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v

  Skin, Mucosa, and Menopause: Management of Clinical Issues  is a unique 
volume that brings together experts from around the world to focus on two 
very important parts of the body – skin and mucosa. 

 Skin aging begins at birth, and with life expectancy increasing in most 
countries, skin demands our attention. Most people would like a healthy and 
inoffensive exterior enveloping their bodies. Aging affects the skin of both 
men and women, but women experience a major shift in hormones at midlife 
that adds to the complexity of skin, mucosa and physiological changes asso-
ciated with aging. 

 The respected contributors selected by the editors bring their global exper-
tise and perspective to a wide variety of topics from physiologic changes of 
menopause and aging to genital symptoms associated with low estrogen, hair 
and nail changes, autoimmune effects on skin, the effects of appearance and 
function on quality of life and self-esteem, as well as health policy implica-
tions. There is an effective blend of clinical issues and research fi ndings that 
will appeal to both the clinician and the researcher. 

 The latest research on oxidative stress and cytokines and their role in skin 
damage and healing are presented. The effects of genetics, the immune sys-
tem, the environment, and the decline in many sex steroids are explored. 

 From a clinical perspective, symptoms are of utmost importance, and for 
postmenopausal women, vaginal dryness is an almost universal symptom. 
The changes in vaginal mucosa related to low estrogen levels can be severe 
enough to adversely affect quality of life. 

 Many options for women are discussed, including the roles of hormone 
therapy, cosmeceuticals and cosmetic surgery. Healthy aging and quality of 
life go hand in hand. Understanding skin, mucosa and physiology as they 
relate to menopause will improve both. 

 This comprehensive volume should broaden the perspectives of research-
ers and clinicians and motivate ongoing interest in skin and mucosa to the 
benefi t of midlife women.  

  Mayfi eld Heights, OH, USA     Margery     L.    S.     Gass  ,   MD    

   Foreword   
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 The global population is aging. One in eight people worldwide will be over 
the age of 65 by year 2030. For the fi rst time in history, the elderly will out-
number younger generations. 

 What was previously thought of as “old” (i.e., age 40) is no longer consid-
ered old. Indeed, people aged 70 often do not consider themselves old. This 
population remains intellectually vibrant and will contribute broad experi-
ence, a wiser perspective, and more mature judgment to society. We should 
embrace this change. 

 Our societal institutions must address the implications of this demographic 
shift. The medical and public health communities can make a positive con-
tribution in this regard. Of the many challenges ahead, three signifi cant areas 
come to mind. The fi rst is our outlook and attitudes. We can shift the para-
digm from being considered “old” toward respecting the value of maturity. 
Second, we must help society recognize and better accommodate age-related 
changes in physiology, sensory perception, mobility, refl exes and cognitive 
abilities, and assist our social institutions to adapt to the physical, emotional 
and social needs of older adults. Third, notwithstanding considerable popular 
and commercial interest given to the health issues of aging men, the fact is 
that women generally live longer and will comprise a more substantial por-
tion of the older population. The experience of the older woman will gain 
prominence and must be addressed in a thoughtful and comprehensive way. 

 This volume focuses on the older woman and specifi cally on the major 
life transition of menopause. This transition is accompanied by changes in 
urogenital morphology, physiology, tissue atrophy, sexuality, susceptibil-
ity to infection, and urinary continence and function. Because menopause 
is defi ned by the cessation of menstruation, with attendant connotations of 
decline, it is traditionally seen as a loss. Moreover, because of its association 
with sexuality, the challenges of menopause also remain somewhat taboo. We 
must redefi ne the experience of menopause from being a “loss” to being a life 
transition in which the health and helping professions can offer support. This 
volume compiles a breadth of fundamental understanding about postmeno-
pausal health and well being. It is our hope that the information provided 
herein will contribute to better health outcomes and a thriving quality of life 
for the older woman. Armed with this knowledge and a positive perspective, 
let us affi rm menopause as the transition through which our mothers, part-
ners, sisters, and friends come of age as wise and wonderful elders of society. 

  Pref ace   
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 Researchers and clinicians who have contributed to this volume hope to pro-
mote a better understanding to women’s menopausal state. We hope that this 
compilation will be valuable to its intended audience. Your editors welcome 
comments and suggestions.  

    Cincinnati ,  OH ,  USA      Miranda     A.     Farage  ,   MSc, PhD   
    Cincinnati ,  OH ,  USA      Kenneth     W.     Miller  ,   PhD   
    Seattle ,  WA ,  USA      Nancy     Fugate Woods  ,   PhD, BSN, MN   
    San Francisco ,  CA ,  USA      Howard     I.     Maibach  ,   MD       

Preface
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and Menopause        
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1.1            Introduction 

 The extension of life and population aging are 
world-changing events that will have profound 
impacts on generations to come. In 1990 there were 
an estimated 467 million women aged 50 years 
and over in the world. This number is expected 
to increase to 1,200 million by the year 2030 [ 1 ]. 
More than 30 % of the female population of the 
United States is currently postmenopausal, and 
this percentage is predicted to increase in the next 
decades [ 2 ]. These demographic trends will exacer-
bate the economic and social challenges as well as 
the medical and psychological implications posed 
by a growing female, elderly population [ 3 ]. But if 
the extension of life achieved in the coming decades 
can be converted into healthy productive years, 
then these challenges could be counterbalanced by 
an equal measure of opportunity and the emergence 
of a dynamic and equitable aging society. 

 Because the loss of ovarian function has pro-
found impact on the hormonal milieu in women and 
on the subsequent risk for the development of dis-
ease via the loss of estrogen production, improving 
our understanding of reproductive aging is critical 
to care for all women.  

1.2     Defi nitions: Terminology 

 Reproductive aging is a continuum beginning in 
utero and ending with menopause. The stages 
along this continuum have been diffi cult to defi ne. 
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Numerous terms have been used clinically, 
including perimenopause, menopausal transition, 
climacteric, menopause, and postmenopause, to 
describe the various nodal points surrounding the 
menopause. In 1980, a WHO Scientifi c Group on 
Research on the Menopause proposed some defi -
nitions, in order to be used in studies and reports 
on the menopause and to extract comparable 
fi ndings, and there are shown in Fig.  1.1  [ 4 ].

1.2.1       Menopause 

 Menopause is the most identifi able event of the 
perimenopausal period and should be character-
ized as an event rather than a period of time. The 
most widely used defi nition for natural meno-
pause is as defi ned by the World Health 
Organization as at least 12 consecutive months of 
amenorrhea not because of surgery or other obvi-
ous causes [ 5 ]. When referring to menopausal 
age or onset of menopause in this chapter, we 
mean natural menopause as defi ned above. This 
cessation of menses resulting from the loss of 
ovarian function is a natural event, a part of the 
normal process of aging, and is physiologically 
correlated with the decline in estrogen produc-
tion resulting from the loss of ovarian follicular 
function and therefore represents the end of a 
woman’s reproductive life.  

1.2.2     Perimenopause 

 The perimenopausal period includes the time 
before, during, and after menopause, when the 
endocrinological, biological, and clinical features 

of approaching menopause commence. The years 
immediately preceeding and the decades after-
ward, however, are of far greater clinical 
 signifi cance. The length of this period varies, but 
it is usually considered to last approximately 
7 years, beginning with the decline in ovarian 
function in a woman’s 40s and continuing until 
she has not had a menstrual period for 1 year [ 6 ]. 
Perimenopause usually begins in the mid- to late 
40s; it is often uneventful but may be abrupt and 
symptomatic. The term “climacteric” should be 
abandoned to avoid confusion. Symptoms that 
begin with the menopausal transition usually con-
tinue into the postmenopausal period.  

1.2.3     Menopausal Transition 

 The period of hormonal transition that precedes 
menopause is sometimes known as the meno-
pausal transition period and is characterized by a 
varying degree of somatic changes that refl ect 
alterations in the normal functioning of the ovary. 
Early recognition of the symptoms and the use of 
appropriate screening tests can minimize the 
impact of this potentially disruptive period [ 6 ]. In 
many cases, however, it is diffi cult to differenti-
ate stress-related symptoms from those associ-
ated with decreasing levels of estrogen. For this 
reason, both stress and relative estrogen defi -
ciency should be considered when managing 
problems associated with the menopausal 
transition. 

 In some women, menstrual irregularity is the 
most signifi cant symptom of the menopausal 
transition [ 7 ]. Because abnormal bleeding is one 
of the most common symptoms of uterine 

Final menstrual period
(FMP)

(Menopause)

Menopausal transition Postmenopause

Perimenopause

12 months

  Fig. 1.1    Relationship between different time periods surrounding the menopause. (Reproduced, with permission of the 
publisher, from World Health Organization Scientifi c Group. Research on the menopause in the 1990s [ 5 ])       
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 problems, menstrual irregularity during the peri-
menopause should be evaluated carefully. Often 
uterine bleeding associated with this transition 
period is secondary to normal physiologic estro-
gen fl uctuations rather than underlying pathology 
and may be treated medically [ 8 ].  

1.2.4     Postmenopausal Period 

 The postmenopausal period is one of relative 
ovarian quiescence following menopause [ 4 ,  6 ]. 
Given the current lifespan of women in the 
United States, this period can comprise more 
than one-third of the average woman’s life. 
During this prolonged period, women are suscep-
tible to health problems associated with estrogen 
defi ciency that tend to be chronic rather than 
acute. First of all osteoporosis is not clinically 
apparent until decades after menopause, when 
unfortunately it becomes harder to treat. 
Additionally, the impact of estrogen defi ciency 
on cardiovascular disease is often confused with 
age-related changes, while, because of the 
peripheral conversion of both ovarian and adrenal 
androgens to estrogen, the loss of ovarian func-
tion does not result in an acute estrogen defi -
ciency in all women.  

1.2.5     Time of Natural Menopause 

 Natural menopause occurs at a median age of 
51.4 years and is more or less normally distrib-
uted with a range roughly between 42 and 
58 years [ 7 ,  9 ,  10 ]. However, there is no way to 
predict when an individual woman will have 
menopause or begin having symptoms suggestive 
of menopause. The average age of menopause 
has remained invariable during the last decades. 

 Environmental factors explain only a small 
part of the age variance at which menopause 
commences [ 11 ]. The variation in natural meno-
pause is a trait predominantly determined by 
interaction of multiple genes, whose identity and 
causative genetic variation remains to be deter-
mined. Based on the fact that there is a strong 
association between age at menopause between 

mothers and daughters, it is suggested that there 
might be a largely genetically determined trait 
[ 12 ]. Furthermore, the onset of menopause does 
not appear to be related signifi cantly to race, par-
ity, height, weight, socioeconomic status, nutri-
tional status, or age at menarche [ 13 ]. On the 
other hand the interaction among environmental 
factors such as smoking (known to accelerate the 
age of menopause by 1.5–2 years), body mass 
index (BMI), alcohol use, and socioeconomic 
status and genetic risk may be important [ 14 ]. As 
a result, it has been noticed that menopause 
occurs earlier in nulliparous women, in tobacco 
smokers, and in some women who have had hys-
terectomies [ 11 ,  15 ].  

