night sweats, 
are experienced by up to 80% of women during menopause, making them the most 
common menopausal symptoms with a significant negative impact on quality of life 
[13]. Hot flushes are most frequent in the 12 months following the final menstrual 
period; and total duration of symptoms is heavily dependent upon the timing of 
symptom onset, where onset during premenopause can increase duration to over 
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10 years and onset after menopause may limit duration to less than 4 years [14–18]. 
Other factors associated with increased duration of symptoms have been identified 
as younger age, stress, depression, symptom sensitivity, African American ethnicity, 
higher BMI and increased abdominal adiposity [15, 16, 19]. Non-medical manage-
ment options recommended by the National Institute for Health and Care Excellence 
(NICE) include regular exercise, achieving a healthy body weight, avoiding possi-
ble triggers (such as spicy foods, caffeine, smoking, alcohol), reducing stress and 
environmental changes such as wearing lighter clothing and sleeping in a cooler 
room [20].

29.2.1  Dietary Interventions for the Improvement of Menopausal 
Vasomotor Symptoms

There is observational and interventional evidence to suggest that adherence to 
dietary guidelines, and a high consumption of plant-based foods in particular, is 
associated with decreased longevity and severity of VMS independent of weight 
loss.

The Australian Longitudinal Study on Women’s Health (n = 6040 women with a 
natural menopause) found that consumption of either a fruit-based dietary pattern or 
a Mediterranean-style diet decreased the odds of reporting vasomotor symptoms by 
approximately 20% (OR, 0.81 [95%CI, 0.71–0.93] P < 0.001 and OR, 0.80 [95%CI, 
0.69–0.92] P < 0.001, respectively) [21]. Conversely, dietary patterns with a high 
intake of fat and sugar increased the risk of vasomotor symptoms [21]. Similarly, 
Beezhold et  al. found that perimenopausal vegans and women with the highest 
intakes of vegetables or berries reported the least bothersome vasomotor symptoms 
[22]. However, these observational findings reflect long-term usual dietary habits 
and provide no evidence as to whether the same benefits are realised if changes are 
made once symptoms commence.

The Women’s Health Initiative (n = 6104 postmenopausal women with VMS) 
randomised controlled trial (RCT) delivered intensive education and counselling to 
achieve a dietary pattern which aimed for a low total dietary fat intake (<20% of 
total energy), high fruit and vegetable intake (≥5 serves/day) and high whole-grain 
intake (6 serves/day) [23]. The dietary intervention, which is focussed on increasing 
plant-based foods and reflects most dietary guidelines [24], resulted in 14% 
increased likelihood of VMS elimination at 1-year follow-up (multivariate OR, 1.14 
[95%CI, 1.01–1.28] P = 0.04); however, there was no significant improvement in 
those who had moderate to severe symptoms at baseline (multivariate OR, 1.10 
[95%CI, 0.81–1.48] P = 0.54) [23]. The improvement in symptoms was driven by 
both the changes in dietary patterns and changes in adiposity, where those in the 
intervention were 330% more likely to lose ≥5 lbs (OR, 3.3 [95%CI, 3.1–3.5]) and 
those in the control group were 230% more likely to gain ≥5 lbs (OR, 2.3 [95%CI, 
2.1–2.25]) [23]. However, the change in dietary pattern still produced beneficial 
effects even in the context of weight gain, where women in the intervention group 
who gained ≥10 lbs were still 52% more likely to eliminate symptoms than women 
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who maintained weight in the control group (uncontrolled OR, 1.52 [95%CI, 1.02–
2.27]) [23]. Thus the effect of the plant-based dietary intervention on VMS was over 
and above the effect of weight change, suggesting that plant-based dietary patterns 
are important and give a substantial benefit whether or not the individual is able to 
achieve a healthy body composition [25].

Supporting this, studies which examined the effect of non-plant-based diet, exer-
cise and/or surgery-induced weight loss have found minimal or no effect on VMS 
improvement once change in weight is controlled for. A randomised trial (n = 338 
women with high BMIs) [26], which aimed to induce weight loss via a low-calorie 
diet (1200–1500 kcal/day) and increased physical activity over 6 months, found that 
women with hot flushes at baseline were 223% likely to report a slight improvement 
in VMS (unadjusted OR, 2.23 [95%CI, 1.19–4.15] P  =  0.01). However, when 
adjusted for the weight loss and other confounding variables, the low-energy but 
non-plant-based diet and physical activity had no effect on VMS (adjusted OR, 1.92 
[95%CI, 0.95–3.89] P > 0.05) [26]. Weight loss induced by bariatric surgery (n = 69 
women with VMS) resulted in a decrease in the severity of hot flushes at 6 months 
post-surgery; however, there was no significant change in the prevalence of vasomo-
tor symptoms or vaginal dryness [27].

Therefore, to reduce the duration and severity of VMS, available evidence sug-
gests that before and/or at the onset of menopausal symptoms, women should be 
supported to consume a plant-based dietary pattern which suits their preferences 
and resources and to achieve a healthy body composition through decreased adipos-
ity if possible.

29.2.2  Nutraceutical and Herbal Interventions 
for the Improvement of Menopausal Vasomotor 
Symptoms

In line with the finding of dietary patterns, evidence for the use of supplements to 
improve VMS shows support for plant-based therapies and phytoestrogens (plant- 
derived xenoestrogens) in particular. A meta-analysis of 18 studies (n = 4 studies 
using dietary soy isoflavones; n  =  14 studies using phytoestrogen supplements) 
showed that phytoestrogen consumption decreased hot flush incidence by 1.12 
(95%CI, –1.12 to −0.95) per day [28]. Two pooled studies of phytoestrogens found 
night sweat incidence decreased by 1.44 (95%CI, –1.77 to −1.11) per day [28]. The 
meta-analysis also found some evidence for some herbal supplements, where black 
cohosh decreased hot flush incidence by 1.12 (95%CI, –1.46 to −0.77; n = 4 stud-
ies) per day and red clover (a source of phytoestrogens) reduced hot flush incidence 
by 0.69 (95%CI, –1.12 to −0.27; n = 7 studies) per day [28]. However, confidence 
in these estimated effect sizes is low due to large variance between studies, where 
many studies reported no effect of phytoestrogen or herbal supplementation. The 
same group has also found that phytoestrogen supplementation is associated with an 
increase in body weight which per se may affect VMS [29]. Regarding other supple-
ments commonly used for VMS, the small amount of evidence for Chinese 
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medicinal herbs and non-Chinese medicinal herbs shows no likelihood of benefit 
[28]. A more recent well-designed RCT found evidence supporting the combined 
supplementation of red clover isoflavone extract and lactic acid probiotics, where 
12  months of supplementation resulted in decreased hot flush incidence of 4.3 
(95%CI, −6.8 to −2.3) per day; the severity of the flushes also substantially 
decreased [30].

Currently, evidence is not yet convincing enough to support recommendation of 
plant and/or herbal supplements for the relief of VMS. This is particularly important 
in the context of safety concerns, where there is evidence of serious adverse events. 
Of the supplements used for VMS, black cohosh caused most serious adverse events 
and has resulted in cases of liver failure (requiring liver transplants in some cases), 
nerve and heart damage and death [31, 32]. Soybean supplementation has been 
found to have drug interactions (with levothyroxine, seaweed and estradiol) and, 
when used with melatonin in relieving menopausal symptoms, leads to a case of 
heart complications, drowsiness and headache [31]. Red clover appears to have the 
least reported adverse events, with only one documented case [31].

29.2.3  Avoidance of Dietary Triggers for the Management 
of Menopausal Vasomotor Symptoms

The avoidance of caffeine, spices and alcohol as possible triggers of hot flushes are 
frequently recommended and are even included on the NICE guidelines [20]; how-
ever, there has been a paucity of research examining association of these dietary 
components and VMS. Studies with measurement of Scoville heat units or capsa-
icin content of spicy foods are lacking. A large cross-sectional observational study 
of Spanish-speaking women found some association between very frequent con-
sumption of spicy foods and hot flushes, but no association with occasional con-
sumption [33]. The study also found no association of VMS with alcohol 
consumption [33]. A small cross-sectional study found an association between caf-
feine intake and greater VMS [34]. It should be acknowledged that cross-sectional 
research gives no evidence of causality; and clinical trials are needed prior to sug-
gesting menopausal women change their preferred dietary behaviours, especially if 
such changes may decrease quality of life or social engagement or limit adherence 
to a plant-based diet (in the context of limiting spicy foods).

29.2.4  Exercise

While exercise is promoted for its general health benefits, studies examining its 
effect on VMS are conflicting. In 2014 a Cochrane systematic review (n = 5 RCTs, 
n = 733 women), comparing exercise with no active treatment, exercise with yoga 
and exercise with MHT, was found insufficient to show whether exercise is an effec-
tive treatment for VMS [35]. A three-arm RCT [36] (n = 261 women) compared two 
6-month exercise interventions and a control group, where participants in both 
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exercise interventions groups were offered two face-to-face consultations with a 
physical activity facilitator to support engagement in regular exercise [36]. In addi-
tion, one exercise group received a menopause-specific information DVD and writ-
ten materials to encourage regular exercise, and the other exercise group was offered 
the opportunity to attend exercise social support groups in their communities. At 
6 months neither of the exercise intervention groups reported significantly less fre-
quent hot flushes/night sweats per week than controls. The cross-sectional Spanish 
Flamenco project (n = 191 perimenopausal women) found no association between 
physical fitness and VMSs [37]; however, the Blatt-Kupperman menopausal index 
was used, whose validity has been questioned [38].

Conversely, some studies have reported beneficial outcomes following exercise 
interventions. An RCT involving 154 women that were provided with aerobic train-
ing for 6 months reported reduced prevalence of VMS for up to 4 years [39, 40]. The 
evidence with regard to other exercise modalities such yoga, Tai Chi and Pilates is 
limited, although two systematic reviews have found that yoga may be useful for 
bothersome vasomotor symptoms [41, 42].

Therefore, although the evidence is not strong for exercise producing additional 
benefits for VMS symptoms, it should continue to be encouraged for the meno-
pausal and postmenopausal women due to its benefit on overall health and 
wellbeing.

29.3  Cardiovascular Disease

Cardiovascular disease (CVD) in women is the number one cause of death world-
wide [43]. An estimated 17.7 million people died from CVDs in 2015, representing 
31% of all global deaths. Of these deaths, an estimated 7.4 million was due to coro-
nary heart disease, and 6.7 million was due to stroke. In Europe, CVD is responsible 
for over 3.9 million deaths a year or 45% of all deaths. In men, CVD accounts for 
40% of all deaths, while in women, it is responsible for 49% of all deaths. By com-
parison, cancer accounts for just under 24% in men and just under 20% in women 
[44]. Modifiable risk factors for CVD include smoking, physical inactivity, central 
adiposity, excessive alcohol consumption and saturated and trans fats [45, 46].

As with lifestyle approaches to managing VMS, plant-based dietary patterns and 
physical activity are important for decreasing the risk of CVD. To help prevent heart 
attacks and strokes, the WHO recommend daily physical activity for at least 30 min, 
consuming at ≥5 serves of fruit and vegetables and limiting salt to 1 teaspoon [47].

29.3.1  Dietary Interventions to Decrease Risk of Cardiovascular 
Disease

Over the past several decades, there has been much debate and research focussed 
around the causative and/or preventative effects of single nutrients or foods on car-
diovascular health [48]. These ongoing debates around the best or worst type of 
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fatty acid, low-carbohydrate versus low-fat diets or modifying dairy or types of 
meat have distracted from the fact that humans do not eat foods or nutrients in isola-
tion, leading to no consistent evidence about which approach is superior or how it 
should fit into the overall diet [49, 50]. Reflecting the importance of the overall bal-
ance of foods and synergistic effects between nutrients in a meal, both researchers 
and clinicians are instead shifting focus to examine the overall dietary pattern and 
its influence on health [49]. Although the American Heart Association still recom-
mends changes to single nutrients, such as shifting from saturated to unsaturated 
fats, they recommend that this should occur simultaneously in an overall healthful 
dietary pattern such as the Dietary Approaches to Stop Hypertension (DASH) or 
Mediterranean diet [51].

The traditional Mediterranean dietary pattern is well known for its association 
with improved long-term health outcomes, especially in relation to cardiovascular 
disease. The dietary pattern is characterised by consisting of predominantly plant- 
based (fruit, vegetable and wholegrain) meals which frequently incorporate olive 
oil, fish and red wine; but the Mediterranean diet also includes other lifestyle factors 
such as physical activity and eating socially [52]. Therefore, shifting from saturated 
fats to unsaturated fats as well as limiting sodium through decreased consumption 
of highly processed foods would occur naturally when changing to a Mediterranean 
dietary pattern, without an unhelpful focus on single nutrients. Adherence to the 
Mediterranean dietary pattern is often quantitatively measured through a diet qual-
ity index (DQI), such as the Trichopoulou score [53], MEDAS [54] or MEDI-LITE 
[55], which can be used in the clinic as well as research.

The most recent meta-analysis reporting on CVD outcomes found that women 
with the highest Mediterranean DQI scores had 30% decreased risk of coronary 
heart disease or acute myocardial infarction (RR, 0.70 [95%CI, 0.64–0.78]; n = 6 
studies; 0% heterogeneity), 17% decreased risk of stroke (RR, 0.83 [95%CI, 0.71–
0.97]; n = 3 studies; 0% heterogeneity) and 15% decreased risk of CVD (RR, 0.85 
[95%CI, 0.72–0.99]; n = 3 studies; 86% heterogeneity) compared to women with 
the lowest scores (i.e. lowest adherence to the Mediterranean dietary pattern) [56]. 
However, this high-impact evidence is based on observational studies which reflect 
on lifelong adherence to the Mediterranean dietary pattern. The few intervention 
studies which have implemented the Mediterranean diet in older women have shown 
that implementation in later life stages still has beneficial outcomes. Specifically, 
RCTs have demonstrated improved CVD risk factors such as HbA1c, adiposity, 
blood pressure, lipid profiles, inflammation and carotid atherosclerosis [57, 58], 
30% decreased risk of CVD events (HR 0.70 [95%CI, 0.53–0.91]) [55] and 19% 
decreased risk of all-cause mortality in women with a history of myocardial infarc-
tion (OR, 0.81 [95%CI, 0.74–0.87]) [59].

The DASH dietary pattern was specially designed 20 years ago to improve car-
diovascular health. DASH has a focus on both food and nutrients, recommending 
increased fruit, vegetables, wholegrains and low-fat dairy but also aiming to limit 
sodium, saturated and total fat. Evidence of benefit for cardiovascular health is con-
vincing overall [60]; however, little evidence exists for benefit in older women. Two 
meta-analyses of observational studies, where the majority of the 260,011 
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participants were middle- and older-aged women, found that those with diets which 
imitated the DASH diet had 20% decreased risk of CVD (RR, 0.80 [95%CI, 0.74–
0.86]; n = 6 studies, 14% heterogeneity) [61] and CVD-death (RR, 0.80 [95%CI, 
0.76–0.85]; n = 11 studies, 30% heterogeneity) [62]. Only one intervention study 
has been conducted in older women (n = 95 postmenopausal women), where a vari-
ation of the DASH diet which included lean red meat was used. The diet imple-
mented for 14 weeks improved some CVD risk factors including blood pressure and 
body weight even in women taking antihypertensive medication but did not improve 
lipid profiles [63].