1.2.6     Induced Menopause 

 There are some medical and surgical conditions 
that can infl uence the timing of menopause. The 
term induced menopause is defi ned as the cessa-
tion of menstruation which follows either surgi-
cal removal of both ovaries or iatrogenic ablation 
of ovarian function by chemotherapy or 
radiation. 

1.2.6.1     Surgical Menopause 
 It is called the surgical removal of the ovaries 
(oophorectomy) throughout reproductive period 
and results in an immediate cessation of estrogen 
production. In more than 40 % of women who 
have hysterectomies, both ovaries are removed, 
and this is usually performed at a signifi cantly 
younger age than the age of natural menopause. 
In this case, there is no perimenopause, and after 
surgery, hot fl ashes and other acute symptoms 
associated with the perimenopausal period often 
become especially intense [ 15 ]. In addition, long- 
term surgical menopause has been associated 
with signifi cantly higher risk for osteoporosis 
than has natural menopause [ 16 ]. On the other 
hand, recent data suggest that surgical meno-
pause is not a key determinant of cardiovascular 
disease (CVD) risk factor status either before or 
after elective surgery in midlife [ 17 ]. These 
results should provide reassurance to women and 
their clinicians that hysterectomy in midlife is 
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unlikely to accelerate the CVD risk of women, in 
contrast to older reports that women with a hys-
terectomy had a worse risk profi le and higher 
prevalence and incidence of CVD [ 18 ]. If a hys-
terectomy is not accompanied by the removal of 
both ovaries in a woman who has not yet reached 
menopause, the remaining ovary or ovaries are 
still capable of normal hormone production. In 
this case, a woman cannot menstruate but hor-
monal production from the ovaries can continue 
up until the normal time when menopause would 
naturally occur. At that time women could report 
the other symptoms of menopause such as mood 
swings and   hot fl ashes    , which are not therefore 
associated with the cessation of menstruation.  

1.2.6.2     Cancer Chemotherapy 
and Radiation Therapy 

 Chemotherapy and/or radiation therapy in a 
woman of reproductive age can result in meno-
pause. The effect of such a treatment on ovarian 
function is directly depended on the type and 
location of the cancer as well as the toxicity of 
the medications used [ 19 ]. In this case, the symp-
toms of menopause may begin during the cancer 
treatment or may develop in the months follow-
ing the treatment, independently of the woman’s 
age.   

1.2.7     Premature Menopause 

 Premature menopause or premature ovarian fail-
ure (POF) is defi ned as the spontaneous occur-
rence of menopause before the age of 40, 
occurring in 0.1 % of women under 30 years of 
age and 1 % of women by age 40 [ 20 ,  21 ]. This 
defi nition is rather arbitrary, because it is based 
on age only. POF is a collective term for which 
proposed causes include autoimmune disease, 
syndromes such as fragile X, or inherited 
(genetic) factors [ 22 ]. Genetic factors are thought 
to have a strong association with POF. Among    
patients with idiopathic POF, a higher incidence 
of family history of early menopause and infertil-
ity has been noted so that a familial transmission 
is observed in 30–40 % [ 23 ]. Although inheri-
tance appears to be either X-linked or autosomal 

dominant sex limited, paternal transmission can-
not be excluded. Furthermore, women with POF 
have a genetic pattern similar to whose with idio-
pathic early menopause (between the ages of 40 
and 45), suggesting the existence of common 
underlying causal factors in both entities. Women 
with premature menopause are at risk of prema-
ture death, neurological diseases, psychosexual 
dysfunction, mood disorders, osteoporosis, isch-
emic heart disease, and infertility. Public enlight-
enment and education is important tool to save 
those at risk [ 24 ].   

1.3     Physiology of the Normal 
Menopause 

 The ovary is unique in that the age associated 
with decline in function (to complete failure) 
appears to have remained relatively constant 
despite the increase in longevity experienced by 
women over the last century [ 25 ]. The primary 
determinant of reproductive age in women is the 
number of ovarian nongrowing (primordial, 
intermediate and primary) follicles (NGFs). The 
leading theory regarding the onset of menopause 
relates to a critical threshold in oocyte number 
and particularly the number of ovarian follicles 
present in the ovary. Therefore, the number of 
ovarian granulosa cells available for hormone 
secretion appears to be the most critical determi-
nant of age at menopause, steroid hormone secre-
tion, and gonadotrophin levels [ 26 ]. 

 Human follicles begin their development dur-
ing the fourth gestational month. Approximately 
1,000–2,000 germ cells migrate to the gonadal 
ridge and multiply, reaching a total of fi ve to 
seven million around the fi fth month of intrauter-
ine life [ 27 ,  28 ]. In female fetus, between the 
12th and 18th week, the germ cells will enter 
meiosis and differentiate so that all germ stem 
cells have differentiated prior to birth. At this 
point, replication stops and follicle loss begins so 
that the population of NGFs is estimated to be 
approximately 500,000–1 million at birth, which 
represents the initial NGF endowment in women. 
At menarche 500,000–600,000 follicles exist, 
while in the adult woman through a combination 
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of recruitment toward dominant follicle develop-
ment and ovulation or atresia, the stock of NGFs 
is depleted [ 29 ,  30 ]. The pioneering work of 
these investigators led to the understanding that 
ovarian follicle number decreases with increas-
ing age and that ultimately few, if any, follicles 
remain following menopause [ 31 ,  32 ]. 

 Using the combined data from these studies, it 
has been suggested that the decline in ovarian fol-
licles associated with aging was best described 
by a biphasic-exponential model, which was bet-
ter fi tted to the data than either a linear or single 
exponential model, as shown in Fig.  1.2  [ 33 ]. In 
this model, the total follicular endowment at birth 
is estimated to be 952,000, with an initial rate of 
decay of −0.097. At the age of 38 years and a fol-
licle count of 25,000, a sudden increase in decay 
occurs to over twofold the initial rate (−0.237). 

At this point, the rate of follicular atresia acceler-
ates. In the absence of this acceleration, the 
model suggests menopause would be delayed 
until age 71. The unexpectedly faster rate of ovar-
ian aging afterwards lowers the follicle popula-
tion to 1,000 at approximately 51 years and is 
adopted as the menopausal threshold as it corre-
sponds to the median age of menopause. The 
cause of this accelerated depletion is not well 
defi ned. It is also clear that if the factor infl uenc-
ing the rate of decline is follicle number and not 
age, other factors which might account for a 
diminished follicle number (genetic risk and pos-
sible toxic exposure) would lead to an earlier rate 
of accelerated decline and an earlier age of 
menopause.

   Realizing the biological implausibility of a 
sudden acceleration in follicular depletion, a 
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newer power model has been proposed [ 26 ]. This 
power model suggests that the decay of NGFs is 
constantly accelerating rather than suddenly 
increasing at 38 years as shown in Fig.  1.3 . It sug-
gests that age accounts for approximately 84 % 
of the variation in NGF count at different ages 
and agrees well with the known distribution of 
menopausal age but also is more biologically 
plausible than previous models.

   The biology underlying the transition to meno-
pause includes not only the profound decline in 
follicle numbers of the ovary but also a signifi cant 
increase in random genetic damage within the ova-
ries. This is supported by the fact that in women 
over 40 years old, oocytes harvested for in vitro 
fertilization are karyotypically abnormal approxi-
mately 40 % of the time [ 34 ]. At the same time an 
increase in aneuploidy in the offspring of older 
mothers confi rms the potential role of a genetic 
ovarian defect, while new information will have to 
accumulate before the factors governing human 
oocyte atresia are elucidated more clearly.  

1.4     Endocrinology of the Normal 
Menopause 

 Menopause and the years preceding are character-
ized by cessation of ovarian function, concomitant 
hormonal changes, and monthly menstruation and 

are associated with the end of reproductive capa-
bility. The biological basis for these events is well 
established, being dependent on changes in ovar-
ian structure and function. During the menopause, 
there is a reciprocal relationship between ovar-
ian hormone levels, which decline, and pituitary 
gonadotrophins, which increase (Fig.  1.4 ) [ 35 ].

   The ovarian hormones are divided into two 
classes: the steroids, primarily estradiol and pro-
gesterone and secondary androgens, and the pep-
tides, primarily inhibins and activins. Estradiol 
and the peptide hormones are secretory products 
of the ovarian granulosa cells, the major cell type 
of ovarian follicle, whereas progesterone is a 
product of the corpus luteum. The primary bio-
logical properties of the peptide hormones are 
implied by their names; inhibin suppresses syn-
thesis and secretion of pituitary follicle- 
stimulating hormone (FSH), whereas activin 
stimulates FSH secretion. In addition to FSH, the 
other relevant pituitary hormone is luteinizing 
hormone (LH), whose secretion is controlled pri-
marily by the steroid hormones, whereas FSH is 
regulated by both the steroids and the peptide 
hormones [ 36 ]. 

 FSH is an established indirect marker of fol-
licular activity. In studies of groups of women, 
its concentration, particularly in the early follic-
ular phase of the menstrual cycle, begins to 
increase some years before there are any clinical 
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indications of approaching menopause [ 37 ]. The 
rise in FSH is the result of declining levels of 
inhibin B (INH-B), a dimeric protein that refl ects 
the fall in ovarian follicle numbers, with or with-
out any change in the ability of the lining granu-

losa cells to secrete INH-B. Early on, there is 
also a decline in luteal phase progesterone lev-
els. As ovarian aging progresses, estradiol levels 
may be quite variable, with chaotic patterns 
and, occasionally, very high and very low levels. 
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This dramatic variability may lead to an increase 
in symptomatology during the perimenopause. 
As peripheral gonadotrophin levels rise, LH pul-
satile patterns become abnormal. There is an 
increase in pulse frequency with a decrease in 
opioid inhibition. As a result, during the transi-
tion, hormone levels frequently vary markedly – 
hence, measures of FSH and estradiol are 
unreliable guides to menopausal status. 

1.4.1     Estrogens 

 The main circulating estrogen during the repro-
ductive years is 17β-estradiol. Estradiol levels 
range from 50 to 300 pg/mL and are controlled 
by the developing follicle and resultant corpus 
luteum. It is estimated that 95 % of circulat-
ing estradiol is derived from the ovary, based 
on the fact that surgical removal of the ovaries 
reduces peripheral estradiol levels from 120 to 
18 pg/mL. Additionally small amounts of estra-
diol are produced by the adrenal gland as well 
as by the peripheral conversion of  testosterone 
and estrone [ 25 ]. 

 Even though the amount of estrogen secreted 
by the postmenopausal ovary is insignifi cant, 
postmenopausal women continue to have mea-
surable amounts of both estrone and estradiol 
[ 38 ]. Estrone and estradiol production rates in 
postmenopausal women are 40 and 6 μg/day, 
compared to 80 and 500 μg/day, respectively, 
during the reproductive years. After menopause 
the main circulating estrogen is estrone, which 
has a biologic activity approximately less than 
30 % of estradiol activity and is mostly derived 
from peripheral conversion of androstenedione. 
Extraglandular aromatase is found in liver, fat, 
and some hypothalamic nuclei, and its activity 
increases with aging as well as with a higher fat 
content. Estradiol in the postmenopausal women 
is derived mainly from conversion of estrone.  

1.4.2     Progesterone 

 Given that progesterone is produced by of the 
corpus luteum, its levels decline postmenopaus-

ally [ 39 ]. During the reproductive years, proges-
terone protects the endometrium from excess 
estrogen stimulation by directly regulating estro-
gen receptors, while exerts a direct intranuclear 
effect by inhibiting the trophic effects of estrogen 
on the endometrium [ 6 ]. Because circulating lev-
els of estrogen can remain relatively high enough 
to stimulate the endometrium both pre- and post-
menopausally, this unopposed stimulation of the 
endometrium just prior to and after menopause 
may explain the higher risk of endometrial hyper-
plasia and cancer reported during this time.  

1.4.3     Androgens 

 The third class of steroids produced by the ova-
ries is androgens, particularly testosterone and 
androstenedione. During the reproductive years, 
the ovaries produce approximately 50 % of the 
circulating androstenedione, which is the pre-
dominant androgen at that period, and 25 % of 
the testosterone produced by a woman’s body. 
After menopause, total androgen production 
decreases, mainly because ovarian production 
decreases but also because adrenal produc-
tion decreases [ 38 ]. Androstenedione production 
declines from 1,500 to 800 pg/mL in postmeno-
pausal women. The postmenopausal ovary con-
tributes only 20 % to the circulating 
androstenedione. Testosterone levels also decline 
after menopause, but not to the same extent as 
estradiol levels. Postmenopausal testosterone is 
derived from the ovary (25 %), the adrenal gland 
(25 %), and extraglandular conversion from 
androstenedione (50 %). The postmenopausal 
ovary produces a larger percentage of testoster-
one (50 %) than does the premenopausal ovary. 

 Dehydroepiandrosterone (DHEA) and its sul-
fated conjugate, DHEA-S, have been shown to 
decrease, along with adrenal corticotropin 
responsiveness, with aging [ 6 ]. DHEA-S levels 
decrease in both men and women, but this decline 
is greater in women and may be due to the rela-
tive estrogen deprivation. Ovarian failure, at any 
age, accelerates this decline. Evidence suggests 
physiologic levels of DHEA may protect against 
neoplasia, enhance insulin action, protect against 
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osteoporosis, increase immune competency, and 
offer some cardio protection. Changes in DHEA 
levels also have been associated with alterations 
in body composition which, in themselves, 
appear to impact cardiac and breast cancer risk. 
DHEA-S levels may also have an impact on 
“sense of mental well-being.”  

1.4.4     Diagnosis of Menopause 

 Traditionally, menopause has been diagnosed ret-
rospectively based on the lack of menstrual peri-
ods for a 6-month period. With the advent of 
modern laboratory testing, menopause may now 
be more precisely defi ned as amenorrhea, with 
signs of hypoestrogenemia, and an elevated 
serum FSH level of greater than 
40 IU/L. Menopause can also be diagnosed on 
the basis of subjective symptoms, such as hot 
fl ashes, or on the basis of provocative studies 
such as the progesterone withdrawal test. Hot 
fl ashes and other acute symptoms associated with 
the perimenopausal period often become more 
intense near menopause when the levels of circu-
lating estrogen suddenly drop. These symptoms 
are especially intense in patients who experience 
premature ovarian failure or surgical menopause, 
which are accompanied by gradual drops in cir-
culating estrogens.   

1.5     Stages of Reproductive 
Aging  

 To address the lack of a pertinent reproductive 
staging system which takes into account endo-
crinology, menstrual cyclicity and symptomatol-
ogy beginning with menarche and ending with 
a woman’s demise, the Stages of Reproductive 
Aging Workshop (STRAW) was convened in 
July 2001 [ 40 ]. This workshop proposed a con-
sistent reproductive aging system including men-
strual and qualitative hormonal criteria to defi ne 
each stage in order to be used as a nomenclature 
and guidelines, for health practitioners, the medi-
cal research community, and the public [ 41 – 44 ]. 
The foundation of the staging system is the fi nal 

menstrual period (FMP). The STRAW staging 
system is widely considered the gold standard for 
characterizing reproductive aging through meno-
pause, just as the Marshall-Tanner Stages char-
acterize pubertal maturation [ 45 ]. Although this 
staging system was said to include endocrinologic 
aspects of ovarian aging, it was still dependent 
largely on menstrual cyclicity as a key indicator 
of ovarian aging, and it did not include measure-
ment of FSH; however, by the time FSH is ele-
vated, even with cyclic menstrual cycles, oocyte 
depletion already has proceeded to such an extent 
that fertility (as a marker of reproductive aging) 
is diminished signifi cantly. Research conducted 
during the past 10 years has advanced knowledge 
of the critical changes in hypothalamic- pituitary 
and ovarian function that occur before and after 
the fi nal menstrual period. 

 STRAW + 10 revised extended the STRAW 
recommendations to include additional criteria 
for defi ning specifi c stages of reproductive life 
[ 46 ]. The revised staging system provides a more 
comprehensive basis for classifi cation and assess-
ment, from the late reproductive stage through 
the menopausal transition and into postmeno-
pause. Its application improves comparability of 
studies of midlife women by establishing clear 
criteria for ascertaining women’s reproductive 
stage. According to STRAW + 10, fi ve stages 
precede the FMP and two follow it, for a total of 
seven stages. Stages −5 to −3 are called the repro-
ductive interval, stages −2 to −1 are termed the 
menopausal transition, and stages +1 and +2 are 
known as the postmenopause, as shown in 
Table  1.1 .

1.5.1       Late Reproductive Stage 
(Stage −3) 

 The time when fecundability begins to decline 
and during which a woman may begin to notice 
changes in her menstrual cycles. It is subdivided 
into two substages (−3b and −3a). In Stage −3b, 
menstrual cycles remain regular without change 
in length or early follicular phase FSH levels; 
however, AMH, inhibin B, and antral follicle 
counts (AFC) are low. In Stage −3a, slightly 
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shorter menstrual cycles are noticed. Early fol-
licular phase FSH increases and becomes more 
variable, with the other three markers of ovarian 
aging being low.  

1.5.2     Early Menopausal 
Transition (Stage −2) 

 The stage with variable menstrual cycle length, 
defi ned as a persistent difference of 7 days or 
more in the length of consecutive cycles. 
Persistence is defi ned as recurrence within 
10 cycles of the fi rst variable length cycle. During 
this stage elevated but variable early follicular 
phase FSH levels and low AMH levels and AFC 
are noticed.  

1.5.3     Late Menopausal 
Transition (Stage −1) 

 This stage is marked by the occurrence of amen-
orrhea of 60 days or longer, with an increased 
variability in cycle length, extreme variation in 
hormonal levels, and increased prevalence of 

anovulation. Quantitative FSH criteria, with lev-
els greater than 25 IU/L in a random blood draw, 
are characteristic of this stage. Symptoms, most 
notably vasomotor symptoms, are likely to occur 
during this stage. The duration of this stage is 
estimated to be, on average, 1–3 years.  

1.5.4     Early Postmenopause 
(Stage +1a, +1b, +1c) 

 FSH continues to increase and estradiol contin-
ues to decrease until approximately 2 years after 
the FMP, after which the levels of each of these 
hormones stabilize. It is subdivided into three 
substages (+1a, +1b, and +1c). 

 Stage +1a marks the end of the 12-month 
period of amenorrhea required to defi ne that the 
FMP has occurred and corresponds to the end of 
“perimenopause.” “Perimenopause” is a term 
still in common usage that means the time around 
menopause and begins at Stage −2 and ends 
12 months after the FMP. 

 Stage +1b includes the rest of the period of 
rapid changes in mean FSH and estradiol levels. 
Symptoms, most notably vasomotor symptoms, 

   Table 1.1    The stages of reproductive aging in women   

 Stage  Duration  Menstrual pattern  FSH  AMH  Inhibin B 

 Antral 
follicle 
count  Symptoms 

 Postmenopause  Late +2  Remaining 
lifespan 

 Urogenital 
atrophy 

 Early +1c  3–6 years  Stabilize  Very 
low 

 Very low 

 Early +1b  1 year  High  Low  Low  Very low  Vasomotor 
symptoms 
most likely 

 Early +1a  1 year  High  Low  Low  Very low 

 Final menstrual period 
 Menopausal 
transition 

 Late −1  1–3 years  Intervals of 
amenorrhea >60 days 

 High 
>25 iu/l 

 Low  Low  Low  Vasomotor 
symptoms 
likely 

 Early −2  Variable  Variable length  High  Low  Low  Low 
 Reproductive 
years 

 Late −3a  Slight changes in 
length fl ow 

 Low  Low  Low 

 Late −3b  Regular  Low  Low 
 Peak −4  Regular 
 Early −5  Variable regular 

 Menarche 
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are most likely to occur during this stage. Each 
one of Stages +1a and +1b last 1 year and end at 
the time point at which FSH and estradiol levels 
stabilize. 

 Stage +1c is the period of stabilization of high 
FSH and low estradiol levels that is estimated to 
last 3–6 years; therefore, the entire early post-
menopause lasts approximately 5–8 years.  

1.5.5     Late Postmenopause 
(Stage +2) 

 The period in which further alterations in repro-
ductive endocrine function are limited and 
somatic symptoms like urogenital atrophy and 
vaginal dryness become increasingly prevalent at 
this time. Nevertheless, many years after meno-
pause, it has been observed that there may be a 
further decline in levels of FSH in very old 
persons.   

1.6     Summary 

     1.    Age at menopause is determined by the num-
ber of NGFs present in the ovary. The number 
of NGFs decreases from late fetal life onward 
and few, if any, remain in the ovary after 
menopause.   

   2.    Granulosa cells in the ovarian follicle are the 
source of estrogens and inhibins, which have a 
reciprocal relationship through feedback 
mechanisms with FSH secretion and serum 
concentrations.   

   3.    Estrogen levels decline and FSH levels rise 
during the menopausal transition and stabilize 
3–6 years after the FMP.   

   4.    Levels of steroid and peptide hormones and of 
gonadotrophins are unpredictable and vari-
able during the menopausal transition and 
cannot be used to predict fertility or timing of 
menopause.   

   5.    Serum testosterone and androstenedione 
decline at the time of menopause as the ovar-
ian function declines, while DEHA-S levels 
decrease linearly with increasing age.         
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2.1            The Postmenopause 

 On average, women live about 30 years beyond 
postmenopause. Menopause is defi ned as the 
period of 12 months of amenorrhea after the last 
menstrual cycle. About 60–70 % of the visits to 
general practitioners and specialists are of people 
over the age of 60, mostly women [ 1 ]. Thus, hor-
monal infl uence in the skin aging process has 
drawn more and more attention. Several func-
tions of the skin are known to be hormone depen-
dent and, although the effects of estrogen on skin 
are not fully understood, the decline in estrogen 
is known to be associated with various skin disor-
ders, many of which can be reversed through hor-
mone replacement treatment [ 2 ,  3 ]. 