Although the DASH diet is highly researched internationally, less than 30% 
adhere to the diet when it has been recommended by a health professional, and less 
than 1% of Western populations follow the diet overall [60]. Poor adherence may be 
due to the dietary pattern being “synthetically designed” as opposed to “naturally 
occurring”, where it does not reflect the food environment or lifestyle of populations 
as the Mediterranean diet does.

In addition to the specific DASH and Mediterranean dietary patterns, increased 
adherence to the Dietary Guidelines for Americans, as measured by various DQIs, 
is also associated with improved cardiovascular outcomes in observational studies 
of older women. Compared to those who had the worst adherence to the guidelines, 
older women with the highest DQI scores had 23–28% decreased risk of CVD 
events and 21–28% decreased risk of CVD death [62]. Furthermore, a Cochrane 
review has shown that omega-3 supplements are ineffective for cardiovascular 
health, and the authors recommend increasing fish intake [64].

Maintaining a good metabolism and normal weight are key factors in reducing 
the risk of cardiovascular disease, as shown by the 30-year follow-up data from the 
Nurses’ Health Study involving 90, 257 women [65]. The study found that cardio-
vascular disease risk of women with metabolically healthy obesity was increased 
compared with women with metabolically healthy normal weight, but risk was con-
siderably higher in women with metabolically unhealthy normal weight, overweight 
and obesity, highlighting that metabolism is a greater risk factor than adiposity. The 
metabolic health benefits of intensive weight management were illustrated in a ran-
domised control which resulted in remission of type 2 diabetes [66]. This 12-month 
randomised controlled trial recruited 306 individuals in the primary care in the 
UK. Participants were aged 20–65 years who had been diagnosed with type 2 dia-
betes within the past 6 years, had a body mass index of 27–45 kg/m2 and were not 
receiving insulin. The intervention comprised withdrawal of antidiabetic and anti-
hypertensive drugs, total diet replacement (825–853  kcal/day formula diet for 
3–5 months), stepped food reintroduction (2–8 weeks) and structured support for 
long-term weight loss maintenance. Diabetes remission was achieved in 68 (46%) 
participants in the intervention group and six (4%) participants in the control group 
[66]. Remission varied with weight loss in the whole study population, with achieve-
ment in none of 76 participants who gained weight, six (7%) of 89 participants who 
maintained 0–5 kg weight loss, 19 (34%) of 56 participants with 5–10 kg loss, 16 
(57%) of 28 participants with 10–15 kg loss and 31 (86%) of 36 participants who 
lost 15 kg or more [66]. However sustained weight loss is difficult to achieve after 
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the menopause, and then there is the issue of weight regain. It is therefore essential 
not to stigmatise overweight and obese women but encourage health at every size 
through a healthy dietary pattern and physical activity.

Overall, evidence for improving cardiovascular health in postmenopausal women 
aligns with evidence to improve VMS, where women should be supported to con-
sume a plant-based dietary pattern. Choice of dietary pattern should be patient- and 
family-centred, aligning with their preferences, resources and lifestyle so as to 
increase adherence. Self-monitoring through online DQIs such as the Healthy 
Eating Quiz (http://healthyeatingquiz.com.au/) [67] can support implementation 
with quantitative and personalised feedback, but without the burden of single- 
nutrient measurement.

29.3.2  Nutraceutical Interventions to Decrease Risk 
of Cardiovascular Disease

Most of the focus on improving CVD outcomes has been on modifying dietary 
intakes as opposed to nutraceutical interventions; however, there has been some 
interest in antioxidants, polyphenols and omega-3 supplements, all prevalent com-
ponents in the Mediterranean diet. There has also been concern about calcium and 
vitamin D supplementation in postmenopausal women, where use has been hypoth-
esised to increase risk of CVD [68].

Oxidative stress is thought to be directly involved in aetiology of atherosclerosis 
leading to the examination of antioxidants for preventing CVD. Observational studies 
of diets high in antioxidants have found beneficial effects [69]. However, supplemen-
tation of antioxidants has produced conflicting findings with some evidence of bene-
fit, no effect and in some cases harm as the supplements become pro-oxidative in vivo 
[69, 70]. Currently, supplementation of antioxidants for CVD is not recommended, 
and instead a high consumption through a plant-based diet should be supported.

A meta-analysis comparing usual or refined olive oil with high polyphenol olive 
oil showed improvements in CVD risk factors including malondialdehyde (MD, 
−0.07  μmol/L [95%CI, –0.12 to −0.02  μmol/L), oxidised LDL (SMD, –0.44 
[95%CI, –0.78, −0.10 μmol/L]), total cholesterol (MD, 4.5 mg/dL [95%CI, –6.54, 
−2.39 mg/dL) and HDL cholesterol (MD, 2.37 mg/dL [95%CI, 0.41, 5.04 mg/dL]) 
[71]. However, most of the samples included in the meta-analysis were in younger 
males and females, with only one study conducted in postmenopausal women 
(n = 10 from Italy) who were given 50 g/day of high polyphenol olive oil. Although 
sample was small and presumably had baseline adherence to the Mediterranean 
diet, an additive effect of the high polyphenol olive oil was demonstrated in this 
group in regard to decreased oxidative DNA damage [71].

Due to the anti-inflammatory properties of omega-3, fish is often hypothesised as 
one of the main contributors to improved CVD outcomes associated with the 
Mediterranean diet [66]. However, two recent meta-analyses found that when 
omega-3 is consumed in supplemental form, it has found no evidence of effect for 
CVD outcomes [64, 72] and is not recommended for older adults [73].
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While calcium and vitamin D supplements have been widely adopted to prevent-
ing or managing osteoporosis in postmenopausal women, there has been concern 
that they increase CVD risk and should be avoided. However, a meta-analysis in 
postmenopausal women (n = 18 studies, n = 63,653) found no evidence to indicate 
increased risk of CVD or all-cause mortality with calcium supplementation, with or 
without vitamin D [68].

Overall, there are no nutraceuticals currently recommended for use in postmeno-
pausal women to improve CVD outcomes, and calcium and vitamin D may be rec-
ommended when indicated with no concern for increasing CVD risk. Although 
there may be benefit from high polyphenol olive oil, consumption of 50  mL of 
unheated oil is likely to be impractical for most women, and obtaining high poly-
phenol olive oil outside of the Mediterranean region may also be difficult. Instead, 
evidence continues to support a plant-based dietary pattern which includes olive oil 
and fish, such as the Mediterranean dietary pattern.

29.3.3  Exercise

Considerable evidence has established the value of high levels of physical activity 
for the prevention and treatment of CVD [74]. With the realistic proviso that physi-
cal activity is anything that makes you move your body and burn calories, and that 
something is always better than nothing, the American Heart Association recom-
mends the following for overall cardiovascular health [75]:

• At least 30 min of moderate-intensity aerobic activity at least 5 days per week for 
a total of 150

• At least 25 min of vigorous aerobic activity at least 3 days per week for a total of 
75 min or a combination of moderate- and vigorous-intensity aerobic activity

• Moderate- to high-intensity muscle-strengthening activity at least 2  days per 
week for additional health benefits

• For lowering blood pressure and cholesterol:
• An average of 40 min of moderate- to vigorous-intensity aerobic activity three or 

four times per week

An increase in the use of “passive” modes of transport has been associated with 
declining physical activity levels. A UK Biobank study of 263,450 participants 
(n = 106,674; 52% women; mean age 52.6) found that cycle commuting was associ-
ated with a lower risk of cardiovascular disease, cancer and all-cause mortality, 
while walking commuting was associated with a lower risk of cardiovascular dis-
ease only [76]. In addition the prospective Women’s Health Study (n  =  27,536 
recruited in 1992–1995; followed to 2013) found that the level of global cardiovas-
cular risk did not modify the inverse association between leisure time activity and 
incident CVD [77]. There is therefore a need to provide safe and affordable facilities 
and environments for women to exercise in [78, 79].
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29.4  Osteoporosis

Osteoporosis causes more than 8.9 million fractures annually worldwide but is mainly 
a disease of older women where it affects 1 in 3 women compared to 1 in 5 men, and 
the majority of fractures occur in those ≥80 years [80, 81]. The total number of people 
with osteoporosis in Europe has been predicted to rise by 23%, from 27.5 million in 
2010 to 33.9 million in 2025, due to the increasing proportion of elderly people in the 
population. Modifiable factors for the nonsymptomatic disease in women include 
smoking, excessive alcohol intake, adiposity, limited weight- bearing exercise, cal-
cium intake, serum vitamin D, blood pressure and cholesterol levels [82]. Osteoporosis 
does not only limit physical function through fractures; a systematic review found that 
hip fracture increases risk of death by 8.4–36%, where death was highest in the days 
and weeks following the index fracture, but the risk remained elevated for months to 
years [83]. The UK 2016 NICE recommendations for the prevention of fragility frac-
tures regarding advice on diet and exercise include [84]:

• Eat a balanced diet as this may improve bone health.
• Drink alcohol within recommended limits, as alcohol is a dose-dependent risk 

factor for fragility fracture.
• Take regular exercise (tailored to the person) to improve muscle strength. 

Encourage:
• Walking, especially outdoors, as this will increase exposure to sunlight, increas-

ing vitamin D production.
• Strength training (such as weight training) of different muscle groups (e.g. hip, 

wrist and spine).
• A combination of exercise types, for example, balance, flexibility, stretching, 

endurance and progressive strengthening exercises.
• Calcium and vitamin D supplementation.

29.4.1  Dietary Interventions to Decrease Risk of Osteoporosis

The key dietary interventions for musculoskeletal health are maintaining an ade-
quate intake of calcium and vitamin D as well as ensuring adequate protein intake 
[85–87]. During the ageing process, the absorption of calcium decreases, and there-
fore the daily dietary requirement goes up [88]. As this often occurs simultaneously 
with decreasing appetite, many older women do not meet their dietary calcium 
requirements. Recommendations on daily calcium intake vary worldwide. For 
example, in women over 50 years, the USA recommends 1200 mg [89], Australia 
recommends 1300 mg [88], but the UK National Osteoporosis Society (NOS) rec-
ommends only 700 mg [90]. Beyond calcium, other nutrients play a key role in 
maintaining bone mineral density, including vitamin D, vitamin K, fluoride, potas-
sium, boron and magnesium [88].
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Dietary patterns during childhood and young adulthood have a large impact on 
bone mineral density in older age; however, they are not modifiable risk factors to 
manage osteoporosis in postmenopausal women [91]. However, dietary changes in 
older women can have beneficial effects where the goal is to maintain and prevent loss 
of bone mineral density. A randomised trial which provided postmenopausal women 
with intensive dietary and physical activity counselling plus three daily serves of cal-
cium and vitamin D fortified dairy (milk and yoghurt) for 30 months prevented loss of 
arm, total spine and total body bone mineral density, whereas the control group con-
tinued to lose bone mineral density [92]. Because foods which are rich in calcium are 
also sources of other nutrients beneficial for bone health, such as protein, magnesium 
and vitamin D (usually fortified), women with inadequate intakes should be supported 
to meet requirements via foods and beverages whenever possible [91].

In addition to consuming the required nutrients, the diet must also avoid excess 
phosphate, alcohol and caffeine [91]. There is research to show that restrictive 
weight loss diets such as a low-fat diet enhance bone mineral density loss [93]. This 
highlights the detrimental effect that restrictive diets may have on the risk of osteo-
porosis in older women and supports the use of liberalised plant-based diets which 
are rich in vitamins and minerals as well as dairy and fish for calcium and protein.

29.4.2  Nutraceutical Interventions to Decrease Risk 
of Osteoporosis

The first study to examine calcium and vitamin D was undertaken over 20 years ago 
(n = 3270 women, mean age 84 ± 6 years) and found that vitamin D3 and calcium 
supplements reduced the risk of hip fracture and other nonvertebral fractures [94]. 
Since then there have been many studies and analyses of calcium and vitamin D 
supplements alone or in combination on fracture. The results are contradictory and 
may depend on the study population, compliance with therapy and background 
dietary intake [95]. However, calcium and vitamin D play a key role in bone metab-
olism and are therefore has advised as an integral part of osteoporosis management 
in guidelines worldwide [96, 97].

However, there is no consistent evidence that calcium supplementation at, or 
above, recommended levels reduces risk of osteoporosis. Clinical trials have pro-
duced inconsistent results regarding the role of calcium supplements regarding frac-
ture risk [98–101]. An expert consensus meeting of the European Society for 
Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal 
Diseases (ESCEO) and the International Foundation for Osteoporosis (IOF) con-
cluded that supplementation with calcium alone for fracture reduction is not sup-
ported by the literature [102]. Caution has also been expressed in recommending 
calcium supplements in women whose diet is replete, because of an increased risk 
of renal stones and cardiovascular disease such as found in the Women’s Health 
Initiative trials [103–106].

The main source of vitamin D is cutaneous synthesis and in northern latitudes 
occurs only in the summer, resulting in deficiency for about half of the year [107]. 
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Dark skin pigmentation, excessive sun protection (shade, extensive clothing cover, 
sunscreen use, limited mobility) and air pollution also reduce vitamin D skin synthe-
sis. Other risk factors for vitamin D deficiency include poor diet or food quality, adi-
posity, malabsorption syndromes, medication use (e.g. anticonvulsants, antiretrovirals) 
and skin ageing. Emerging evidence is associating vitamin D deficiency with not only 
osteoporosis but also cardiovascular disease, diabetes, cancer, infections and neurode-
generative disease [108]. Fortified foods do not necessarily provide sufficient amounts 
of vitamin D, and regular sunlight exposure (without sunscreens) for 15 min, 3–4 
times a week, in the middle of the day in summer generate healthy levels in adults but 
may still be inadequate in older adults due to the thinning of the skin [91, 108].

Vitamin D supplementation can be undertaken with either vitamin D2 (ergocal-
ciferol) or vitamin D3 (cholecalciferol). In the UK, national guidelines aim to 
increase supplement use to prevent vitamin D deficiency among at-risk groups 
including people aged over 65, but prescribing policy depends on local clinical 
commissioning groups [109, 110]. The UK Scientific Advisory Committee on 
Nutrition (SACN) recommended a reference nutrient intake (RNI) of 400 IU daily 
for adults of all ages in 2016 [111]. However, in postmenopausal women at increased 
risk of fracture, the available evidence supports the use of higher doses. In two 2009 
meta-analyses, a protective effect of vitamin D on falls was only seen at daily doses 
≥700 IU ((RR, 0.81 [95%CI, 0.71–0.92; n = 7 studies; n = 1921 participants) [112] 
and improvement in fracture risk only seen at >400 IU (RR, 0.80 [95% CI, 0.72–
0.89); n = 9 studies; n = 33,265 participants) [113]. Since then, two subsequent 
meta-analyses found that vitamin D alone did not improve bone mineral density 
(n = 23 studies, n = 4082, 92% older women) [114] or prevent fractures; however, 
dosing was not considered in the analyses [115]. Reflecting the best available evi-
dence, the UK National Osteoporosis Guideline Group (NOGG) recommends that 
in postmenopausal women who are at increased risk of fracture, a daily dose of 
800 IU of cholecalciferol should be advised [97].