 Studies involving postmenopausal women indi-
cate that the decline in estrogen is associated with 
atrophy, fi ne wrinkles, scarring, and hot fl ushes. 
Other incidences may be the thinning of the epi-
dermis, decrease of dermal collagen, sagging, and 
impaired wound healing [ 3 ]. The decline in estro-
gen reduces the mitotic activity of the basal layer of 
the epidermis and also modifi es its lipid synthesis, 
causing xerosis [ 4 ]. Hormone replacement therapy 
(HRT) has benefi cial effects on some of the lost 
properties of the skin and can slowdown the intrin-
sic aging process. The phenomenon of hormone-
related skin aging has been demonstrated; however, 
to distinguish it from the effects of senescence, pho-
toaging, and genetic and environmental aggressions 
is diffi cult [ 5 ]. It is our objective to present to you 
in this chapter some of the most important changes.  

        E.  S.  P.   Pereira ,  MD      (*) •    S.  B.   Langen ,  MD      
   M.  C.   Fidelis ,  MD      •    M.  O.   Pereira ,  MD      
   A.   Costa ,  MD, MSc, PhD      
  Department of Dermatology , 
 Pontifi cal Catholic University of Campinas , 
  Av. John Boyd Dunlop ,  Campinas , 
 São Paulo   13060-803 ,  Brazil   
 e-mail: elisp7@gmail.com; the-langen@hotmail.com; 
carolfi delis@hotmail.com; margareth_med@yahoo.com.br; 
adilson_costa@hotmail.com  

  2      Skin and Menopause 

           Elisangela     S.    P.     Pereira      ,     Stéphanie     Barros     Langen      , 
    Maria     C.     Fidelis      ,     Margareth     O.     Pereira      , 
and     Adilson     Costa     

Contents

2.1  The Postmenopause.....................................  15

2.2  The Skin .......................................................  16

2.3  Estrogen .......................................................  16

2.4  Estrogen and Postmenopause ....................  17

2.5  Hormone Receptors and Skin ....................  17

2.6  Skin Hydration ............................................  18

2.7  Skin Thickness and Postmenopause ..........  18

2.8  Skin Collagen and Postmenopause ............  19

2.9  Skin Looseness and Wrinkling ..................  19

2.10  Wound Healing in Postmenopause ............  19

2.11  Urogenital and Menopausal Problems ......  20

2.12  Atrophic Vaginitis .......................................  21

2.13  Menopausal Flushing ..................................  21

2.14  Hormone Replacement Therapy ...............  22

References ...............................................................  22

mailto:  adilson_costa@hotmail.com
mailto:  adilson_costa@hotmail.com
mailto: margareth_med@yahoo.com.br
mailto:  carolfidelis@hotmail.com
mailto:  carolfidelis@hotmail.com
mailto: the-langen@hotmail.com
mailto: elisp7@gmail.com


16

2.2     The Skin 

 The skin is the largest organ in the body, account-
ing for approximately 15 % of the total body 
weight of a human adult. It performs several 
vital functions to protect the body against envi-
ronmental aggressions. This is made possible 
owing to the skin’s elaborate structure, the ecto-
dermal and mesodermal origin of its tissues, and 
its organization in three layers: the epidermis 
(and its appendages), the dermis, and the hypo-
dermis [ 6 ]. 

 Most dermal fi bers (over 90 %) are made of 
interstitial collagen, mainly types I and III. The 
collagen fi bers are responsible for the mechani-
cal strength of the skin. Collagen is respon-
sible for 98 % of the total dry weight of the 
dermis. On the other hand, the elastic fi bers, 
which are responsible for the shrinking prop-
erties of the skin, are composed of elastin, an 
insoluble protein which is surrounded by a 
variable number of microfi brils. Viewed under 
electronic microscope, the elastic fi bers show 
variations depending on age and exposure study 
area (whether exposed to the sun or not). The 
reticulin fi bers consist of a group of biochemi-
cally fi ne collagen type I and III fi bers, as well 
as fi bronectin [ 6 ]. 

 The effects of estrogen defi ciency in post-
menopausal women include: atrophy, decrease in 
collagen content and hydration, reduction in 
sebaceous secretions, loss of elasticity, and mani-
festations of hyperandrogenism (Fig.  2.1 ). The 
cumulative effects of estrogen defi ciency contrib-
ute to poor wound healing in older patients and 
accelerated skin aging; however, it is diffi cult to 
distinguish between changes that occur specifi -
cally with age and those that occur as a result of 
estrogen deprivation [ 7 ].

2.3        Estrogen 

 Estrogen, the main steroid responsible for the 
secondary gender characteristics in females, 
affects most systems in the body. The skin is the 
largest nonreproductive estrogen target area [ 3 ]. 

 Estrogen production is regulated by the axle 
involving the hypothalamus, pituitary gland, and 
ovary. The pulsatile release of the gonadotropin- 
releasing hormone from the hypothalamus stim-
ulates the pituitary gland to secrete luteinizing 
hormone (LH) and follicle-stimulating hormone 
(FSH). In the ovary, LH stimulates the theca 
cells to produce androstenedione, while FSH 
stimulates the follicular cells to convert andro-
stenedione to estradiol (Fig.  2.2 ). The increase 
in serum estradiol results in the negative feed-
back to the production of LH and FSH from 
the hypothalamus, maintaining serum estradiol 
levels of around 10–20 mIU/mL. Consequently, 
with a decrease in estradiol production during 
postmenopause, negative feedback is lost ,  and 
there is an increase in serum levels of FSH and 
LH. The absence of menstruation associated 
with high levels of FSH and LH is a possible 
diagnosis of ovarian failure [ 3 ].

EFFECTS OF ESTROGEN DEFICIENCY
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  Fig. 2.1    Effects of estrogen defi ciency       
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2.4        Estrogen 
and Postmenopause 

 After postmenopause, estrogen production by the 
ovaries becomes negligible. However, women 
maintain detectable levels of estradiol (E2) and 
estrone (E1) throughout their lives. This occurs 
as a result of the ability of the peripheral tissues 
to convert (aromatize) androgens produced by 
the adrenal glands and ovaries [ 8 ,  9 ]. 

 Estrone is the primary estrogen after post-
menopause and is derived from the peripheral 
conversion of androgens in the muscle, liver, and 
brain tissue, as well as in the adipose tissue, since 
the aromatase enzyme displays greater expression 
in the adipose tissue [ 8 ,  9 ] (Fig.  2.3 ). Estradiol 
continues to be produced after postmenopause 
through the peripheral conversion of estrone; 
however, it presents in much lower levels than 
during reproductive life and also in levels lower 
than those of estrone. The changes in estrogen 

levels are responsible for most of the morbidity in 
women after postmenopause, such as osteoporo-
sis, cardiovascular diseases, vulvovaginal atrophy 
(VVA), and sagging, among others [ 8 ,  9 ].

2.5        Hormone Receptors and Skin 

 Several functions of the skin have proved to be 
hormone dependent. Sex steroids clearly play a 
key role in the skin aging process, as evidenced 
by the rapid decline in skin appearance notice-
able from onset of the premenopausal years. 
These changes have not been studied thoroughly, 
although the histological work has demonstrated 
the presence of estrogen and progesterone recep-
tors in the skin and a relative decrease in expres-
sion from the onset of postmenopause [ 10 ]. 

 The concentration of estrogen receptors in 
nuclear and cytoplasmic skin is relatively low. 
However, surgically induced hypoestrogenemia 
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  Fig. 2.2    Pituitary axis – the hypothalamus – ovary       
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resulted in a signifi cant decrease in the expres-
sion of these receptors [ 10 ]. Similarly, stud-
ies have revealed a gradient coloration of such 
specifi c receptors in the epidermis, with darker 
color in the granular layer. Similar staining has 
been observed in the hair follicles and sebaceous 
glands. Although the presence of estrogen recep-
tors on the skin does not confi rm their role on 
the skin, the even distribution of color suggests 
that the skin is a major target organ of sex ste-
roids [ 10 ]. 

 Based on the levels of the concentrations 
observed in the female genital tract, the highest 
concentration of estrogen receptors is found in 
the vaginal epithelium. Androgen receptors are 
also expressed on the skin of the external female 
genitalia. Immunohistochemistry studies identi-
fi ed a greater proportion of estrogen receptors in 
the vagina compared to androgen receptors, and 
this ratio in the vulva is reversed where an 
increased number of androgen receptors are 
found, with an accompanying decrease of estro-
gen receptors and progesterone [ 11 ] (Fig.  2.4 ).

   During the postmenopausal period, changes 
occur in the following indexes; while the concen-
tration of estrogen receptors in the pubic skin 
remains stable before and after postmenopause, the 
concentration of androgen receptors, in relation to 
estrogen receptors, decreases by almost 40 % in the 
postmenopausal period, and there is also a signifi -
cant reduction in the level of progesterone recep-
tors [ 2 ]. These changes may be relevant for 
purposes of treatment of dermatoses in the vulvo-
vaginal region in postmenopausal women [ 10 ].  

2.6     Skin Hydration 

 The dermis contributes to water retention by way 
of its hydrophilic content contained in the gly-
cosaminoglycans. The glycosaminoglycans have 
a negative ionic charge, transporting water to the 
dermis and, therefore, contributing to skin turgor 
and tissue protection against excessive compres-
sion [ 12 ]. Glycosaminoglycans decrease with 
aging, and this contributes to skin dryness, atro-
phy, and rhytids [ 3 ]. 

 Estrogen enhances the hygroscopic quality of 
the dermis, most probably by increasing the syn-
thesis of the hyaluronic acid [ 12 ,  13 ]. Studies with 
animals confi rm the hormonal role in skin hydra-
tion, showing a signifi cant increase in glycosami-
noglycans after estrogen-based therapies [ 13 ].  

2.7     Skin Thickness 
and Postmenopause 

 The thinning of the dermis, clinically recognized 
by easy bruising and tearing, always occurs with 
aging. Most studies suggest that the loss of col-
lagen is more closely linked to the postmeno-
pausal period and less to the chronological age, 
hence hormonal infl uence [ 3 ]. 

 The skin tends to become thinner as post-
menopause progresses, and this can be confi rmed 
by high-frequency ultrasound (22.5 MHz). 
Ultrasound can also be used to measure the thick-
ness of the epidermis and dermis. Several studies 
using ultrasound have showed that the dermal 
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  Fig. 2.4    Concentrations of estrogen and androgen receptors in the vagina and vulva       
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skin thickness increases with estrogen replace-
ment therapy, such as the fi nding in a double- 
blind placebo-controlled randomized study by 
Maheux et al. The aforementioned study dis-
played a signifi cant increase in skin thickness, 
measured at the level of the greater trochanter in 
postmenopausal women who received conju-
gated estrogens. This fi nding was confi rmed by 
both an ultrasound scan and a skin biopsy [ 14 ].  

2.8     Skin Collagen 
and Postmenopause 

 In 1941, Albright et al. observed that postmeno-
pausal women with osteoporosis had a remark-
ably thin skin, suggesting that the atrophy was 
more comprehensive than that found in the bone 
matrix [ 15 ]. Brincat et al. demonstrated a similar 
decrease in the skin thickness and collagen con-
tent, corresponding to a reduction of bone mineral 
density measured throughout the years following 
postmenopause [ 15 ]. In 1983, Brincat et al. con-
cluded in their study that postmenopausal women 
on hormone replacement therapy with estrogen 
and testosterone had a collagen content 48 % 
higher compared to the content measured in 
untreated women, who were grouped by age [ 16 ]. 

 The decrease in collagen levels on the skin 
occurs at an accelerated rate immediately after 
postmenopause and subsequently becomes more 
gradual. Approximately 30 % of skin collagen is 
lost during the fi rst 5 years after postmenopause, 
with an average decrease of 2.1 % per year in post-
menopausal women over a period of 20 years [ 10 ].  

2.9     Skin Looseness 
and Wrinkling 

 The aging of the skin on the face is characterized 
by a progressive increase in stretch, associated 
with reduced elasticity. The loss of tonicity is 
accompanied by a progressive aggravation of 
facial wrinkles [ 17 ]. Bolognia et al., in a double- 
blind, placebo-controlled study, observed that 
young women in early menopause have an accel-
erated increase in degeneration of elastic fi bers in 
the dermis [ 18 ]. Histologically, severe degenera-

tive changes of elastic fi bers have been noticed, 
including the coalescence of cystic spaces into 
lacunae, peripheral fragmentation, granular 
degeneration, and the splitting of the fi bers into 
strands. These changes were noticed in individu-
als 20 years older than said patients. This sug-
gests a close association between estrogen 
deprivation and changes in elastic fi bers [ 18 ].  

2.10     Wound Healing 
in Postmenopause 

 Healing of the skin is fi rst characterized by an 
infl ammation, followed by the formation of granu-
lation tissue, after reepithelialization, and fi nally, 
the remodeling of tissues. Delayed wound healing 
usually occurs in the elderly, and estrogen has been 
shown to play a crucial role in wound healing [ 3 ]. 

 Elastase is capable of degrading a wide range 
of functional and structural proteins, such as pro-
teoglycans, fi bronectin, and collagen. Fibronectin 
is essential for the healing process by infl uencing 
reepithelialization, collagen deposition, and 
wound contraction. With age, the amount of fi bro-
nectin decreases and is degraded secondary by 
elastase, which is high due to the increased num-
ber of neutrophils found in old wounds (Fig.  2.5 ). 
Therapies aimed at decreasing elastase, such as 
those aiming at reducing the number of neutro-
phils, can enhance the healing process [ 19 ,  20 ].

   Ashcroft et al. in a randomized double-blind 
placebo-controlled study investigated the effects 
of topical estrogen on wound healing in healthy 
elderly men and women and reported the results 
of this therapy in terms of infl ammatory response 
and elastase levels during the healing process. 
Compared to placebo, the treatment with estro-
gen increased the levels of collagen and fi bronec-
tin and resulted in a decrease in elastase levels, 
secondary to a reduction in the number of neutro-
phils, with consequent reduction in the degrada-
tion of fi bronectin. The data thus obtained suggest 
that the delay in wound healing of the elderly can 
be improved by topical estrogen therapy [ 21 ]. 
Following the same reasoning, recent studies 
have shown that hormone replacement therapies 
prevent the onset of ulcers and venous stasis in 
postmenopausal women [ 14 ]. 
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 More recently, Ashcroft et al. conducted a 
study on mice, the results of which suggesting 
that estrogen also has a role in regulating the 
migratory inhibitory factor (MIF) of macro-
phages. Estrogen acts as a proinfl ammatory agent 
and has been implicated in the formation of aber-
rant scarring and in the alteration of infl amma-
tory response in vivo .  The estrogen-defi cient 
mice showed a marked increase in the MIF in 
wound healing, while mice lacking the MIF gene 
showed no delayed wound healing, despite their 

estrogen defi ciency. We may, therefore, confi rm 
the role of estrogen in the regulation of the MIF 
and its role in wound healing [ 22 ].  

2.11     Urogenital and Menopausal 
Problems 

 The epitheliums of the vulvar, vaginal, and uri-
nary tracts show a relatively high number of 
estrogen receptors and are, therefore, sensitive 
to decreased levels of circulating estrogens. 
Usual urogenital changes that occur during 
postmenopause occur as the result of a combi-
nation of physiological aging and low estrogen 
levels [ 23 ]. 

 Lower levels of estradiol lead to numerous 
adverse effects, including changes in the lower 
urinary tract. The main change is vaginal atrophy: 
the mucosa becomes thinner and drier. This may 
lead to vaginal discomfort, dryness, stinging, pru-
ritus, and dyspareunia (Fig.  2.6 ). The vaginal epi-
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  Fig. 2.5    Relation between elastase and healing       
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  Fig. 2.6    Genital changes in menopause       
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thelium can become infl amed, thus contributing 
to urinary symptoms, such as increased urinary 
frequency and urgency, dysuria, incontinence, 
and recurring infections. Furthermore, it has been 
suggested that reduced estrogen levels can affect 
the periurethral tissues and contribute to loosen-
ing and pelvic incontinence. In association with 
hypoestrogenemia, these changes in pH and vagi-
nal fl ora may predispose postmenopausal women 
to urinary tract infection [ 24 ,  25 ].

2.12        Atrophic Vaginitis 

 Atrophic vaginitis is infl ammation of the vagina 
that develops when there is a signifi cant decrease in 
estrogen levels. Estradiol plays a vital role in main-
taining the vaginal tissue healthy and lubricated, 
and decreased levels of estradiol may cause the 
vaginal epithelium to become atrophic, thin, dry, 
and wrinkled. Common conditions of low estrogen 
levels that result in atrophic vaginitis include post-
menopause, breastfeeding, surgical removal of the 
ovaries in young women, and medication used to 
decrease estrogen levels in conditions such as uter-
ine fi broids or endometriosis [ 24 ,  25 ]. 

 Diagnosis is possible by way of physical 
examination; however, the diagnosis has to be 
confi rmed by cytological examination. Due to the 
fact that estrogen stimulates the maturation of the 
vaginal epithelium from basal to superfi cial cells, 
in general a postmenopausal smear will act ini-
tially and advance from a decreased number of 
superfi cial cells to being completely clear eventu-
ally. A predominance of basal cells associated 
with a relative absence of superfi cial cells is 
indicative of atrophy [ 5 ]. 

 The treatment may be conducted topically 
with estrogen, and this method of treatment 
should not infl uence the success of treatment. 
The topical estrogen lowers the vaginal pH, 
induces the maturation of vaginal and urethral 
mucosa, and decreases the frequency of urinary 
tract infections (Fig.  2.7 ). Atrophy is quickly 
reversed after 1–2 weeks. Many treatments are 
suggested, and generally, those with estriol and 
estradiol creams are the treatments most fre-
quently recommended. The appropriate duration 
of therapy is unknown [ 5 ,  23 ].

2.13        Menopausal Flushing 

 During postmenopause, 70–80 % of women 
experience transient fl ushing and sweating that 
may be associated with palpitations, anxiety 
symptoms, and sleep disorders and 25 % reported 
fl ushes by up to 5 years [ 5 ,  10 ]. The blush seems 
to cause vasodilatation in the papillary dermis 
and subcutaneous tissue and occurs mainly in the 
face, neck, chest, palms, and soles [ 10 ]. Rosacea 
is known to be a complication of fl ushing, which 
is more commonly detected in postmenopausal 
women than in men of the same age [ 26 ]. The 
prevalence of this condition during the early 
years of postmenopause may in part be explained 
by virtue of the loss of the peripheral vascular 
control seen in association with estrogen defi -
ciency, which is correctable with hormone 
replacement therapy [ 27 ]. Studies show that low 
doses of a combination of androgen and estrogen 
are as effective as high doses of estrogen on its 
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  Fig. 2.7    Effects of topical estrogen       
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own. However, persistent fl ushing during the use 
of HRT may occur due to the increase of sex 
hormone- building globulin (SHBG), which 
decreases the bioavailability of testosterone. In 
this case, HRT can be exchanged from oral to 
patch, gel, or implant, leading to a reduction of 
SHBG in 6–8 weeks [ 28 ]. An empirical study 
conducted to analyze the changes in peripheral 
vascular control in postmenopausal women 
induced by topical estrogen cream suggested that 
both estrogen and its metabolites have a direct 
effect on neurotransmitters and their neurovascu-
lar control [ 29 ].  

2.14     Hormone Replacement 
Therapy 

 Estrogen HRT, with or without progesterone, has 
been used to treat menopausal symptoms and 
prevent long-term illnesses such as osteoporosis 
and cardiovascular disease [ 3 ]. Observational 
studies have found lower rates of coronary heart 
disease in women taking estrogen after post-
menopause, compared with women who did not 
receive this therapy. This association has been 
reported as a means of secondary prevention in 
women with coronary artery disease, with hor-
mone users experiencing 35–80 % fewer recur-
ring events than nonusers. If this association is 
causal, estrogen therapy may be an important 
method for the prevention of coronary heart dis-
ease in postmenopausal women. However, the 
observed association between estrogen therapy 
and the reduced risk of coronary events can be 
attributed to a selection bias, if the women who 
choose to take hormones are healthier and have a 
more favorable cardiovascular profi le than those 
who do not. Observational studies have not been 
able to resolve this uncertainty [ 30 ]. In addition, 
the American Heart Association does not recom-
mend the use of HRT for the secondary preven-
tion of cardiovascular disease [ 31 ]. 

 In 2002, the Women’s Health Initiative 
reported results of a randomized controlled trial 
involving 16,608 postmenopausal women, com-
paring the effects of estrogen and progesterone 
with placebos with regard to the risk of chronic 

disease, and confi rmed that the combination of 
estrogen and progesterone increases the risk of 
invasive breast cancer. However, this treatment 
did not alter the risk of endometrial cancer and 
decreased the chance/risk of colon cancer and 
osteoporosis [ 32 ]. In 2003, Rowan et al. con-
fi rmed the observation in relation to the risk of 
breast cancer, showing that estrogen combined 
with short-term progesterone relatively increased 
the incidence of breast cancer diagnosed at a 
more advanced stage, compared to the use of a 
placebo, and also substantially increased the per-
centage of women with abnormal mammograms. 
These results suggest that estrogen and proges-
terone can stimulate the growth of breast cancer 
and make its diagnosis more diffi cult [ 33 ]. 

 With regard to the skin, the treatment with 
estrogen in postmenopausal women has been 
proved to increase, on several occasions, the con-
tent of collagen, dermal thickness, and elasticity. 
Studies also illustrated the role of estrogen in 
wound healing, showing its benefi cial effects 
[ 34 ]. Topical estrogen creams applied locally on 
confi ned surface areas (such as facial and vaginal 
application) appear to be safe, without signifi cant 
systemic absorption [ 3 ].     
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        Human skin is a dynamic organ that normally 
serves as a protective barrier between the internal 
environment and the outside world. It plays an 
important barrier function against pathogens and 
other external factors, such as UV light. Although 
it is extremely durable, it undergoes aging, just 
like any other organ, in a process infl uenced by 
hormonal, environmental, and genetic factors of 
individuals [ 1 ,  2 ]. 