Although evidence is unclear for calcium and vitamin D supplemented alone, 
both vitamin D and calcium for bone mineralisation, and evidence supports com-
bined supplementation for the prevention of fractures [115]. A 2016 meta-analysis 
(n = 8 studies, n = 30,970 participants) of combined calcium and vitamin D supple-
ments decreased the risk of total fracture by 15% (SRRE, 0.85; 95% confidence 
interval [CI], 0.73–0.98) and hip fracture by 30% (SRRE, 0.70; 95% CI, 0.56–0.87) 
[116]. Although the Women’s Health Initiative clinical trial results published in 
2017, which supplemented 1000 mg of calcium and 400 IU of vitamin D, did not 
prevent height loss in healthy postmenopausal women, the vitamin D dose was 
likely inadequate, height is a less sensitive marker of bone mineral density, and the 
height loss in both intervention and control groups was well below the 2 cm crite-
rion for fracture risk [117, 118]. In 2017 an expert consensus paper of the European 
Society for Clinical and Economic Aspects of Osteoporosis, the Osteoarthritis and 
Musculoskeletal Diseases (ESCEO) and the International Foundation for 
Osteoporosis (IOF) concluded that calcium and vitamin D supplementation leads to 
a modest reduction in fracture risk, although population-level intervention has not 
been shown to be an effective public health strategy [102].
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Soy isoflavone, a type of phytoestrogen, acts as oestrogen agonists and anti-
oxidants in bone cells, leading to interest in isoflavone supplementation for the 
preservation of bone mineral density in postmenopausal women. A meta-analysis 
identified that benefits have only been achieved with doses ≥80 mg/day supple-
mented for >12 months, where bone mineral density of the lumbar spine improved 
by 6.0 mg/cm2/year ([95%CI, –0.7–2.7] P = 0.08; n = 8 studies; n = 654 women). 
There was no difference in effect between isoflavones supplemented as an extract 
or consumed as part of soy products such as isolated soy protein [119]. There has 
not been a review of other forms of phytoestrogens on osteoporosis risk. 
Individual RCTs have suggested other phytoestrogens may be beneficial [120–
122]; however, a meta-analysis of RCTs is needed prior to making clinical 
applications.

Thus, aligning with recommendations for other post-reproductive health, 
dietary patterns and lifestyle factors are the most important strategy for prevent-
ing bone mineral density loss and fractures. Adequate calcium, vitamin D and 
other vitamin and mineral intakes should be achieved through dietary modifica-
tion where possible, as the synergistic effects of food and nutrients in vivo achieve 
the greatest outcomes. In order to evaluate the overall dietary pattern for optimal 
bone mineral density, individualised dietary assessment and intervention by a 
dietitian should be considered. If nutrient requirements cannot be met by diet 
alone, supplementation and/or fortification of combined calcium and vitamin D 
(at doses of ≥700 IU/day) may then become appropriate [96]. If calcium intake is 
adequate but peak serum vitamin D levels cannot be achieved through diet and sun 
exposure, single vitamin D supplementation at ≥700  IU/day should be consid-
ered. There may be additional benefits of consuming high doses of soy isofla-
vones, which may be achieved through dietary consumption of soy products or 
supplementation.

29.4.3  Exercise

With regard to osteoporosis, a Cochrane review found that exercise had a relatively 
small, but possibly important, effect on bone density (1%) compared with control 
groups (P < 0.05) [123]. Physical exercise, furthermore, reduces the risk of falls in 
the elderly, indirectly influencing fracture rates [124, 125]. In 2018 the US Preventive 
Services Task Force (USPSTF) found adequate evidence that exercise interventions 
have a moderate benefit in preventing falls in older adults [126]. Gait velocity 
declines with age with the greatest fall in the women over 70 [127]. Identifying the 
age of gait velocity decline of healthy women could allow timely interventions to 
slow the general decline associated with lower gait velocities, such as falls and frac-
ture. Various types of exercise can be undertaken (weight bearing, back extension, 
Tai Chi, Pilates, vibration), but it is unclear what types, intensity and duration are 
the most benefit [128, 129].
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29.5  Dementia and Cognitive Decline

Dementia has become a public health priority with substantial impact on not only 
individuals and their families but also health-care, economic and welfare systems of 
whole societies. In the 1980s, the governments of developed countries started to 
express concern about rapid population ageing with dementia and cognitive decline 
being important causes of disability in later life. However, recent evidence suggests 
stable or decreased prevalence over the last decades [130, 131].

Dementia is a progressive, irreversible decline in cognition that, by definition, 
impacts on a patient’s pre-existing level of functioning. The clinical syndrome of 
dementia has several aetiologies with overlapping pathological and clinical fea-
tures. Alzheimer’s disease (AD) is the most common, thought to be present in 
50–75% of cases [132]. Other processes include vascular, Lewy body and fronto-
temporal pathologies. Dementia and cardiovascular disease have many common 
risk factors, including hypertension, hypercholesterolaemia, obesity and diabetes. 
Cardiovascular disease is an important risk factor for cognitive decline in postmeno-
pausal women. In the Women’s Health Initiative Memory Study, women with CVD 
tended to be at increased risk for cognitive decline compared with those free of 
CVD (hazard ratio [HR], 1.29; 95% CI, 1.00–1.67) [133].

29.5.1  Dietary Interventions to Decrease Risk of Dementia 
and Cognitive Decline

As with cardiovascular health, there has been some focus on single nutrients and 
their effect on brain ageing [134]. However, as nutrients are consumed as part of 
dietary patterns and not alone, such research is not helpful when needing to make 
recommendations to individuals. Observational studies have shown that pant-based 
dietary patterns, and the Mediterranean diet in particular, have been associated with 
improved cognitive function in ageing [135]. High Mediterranean DQI scores (i.e. 
greater adherence to the Mediterranean diet), as well as more frequent legume and 
fish consumption [two Mediterranean diet core foods], have been associated with 
greater cortical thickness in a cross-sectional sample [134]. In a prospective cohort 
study, low Mediterranean DQI scores in an older Scottish cohort were predictive of 
total brain atrophy over a 3-year interval [136]. Fish and meat consumption did not 
drive this change, suggesting that other components of the Mediterranean diet or, 
possibly, all of its components in combination are responsible for the association 
with improved brain ageing [136].

A meta-analysis of observational studies showed that older adults who had the 
highest Mediterranean DQI were 21% less likely to develop cognitive disorders 
(RR, 0.79 [95%CI, 0.7–0.90]; n = 8 studies) [137]; however, no effect was found 
when examining outcomes in older women only [137]. This finding is supported by 
Psaltopoulou et al. [138], where meta-regression found that the Mediterranean diet 
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was more protective against stroke for males than for females. However, males and 
females benefited equally from the Mediterranean diet in regard to depression and 
cognitive impairment. Another significant finding from both meta-analyses is that 
benefits for cognitive outcomes were only found in those with the highest adherence 
to the Mediterranean diet; and moderate adherence provided no benefit [137, 138]. 
Intervention studies have demonstrated that commencing a Mediterranean diet, 
supplemented with high polyphenol olive oil, in later age may still have some ben-
efits for cognitive function [139].

For those who are unable to follow the Mediterranean diet, other dietary patterns, 
such as adherence to national dietary guidelines in, have also been associated with 
lower psychological distress; however, the effect sizes were lower than that of the 
Mediterranean diet [140]. Furthermore, observational studies have also shown older 
adults who had a very high consumption of fish (≥4 vs. <1 fish serving/week) had a 
slow rate of memory decline, equal to being 4 years younger [141].

29.5.2  Nutraceutical Interventions for Improved Cognitive 
Function

Reflecting the great interest in the preservation of brain function in ageing, nutra-
ceuticals thought to prevent cognitive decline are widely available and consumed. 
There has been interest in omega-3, vitamin D, resveratrol, saffron and 
polyphenols.

Some RCTs have found that high doses of omega-3 polyunsaturated fatty acids 
(2.2–2.4 g/day supplemented for 6 months) given to older adults with no or mild 
cognitive decline showed mild improvements in memory [142]. However, RCTs 
using lower doses have found no effect on cognitive function with interventions of 
up to 5  years [142, 143]. Furthermore, no studies have identified any benefit of 
omega-3, supplemented alone or in combination with vitamins and minerals, for the 
prevention and treatment of dementia [73, 144].

Higher serum vitamin status has been associated with improved memory in a 
large observational study of French older adults (33% women) [145]. Epidemiological 
evidence also supports associations between low serum 25(OH)D concentrations 
and poorer cognitive performance in community-dwelling older populations, 
although an optimal 25(OH)D level for cognitive health could not be determined. 
The RCT part of the Women’s Health Initiative which supplemented 1000 mg of 
calcium and 400 IU of vitamin D3 to 2034 older women found no significant pro-
tective effect against dementia or cognitive impairment. However, serum vitamin D 
status was not measured, and 400 IU may be an inadequate dose for effect. Therefore, 
the effect of raising 25(OH)D concentrations on cognitive function remains unclear, 
as there is a paucity of interventional evidence [146]. Further research is required 
before vitamin D can be recommended as a preventative supplement for cognitive 
decline; however, adequate serum vitamin D status should be achieved for overall 
health.
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Resveratrol is a polyphenol found in red grapes, berries and red wine. A meta- 
analysis of resveratrol supplementation found doses of 150–500  mg improved 
delayed recognition (SMD, 0.39 [moderate effect size] [95%CI, 0.08–0.7]; n = 3 
studies; n = 166 participants] and negative mood (SMD, –0.18 [small effect size]
[95%CI, –0.31 to −0.05]; n = 3 studies; n = 163 participants], where most partici-
pants were older adults and > 50% were women [147]. Although there were no 
side effects, no improvement in many other measures of cognitive function was 
found, and resveratrol supplements may have a high financial cost. Although no 
meta- analysis has been done considering all forms of polyphenols on cognitive 
function, qualitative synthesis in a systematic review identified many clinical tri-
als of berry juice, cocoa and isoflavone supplementation which reported beneficial 
outcomes. However, evidence is not yet strong or clear enough for clinical recom-
mendations [148].

Although there is good emerging evidence supporting saffron supplementation 
for the treatment of depression and anxiety, no studies have yet been conducted in 
older adult samples [149]. Therefore, further research is required before it can be 
recommended for postmenopausal women.

Overall, high doses of omega-3 polyunsaturated fatty acids and resveratrol may 
have some benefit on cognitive performance in older women; however, effect sizes 
are modest, there is no evidence of improvement in dementia risk, and the impact of 
cost and convenience should be considered. If supplements are used, women should 
also be supported to have a high polyphenol intake from the diet, such as following 
a plant-based dietary pattern, with a focus on polyphenol-rich foods such as tea, 
coffee, soy, cocoa, fruits and vegetables. Postmenopausal women should be regu-
larly evaluated for serum vitamin D status, which should be corrected via food or 
supplemental strategies; however, there is not yet evidence to support vitamin D 
supplementation for the protection against cognitive decline.

29.5.3  Exercise

While there is extensive literature about the exercise programmes for people with 
dementia, there is increasing evidence that physical activity (PA) reduces the risk of 
cognitive decline and dementia [150]. Furthermore there is a growing body of litera-
ture that recognises the positive effects of exercise on mood, anxiety, stress and 
depression [151]. Data from 11,391 men and women (aged ≥50) were obtained 
from the English Longitudinal Study of Ageing cohort. Assessments were carried 
out at baseline (2002–2003) and at biannual follow-ups (2004–2013) [150]. Older 
adults who carried out moderate to vigorous activity at least once per week had a 
34–50% lower risk for cognitive decline and dementia over an 8–10-year follow-up 
period. From pre- to post-dementia diagnosis, those who decreased PA levels had a 
larger decrease in immediate recall scores, compared to those who maintained or 
increased PA levels. Other forms of activity may be of benefit. Thus, data from the 
Scottish Health Survey 2012–2013 of 9709 adults found that gardening was 
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positively associated with mental health [152]. Gardening has the advantage of 
being potentially cost-effective and a culturally acceptable enjoyable community-
based health initiative [153].

29.6  Conclusion

A new holistic approach to menopause and post-reproductive health beyond medicines 
is required. Overwhelmingly, evidence supports the early adoption of an active lifestyle 
and a plant-based dietary pattern which also contains regular consumption of fish and 
vitamin D fortified dairy. The Mediterranean diet appears to provide the best outcomes 
for postmenopausal women; however, any plant-based dietary pattern which aligns 
with the lifestyle and values of the individual should be supported. Although early 
adoption of these lifestyle and dietary changes may provide the best outcomes, changes 
to the diet and activity levels made later in life still provide benefits. There is some 
evidence supporting specific nutraceuticals for post- reproductive health outcomes; 
however, food-first strategies should be recommended prior to supplementation. 
Restrictive, low-energy diets focussed on weight loss are not likely to provide any ben-
efit to be sustainable in older women, and may reduce bone mass, and should therefore 
be avoided. Instead, promotion of an active lifestyle and a plant-based dietary pattern 
are likely to naturally decrease adiposity and increase muscle mass, leading to addi-
tional benefits; however, even if no change in body composition is achieved, outcomes 
are still likely to improve. For women at high risk of chronic disease, individualised 
dietary assessment and intervention by a dietitian is recommended to help make sus-
tainable changes. Implementation also requires teaching of other health and allied 
health professionals at an early stage. Of primary importance, interventions need to be 
affordable, feasible, acceptable and enjoyable with a focus on improving quality of life.
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30.1  Introduction

Physical activity is the antidote to sedentary lifestyle and its consequences, and 
includes all forms of muscle movement. Physical activity may range from ordinary 
activities such as walking or household tasks up to other hard tasks, such as sports 
or several active leisure pursuits. Exercise refers to physical activity specifically 
intended to improve health and/or fitness. There are three main types of exercise: 
stretch, strength, and aerobic exercises. Stretch exercising allows avoiding injury 
and ameliorates performance; strength exercise helps control weight and also avoid 
injury while stimulating bone formation; and aerobic exercise protects cardiovascu-
lar health, that consumes fat mass and contributes at maintaining a healthy weight 
and fitness.
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Physical activity induces cardiocirculatory, endocrine, and metabolic benefits. 
Scientific research during the last three decades has demonstrated that exercise is a 
countermeasure against obesity, cancer, cardiovascular disease, and even mortality. 
It seems that exercise stimulates the immune system [1], mobilizes and delivers 
oxygen and substrate to maintain energy turnover [2] and modifies genetic suscep-
tibility to obesity [3]. In addition, myokine and myometabolites may interfere 
against degenerative diseases and the ageing of systems [4]. The term exercise cor-
responds to physical activity aimed at improving health and fitness. Programmed 
exercise has been used to study different health outcomes. Programmed exercise is 
frequently recommended for peri-, postmenopausal and older women. Although 
programmed exercise may have benefits, some recommendations have been based 
on the results from observational studies, and thus clinical effects are less than 
expected.

The menopausal transition is associated with endocrine adjustments and changes 
in social environment. During this stage, several symptoms and co-morbid compli-
cations are frequent and may vary in intensity and duration. Although vasomotor 
symptoms are perhaps the most frequent during those years, others may prevail for 
longer periods and can be more prevalent than vasomotor symptoms, such as 
changes in body composition and metabolic outcomes, depressive symptoms, mus-
culoskeletal pain, insomnia or sleep disturbances, and both muscle mass and perfor-
mance [5–10]. Despite several studies, it has been difficult to establish the  true 
relationship between the benefits of exercise on these symptoms or conditions dur-
ing the second half of female life. The purpose of this chapter is to review current 
data from selected observational studies, randomized controlled trials (RCTs), and 
meta-analyses regarding the effects of programmed exercise on body composition, 
insulin sensitivity and metabolic endpoints, vasomotor symptoms, sleep quality, and 
emotional prevalent conditions (depressive symptoms, anxiety, and perceived 
stress) in women during the second half of life.