 Estrogens have a profound infl uence on skin. 
The fi rst study proving an effect of estrogens 
on skin was published in 1937 and showed an 
improvement of acne and eczema upon estrogen 
treatment [ 3 ]. In addition, several observational 
studies indicate that skin composition and integ-
rity are altered during each menstrual cycle in 
response to cyclic variation of estrogen: it has 
been observed as a variation in skin thickness 
during the menstrual cycle, with skin thickness 
lowest at the start of the menstrual cycle, when 
estrogen and progesterone levels are low, which 
then increases with the rising levels of estrogen 
[ 4 ,  5 ]. However, many of the effects of estrogen 
on human skin are based on the changes that 
are seen in postmenopausal women. The rela-
tive hypoestrogenism that accompanies meno-
pause exacerbates the deleterious effects of 
both intrinsic and environmental aging which 
results in thinner skin, an increase in number 
and depth of wrinkles, increased skin dryness, 
and decreased skin fi rmness and elasticity [ 6 –
 10 ]. In postmenopausal women, skin thickness 
decreases by 1.13 % per postmenopausal year, 
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with an associated decrease in collagen content 
(2 % per postmenopausal year) [ 11 ,  12 ]. 

 Estrogen administration has been shown to 
have positive effects on the skin by delaying or 
preventing skin aging manifestations. 

3.1     Estrogens and Collagen 

 Estrogen plays a critical role in maintaining col-
lagen homeostasis. Callens et al. studied the 
infl uence of different hormone replacement ther-
apy (HRT) regimens on postmenopausal women 
using skin echography and found an increase in 
skin thickness of 7–15 % in postmenopausal 
women utilizing an estradiol gel patch or estra-
diol transdermal system [ 13 ]. Castelo-Branco 
et al. showed by skin biopsies an increase in skin 
collagen content of 1.8–5.1 % with oral and 
transdermal HRT over 12 months [ 14 ]. Maheux 
et al. studied postmenopausal nuns utilizing a 
randomized, double-blind, placebo-controlled 
study and showed that in the group treated with 
oral conjugated estrogens, there was a signifi cant 
increase in skin thickness and skin dermis at the 
level of the greater trochanter as measured by 
ultrasonography and skin biopsy, respectively 
[ 15 ]. Using computerized image analysis of skin 
samples, Sauerbronn et al. found an increase of 
6.49 % of collagen fi bers in the dermis after 
6 months of topical treatment with estradiol val-
erate and cyproterone acetate [ 16 ]. Varila et al. 
showed that topical estrogen causes an increase 
in collagen synthesis [ 17 ].  

3.2     Estrogens and Skin Moisture 

 It has been demonstrated that postmenopausal 
women who are not taking HRT are signifi cantly 
more likely to experience dry skin compared 
with those postmenopausal women taking estro-
gen [ 18 ]. Denda et al. demonstrated changes in 
the stratum corneum sphingolipids with aging 
and suggested a possible hormonal infl uence 
[ 19 ]. Pierard-Franchimont et al. showed that 
transdermal estrogen therapy leads to signifi -
cantly increased water-holding capacity of the 

stratum corneum suggesting that estrogen may 
play a role in the stratum corneum barrier func-
tion [ 20 ]. Estrogens also affect dermal water-
holding capacity, increasing dermal hydroscopic 
qualities [ 21 ].  

3.3     Estrogen Effect on Skin 
Wrinkling 

 Young et al. pointed out that hypoestrogenism 
increases the risk for wrinkling in Korean women 
[ 22 ]. Dunn et al. reported that postmenopausal 
women using estrogen were signifi cantly less 
likely to develop skin wrinkles, and Creidi et al., in 
a double-blind, placebo-controlled study, showed 
that a conjugated estrogen cream applied to the 
facial skin of postmenopausal women resulted 
in signifi cant improvement in fi ne wrinkles [ 23 , 
 24 ]. However, smoking is a major risk factor for 
facial skin wrinkling, and hormone therapy can-
not diminish this impact of smoking [ 25 ].  

3.4     Estrogen and Skin Elasticity 

 Changes in the skin elastic fi bers have been 
reported after application of estriol ointments 
to the skin of postmenopausal women. These 
changes included a thickening of the elastic 
fi bers in the papillary dermis. The elastic fi bers 
were also noted to be in better orientation and 
slightly increased in number [ 26 ]. Furthermore, 
conjugated equine estrogen has been shown to 
increase forearm skin elasticity in postmeno-
pausal women [ 27 ].  

3.5     Estrogen Effect on Skin 
Pigmentation 

 Estrogens regulate skin pigmentation. There are 
few reports on the effects of estrogens on pig-
mentary changes in photoaged skin. Creidi et al. 
reported no improvement in mottled pigmenta-
tion and lentigines [ 24 ]. Schmidt et al. also did 
not mention any improvement in dyspigmenta-
tion [ 28 ].  
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3.6     Estrogen and Hair Growth 

 Niiyama et al. have demonstrated the ability of 
estrogen to modify androgen metabolism in der-
mal papillae of hair follicle [ 29 ]. They showed 
that estradiol diminishes the amount of dihy-
drotestosterone (DHT) in human hair follicle by 
inducing aromatase activity. The induction of 
aromatase activity increases the conversion of 
testosterone to estradiol, thereby diminishing the 
amount of testosterone available for the conver-
sion to DHT which might explain the benefi cial 
effect of estrogen treatment of androgenetic alo-
pecia (AGA). 

 Although systemic hormone replacement 
therapy has been used for many years, recent tri-
als have reported a signifi cant increased risk of 
breast cancer and other pathologies with this 
treatment [ 30 ,  31 ]. This has led to reconsider the 
risks and benefi ts of HRT.  

3.7     Selective Estrogen Receptor 
Modulators 

 Selective estrogen receptor modulators (SERMs) 
are pharmaceutical compounds that bind to 
estrogen receptors (ERs), acting either as ago-
nists to mimic positive estrogen effects or as 
antagonists to block negative estrogen effects, 
in a tissue- specifi c manner. There are two well- 
characterized SERMs, tamoxifen and raloxifene. 
Despite the well-characterized effects of SERMs 
on uterus, breast, and bone tissue, there is very 
limited data on the effect of SERMs on the skin. 
In vitro studies with human fi broblasts showed 
that raloxifene may exert stimulatory effects on 
skin collagen synthesis [ 32 ]. Also, raloxifene 
appears to improve skin elasticity in postmeno-
pausal women [ 33 ].  

3.8     Phytoestrogens 

 Phytoestrogens are plant derivatives that struc-
turally resemble endogenous estrogens, isofl a-
vones being the most widespread. Isofl avones, 
in particular, the genistein, have demonstrated 

benefi cial effects to aging skin in terms of pho-
toprotection, skin wrinkling, skin elasticity, and 
skin hydration [ 34 ].  

3.9     Effects of Estrogens in Skin 

 Estrogens regulate hair growth, sebaceous gland 
function, proliferation and differentiation of epi-
thelial cells of the epidermis and adnexa, func-
tional activity of dermal fi broblasts and fi brocytes, 
wound healing, and skin immune cells activity 
[ 35 ]. However, the mechanisms of estrogen 
action on skin are still poorly understood. 
Estrogen receptors ERα and ERβ have been 
detected in keratinocytes, fi broblast, and melano-
cytes, and recent studies suggest that estrogens 
exert their effect in skin through the same molec-
ular pathways used in other nonreproductive tis-
sues, via a combination of genomic and 
non-genomic pathways [ 36 – 38 ]. 

 In the genomic pathway, the estrogen recep-
tor, unattached to its ligand and loosely bound in 
its cytoplasmic or nuclear location, is attached to 
receptor-associated proteins. These proteins serve 
as chaperones that stabilize the receptor in an unac-
tivated state or mask the DNA-binding domain of 
the receptor. As free estrogen diffuses into the 
cell, it binds to the ligand-binding domain of the 
receptor, which dissociates from its cytoplasmic 
chaperones; the complex of estrogen and estrogen 
receptor then diffuses into the cell nucleus. These 
estrogen–estrogen receptor complexes bind to spe-
cifi c sequences of DNA called estrogen-response 
elements on the promoter regions of targeted genes 
and thereby enhances their expression. The estro-
gen–estrogen receptor complexes bind not only to 
the response elements but also to nuclear-receptor 
coactivators or repressors [ 39 ]. 

 In the non-genomic pathways, estrogens have 
effects on cell membranes and are mediated by 
cell-surface forms of estrogen receptor. These 
receptors are thought to resemble their intracellu-
lar counterparts and modulate signal transduction 
through membrane-associated molecules, such as 
ion channels, G proteins, the tyrosine kinase c-Src, 
and growth factor receptors, leading to many 
downstream cellular activation cascades [ 40 ].  
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3.10     The Skin as an Independent 
Steroidogenic Organ 

 The skin function extends beyond that of static 
barrier organ. In addition to separating the exter-
nal environment from internal homeostasis, the 
skin also exerts important endocrine and exocrine 
activities. The exocrine function is performed 
by the adnexal structures that comprise eccrine, 
apocrine, and sebaceous glands and hair fol-
licles. These are important in strengthening the 
epidermal barrier, in thermoregulation, and in the 
defense against microorganisms. The endocrine 
function of the skin is performed by cells com-
partmentally arranged into endocrine units. These 
units are composed of cells of epithelial, neural 
crest, mesenchymal, and bone marrow origin that 
form the epidermal, dermal, and adnexal struc-
tures [ 1 ]. These cutaneous cells and adnexal struc-
tures can concomitantly produce hormones and 
express the corresponding receptors (Table  3.1 ).

   The skin cells contain the entire biochemical 
apparatus necessary for production of glucocorti-
coids, androgens, and estrogens either from pre-
cursors of systemic origin or, alternatively, 
through the conversion of cholesterol to pregnen-
olone and its subsequent transformation to bio-
logically active steroids. The level of production 
and nature of the fi nal steroid products are depen-
dent on the cell type or cutaneous compartment, 
e.g., epidermis, dermis, adnexal structures, or 
adipose tissue [ 41 ]. 

 The skin can transform the steroids dehydroepi-
androsterone (DHEA) and its sulfate (DHEA-S) 
into active androgens and estrogens. Specifi cally, 
enzymatic activity corresponding to 3b-hydroxys-
teroid dehydrogenase/D5–D4 isomerase (3b-

HSD) has been localized to the sebaceous glands 
and, to a lesser degree, in hair follicles, epidermis, 
and eccrine glands, while 17b-hydroxysteroid 
dehydrogenase (17b-HSD) has been localized to 
follicular and epidermal keratinocytes. 3b-HSD 
converts DHEA into 4-androstenedione and 
5-androstene-3b,17b-diol into testosterone, while 
17b-HSD converts DHEA into 5-androstene- 
3b,17b-diol, 4- androstenedione into testosterone, 
and androstenedione into DHT. Testosterone 
is also converted into DHT through the action 
of a 5a-reductase, detected in dermal and der-
mal papilla fi broblasts, follicular and epidermal 
 keratinocytes, and sebaceous and apocrine glands. 
There are two isozymic forms of the 5a- reductase, 
but the skin expresses predominantly the type I 
in a highly specifi c cellular and regional distri-
bution. Nevertheless, cutaneous expression of 
5a-reductase type 2 has been also reported, but at 
much lower levels; this form has been immuno-
detected in hair follicles of the human scalp. The 
skin immune system can also convert DHEA into 
5-androstene-3b,17b-diol and into 5-androstene- 
3b,7b,17b-triol. Cutaneous conversion of testos-
terone into estradiol is mediated by an aromatase 
expressed in dermal fi broblasts and adipocytes, 
but not in keratinocytes. However, in keratino-
cytes 17b-HSD can transform 17b-estradiol into 
estrone or estrone into 17bestradiol [ 41 ]. 