30.2  Changes in Body Composition and Physical Activity 
in Mid-Aged and Older Women

Ageing and menopause have impact on body composition, physical fitness, and 
exercise. Changes in body composition is also a marker of the risk of chronic dis-
eases. Around the menopause, there are changes in body composition, although 
weight may stay stable. Total fat mass progressively increases, with a selective 
accumulation in the intra-abdominal compartment, whereas subcutaneous fat may 
stay stable [11]. During early postmenopausal years, the level of physical activity is 
responsible for the variations of fat distribution that occured during the menopausal 
transition, while the menopause onset, per se, has a secondary role [12].

Longitudinal studies in perimenopausal women have shown that there is some 
reduction in energy balance which contributes to total and abdominal fat accumula-
tion. In general, body fat and weight increased significantly over time only in those 
women who became postmenopausal. Using dual-energy X-ray absorptiometry 
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(DEXA) one study reported  [13] that 2 years before the onset of the menopause, 
physical activity decreased and remained low. Follow-up studies using magnetic reso-
nance imaging (MRI) indicate that during the menopausal transition, total abdominal 
fat increases despite no changes in body weight, waist circumference, and physical 
activity, and this evolution was not related to the menopause [14]. In non-obese pre-
menopausal women (mean age 49 years at baseline), a longitudinal study showed that 
there is an increase in fat mass, fat mass percentage, trunk fat mass, visceral fat, 
plasma glucose, and high-density lipoprotein cholesterol (HDL- C). However, women 
did not have metabolic deterioration during the 5-year follow- up [15].

Using MRI, Withaker et al. [16] reported that body mass index (BMI), visceral 
adipose tissue (VAT), and subcutaneous adipose tissue (SAT) accrual in adult men 
and women increased over a 7-year period. Changes in BMI were smaller than those 
observed for VAT, SAT, and VAT/SAT ratio. In addition, VAT, SAT, and VAT/SAT 
gain decreased linearly, and this deceleration was greater in men than in women.

The main objective of physical activity and programmed exercise is to maintain 
a healthy body composition and functional/physical independence. Physical activity 
can improve body composition, although it can be masked if only body weight or 
BMI is measured, and the benefits of exercise are more pronounced in postmeno-
pausal women than in premenopausal ones. In addition, estrogen hormone therapy 
can also provide benefits to body composition [17]. Walking interventions produce 
beneficial changes in body composition in peri- and postmenopausal women. A 
meta-analysis of RCTs reported that walking for at least 4 weeks produced a signifi-
cant reduction in BMI, body weight, and body fat percentage [18].

In young people, strength training improves body composition. In middle-aged 
women, body fat is reduced 1.3% and fat-free mass increased 656 g for each day per 
week of training. Therefore, this type of exercise has a better impact on body com-
position while age, energy, and protein consumption have small effects. Despite 
this, when results are adjusted for differences in physical activity and menopausal 
status the correlations weakened significantly [19].

A RCT regarding a 12-month exercise program, including aerobic and muscle 
strength training in sedentary postmenopausal women (50–69 years), was not asso-
ciated to changes in weight, BMI, and hip circumference although total body fat and 
percentage of body fat were reduced when compared to the control group [20]. 
Therefore, exercise induced changes in body composition and had a positive effect 
on fat distribution. A meta-analysis of RCTs of menopausal women reported a mod-
erate effect of short-term exercise on body fat mass, waist circumference, triglycer-
ide levels, and bone mineral density as compared to women who did not perform 
exercise [21].

A high adherence to a healthy dietary pattern (Mediterranean diet) is inversely 
associated with overweight/obesity in peri- and postmenopausal women. The occur-
rence of low to severe problems during female midlife is positively associated with 
overweight/obesity. It seems that a high adherence to the Mediterranean diet pattern 
and a body mass index of 25 kg/m2 or lower may improve quality of life in peri- and 
postmenopausal women [22]. Dietary and exercise intervention may reduce body 
weight and improve body composition in obese peri- and postmenopausal women. 
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A meta-analysis of RCTs showed that a combination of diet and exercise was asso-
ciated with greater weight loss than dietary intervention alone. In addition, diet 
combined with exercise produced greater fat and lean mass loss than diet alone. It 
seems that exercise may enhance the changes produced by diet over body weight 
and composition [23].

In healthy older women (aged 61–81), combined aerobic and low- to moderate- 
intensity exercise for 10 weeks increased muscle strength and gait speed, indepen-
dent of the order of the exercise combination. In addition, there was improvement in 
dynamic balance with moderate-intensity combined training [24].

There is a great discussion regarding the importance of lifestyle and exercise in 
older subjects with sarcopenic obesity in terms of improving muscle mass and per-
formance, and therefore indirectly preventing falls (and thus fractures). A recent 
meta-analysis of RCTs reported that exercise alone or combined with dietary sup-
plementation for at least 6 weeks in elder individuals increased grip strength (upper 
extremity performance), gait speed (lower extremity performance), and appendicu-
lar skeletal muscle mass. In addition, both interventions were associated with a 
reduction of waist circumference, total and trunk fat mass. Therefore, exercise may 
improve both body composition and muscle performance even in that particular 
population [10].

30.3  Effect of Exercise on Insulin Sensitivity, Anthropometry, 
and Metabolic Outcomes in Postmenopausal Women

Physical activity and regular exercise may improve different endocrine endpoints, 
including insulin sensitivity, glucose homeostasis, and lipid metabolism. Physical 
activity and exercise (all types of muscular activity) are key factors at maintaining 
glycemic control and insulin sensitivity. Physical activity may also contribute at 
avoiding excessive body weight and co-morbidities such as hypertension, dyslipid-
emia, the metabolic syndrome, and some cancers related to insulin resistance.

Data regarding the effects of exercise on insulin sensitivity in postmenopausal 
women is controversial. We recently performed a systematic review and meta- 
analysis of seven RCTs regarding the effects of programmed exercise for at least 12 
weeks of duration on insulin and related outcomes, anthropometric endpoints, and 
metabolic blood variables [25]. Displayed in Table  30.1 are the effects of pro-
grammed exercise on circulating levels of insulin, insulin growth factor 1 (IGF-1), 
IGF-binding protein 3 (IGFBP-3), and values of the homeostatic model assessment- 
insulin resistance (HOMA-IR). The duration of programmed exercise was classified 
as “mid-term exercise intervention” (MTEI) for 3–4 months; and “long-term exer-
cise intervention” (LTEI), corresponding to 6 to 12 months of duration. Among the 
most important findings were that exercise for 3–4 months was associated with 
significant lower circulating insulin levels and a reduction of the HOMA-IR values 
when compared to controls; while there were no significant effects of exercise inter-
vention of 6–12 months in comparison to controls. In addition, there were no sig-
nificant differences for circulating levels of IGF-1, glucose, and triglycerides with 
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Table 30.1 Meta-analysis of randomized controlled trials: mean differences (and 95% confi-
dence intervals) between baseline and post-intervention regarding primary and secondary hormone 
and metabolic outcomes

Outcome

Exercise 
interventions 
(n)

Exercise 
(n = women)

Control 
(n = women)

Mean 
difference 
(95% CI)

I2 
(%) P

Insulin (pmol/L)
  –  Mid- term 

EXE 
intervention

3 110 109 −6.50 (−11.19; 
−1.82)

0 0.006

  –  Long- term 
EXE 
intervention

4 269 222 −6.73 (−16.91; 
3.44)

0 0.19

HOMA-IR
  –  Mid- term 

EXE 
intervention

3 110 109 −0.18 (−0.34; 
−0.03)

0 0.02

  –  Long- term 
EXE 
intervention

3 229 199 −0.13 (−0.76; 
0.50)

39 0.68

IGF-1 (ng/mL)
  –  Mid- term 

EXE 
intervention

2 109 107 30.98 (−41.68; 
103.64)

87 0.40

  –  Long- term 
EXE 
intervention

2 204 173 0.66 (−12.09; 
13.41)

0 0.92

IGFBP-3 (ng/mL)
  –  Long- term 

EXE 
intervention

2 204 173 −307.15 
(−848.62; 
234.33)

64 0.27

BMI (kg/m2)
  –  Mid- term 

EXE 
intervention

3 45 44 −1.48 (−2.48; 
−0.48)

0 0.004

  –  Long- term 
EXE 
intervention

3 182 136 −0.72 (−1.92; 
0.48)

0 0.24

Waist circumference (cm)
  –  Mid- term 

EXE 
intervention

3 45 44 −1.87 (−3.02; 
−0.72)

0 0.001

  –  Long- term 
EXE 
intervention

3 182 136 −3.74 (−6.68; 
−0.79)

0 0.01

Weight (kg)
  –  Long- term 

EXE 
intervention

3 182 136 −1.67 (−5.40; 
2.06)

0 0.38

(continued)
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both MTEI and LTEI. On the other hand, there was a significant reduction in BMI 
and body fat percentage after MTEI, and in waist circumference after both MTEI 
and LTEI [25].

Postmenopausal women have lower body fat oxidation and lower energy expen-
diture during exercise, and some four kg less of lean body mass (LBM) than pre-
menopausal women [26]. In non-obese late premenopausal and early postmenopausal 
women, performing high-intensity aerobic exercise for 3 months reduced body 
weight, waist circumference, and fat mass while increasing lean body mass. This 
programmed exercise reduced diastolic blood pressure, total cholesterol, low- 
density lipoprotein-cholesterol (LDL-C), and improved insulin response during the 
oral glucose tolerance test [27]. Training increased insulin sensitivity by several 
mechanisms, including augmented expression of hexokinase and glycogen syn-
thase, and the dephosphorylation of glycogen synthase [28].

Metabolic and endocrine effects may vary depending on the type of exercise. For 
instance, a 60 min session of Nordic walking intervention, three times/week, for 12 
weeks produced beneficial changes on BMI, fat mass, insulin levels, blood pressure, 
and probably on endothelial function in healthy postmenopausal women [29].

Di Blasio et al. [30] reported that supervised walking training for 13 weeks in 
postmenopausal women produced a significant reduction of the plasmatic ratio of 
cortisol/dehydroepiandrosterone-sulfate (DHEA-S), which is related to the volume 
of exercise. A minimum training is needed to obtain the significant endocrine ben-
efit. This kind of programmed exercise also influenced inflammatory markers [31].

Table 30.1 (continued)

Outcome

Exercise 
interventions 
(n)

Exercise 
(n = women)

Control 
(n = women)

Mean 
difference 
(95% CI)

I2 
(%) P

Body fat (%)
  –  Mid- term 

EXE 
intervention

3 45 44 −2.99 (−4.85; 
−1.14)

0 0.002

Glucose (mmol/L)
  –  Mid- term 

EXE 
intervention

3 110 109 −0.38 (−0.88; 
0.11)

66 0.13

Long-term EXE 
intervention

4 269 222 0.00 (−0.13; 
0.14)

12 0.97

Triglycerides (mmol/L)
  –  Mid- term 

EXE 
intervention

3 110 109 −0.13 (−0.30; 
0.03)

0 0.12

  –  Long- term 
EXE 
intervention

3 152 135 −0.07 (−0.26, 
0.12)

0 0.47

Heterogeneity of studies as measured by I2. Data from Bueno-Notivol et al. [25]
BMI body mass index, CI confidence interval, EXE exercise, HOMA-IR homeostasis model assess-
ment of insulin resistance, IGF-1 insulin growth factor 1, IGFBP-3 insulin growth factor binding 
protein
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30.4  Vasomotor Symptoms

Vasomotor symptoms, especially hot flashes and night sweats, sometimes associ-
ated with difficulty or disrupted sleep and depressive symptoms, are very common 
in peri- and postmenopausal women [32]. Duration and severity of hot flashes and 
night sweats are quite variable and more intense in obese women [33]. In general, 
these symptoms are related to estrogen changes and respond to hormone therapy. 
As adiposity increases during the menopause transition so do hot flashes, night 
sweats, and sleep disturbances. While adiposity increases insulin resistance, 
weight gain after menopause increases the prevalence of sleep apnea that may 
contribute to poorer sleep and a higher perception of nocturnal hot flashes and 
sweats [34].

In African American and Latin American women, vasomotor symptoms may 
persist for a median of 7 years during the menopausal transition, and may last 
for a longer time if there are negative affective factors, perceived stress, and a 
history of psychiatric consultation [35, 36]. Some women may complain of 
vasomotor symptoms even after their sixties. In Australian community- dwelling 
older women, vasomotor symptoms were associated with depressive symptoms 
[32].

The effect of physical activity and exercise over vasomotor symptoms is 
erratic or nil. Luotto et al. [37] reported that aerobic training may reduce hot 
flushes. The meta-analysis of the few available RCTs suggests that exercise 
versus no physical activity may have not benefit over the frequency or intensity 
of vasomotor symptoms. In addition, there were no differences between groups 
regarding the frequency or intensity of vasomotor symptoms when exercise 
was compared with yoga [38]. The Active Women Trial reported that a 6-month 
exercise intervention, with a further 6-month follow-up, reduced the weekly 
frequency of vasomotor symptoms; although the reduction was not statistically 
significant [39]. However, there were improvements in secondary outcomes 
such as depressive symptoms and anxiety, sleep quality, and sexual behavior, 
despite the fact that these improvements were not significantly different as 
compared to the control group. Therefore, the evidence suggests that exercise 
may have no benefits and thus no increase of physical activity should be advised 
[38, 39].

Yoga has been recommended for the management of vasomotor symptoms. 
Despite this, a RCT reported that Yoga among healthy women for a 12-week period 
did not improve vasomotor symptoms as compared to usual activity; although it 
may reduce insomnia as measured by the Insomnia Severity Index (ISI) [40]. 
Therefore, exercise, yoga, and other relaxation techniques are not recommended 
for the management of vasomotor symptoms [41]. In women with excessive body 
weight, exercise may initiate hot flashes in order to compensate the  increase of 
body temperature. The final consequence is that exercise may be disappointing, 
and full belly breath and hydration  are recommended to reduce exercise heat-
induced hot flashes.
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30.5  Sleep Quality and Insomnia

Insomnia and sleep disorders are very common in peri- and postmenopausal women, 
reaching in some populations up to 30–40% [5–7, 9]. Sleep disturbances may affect 
45% of women aged more than 65 years, being associated with higher BMI and 
waist circumference. The presence of insomnia was inversely associated with physi-
cal fitness, and women without sleep disturbances showed better quality of life [42].

Insomnia is associated with sleepiness, fatigue, inability to concentrate in daily 
tasks, higher chances of accidents, tendency to gain weight, damage of personal or 
professional relationships, irritability and anxiety during the daytime [6]. Some 
sleep alterations may be related to hormone imbalances and menopause-related 
symptoms (mostly vasomotor symptoms and nocturia). However, women with 
mood disorders, particularly those with depressive symptoms and anxiety may have 
difficulty to fall asleep and/or early awakenings. In addition, chronic insomnia in 
mid-aged women may also be associated to different co-morbid conditions, includ-
ing obstructive sleep apnea and the restless legs syndrome which require an appro-
priate assessment and treatment [43]. The consequences of poor nocturnal sleep are 
fatigue, sleepiness, irritability, and poor work efficacy. In postmenopausal women, 
the long-term consequences of poor quality of sleep and insomnia include increased 
morbidity and mortality [44, 45].