 Locally produced glucocorticoids, androgens, 
and estrogens affect functions of the epidermis 
and adnexal structures as well as local immune 
activity. Malfunction of these steroidogenic 
activities can lead to infl ammatory disorders or 
autoimmune diseases.  

3.11     Skin Disorders in Menopause 

 Skin conditions that tend to occur more com-
monly in postmenopausal women include atro-
phic vulvovaginitis, lichen sclerosis, dysesthetic 
vulvodynia, and keratoderma climactericum [ 42 ]. 

3.11.1     Atrophic Vulvovaginitis 

 Hypoestrogenism leads to atrophy of the vagina 
and vulval vestibule. This thinned tissue is easily 

   Table 3.1    Hormones produced in the skin   

 Vitamin D 
 PTHrP 
 Estrogens 
 Androgens 
 T3 
 MSH 
 ACTH 
 TRH 
 GH 
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irritated and is also susceptible to secondary 
infection. The patient complains of vulvar burn-
ing, dysuria, pruritus, tenderness, and dyspareu-
nia. Atrophy reverses rapidly and returns to 
premenopausal levels after 1–2 weeks of estro-
gen therapy [ 43 ].  

3.11.2     Lichen Sclerosis 

 Lichen sclerosus is a rare infl ammatory disease 
of unknown etiology. It mainly affects postmeno-
pausal women in the anogenital area and only in 
2.5 % cases it is found exclusively at an extra-
genital site. The inner thighs, submammary 
region, and upper arms are the most commonly 
affected sites [ 44 ]. Topical corticosteroids, such 
as betamethasone dipropionate or clobetasol pro-
pionate, are effective in improving symptoms and 
reversing the disease process [ 45 ].  

3.11.3     Dysesthetic Vulvodynia 

 Patients present with chronic constant unre-
mitting vulval burning that does not respond to 
topical applications and frequently have no abnor-
mality detected on physical examination. The 
etiology of this condition is thought to be neuro-
logical. It may be related to abnormal cutaneous 
perception, either centrally or at nerve root level. 
The pain can be bilateral, may involve the inner 
thighs, and may be provoked by vaginal penetra-
tion [ 46 ]. Tricyclic antidepressants such as ami-
triptyline and nortriptyline, in low doses, as well 
as some anticonvulsants, such as carbamazepine 
and sodium valproate, are effective for the man-
agement of neuropathic pain. These drugs should 
be commenced at the lowest possible dose [ 47 ].  

3.11.4     Keratoderma Climactericum 

 Keratoderma climactericum is a hyperkeratosis 
of the palms and soles affecting mainly obese 
women. Thickening fi rst develops in weight- 
bearing areas such as plantar pressure points, 
making walking diffi cult. Patients also complain 
of painful fi ssures and itch. Involvement of the 

hands is often discrete [ 42 ]. Treatment with a low 
dose of etretinate has been demonstrated to lead 
effectively to partial or total remission of hyper-
keratosis [ 48 ].   

3.12     Melanoma and Nonmelanoma 
Skin Cancers 

 Preclinical and clinical fi ndings suggest that 
estrogen may be involved in the development of 
skin cancer. Several studies have found an asso-
ciation between oral contraceptive use and an 
increased risk of nonmelanoma skin cancer [ 49 , 
 50 ]. However, epidemiological studies of meno-
pausal hormone therapy and the risk of mela-
noma have produced mixed fi ndings; several 
studies reported that hormone use was associated 
with increased risk of melanoma [ 51 – 53 ]. In the 
recent large multiethnic Women’s Health 
Initiative (WHI) clinical trials of estrogen plus 
progestin (E + P) vs. placebo and estrogen alone 
(E-alone) vs. placebo, the hormone therapy dur-
ing 6 years did not affect overall incidence of 
nonmelanoma skin cancer or melanoma. The 
rates of incident nonmelanoma skin cancer and 
melanoma were similar between the active hor-
mone (combined analysis of E + P and E-alone) 
and placebo groups (nonmelanoma skin cancer: 
HR = 0.98, 95 % CI = 0.89–1.07; melanoma: 
HR = 0.92, 95 % CI = 0.61–1.37) [ 54 ]. However, 
it cannot rule out a delayed effect of hormone 
therapy on risk of skin cancer.  

3.13     Quality of Life 

 A variety of cutaneous changes with the meno-
pause cause signifi cant anxiety and may impact 
the quality of life. Estrogens can improve the 
changes in skin, and general lifestyle changes can 
be effective in reducing, in the long term, the 
signs of skin aging. The latter include the use of 
sun protection and over-the-counter moisturizers 
[ 55 ]. In addition, cosmetic interventions such as 
topical retinoids, facial peels, botulinum neuro-
toxin, soft tissue fi llers, and surgical procedures 
can be employed to improve the appearance of 
the skin [ 56 ,  57 ].     
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Aging is the process of morphological, physio-

logical, biochemical, and psychological modifi-

cations over time in living organisms. For 

example, aging promotes a relative decrease in 

the homeostatic response, causes reversible dam-

age when it exceeds the natural mechanisms of 

homeostasis, and generates disease. In this sense, 

the postmenopausal period may be considered 

the beginning of the aging process in women. 

Postmenopausal aging is produced by a series of 

endocrinological changes that are caused by the 

production of estrogens (mainly estradiol) and 

lead to low estrogen (E2) levels. Once women 

begin ovarian senescence and alterations of hypo-

thalamic pituitary axis are manifest, E2 produc-

tion becomes erratic, and many women develop a 

series of symptoms in a period known as peri-

menopause (Table 4.1). Some of these changes 

involve the skin.

In fact, associations between estrogen depri-

vation and skin changes such as dryness, the 

reduction of epidermal and dermal thickness, 

decreased collagen content, a reduction in elas-

ticity, fragility, and poor healing have been shown 

in postmenopausal women [1, 2]. Additionally, 

changes in hair are commonly observed. 

Hirsutism (i.e., the appearance of unwanted facial 

hair), alopecia, skin atrophy, and weakness of 

facial skin beginning at this stage of a woman’s 

life are results of the reduction in progesterone 

and the increasing impact of free and unopposed 

circulating androgens on the sebaceous glands 

and hair follicles [3, 4].
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Many authors link the decline in estrogen to 

distinct cellular aging mechanisms involving oxi-

dative damage and cellular senescence. This the-

ory has been proposed mainly because estrogens 

function as sex hormones and antioxidant mole-

cules that counterbalance oxidative damage, 

which is also called oxidative stress.

In this chapter, we review the general aspects 

of postmenopause that are linked to oxidative 

stress and the relationship of oxidative stress with 

skin aging.

4.1  Menopause and Aging

Ovarian aging is caused by a gradual decline in 

the quantity and quality of oocytes that are pres-

ent in the ovarian tissue until the menstrual cycle 

reaches its end (i.e., last menstrual bleeding). 

This process is characterized by the gradual and 

erratic decrease of estrogen secretion and a con-

sequent changes in gonadotrophins (FSH and 

LH) due to the failure of feedback signaling by 

estrogen and possible alterations of hypotha-

lamic pituitary feedback mechanism [5, 6]. 

Estrogen depletion affects many tissues of the 

body and produces a wide range of signs and 

symptoms. However, in the Study of Woman’s 

Health Across the Nation (SWAN), it has been 

observed that the symptoms reported frequently 

as being part of a menopausal syndrome such as 

hot flashes, night sweats, menstrual irregulari-

ties, vaginal dryness, depression, nervous ten-

sion, palpitations, headaches, insomnia, lack of 

energy, difficulty concentrating, and dizzy spells 

are not inherent manifestations to this process 

[7]. Indeed, several of these symptoms may be 

linked to the  biological changes seen in aging; 

although, it is known that the aging is individual-

ized and is determined by genetic and cultural 

factors [8–10]. It also greatly impacts female fer-

tility related to aging. In fact, ovarian tissue ages 

much more rapidly than do the tissues of other 

body systems [5, 11].

In this context, the age-associated malfunction 

of human cells results from the physiological 

accumulation of irreparable damage to biomole-

cules, which is an unavoidable side effect of nor-

mal aerobic metabolism. As noted above, this 

process is termed oxidative stress (OS).

During aging, oxidative stress increases [12] 

and causes many of the normal and pathological 

characteristics that are found in the elderly. 

Moreover, symptoms and pathological findings 

that are associated with postmenopause may be 

related, at least in part, to OS, mainly because of 

estrogen deficiency; therefore, it is possible to 

say that this stage of life represents the beginning 

of the aging process in women.

From the cellular point of view, some research-

ers have found that the luteinizing granulosa cells 

in women aged >38 years contain higher num-

bers of mitochondrial DNA (mtDNA) deletions 

and exhibit reduced expression of antioxidant 

enzymes compared with those of younger women 

[11], which suggests oxidative damage. Other 

studies have shown that age-related changes in 

the female ovary could be due to a lowering of 

enzymatic antioxidant defenses and an increase 

in oxidant molecules production of possible mul-

tiple cellular origins (i.e., mitochondria, cyto-

plasm) [13].

Table 4.1 Perimenopausal alterations in women

Physical symptoms and signs Psychological Systemic Skin and hair

Hot flushes Anxiety Atherosclerosis Dryness

Headache Humor alterations Cardiovascular disease Decreased collagen 

content

Nocturnal wet Sadness Osteoporosis and osteopenia Reduction in elasticity

Vaginal dryness Loneliness sense Increased body fat, mainly 

abdominal

Reduction of epidermal 

an dermal thickness

Dyspareunia Sleep disturbances Fragility and poor healing

Muscular and articular ache Memory disturbances Alopecia

Genitourinary changes Concentration disturbances Hirsutism
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Recently, it has been noted that the age at natu-

ral menopause reflects a complex interrelation of 

health and socioeconomic factors and might be a 

marker of aging and general health [14]. Similar to 

aging, premature and early menopause, either 

spontaneous or induced, are associated with long-

term health risks such as premature death, cardio-

vascular disease, neurologic disease, osteoporosis, 

optic nerve aging, and glaucomatous neurodegen-

eration [15, 16]. However, some of these adverse 

outcomes may be prevented by hormone therapy 

with estrogens initiated after the onset of meno-

pause. These effects were observed in women 

exposed to estrogen therapy and are most likely 

explained by a positive effect on oxidative damage 

[17]. Moreover, menopausal symptoms are associ-

ated with low biological antioxidant potential [18].

A biological model of premature aging is 

Down syndrome (DS). Individuals with this 

pathology experience premature aging and 

dementia with alterations in the oxidative 

metabolism of neutrophils, which contribute to 

alterations of physiological functions [19]. It is 

reported that persons with DS have excess Cu/

Zn superoxide dismutase (SOD) activity, which 

causes an imbalance between the activity of anti-

oxidant enzymes and leads to increased oxidative 

molecule levels and cellular senescence [19, 20]. 