Menopause hormone therapy may improve both vasomotor symptoms and sleep 
disorders. However, the current use of hormones has decreased during the last 
decade or so. Hence, currently, the management of sleep disorders and insomnia can 
be approached by changes in lifestyle, specific pharmacologic medications, and 
alternative therapies [46].

There is a correlation between regular exercise and the reduction of insomnia 
mediated  by a  decrease  of tension and body temperature, hence contributing to 
sleep and staying asleep. This is a reasonable alternative to the use of pharmaco-
logic drugs. Full benefits may be obtained for instance by jogging up to five miles/
week or by spending some time in the gym, and sometimes the best time for exer-
cise is not later in the day. However, exercise in the evening may be associated with 
the benefits related to dietary habit modification [47].

Rubio-Arias et al. [48] reported a meta-analysis of RCTs assessing the effect in 
mid-aged women of programmed exercise for at least 8 weeks on sleep quality, 
sleep disturbance, and/or insomnia, using respectively the Pittsburgh Sleep Quality 
Index (PSQI) and the Insomnia Severity Index (ISI) (Table 30.2). Low-moderate 
levels of programmed exercise decreased the PSQI score as compared with controls. 
In a subgroup analysis, moderate aerobic exercise had a positive effect on sleep 
quality while programmed yoga did not have a significant effect on sleep quality. In 
three studies (two studies of yoga and one of aerobic exercise), there was a non-
significant reduction in the severity of insomnia when compared to controls as mea-
sured with the total ISI score (Table 30.2).

A RCT reported that yoga and aerobic exercise interventions had no significant 
effects on sleep actigraphic sleep parameters in menopausal women with hot flashes 
and poor self-reported sleep quality [49]. Another RCT reported that progressive 
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relaxation exercises (once a week, for 8 weeks) and sleep hygiene training may 
improve insomnia in postmenopausal women as measured with the Women’s Health 
Initiative Insomnia Rating Scale [50].

30.6  Effect of Exercise on Depressive Symptoms, Anxiety, 
and Perceived Stress

Reports indicate that exercise has benefits on the mental health, by creating a sub-
jective sensation of well-being, but also through brain mechanisms improving the 
production of some neurotransmitters and neurotrophic factors that favor neuronal 
function and their connections. In addition, exercise may also contribute by regulat-
ing emotions and the respiratory function which may be positive for the anxious 
status [50]. However, clinical results cannot be generalized to different ages or con-
ditions. We reviewed the most recent evidence from RCTs and meta-analyses 
related to women during their second half of life (Table 30.3).

30.6.1  Depressive Symptoms and Exercise

Depending on the diagnostic procedure, the  prevalence of depressive symptoms 
may increase two-fold in women during their second half of life as compared to men 
[8, 53, 54]. It is important to consider that a large proportion of women with depres-
sive disorders may have autoimmune thyroiditis [55]. In addition, depressive symp-
toms are more common among women who take antidepressants, are obese or 
tobacco consumers, live in insecure economic situations, have lower educational or 
economical level, have menopause-related symptoms (vaginal atrophy or vasomo-
tor symptoms) or pelvic floor symptoms, and lack regular physical exercising. 
Contrary to this, having a partner and a paid job exerted a protective role [8, 32, 56].

Table 30.2 Meta-analysis of randomized controlled trials: mean differences (and 95% confi-
dence intervals]) in sleep quality as assessed with the Pittsburgh Sleep Quality Index (overall effect 
and subgroup by type of physical activity), and insomnia with the Insomnia Severity Index

Outcome
Exercise 
interventions (n)

Exercise 
(n = women)

Control 
(n = women)

Mean difference 
(95% CI)

I2 
(%) P

Pittsburgh Sleep Quality Index
  –  Overall 

effect
5 354 396 −1.34 (−2.67; 

0.00)
68 0.05

  –  Aerobic 
activity

3 198 226 −1.85 (−3.62; 
−0.07)

73 0.04

  – Yoga 2 156 170 −0.46 (−1.79; 
0.88)

0 0.50

Insomnia 
Severity Index

3 194 275 −1.44 (−3.28; 
0.40)

0 0.13

Heterogeneity of studies as measured by I2. Data from Rubio-Arias et al. [48]
CI confidence interval
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Depressive mood affected 36% of mid-aged South American women (peri- and 
postmenopausal), with a higher rate observed among minorities (Afro-Colombian 
or Quechua women) due to ethnicity or other social discriminatory factors, hot flush 
severity, hormone therapy use, sedentary lifestyle, perceived unhealthy status, and 
lower educational level. Contrary to this, higher coital frequency and having a 
healthy partner without premature ejaculation were associated to less depressed 
mood [57].

The meta-analysis of few small RCTs reported that exercise may be mildly effec-
tive at reducing symptoms of depression, and compared to psychological or phar-
macological treatments exercise seems to be  less effective in adults aged 18 and 
over [58]. Exercise may be beneficial for people with mild and moderate depression 
and mood swings, if they are healthy enough to perform physical activity [59, 60]. 
A recent meta-analysis of RCTs suggests that exercise may be recommended in 
women during the second half of life with mild to moderate depressive symptoms, 
and the benefits may be obtained with exercise of low to moderate intensity 
(Table 30.3). The benefit of exercise was similar to physical activity of low and 
moderate intensity. Therefore, women with co-morbid conditions would benefit 
even with low-intensity physical activity [51].

It is likely that exercise be an opportunity for recreation and social meeting in 
women with depressive symptoms in their second half of life. In addition exercise 
improves motor and cognitive functions, and may be as effective as antidepressants 
[61]. Endorphins, cytokines, and other inflammatory markers have not been studied 
in peri- and postmenopausal women before, during, or after physical activity. 

Table 30.3 Meta-analysis of randomized controlled trials: standardized mean differences (and 
95% confidence intervals) between baseline and post-intervention regarding depressive and anxi-
ety symptoms

Outcome

Exercise 
interventions 
(n)

Exercise 
(n = women)

Control 
(n = women)

Mean 
difference 
(95% CI)

I2 
(%) P

Depressive symptoms
  –  Mid- term 

EXE 
intervention

7 368 441 −0.44 (−0.69; 
−0.18)

64 0.0008

  –  Long- term 
EXE 
intervention

6 602 573 −0.29 (−0.49; 
−0.09)

57 0.005

Anxiety symptoms
  –  Mid- term 

EXE 
intervention

8 437 502 −0.42 (−0.81; 
−0.02)

87 0.04

  –  Long- term 
EXE 
intervention

7 536 477 −0.03 (−0.18; 
0.13)

29 0.74

Heterogeneity of studies as measured by I2. Data from Pérez-Lopez et  al. [51] and Martínez- 
Domínguez et al. [52], respectively
CI confidence interval
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Exercise may also improve serotonin secretion since physical exercise modulates 
neurogenesis which is associated with mood improvement and changes in serotonin 
levels, tryptophan metabolism, and insulin sensitivity [25, 62, 63]. It is also possible 
that some muscle biochemical signals may improve central nervous system func-
tions and reduce depressed mood [64].

30.6.2  Anxiety Symptoms and Exercise

Anxiety symptoms (ASs) are very prevalent among mid-aged and older women 
although there is no clear relationship with the menopausal transition. Available stud-
ies were characterized as having poor measurement of both menopausal status and 
anxiety symptoms; in addition, confounding factors such as severity of vasomotor 
symptoms or sleep disorders were not clearly assessed [65]. It has been postulated that 
the severity of the majority of menopausal symptoms, including anxiety symptoms, 
are related to the way recent life conditions and events are perceived during the midlife 
and later years [66]. It has been repeatedly reported that anxiety symptoms can be 
reduced by regular exercise, especially if having time to focus on breathing [67].

Several meta-analyses have studied the effect of exercise or physical activity on 
mild to moderate anxiety symptoms in the general population [68, 69]. However, a 
recent meta-analysis of RCTs including mid-aged and older women reported that 
mid-term (12 weeks to 4 months) programmed exercise of low to moderate intensity 
was associated with a mild and significant reduction of anxiety symptoms as com-
pared to controls (Table 30.3). However, long-term exercise interventions for 6–14 
months were not associated with a reduction of anxiety symptoms [52]. It seems 
that the benefits of exercise on anxiety symptoms are limited in time, becoming less 
effective over time. It remains to be demonstrated if more intense exercise can pro-
long or maintain the reduction of anxiety in long-term programmed exercise.

The aforementioned meta-analysis had some limitations, including the heteroge-
neity of analyzed RCTs, the use of small samples of subjects, limited information 
regarding secondary outcomes and confounding factors, and the lack of more objec-
tive endpoints including inflammatory markers.

30.6.3  Perceived Stress and Exercise

Perceived stress is a reaction to environmental conditions associated with the activa-
tion of the nervous system, negative sensations and, if sustained, with adverse health 
consequences. In addition, perceived stress is influenced by family and social fac-
tors, general health, smoking and other drug use, insomnia and anxiety, education, 
and financial difficulties. Different approaches have recommended including physi-
cal activity and exercise, psychological technique, relaxation, behavioral therapies, 
and programmed exercise.

Perceived stress is more prevalent in women than in men, with high rates among 
women during the second half of life [70]. Factors related with higher perceived 
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stress include female age, lower education, lower psychological and urogenital 
quality of life, and financial difficulties [7]. Stress in premenopausal women is asso-
ciated with a reduction in cognitive parameters such as attention, fluency, and lan-
guage ability without affecting memory; while in postmenopausal women the 
majority of cognitive functions are reduced [71]. Longitudinal studies also showed 
that perceived stress is associated to increased C-reactive protein levels in women, 
but not in men [72].

According to observational studies,  physical activity and exercise are recom-
mended to reduce perceived stress [73, 74]; although there are controversial results 
in women during their second period of life (midlife and older women) [75–77]. We 
performed a meta-analysis of five RCTs regarding the effect of exercise on perceived 
stress, as measured with the Cohen Perceived Stress Scale, in middle-aged and older 
women [78]. Programmed exercise did not have any significant effect on measured 
perceived stress in mid-term and long-term interventions as compared to controls.

30.7  Effect of Exercise on Bone Mineral Density

There are several meta-analyses reporting the effect of exercise on bone mineral 
density (BMD) indicating a significant increase on femoral neck and lumbar spine 
BMD [79–81]. Contrary to this, another meta-analysis reported that in premeno-
pausal women high-intensity progressive resistance training increased BMD at the 
lumbar spine but not at the femoral neck [82]. Future studies should provide better 
information on the effect of exercise at different ages and with different intensity 
and duration of physical activity.

30.8  Limitations of Current Evidence and Future Directions

The World Health Organization recommends that adults should engage in at least 
150  min of moderate-intensity aerobic physical activity throughout the week or 
engage in at least 75 min of vigorous-intensity aerobic physical activity throughout 
the week or an equivalent combination of moderate- and vigorous-intensity activity 
[83]. However, sedentary women can incorporate walking into their everyday life 
and progressively move to more intense exercise for major muscle groups. Daily 
activities, such as walking and climbing, have also shown health benefits and are 
consistent when people exercise over longer periods of time [84]. Despite this, there 
are also biased information from observational studies favoring exercise as the pan-
acea for many aspects [85] which are not confirmed by RCTs.

The available evidence included a variety of types of exercise by intensity and 
frequency which are not comparable and do not allow a systematic assessment in 
order  to define risks and benefits. The American College of Sport Medicine has 
Guidelines for Physical Activity in Adults with general recommendations for physi-
cal activity, aerobic activity, and strength activity [86]. Clinicians should counsel 
postmenopausal and older women on how much physical activity and programmed 
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exercise is needed to maintain a healthy status, to promote weight loss and to main-
tain weight and obtain realistic expectations on the different outcomes reviewed in 
this manuscript.

Although the minimum recommended aerobic physical activity (150  min of 
moderate or 75  min of vigorous exercise per week) can improve cardiovascular 
health [87], the levels of programmed exercise should be tailored according to the 
outcomes to be corrected (insulin sensitivity, blood metabolic endpoints, emotional 
complaints), and according to the individual health status, age, and clinical goals. 
New alternatives to conventional programmed exercise, such as whole body electro-
myostimulation, or complements, such as adequate dietary supplementation, need 
to be assessed in postmenopausal women [10, 88].

Futures studies should incorporate more sophisticated and well-defined clinical 
and metabolic outcomes in order  to improve the current limitations of available 
studies and define the effect of exercise on different prevalent conditions during the 
second half of life.

Competing Interest None to declare
Funding: None.

References

 1. Pedersen BK, Akerström TC, Nielsen AR, Fischer CP.  Role of myokines in exercise and 
metabolism. J Appl Physiol (1985). 2007;103:1093–8.

 2. Ball D. Metabolic and endocrine response to exercise: sympathoadrenal integration with skel-
etal muscle. J Endocrinol. 2015;224:R79–95.

 3. Ochs-Balcom H, Preus L, Jing N, et al. Physical activity modifies genetic susceptibility to 
obesity in postmenopausal women. Menopause. 2018;25:1131–7.

 4. Rai M, Demontis F. Systemic nutrient and stress signaling via myokines and myometabolites. 
Annu Rev Physiol. 2016;78:85–107.

 5. Chedraui P, Pérez-López FR, Mendoza M, Leimberg ML, Martínez MA, Vallarino V, Hidalgo 
L. Factors related to increased daytime sleepiness during the menopausal transition as evalu-
ated by the Epworth sleepiness scale. Maturitas. 2010;65:75–80.

 6. Arakane M, Castillo C, Rosero MF, Peñafiel R, Pérez-López FR, Chedraui P. Factors relating 
to insomnia during the menopausal transition as evaluated by the Insomnia Severity Index. 
Maturitas. 2011;69:157–61.

 7. Cuadros JL, Fernández-Alonso AM, Cuadros-Celorrio AM, Fernández-Luzón N, Guadix- 
Peinado MJ, del Cid-Martín N, Chedraui P, Pérez-López FR, MenopAuse Risk Assessment 
(MARIA) Research Group. Perceived stress, insomnia and related factors in women around 
the menopause. Maturitas. 2012;72:367–72.

 8. Llaneza P, García-Portilla MP, Llaneza-Suárez D, Armott B, Pérez-López FR. Depressive dis-
orders and the menopause transition. Maturitas. 2012;71:120–30.

 9. Ornat L, Martínez-Dearth R, Chedraui P, Pérez-López FR.  Assessment of subjective sleep 
disturbance and related factors during female mid-life with the Jenkins Sleep Scale. Maturitas. 
2014;77:344–50.

 10. Hita-Contreras F, Bueno-Notivol J, Martínez-Amat A, Cruz-Díaz D, Hernandez AV, Pérez-
López FR. Effect of exercise alone or combined with dietary supplements on anthropometric 
and physical performance measures in community-dwelling elderly people with sarcopenic 
obesity: a meta-analysis of randomized controlled trials. Maturitas. 2018;116:24–35.

30 Effects of Exercise on Menopausal Prevalent Conditions



480

 11. Toth MJ, Tchernof A, Sites CK, Poehlman ET. Effect of menopausal status on body composi-
tion and abdominal fat distribution. Int J Obes Relat Metab Disord. 2000;24:226–31.

 12. Kanaley JA, Sames C, Swisher L, Swick AG, Ploutz-Snyder LL, Steppan CM, Sagendorf KS, 
Feiglin D, Jaynes EB, Meyer RA, Weinstock RS. Abdominal fat distribution in pre- and post-
menopausal women: the impact of physical activity, age, and menopausal status. Metabolism. 
2001;50:976–82.

 13. Lovejoy JC, Champagne CM, de Jonge L, Xie H, Smith SR. Increased visceral fat and decreased 
energy expenditure during the menopausal transition. Int J Obes (Lond). 2008;32:949–58.

 14. Franklin RM, Ploutz-Snyder L, Kanaley JA. Longitudinal changes in abdominal fat distribu-
tion with menopause. Metabolism. 2009;58:311–5.

 15. Abdulnour J, Doucet E, Brochu M, Lavoie JM, Strychar I, Rabasa-Lhoret R, Prud’homme 
D. The effect of the menopausal transition on body composition and cardiometabolic risk fac-
tors: a Montreal-Ottawa New Emerging Team group study. Menopause. 2012;19:760–7.

 16. Whitaker KM, Choh AC, Lee M, Towne B, Czerwinski SA, Demerath EW. Sex differences 
in the rate of abdominal adipose accrual during adulthood: the Fels Longitudinal Study. Int J 
Obes (Lond). 2016;40:1278–85.

 17. Guo SS, Zeller C, Chumlea WC, Siervogel RM. Aging, body composition, and lifestyle: the 
Fels Longitudinal Study. Am J Clin Nutr. 1999;70:405–11.

 18. Gao HL, Gao HX, Sun FM, Zhang L. Effects of walking on body composition in perimeno-
pausal and postmenopausal women: a systematic review and meta-analysis. Menopause. 
2016;23:928–34.

 19. Burrup R, Tucker LA, LE Cheminant JD, Bailey BW. Strength training and body composition 
in middle-age women. J Sports Med Phys Fitness. 2018;58:82–91.

 20. Velthuis MJ, Schuit AJ, Peeters PH, Monninkhof EM. Exercise program affects body compo-
sition but not weight in postmenopausal women. Menopause. 2009;16:777–84.

 21. Yeh ML, Liao RW, Hsu CC, Chung YC, Lin JG. Exercises improve body composition, cardio-
vascular risk factors and bone mineral density for menopausal women: a systematic review and 
meta-analysis of randomized controlled trials. Appl Nurs Res. 2018;40:90–8.

 22. Sayón-Orea C, Santiago S, Cuervo M, Martínez-González MA, Garcia A, Martínez 
JA.  Adherence to Mediterranean dietary pattern and menopausal symptoms in relation to 
overweight/obesity in Spanish perimenopausal and postmenopausal women. Menopause. 
2015;22:750–7.

 23. Cheng CC, Hsu CY, Liu JF. Effects of dietary and exercise intervention on weight loss and 
body composition in obese postmenopausal women: a systematic review and meta-analysis. 
Menopause. 2018;25:772–82.

 24. Shiotsu Y, Yanagita M. Comparisons of low-intensity versus moderate-intensity combined 
aerobic and resistance training on body composition, muscle strength, and functional perfor-
mance in older women. Menopause. 2018;25:668–75.

 25. Bueno-Notivol J, Calvo-Latorre J, Alonso-Ventura V, Pasupuleti V, Hernandez AV, Pérez- 
López FR, Health Outcomes and Systematic Analyses (HOUSSAY) Project. Effect of pro-
grammed exercise on insulin sensitivity in postmenopausal women: a systematic review and 
meta-analysis of randomized controlled trials. Menopause. 2017;24:1404–13.

 26. Abildgaard J, Pedersen AT, Green CJ, Harder-Lauridsen NM, Solomon TP, Thomsen C, 
Juul A, Pedersen M, Pedersen JT, Mortensen OH, Pilegaard H, Pedersen BK, Lindegaard 
B. Menopause is associated with decreased whole body fat oxidation during exercise. Am J 
Physiol Endocrinol Metab. 2013;304:E1227–36.

 27. Mandrup CM, Egelund J, Nyberg M, et al. Effects of high-intensity training on cardiovascular 
risk factors in pre- and postmenopausal women. Am J Obstet Gynecol. 2017;216:384e1–384.
e11.

 28. Mandrup CM, Egelund J, Nyberg M, Enevoldsen LH, Kjær A, Clemmensen AE, Christensen 
AN, Suetta C, Frikke-Schmidt R, Steenberg DE, Wojtaszewski JFP, Hellsten Y, Stallknecht 
BM. Effects of menopause and high-intensity training on insulin sensitivity and muscle metab-
olism. Menopause. 2018;25:165–75.

S. J. Martínez-Domínguez et al.



481

 29. Pospieszna B, Karolkiewicz J, Tarnas J, Lewandowski J, Laurentowska M, Pilaczyńska-
Szcześniak Ł. Influence of 12-week Nordic Walking training on biomarkers of endothelial 
function in healthy postmenopausal women. J Sports Med Phys Fitness. 2017;57:1178–85.

 30. Di Blasio A, Izzicupo P, Di Baldassarre A, Gallina S, Bucci I, Giuliani C, Di Santo S, Di Iorio 
A, Ripari P, Napolitano G. Walking training and cortisol to DHEA-S ratio in postmenopause: 
an intervention study. Women Health. 2018;58:387–402.

 31. Izzicupo P, D’Amico MA, Bascelli A, Di Fonso A, D’Angelo E, Di Blasio A, Bucci I, 
Napolitano G, Gallina S, Di Baldassarre A. Walking training affects dehydroepiandrosterone 
sulfate and inflammation independent of changes in spontaneous physical activity. Menopause. 
2013;20:455–63.

 32. Zeleke BM, Bell RJ, Billah B, Davis SR. Vasomotor symptoms are associated with depressive 
symptoms in community-dwelling older women. Menopause. 2017;24:1365–71.

 33. Fernández-Alonso AM, Cuadros JL, Chedraui P, Mendoza M, Cuadros AM, Pérez-López 
FR. Obesity is related to increased menopausal symptoms among Spanish women. Menopause 
Int. 2010;16:105–10.

 34. Gao CC, Kapoor E, Lipford MC, Miller VM, Schroeder DR, Mara KC, Faubion SS. Association 
of vasomotor symptoms and sleep apnea risk in midlife women. Menopause. 2018;25:391–8.

 35. Avis NE, Crawford SL, Greendale G, Bromberger JT, Everson-Rose SA, Gold EB, Hess R, 
Joffe H, Kravitz HM, Tepper PG, Thurston RC, Study of Women’s Health Across the Nation. 
Duration of menopausal vasomotor symptoms over the menopause transition. JAMA Intern 
Med. 2015;175:531–9.

 36. Blümel JE, Chedraui P, Baron G, Belzares E, Bencosme A, Calle A, Danckers L, Espinoza 
MT, Flores D, Gomez G, Hernandez-Bueno JA, Izaguirre H, Leon-Leon P, Lima S, Mezones- 
Holguin E, Monterrosa A, Mostajo D, Navarro D, Ojeda E, Onatra W, Royer M, Soto E, 
Tserotas K, Vallejo S, Collaborative Group for Research of the Climacteric in Latin America 
(REDLINC). A large multinational study of vasomotor symptom prevalence, duration, and 
impact on quality of life in middle-aged women. Menopause. 2011;18:778–85.

 37. Luoto R, Moilanen J, Heinonen R, Mikkola T, Raitanen J, Tomas E, Ojala K, Mansikkamäki 
K, Nygård CH. Effect of aerobic training on hot flushes and quality of life—a randomized 
controlled trial. Ann Med. 2012;44:616–26.

 38. Daley A, Stokes-Lampard H, Thomas A, MacArthur C. Exercise for vasomotor menopausal 
symptoms. Cochrane Database Syst Rev. 2014;(11):CD006108.

 39. Daley AJ, Thomas A, Roalfe AK, Stokes-Lampard H, Coleman S, Rees M, Hunter MS, 
MacArthur C. The effectiveness of exercise as treatment for vasomotor menopausal symp-
toms: randomised controlled trial. BJOG. 2015;122:565–75.

 40. Newton KM, Reed SD, Guthrie KA, Sherman KJ, Booth-LaForce C, Caan B, Sternfeld B, 
Carpenter JS, Learman LA, Freeman EW, Cohen LS, Joffe H, Anderson GL, Larson JC, Hunt 
JR, Ensrud KE, LaCroix AZ. Efficacy of yoga for vasomotor symptoms: a randomized con-
trolled trial. Menopause. 2014;21:339–46.

 41. NAMS.  Nonhormonal management of menopause-associated vasomotor symptoms: 2015 
position statement of The North American Menopause Society. Menopause. 2015;22:1155–72.

 42. Moreno-Vecino B, Arija-Blázquez A, Pedrero-Chamizo R, Gómez-Cabello A, Alegre LM, 
Pérez-López FR, González-Gross M, Casajús JA, Ara I, EXERNET Group. Sleep distur-
bance, obesity, physical fitness and quality of life in older women: EXERNET study group. 
Climacteric. 2017;20:72–9.

 43. Attarian H, Hachul H, Guttuso T, Phillips B. Treatment of chronic insomnia disorder in meno-
pause: evaluation of literature. Menopause. 2015;22:674–84.

 44. Pérez-López FR, Chedraui P, Gilbert JJ, Pérez-Roncero G. Cardiovascular risk in menopausal 
women and prevalent related co-morbid conditions: facing the post-Women’s Health Initiative 
era. Fertil Steril. 2009;92:1171–86.

 45. Javaheri S, Redline S. Insomnia and risk of cardiovascular disease. Chest. 2017;152:435–44.
 46. Maness DL, Khan M.  Nonpharmacologic management of chronic insomnia. Am Fam 

Physician. 2015;92:1058–64.

30 Effects of Exercise on Menopausal Prevalent Conditions



482

 47. Di Blasio A, Di Donato F, Mastrodicasa M, Fabrizio N, Di Renzo D, Napolitano G, Petrella 
V, Gallina S, Ripari P.  Effects of the time of day of walking on dietary behaviour, body 
composition and aerobic fitness in post-menopausal women. J Sports Med Phys Fitness. 
2010;50:196–201.

 48. Rubio-Arias JÁ, Marín-Cascales E, Ramos-Campo DJ, Hernandez AV, Pérez-López FR. Effect 
of exercise on sleep quality and insomnia in middle-aged women: a systematic review and 
meta-analysis of randomized controlled trials. Maturitas. 2017;100:49–56.

 49. Buchanan DT, Landis CA, Hohensee C, Guthrie KA, Otte JL, Paudel M, Anderson GL, Caan 
B, Freeman EW, Joffe H, LaCroix AZ, Newton KM, Reed SD, Ensrud KE. Effects of yoga and 
aerobic exercise on actigraphic sleep parameters in menopausal women with hot flashes. J Clin 
Sleep Med. 2017;13:11–8.

 50. Duman M, Timur TS. The effect of sleep hygiene education and relaxation exercises on 
insomnia among postmenopausal women: a randomized clinical trial. Int J Nurs Pract. 
2018;4:e12650.

 51. Pérez-López FR, Martínez-Domínguez SJ, Lajusticia H, Chedraui P. Effects of programmed 
exercise on depressive symptoms in midlife and older women: a meta-analysis of randomized 
controlled trials. Maturitas. 2017;106:38–47.

 52. Martínez-Domínguez SJ, Lajusticia H, Chedraui P, Pérez-López FR, Health Outcomes and 
Systematic Analyses (HOUSSAY) Project. The effect of programmed exercise over anxi-
ety symptoms in midlife and older women: a meta-analysis of randomized controlled trials. 
Climacteric. 2018;21:123–31.

 53. Mitchell AJ, Vaze A, Rao S. Clinical diagnosis of depression in primary care: a meta-analysis. 
Lancet. 2009;374:609–19.

 54. Pérez-López FR, Pérez-Roncero G, Fernández-Iñarrea J, Fernández-Alonso AM, 
Chedraui P, Llaneza P, MARIA (MenopAuse RIsk Assessment) Research Group. 
Resilience, depressed mood, and menopausal symptoms in postmenopausal women. 
Menopause. 2014;21:159–64.

 55. Siegmann EM, Müller HHO, Luecke C, Philipsen A, Kornhuber J, Grömer TW. Association of 
depression and anxiety disorders with autoimmune thyroiditis: a systematic review and meta- 
analysis. JAMA Psychiat. 2018;75:577–84.

 56. Tsai KW, Lin SC, Koo M. Correlates of depressive symptoms in late middle-aged Taiwanese 
women: findings from the 2009 Taiwan National Health Interview Survey. BMC Womens 
Health. 2017;17:103.

 57. Salazar-Pousada D, Monterrosa-Castro A, Ojeda E, Sánchez SC, Morales-Luna IF, Pérez- 
López FR, Chedraui P, Research Group for the Omega II Womenʼs Health Project. Evaluation 
of depressive symptoms in mid-aged women: report of a multicenter South American study. 
Menopause. 2017;24:1282–8.

 58. Cooney GM, Dwan K, Greig CA, Lawlor DA, Rimer J, Waugh FR, McMurdo M, Mead 
GE. Exercise for depression. Cochrane Database Syst Rev. 2013;(9):CD004366.

 59. Moilanen JM, Mikkola TS, Raitanen JA, Heinonen RH, Tomas EI, Nygård CH, Luoto 
RM.  Effect of aerobic training on menopausal symptoms--a randomized controlled trial. 
Menopause. 2012;19:691–6.

 60. Josefsson T, Lindwall M, Archer T.  Physical exercise intervention in depressive disorders: 
meta-analysis and systematic review. Scand J Med Sci Sports. 2014;24:259–72.

 61. Netz Y.  Is the comparison between exercise and pharmacologic treatment of depression in 
the clinical practice guideline of the american college of physicians evidence-based? Front 
Pharmacol. 2017;8:257.

 62. Melancon MO, Lorrain D, Dionne IJ.  Changes in markers of brain serotonin activity in 
response to chronic exercise in senior men. Appl Physiol Nutr Metab. 2014;39:1250–6.

 63. Yuan TF, Paes F, Arias-Carrión O, Ferreira Rocha NB, de Sá Filho AS, Machado S. Neural 
mechanisms of exercise: anti-depression, neurogenesis, and serotonin signaling. CNS Neurol 
Disord Drug Targets. 2015;14:1307–11.

 64. Agudelo LZ, Femenía T, Orhan F, Porsmyr-Palmertz M, Goiny M, Martinez-Redondo V, 
Correia JC, Izadi M, Bhat M, Schuppe-Koistinen I, Pettersson AT, Ferreira DMS, Krook A, 

S. J. Martínez-Domínguez et al.



483

Barres R, Zierath JR, Erhardt S, Lindskog M, Ruas JL.  Skeletal muscle PGC-1α1 modu-
lates kynurenine metabolism and mediates resilience to stress-induced depression. Cell. 
2014;159:33–45.

 65. Bryant C, Judd FK, Hickey M. Anxiety during the menopausal transition: a systematic review. 
J Affect Disord. 2012;139:141–8.

 66. Pimenta F, Leal I, Maroco J, Ramos C. Menopausal symptoms: do life events predict severity 
of symptoms in peri- and post-menopause? Maturitas. 2012;72:324–31.

 67. Mansikkamäki K, Raitanen J, Malila N, Sarkeala T, Männistö S, Fredman J, Heinävaara S, 
Luoto R. Physical activity and menopause-related quality of life - a population-based cross- 
sectional study. Maturitas. 2015;80:69–74.

 68. Bartley CA, Hay M, Bloch MH. Meta-analysis: aerobic exercise for the treatment of anxiety 
disorders. Prog Neuropsychopharmacol Biol Psychiatry. 2013;45:34–9.

 69. Ensari I, Greenlee TA, Motl RW, Petruzzello SJ. Meta-analysis of acute exercise effects on 
state anxiety: an updated of randomized controlled trials over the past 25 years. Depress 
Anxiety. 2015;32:624–34.

 70. Cohen S, Janicki-Deverts D.  Who’s stressed? Distributions of psychological stress in 
the United States in probability samples from 1983, 2006, and 2009. J Appl Soc Psychol. 
2012;42:1320–34.

 71. Ramesh MB, Ammu S, Nayanatara AK, Vinodini NA, Pratik KC, Anupama N, Bhagyalakshmi 
K. A comparative study of the effect of stress on the cognitive parameters in women with 
increased body mass index before and after menopause. J Basic Clin Physiol Pharmacol. 
2018;29:469–71.

 72. Barbosa-Leiker C, Roper V, McPherson S, Lei M, Wright B, Hoekstra T, Kostick M. Cross- 
sectional and longitudinal relationships between perceived stress and C-reactive protein in men 
and women. Stress Health. 2014;30:158–65.

 73. Salmon P. Effects of physical exercise on anxiety, depression, and sensitivity to stress. Clin 
Psychol Rev. 2001;21:33–61.

 74. Guérin E, Biagé A, Goldfield G, Prud’homme D. Physical activity and perceptions of stress dur-
ing the menopause transition: a longitudinal study. J Health Psychol. 2017:1359105316683787.

 75. Hansen CJ, Stevens LC, Richard CJ. Exercise duration and mood state: how much is enough 
to feel better. Health Psychol. 2001;20:267–75.

 76. Bond DS, Lyle RM, Tappe MK, Seehafer RS, D’Zurilla TJ. Moderate aerobic exercise, T’ai 
chi, and social problem-solving ability in relation to psychological stress. Int J Stress Manage. 
2002;9:329–43.

 77. Elavsky S, Gold CH. Depressed mood but not fatigue mediate the relationship between physi-
cal activity and perceived stress in middle-aged women. Maturitas. 2009;64:235–40.

 78. Nigdelis MP, Martínez-Domínguez SJ, Goulis DG, Pérez-López FR. Effect of programmed 
exercise on perceived stress in middle-aged and old women: a meta-analysis of randomized 
trials. Maturitas. 2018;114:1–8.

 79. Martyn-St James M, Carroll S. A meta-analysis of impact exercise on postmenopausal bone 
loss: the case for mixed loading exercise programmes. Br J Sports Med. 2009;43:898–908.

 80. Kelley GA, Kelley KS, Kohrt WM. Effects of ground and joint reaction force exercise on lum-
bar spine and femoral neck bone mineral density in postmenopausal women: a meta-analysis 
of randomized controlled trials. BMC Musculoskelet Disord. 2012;13:177.

 81. Zhao R, Zhao M, Xu Z. The effects of differing resistance training modes on the preserva-
tion of bone mineral density in postmenopausal women: a meta-analysis. Osteoporos Int. 
2015;26:1605–18.

 82. Martyn-St James M, Carroll S. Progressive high-intensity resistance training and bone mineral 
density changes among premenopausal women: evidence of discordant site-specific skeletal 
effects. Sports Med. 2006;36:683–704.

 83. Oja P, Titze S. Physical activity recommendations for public health: development and policy. 
EPMA J. 2011;2:253–9.

 84. Sriram U, LaCroix AZ, Barrington WE, et al. Neighborhood walkability and adiposity in the 
Women’s Health Initiative Cohort. Am J Prev Med. 2016;51:722–30.

30 Effects of Exercise on Menopausal Prevalent Conditions



484

 85. Mikkelsen K, Stojanovska L, Polenakovic M, Bosevski M, Apostolopoulos V. Exercise and 
mental health. Maturitas. 2017;106:48–56.

 86. American College of Sports Medicine ACSM’s Guidelines for Exercise Testing and 
Prescription the Tenth Edition. ISBN/ISSN 9781496339065.

 87. Swift DL, McGee JE, Earnest CP, Carlisle E, Nygard M, Johannsen NM. The effects of exercise 
and physical activity on weight loss and maintenance. Prog Cardiovasc Dis. 2018;61:206–13.

 88. Kemmler W, Teschler M, Weissenfels A, Bebenek M, von Stengel S, Kohl M, Freiberger E, 
Goisser S, Jakob F, Sieber C, Engelke K. Whole-body electromyostimulation to fight sarcope-
nic obesity in community-dwelling older women at risk. Results of the randomized controlled 
FORMOsA-sarcopenic obesity study. Osteoporos Int. 2016;27:3261–70.

S. J. Martínez-Domínguez et al.


	Preface
	Contents
	1: Assisted Reproductive Technology in Perimenopausal Women
	1.1	 Fertility and Aging
	1.1.1	 Age as a Social Factor of Infertility
	1.1.2	 Problems in Fertility and Pregnancy Derived from Age
	1.1.3	 Up to What Age Is Pregnancy Allowed with Fertility Treatments?
	1.1.4	 Social Controversies of Infertility Treatments
	1.1.5	 The Sociocultural Acceptance of the New Models of Families that Emerged with ARTs

	1.2	 Infertility Generalities
	1.2.1	 Diagnosis of Infertility
	1.2.1.1	 When to Diagnose Infertility?
	1.2.1.2	 What Is the Basic Infertility Test?
	1.2.1.3	 Monitored Anamnesis in Reproductive Medicine
	1.2.1.4	 Diagnosis of Ovarian Function and the Hypothalamic-Gonadal Axis
	1.2.1.5	 Study of Ovarian Function
	1.2.1.6	 The Test of the Ovarian Reserve
	1.2.1.7	 Indicators of Ovarian Reserve

	1.2.2	 Causes of Infertility
	1.2.2.1	 Ovarian Factors
	1.2.2.2	 Uterine Factors
	1.2.2.3	 Tubal and Peritoneal Factor
	1.2.2.4	 Male Factor

	1.2.3	 Techniques for Assisting Reproduction
	1.2.3.1	 What Is Artificial Insemination (AI)?
	1.2.3.2	 What Are the Indications of AI?
	1.2.3.3	 What Is IVF and ICSI?
	1.2.3.4	 What Is Preimplantation Genetic Diagnosis?


	1.3	 Genetics in Assisted Reproduction
	1.3.1	 Genetic Counseling and Consultation of Clinical Genetics
	1.3.2	 Genetic Diagnosis vs. Preimplantation Genetic Screening
	1.3.3	 Epigenetic Effects of Assisted Reproduction Techniques
	1.3.4	 Congenital Defects, Population Genetics, and Assisted Reproduction
	1.3.5	 Regenerative Medicine
	1.3.6	 Genetic Therapy and Assisted Reproduction
	1.3.7	 Ethical and Legal Issues

	References

	2: Turner Syndrome: Primary Amenorrhea from Adolescence to Aging
	2.1	 Etiopathogenesis of Turner Syndrome
	2.2	 Clinical Features
	2.2.1	 Short Stature
	2.2.2	 Ovarian Dysgenesis

	2.3	 Fertility and Pregnancy
	2.4	 Osteoporosis
	2.5	 Cardiovascular Abnormalities
	2.6	 Neurocognitive, Sexual, and Behavioral Problems
	2.7	 Sensorineural Disorders
	2.8	 Other Disorders
	2.9	 Diagnosis
	2.10	 Conclusion
	References

	3: Premature Ovarian Insufficiency
	3.1	 Definition
	3.2	 Etiopathogenesis
	3.2.1	 Autosomal Gene Mutations

	3.3	 Epidemiology
	3.4	 Clinical Features of Premature Ovarian Insufficiency Patients
	3.5	 Diagnostic Evaluation of POI
	3.6	 Consequences of Premature Ovarian Insufficiency for Women’s Health
	3.6.1	 Cardiovascular System
	3.6.2	 Metabolic Health
	3.6.3	 Bone Metabolism
	3.6.4	 Genitourinary Syndrome
	3.6.5	 Fertility
	3.6.6	 Central Nervous System
	3.6.7	 Emotional Health and Sexual Life

	3.7	 Management of Premature Ovarian Insufficiency Patients
	3.7.1	 The Role of Hormonal Replacement Therapy
	3.7.1.1	 Puberty Induction
	3.7.1.2	 HRT Risk
	3.7.1.3	 Androgens
	3.7.1.4	 Choice of Estrogen/Progestin Regimen

	3.7.2	 Treatment of Other POI Consequences
	3.7.2.1	 Reproductive Health
	3.7.2.2	 Mood and Sexual Impairment
	3.7.2.3	 Genitourinary Health
	3.7.2.4	 Bone Health
	3.7.2.5	 Central Nervous System
	3.7.2.6	 Cardiovascular System


	References

	4: Human Papillomavirus Infection and Cancer Risk in Peri- and Postmenopausal Women
	4.1	 Introduction
	4.2	 HPV Epidemiology
	4.3	 The Interaction of Aging, Hormones, Vaginal Microbiome, and HPV
	4.4	 Vaccination
	4.5	 Cervical Intraepithelial Neoplasia (CIN) and Cervical Cancer
	4.5.1	 Particularities of Screening
	4.5.2	 Colposcopy and Treatment of Lesions

	4.6	 Other Lesions
	4.6.1	 Vagina
	4.6.2	 Vulva
	4.6.2.1	 Warts
	4.6.2.2	 Vulvar Intraepithelial Neoplasia and Cancer

	4.6.3	 Other
	4.6.3.1	 Anus
	4.6.3.2	 Head and Neck


	4.7	 Conclusion
	References

	5: Sporadic Ovarian and Fallopian Tube Cancer in Postmenopausal Women
	5.1	 The Burden of Ovarian Cancer
	5.2	 Fallopian Tube, Ovarian, and Peritoneal Carcinogenesis
	5.3	 Age and Familial Risks
	5.4	 Reproductive Factors
	5.4.1	 Menarche and Menopause
	5.4.2	 Pregnancy and Breastfeeding
	5.4.3	 Hormone Contraception
	5.4.4	 Menopause Hormone Therapy
	5.4.5	 Assisted Reproductive Technology
	5.4.6	 Tubal Ligation, Salpingectomy, and Hysterectomy

	5.5	 Anthropometric Variables
	5.5.1	 Body Weight
	5.5.2	 Height

	5.6	 Diet, Physical Activity, and Other Modifiable Lifestyle Factors
	5.6.1	 Diet
	5.6.2	 Physical Activity
	5.6.3	 Perineum Exposure to Body Powder and Vaginal Douching
	5.6.4	 Alcohol, Coffee, and Tea Consumption
	5.6.5	 Cigarette Smoking
	5.6.6	 Nonsteroidal Anti-Inflammatory Drugs and Analgesic Treatment
	5.6.7	 Occupation Risk Factors for Ovarian and Primary Fallopian Tube Cancer

	5.7	 Comorbidity and Ovarian Cancer Risk
	5.7.1	 Endometriosis
	5.7.2	 Pelvic Inflammatory Disease
	5.7.3	 Long Menstrual Cycles and Polycystic Ovary Syndrome
	5.7.4	 Epithelial Ovarian Borderline Tumors
	5.7.5	 Previous Malignant Diseases

	5.8	 Conclusions
	References

	6: Vulvar Dermatoses and Menopause
	6.1	 Introduction
	6.2	 Vulvar Dermatoses
	6.2.1	 Lichen Simplex Chronicus
	6.2.2	 Lichen Sclerosus
	6.2.3	 Lichen Planus
	6.2.4	 Psoriasis
	6.2.5	 Atopic and Contact Dermatitis

	6.3	 Menopause and Vulvar Atrophy
	References

	7: Bladder Pain Syndrome/Interstitial Cystitis
	7.1	 Bladder Pain Syndrome/Interstitial Cystitis Introduction
	7.2	 Bladder Pain Syndrome/Interstitial Cystitis Epidemiology
	7.3	 Bladder Pain Syndrome/Interstitial Cystitis Pathogenesis
	7.4	 Bladder Pain Syndrome/Interstitial Cystitis Assessment
	7.5	 Bladder Pain Syndrome/Interstitial Cystitis Management
	7.6	 Bladder Pain Syndrome/Interstitial Cystitis Conclusions
	References

	8: Overactive Bladder
	8.1	 Introduction
	8.2	 Pathogenesis
	8.3	 Assessment of Women
	8.4	 Investigations
	8.4.1	 Urinalysis and Mid-stream Urine
	8.4.2	 Bladder Diary
	8.4.3	 Quality of Life Questionnaire
	8.4.4	 Urodynamic Investigation
	8.4.5	 Cystoscopy

	8.5	 Management
	8.5.1	 Lifestyle Modifications
	8.5.2	 Bladder Retraining

	8.6	 Pharmacological Management
	8.6.1	 Anti-muscarinic Drugs
	8.6.2	 β3-Adrenoceptor Agonist
	8.6.3	 Desmopressin
	8.6.4	 Oestrogen
	8.6.5	 Tricyclic Antidepressants

	8.7	 Refractory OAB
	8.7.1	 Intra-vesical Treatment with Botulinum Toxin
	8.7.2	 Neuromodulation

	8.8	 Surgery
	8.8.1	 Clam Cystoplasty
	8.8.2	 Urinary Diversion

	References

	9: Management of Female Stress Urinary Incontinence
	9.1	 Introduction
	9.2	 Methods of Search Strategy
	9.3	 Pathogenesis of Stress Urinary Incontinence
	9.4	 Assessment and Investigation of Female Urinary Incontinence
	9.5	 Conservative Treatment of Stress Urinary Incontinence
	9.5.1	 Drugs for Stress Urinary Incontinence
	9.5.2	 Laser Therapy
	9.5.3	 Combination Therapy: Vaginal Topical Medical Therapy and Pelvic Floor Rehabilitation

	9.6	 Evaluation of Uncomplicated Stress Urinary Incontinence in Women Before Surgical Treatment
	9.7	 Multichannel Urodynamic Testing
	9.8	 Surgical Therapy
	9.8.1	 Midurethral Slings
	9.8.2	 Single-Incision Mini Sling
	9.8.3	 Urethral Bulking Agents

	9.9	 Recurrent Stress Urinary Incontinence
	9.10	 Stress Urinary Incontince and Experimental Therapies
	9.11	 Conclusions
	References

	10: Screening and Management of Female Sexual Dysfunction During the Second Half of Life
	10.1	 Introduction
	10.2	 Screening of Female Sexual Dysfunction
	10.2.1	 Changes in Sexual Functioning Questionnaire
	10.2.2	 Female Sexual Function Index
	10.2.3	 Decreased Sexual Desire Screener
	10.2.4	 Screening Tests for Women Who Have Sex with Women

	10.3	 Clinical Assessment of Female Sexual Dysfunction
	10.4	 Female Sexual Function and Comorbidity During the Second Half of Life
	10.4.1	 Menopause and Sexuality
	10.4.2	 Pelvic Floor Disorders
	10.4.3	 Urinary Incontinence
	10.4.4	 Endocrine Disorders
	10.4.5	 Depressive Symptoms
	10.4.6	 Cancer
	10.4.7	 Medication-Induced Sexual Dysfunction
	10.4.7.1	 Antidepressants
	10.4.7.2	 Antihypertensive Drugs


	10.5	 General Management
	10.5.1	 Genito-Pelvic Pain/Penetration Disorder
	10.5.1.1	 The Genitourinary Syndrome of Menopause
	10.5.1.2	 Pelvic Floor Disorders

	10.5.2	 Female Sexual Interest/Arousal Disorder
	10.5.2.1	 Hormone Therapy
	10.5.2.2	 Central-Acting Agents
	10.5.2.3	 Natural Remedies

	10.5.3	 Female Orgasmic Disorder

	References

	11: Current Treatment Modalities for the Genitourinary Syndrome of Menopause
	11.1	 Introduction
	11.2	 Symptoms and Signs
	11.3	 Pathophysiology
	11.4	 Quality of Life (QoL)
	11.5	 Examination and Assessment
	11.6	 Treatment Options
	11.6.1	 Lifestyle Modifications
	11.6.2	 Moisturizers and Lubricants
	11.6.3	 Hormonal Treatments
	11.6.3.1	 Local or Systemic Estrogen Therapy
	11.6.3.2	 Tibolone
	11.6.3.3	 Selective Estrogen Receptor Modulators (SERMs)
	11.6.3.4	 Tissue-Selective Estrogen Complex (TSEC)
	11.6.3.5	 Local Androgens

	11.6.4	 Laser Treatment

	References

	12: Laser Treatment for Vulvovaginal Atrophy
	12.1	 Introduction
	12.2	 Principles of Laser
	12.3	 Types and Mechanisms of Action of Laser Used in Vaginal Atrophy
	12.4	 Vaginal Erbium Laser
	12.5	 Conclusions
	References

	13: Laser Treatments in Female Urinary Incontinence
	13.1	 Introduction
	13.2	 Mode of Laser Action and Protocol for Its Use for Stress Urinary Incontinence
	13.3	 Stress Urinary Incontinence (SUI)
	13.4	 Overactive Bladder
	13.5	 Vaginal Microbiota
	13.6	 Histology
	13.7	 Non-ablative Photothermal Er:YAG Laser and Microablative Fractional CO2 Laser in SUI Treatment: Differences
	13.8	 Review Papers
	References

	14: Metabolic Syndrome and Excessive Body Weight in Peri- and Postmenopausal Women
	14.1	 Introduction
	14.2	 The Menopausal Transition and Cardiovascular Risk
	14.3	 Other Menopausal Changes Related to Excessive Body Weight
	14.4	 Management of Women with the MetS and Obesity Across the Menopause
	14.5	 Non-hormonal Treatments
	14.6	 Conclusions
	References

	15: Metabolic Syndrome and Atherosclerosis in Nondiabetic Postmenopausal Women
	15.1	 Introduction
	15.2	 Menopause and the Metabolic Syndrome
	15.3	 Menopause and the Individual Components of the Metabolic Syndrome
	15.3.1	 Central Obesity
	15.3.2	 Insulin Resistance
	15.3.3	 Dyslipidaemia
	15.3.4	 Hypertension
	15.3.5	 Impairment of Glucose Homeostasis

	15.4	 Menopause, Metabolic Syndrome and Atherosclerosis
	15.5	 Conclusions
	References

	16: Polycystic Ovary Syndrome-Related Risks in Postmenopausal Women
	16.1	 Introduction
	16.2	 Diabetes Mellitus in Postmenopausal Women with PCOS
	16.3	 Arterial Hypertension in Postmenopausal Women with PCOS
	16.4	 Dyslipidaemia in Postmenopausal Women with PCOS
	16.5	 Cardiovascular Risk in Postmenopausal Women with PCOS
	16.6	 Cancer Risk in Postmenopausal Women with PCOS
	16.7	 Conclusions: Future Perspectives
	References

	17: Sleep and Sleep Disturbances in Climacteric Women
	17.1	 The Importance of Sleep
	17.2	 The Sleep Regulation and Measuring the Sleep Quality
	17.3	 Subjective Sleep Quality and Insomnia Symptoms in Climacteric
	17.4	 Sleep Architecture in Climacteric
	17.5	 Primary Sleep Disorders in Climacteric
	17.6	 Contributing Factors for Sleep Disturbances in Climacteric
	17.6.1	 Vasomotor Symptoms (Hot Flashes and Sweating)
	17.6.2	 Depressive Symptoms
	17.6.3	 Psychosocial and Sociodemographic Factors

	17.7	 Management of Sleep Disturbances in Climacteric
	17.7.1	 Menopausal Hormone Therapy
	17.7.2	 Non-hormonal Pharmacological Medications
	17.7.3	 Cognitive-Behavioral Treatment and Other Non-pharmacological Treatments

	17.8	 Conclusion
	References

	18: Impact of Menopause on Brain Functions
	18.1	 Introduction
	18.2	 From Reproductive Age to Menopausal Transition
	18.3	 Estrogen Receptor Alpha and Beta
	18.4	 ER α
	18.5	 ER β
	18.6	 Neuroendocrine Changes Across the Menopausal Transition
	18.7	 Symptoms and Consequence
	18.7.1	 Mood Disorders and Depression

	18.8	 Alzheimer Disease
	18.9	 Sleep Disruption
	18.10	 Thermoregulation
	18.11	 Migraine
	18.12	 Imaging of the Menopause
	18.13	 Hormonal Treatment and the Brain
	18.14	 Prospective
	References

	19: Vasomotor Symptoms: Clinical Management
	19.1	 Non-pharmacological Treatments
	19.1.1	 Behavioral Measures
	19.1.2	 Other Techniques
	19.1.3	 Alternative Techniques
	19.1.3.1	 Acupuncture
	19.1.3.2	 Phytoestrogens


	19.2	 Pharmacological Treatments
	19.2.1	 Hormonal Treatment
	19.2.1.1	 Hormone Therapy
	19.2.1.2	 Combination of Selective Estrogen-Receptor Modulator (SERM)/Estrogen: TSEC
	19.2.1.3	 Tibolone
	19.2.1.4	 Compounded Bioidentical Hormones

	19.2.2	 Nonhormonal Treatments
	19.2.2.1	 Selective Serotonin Reuptake Inhibitors (SSRIs)/Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs)
	19.2.2.2	 Gabapentin and Pregabalin
	19.2.2.3	 Clonidine
	19.2.2.4	 Sulpiride


	19.3	 Conclusions
	References

	20: Vasomotor Symptoms, Metabolic Syndrome, and Cardiovascular Risks
	20.1	 Vasomotor Symptoms and Metabolic Syndrome
	20.1.1	 VMS and BP
	20.1.2	 VMS and Lipids
	20.1.3	 VMS, Obesity, and Insulin Resistance

	20.2	 Vasomotor Symptoms and Cardiovascular Disease
	20.2.1	 VMS and Subclinical CVD
	20.2.2	 VMS and CVD Outcomes
	20.2.3	 Timing of VMS and CVD Risk

	20.3	 Importance of VMS Measurement
	20.4	 Summary
	References

	21: Menopause and Age-Related General Health Risk: A Woman’s Heart Needs Her Hormones
	21.1	 Introduction
	21.2	 Estrogens Effects on the Cardiovascular System
	21.2.1	 The Action of Estrogens on Cardiac Function
	21.2.2	 The Action of Sex Steroids on the Vasculature

	21.3	 Hormonal Alterations of Menopausal Transition and Their Influence on CVS
	21.3.1	 Hormonal Changes During Menopause
	21.3.2	 The Influence of Decreased Endogenous Levels on CVS Function

	21.4	 Exogenous Estrogens and CHD Risk Factors
	21.4.1	 Metabolic Effects
	21.4.2	 Exogenous Estrogens Impact on CHD Surrogates: Timing Hypothesis
	21.4.3	 HRT Effects on CVD Clinical Endpoints

	21.5	 Summary and Future Perspectives
	References

	22: Menopausal Hormone Therapy to Prevent Chronic Conditions
	22.1	 Introduction
	22.2	 Menopausal Hormone Therapy
	22.3	 How to Prescribe MHT
	22.3.1	 Contraindications
	22.3.2	 Dose
	22.3.3	 Route
	22.3.4	 Adding a Progestogen
	22.3.5	 Duration of Use
	22.3.6	 Monitoring
	22.3.7	 Discontinuation
	22.3.8	 Custom-Compounded Bioidentical Hormone Therapy
	22.3.9	 Early Menopause

	22.4	 MHT and Vasomotor Symptoms
	22.4.1	 Tibolone
	22.4.2	 Conjugated Estrogen-Bazedoxifene

	22.5	 MHT and Other Menopause-Related Symptoms
	22.5.1	 Sleep Disturbance
	22.5.2	 Mood Lability/Depression
	22.5.3	 Joint Aches and Pains
	22.5.4	 Sexual Function

	22.6	 Urogenital Atrophy
	22.6.1	 Promestriene
	22.6.2	 Ospemifene
	22.6.3	 Transdermal Testosterone
	22.6.4	 Vaginal Prasterone

	22.7	 Cardiovascular Effects
	22.8	 Cognition, Mood, and Psychosocial Functioning
	22.9	 Cancer
	22.9.1	 Breast Cancer
	22.9.2	 Another Cancer

	22.10	 Osteoporotic Fracture
	22.11	 Mortality
	22.12	 Conclusions
	References

	23: Selective Estrogen Receptor Modulators (SERMs): State of the Art
	23.1	 Introduction
	23.2	 Selective Estrogen Receptor Modulators
	23.3	 SERM Classification
	23.4	 Mechanism of Action
	23.5	 Main SERMs
	23.5.1	 Triphenylethylenes
	23.5.1.1	 Tamoxifen
	23.5.1.2	 Clomiphene
	23.5.1.3	 Ospemifene
	23.5.1.4	 Toremifene

	23.5.2	 Benzothiophenes
	23.5.2.1	 Raloxifene
	23.5.2.2	 Arzoxifene

	23.5.3	 Indoles
	23.5.3.1	 Bazedoxifene

	23.5.4	 Naphthalenes
	23.5.4.1	 Lasofoxifene


	23.6	 Conclusions
	References

	24: Management of Osteoporosis in Postmenopausal Women
	24.1	 Introduction
	24.2	 Biological Background
	24.2.1	 The Tissue Structure of Bone
	24.2.2	 The Cells in Bone
	24.2.3	 The Key Role of Estrogens

	24.3	 Diagnosis of Postmenopausal Osteoporosis
	24.3.1	 Clinical Assessment
	24.3.1.1	 Predictive Potential Based on Risk Factors (Risk Calculators)

	24.3.2	 Radiological Imaging
	24.3.2.1	 DXA in Practice
	24.3.2.2	 Imaging Alternatives to DXA

	24.3.3	 Biochemical Markers

	24.4	 Prevention and Treatment
	24.4.1	 Lifestyle
	24.4.1.1	 Nutrition
	Protein
	Calcium

	24.4.1.2	 Physical Activity

	24.4.2	 Hormone Therapy
	24.4.3	 Pharmacological Management
	24.4.3.1	 Selective Estrogen Receptor Modulators (SERMs)
	24.4.3.2	 Other Anti-resorptives
	Bisphosphonates
	Denosumab



	24.5	 Conclusion
	References

	25: Anabolic Agents for the Treatment of Postmenopausal Osteoporosis
	25.1	 Osteoporosis Definition and Its Burden
	25.2	 Standard Therapies for Osteoporosis
	25.3	 Anabolic Therapies
	25.3.1	 Teriparatide
	25.3.2	 Abaloparatide
	25.3.3	 Romosozumab

	25.4	 Practical Considerations for Anabolic Drugs on the Market
	25.5	 Conclusions
	References

	26: The Links Between Osteoporosis and Sarcopenia in Women
	26.1	 Introduction
	26.1.1	 Epidemiology
	26.1.2	 Osteoporosis and Sarcopenia: Are They Two Different Diseases?

	26.2	 Pathophysiology
	26.2.1	 Role of Cytokines
	26.2.2	 A New Actor: Cellular Senescence

	26.3	 Diagnosis of Osteoporosis and/or Sarcopenia
	26.4	 Treatment of Osteoporosis and/or Sarcopenia
	26.4.1	 Treatment Today
	26.4.2	 Treatment in the Future

	26.5	 Conclusion
	References

	27: Female Sarcopenic Obesity
	27.1	 Obesity
	27.2	 Sarcopenia
	27.3	 Sarcopenic Obesity
	27.3.1	 Etiopathogenesis
	27.3.2	 Consequences
	27.3.3	 Management
	27.3.3.1	 Physical Exercise
	27.3.3.2	 Nutrition
	27.3.3.3	 Exercise + Nutrition


	27.4	 Conclusions
	References

	28: Cognitive Decline in Women: The ZARADEMP Study
	28.1	 Introduction
	28.2	 Cognitive Performance in Healthy Older Women
	28.3	 Epidemiology of Cognitive Impairment and Dementia in Older Women
	28.3.1	 Mild Cognitive Impairment in Women
	28.3.1.1	 Prevalence and Incidence of MCI
	28.3.1.2	 Outcomes of MCI in Women

	28.3.2	 Dementia in Women
	28.3.2.1	 Prevalence and Incidence of Dementia in Women
	28.3.2.2	 Outcomes of Dementia in Women


	28.4	 Risk Factors for Cognitive Impairment in Women
	28.4.1	 Biological Risk Factors
	28.4.2	 Social and Cultural Factors

	28.5	 Conclusion
	References

	29: Managing Menopause and Post-reproductive Health: Beyond Hormones and Medicines
	29.1	 Introduction
	29.2	 Menopausal Vasomotor Symptoms
	29.2.1	 Dietary Interventions for the Improvement of Menopausal Vasomotor Symptoms
	29.2.2	 Nutraceutical and Herbal Interventions for the Improvement of Menopausal Vasomotor Symptoms
	29.2.3	 Avoidance of Dietary Triggers for the Management of Menopausal Vasomotor Symptoms
	29.2.4	 Exercise

	29.3	 Cardiovascular Disease
	29.3.1	 Dietary Interventions to Decrease Risk of Cardiovascular Disease
	29.3.2	 Nutraceutical Interventions to Decrease Risk of Cardiovascular Disease
	29.3.3	 Exercise

	29.4	 Osteoporosis
	29.4.1	 Dietary Interventions to Decrease Risk of Osteoporosis
	29.4.2	 Nutraceutical Interventions to Decrease Risk of Osteoporosis
	29.4.3	 Exercise

	29.5	 Dementia and Cognitive Decline
	29.5.1	 Dietary Interventions to Decrease Risk of Dementia and Cognitive Decline
	29.5.2	 Nutraceutical Interventions for Improved Cognitive Function
	29.5.3	 Exercise

	29.6	 Conclusion
	References

	30: Effects of Exercise on Menopausal Prevalent Conditions
	30.1	 Introduction
	30.2	 Changes in Body Composition and Physical Activity in Mid-Aged and Older Women
	30.3	 Effect of Exercise on Insulin Sensitivity, Anthropometry, and Metabolic Outcomes in Postmenopausal Women
	30.4	 Vasomotor Symptoms
	30.5	 Sleep Quality and Insomnia
	30.6	 Effect of Exercise on Depressive Symptoms, Anxiety, and Perceived Stress
	30.6.1	 Depressive Symptoms and Exercise
	30.6.2	 Anxiety Symptoms and Exercise
	30.6.3	 Perceived Stress and Exercise

	30.7	 Effect of Exercise on Bone Mineral Density
	30.8	 Limitations of Current Evidence and Future Directions
	References