In fact, women with DS experience the meno-

pause at an earlier age than women in the general 

population [21], and this finding has health impli-

cations because early menopause is a risk factor 

for several age-related diseases, as we described 

previously.

Therefore, it is important to understand the 

oxidative process and place it in the context of 

perimenopause and the changes that estrogen 

deprivation causes in women.

4.2  Oxidative Stress

Oxidative stress, or redox imbalance, occurs 

when the balance between oxidant reactive spe-

cies, free radicals (FRs), non-radicals, and anti-

oxidants is disrupted because of an accumulation 

of reactive species or the depletion of antioxi-

dants; this in turn leads to oxidative damage to 

biomolecules [22, 23]. This biochemical process 

was first described by Rebeca Gerschman et al. in 

1954 [24], who noted that FRs are toxic agents 

that cause disease.

By 1956, Denham Harman [25] had linked 

FRs to aging and the most prevalent chronic con-

ditions that plague this stage of life. This proposal 

was later reinforced by the discovery of the 

enzyme SOD by McCord and Fridovich in 1969 

[26]. This enzyme lies at the axis of the antioxi-

dant system. At present, it is recognized that the 

production of reactive species and oxidative stress 

occurs intracellularly and within the  extracellular 

space. Oxidative damage can compromise cell 

metabolism, differentiation, proliferation, sur-

vival, and reproduction, and the long-term effects 

of oxidative damage are implicated in skin aging, 

cancer, and inflammation [27].

To better understand the biological process 

of oxidative stress, we will divide the topic into 

its two components: oxidant and antioxidant 

process.

4.2.1  Oxidant Process

Reactive species can be separated into four 

groups based in their main atom: oxygen (ROS), 

nitrogen (RNS), sulfur (RSS), and chlorine 

(RCS), with ROS being the most abundant [23, 

28–30].

ROS are intermediate metabolites that are pro-

duced through the univalent reduction of oxygen 

in normal aerobic metabolism and are part of a 

group of FRs and non-radicals with highly oxi-

dizing structures. FRs are chemical species that 

possess one unpaired electron in their last orbital; 

therefore, they are able to extract an electron 

from a neighboring atom or molecule to com-

plete its orbit. When two FRs share their unpaired 

electrons, non-radical molecules are formed [22, 

28, 30].

In living organisms, ROS are produced by 

various metabolic processes, such as the mito-

chondrial respiratory chain, phagocytosis, detox-

ification reactions in cytochrome P450, and 

prostaglandin synthesis, as well as various 

inflammatory and nonenzymatic reactions 
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between oxygen and organic compounds that 

include nicotine adenine dinucleotide phosphate 

(NADPH) oxidase. ROS can be created by expo-

sure to ionizing radiation but are formed mainly 

by oxidation-reduction (redox) reactions. It is 

known that ROS can interfere with cell differen-

tiation, aging, and apoptosis [28, 31–34].

The main generator of ROS is the mitochon-

dria, as a side effect of the electron transport sys-

tem of the respiratory chain, whose principal 

function is ATP production. In this process, elec-

trons are transferred by the tetravalent reduction 

of oxygen to form water (H2O), but approxi-

mately 1–3 % of the electrons are lost in the sys-

tem, producing the superoxide anion (O2 ), the 

first FR molecule that is formed by the addition 

of one electron to oxygen, mediated by NADPH 

oxidase [23]. As a cascade of electron transfer 

reactions occurs, O2  is produced in the union 

sites of the ubiquinone in the I (NADH:ubiquinone 

oxidoreductase) and III (ubiquinol:cytochrome c 

oxidoreductase) complexes. The O2  is then 

converted to hydrogen peroxide (H2O2), which is 

a non-radical molecule with strong oxidant 

power, by the action of superoxide dismutase 

(SOD, EC 1.15.1.1); H2O2, in turn, is acted upon 

by catalases (EC 1.11.1.6), peroxidases, and per-

oxiredoxins. Glutathione peroxidase (GPx, EC 

1.11.1.9) is the main enzyme that is responsible 

for producing H2O. In the glutathione peroxidase 

reaction, glutathione is oxidized to glutathione 

disulfide, which can be reconverted to glutathi-

one by glutathione reductase in an NADPH- 

consuming process [23, 35–37]. In the presence 

of transition metal cations such as iron (Fe2+) and 

copper (Cu2+), H2O2 is converted to a hydroxyl 

radical ( OH), which is the most reactive and 

dangerous FR, and the metal is reduced through 

the Fenton reaction during cellular metabolism. 

Moreover, O2  can oxidize Fe3+. This integrated 

reaction when produced by iron is named the 

Haber-Weiss reaction [38, 39]:

 
H O Fe OH OH Fe Fenton reaction2 2

2 3+ → + ++ − +•

 

 
O Fe O Fe2

3
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2•− + ++ → +
 

 H O O OH OH O Haber Weiss reaction
Fe

2 2 2 2
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+ → + + −− −
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• •

To balance the oxidation reactions, each oxygen 

atom generates one molecule of H2O, but during 

intermediary reactions, three ROS are formed by 

the addition of four electrons (Fig. 4.1):

 
O O H O OH H O2 2 2 2 2→ → → →−• •

 

Importantly, it has been documented that OH can 

also be formed under reducing conditions, i.e., 

molecules that function as true antioxidants 

(reducers) may increase rather than decrease free 

radical stress [40].

Hydroxyl radicals react with biomolecules 

such as lipids, carbohydrates, proteins, and DNA 

to produce peroxyl radicals (ROO ), which con-

duct a series of chain reactions that result in 

hydrogen abstraction during biomolecule oxida-

tion. However, O2  and H2O2 do not react with 

most biological molecules.

Recently, it has been noted that the production 

of ROS in mitochondria is based on its high 

membrane potential (mtΔΨ) or high amounts of 

NADH/NAD+. The mechanism that has been pro-

posed is based on results from animal models and 

suggests a switch of oxidative phosphorylation 

between high efficiency at low mtΔΨ and low 

ROS formation, through a second mechanism of 

respiratory control (RC2 on) and the activated 

state with maximum rates of ATP synthesis 

(maximum output power) at lower efficiency 

accompanied by high mtΔΨ and ROS formation 

(RC2 off). This hypothesis proposes that health 

and long life in animals are, in part, dependent on 

RC2 to maintain low mtΔΨ values and low ROS 

formation [37].

ROS can also act through indirect mecha-

nisms, and the cascade of effects reflects the 

changes in the level and function of redox- 

sensitive transcription factors and signaling pro-

teins such as Nrf2, NF-κB, AP-1, p53, and MAP 

kinases. These mechanisms are complex and go 

beyond the scope of this review.

ROS production and release can be influenced 

by environmental factors such as UV radiation, 

air pollution, and exogenous toxins such as nitric 

oxide, cigarette smoke, alcohol intake, caffeine 

consumption, and exposure to drugs.

The second major group of reactive species 

in the oxidative stress process is nitrogen  species 
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(RNS), which are also formed during intracel-

lular metabolism. The most abundant RNS is 

the nitric oxide radical (NO ), which is a vasodi-

lator with anti-inflammatory and anticoagulant 

properties. NO  is a gaseous FR derivate that 

results from the oxidation of the terminal 

guanido- nitrogen atom of L-arginine in a reac-

tion that consumes molecular oxygen and 

reduces equivalents of nicotine adenine dinucle-

otide phosphate reduced coenzyme (NADPH) to 

form L-citrulline. This reaction is catalyzed by 

nitric oxide synthases (NOS). NO  can be rap-

idly inactivated by reacting with O2  to form the 

strong oxidant peroxynitrite (ONOO ), which, 

in an acidic environment, is converted to per-

oxynitric acid and subsequently decomposed to 

OH and nitrite (NO2 ) [36, 41, 42]. Additionally, 

under certain conditions, NO  can react with 

amino acid residues to produce nitrosine, which 

is a biochemical compound that inactivates 

enzymes [43]. It is important to note that NO  

and its derivatives (RNS) inhibit mitochondrial 

respiration reactions and either stimulate or 

inhibit cell death depending on the prevailing 

conditions [44].

Reactive species of sulfur (RSS) form the 

third group, and these species have stressor prop-

erties that are similar to those found in 

ROS. Thiols and disulfides are easily oxidized to 

sulfur species such as thiyl radicals, disulfides, 

sulfenic acids, and disulfide-S-oxides. RSS are in 

turn oxidized and inhibit thiol proteins and 

enzymes, collaborating to exacerbate oxidative 

stress [30].

The last group of reactive species is composed 

of chlorine molecules (RCS) that are formed by 

the action of myeloperoxidase at the expense of 

H2O2 in a chloride ion-dependent reaction during 
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Fig. 4.1 Chain of reactions to produce ROS and RNS, 

both inside and outside of cells. The reactions begin with 

the addition of an electron to an oxygen atom either by the 

metabolic pathways (in purple) or exogenous sources 

(pink). The ROS formation is in red and the RNS in blue. 

See corresponding text to explain. SOD superoxide dis-

mutase, CAT catalase, GPx glutathione peroxidase, NOS 

nitric oxide synthase
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phagocytosis. The reaction product, the hypo-

chlorite ion (OCl ), is in balance with its proton-

ated form, hypochlorous acid (HOCl). Under 

physiological conditions, both compounds are 

potent oxidizing agents that may attack biomole-

cules and produce ROS and RNS, as does OH 

and ONOO  [28, 45].

4.2.2  Antioxidant Process

Cells have effective mechanisms for the defense 

against oxidative damage. Because the main 

reactions involving reactive species take place 

in the intracellular compartment, these defense 

mechanisms are usually carried out by enzymes; 

however, in the extracellular compartment, 

antioxidant molecules and mechanisms of a dif-

ferent chemical nature are found. The anti-

oxidant scavenging capability of cells varies 

according to the type of oxidants that attack 

them, and the ability of antioxidants to scav-

enge peroxyl radicals might be considerably 

different for other oxidants. Hence, the system 

of antioxidant protection occurs at different 

levels, and these levels are divided into three 

groups: (a) first level, the actions are directed to 

prevent the formation of reactive species or to 

intercept these molecules when they are formed; 

(b) second level, the mechanisms are directed 

to trap the reactive species that are formed, thus 

terminating or preventing the initiation of an 

oxidative chain reaction; and (c) third level, a 

group of enzymes that directly restore native 

biomolecules and other catabolic molecules 

that can specifically degrade nonfunctional 

molecules. This degradation can serve to 

remove oxidized molecules from the cytosol or 

to fill up the pool of precursors for resynthesis 

(Fig. 4.2) [36, 46–48].

Fig. 4.2 Antioxidant systems by level of action versus oxidative damage. SOD superoxide dismutase, CAT catalase, 

GPx glutathione peroxidase, TRX thioredoxin, PRX peroxyredoxin
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4.2.2.1  First Level of Antioxidant 
Defense

At this level, we find the major antioxidant 

enzymes, SOD (EC 1.15.1.11), catalase (EC 

1.11.1.6), and GPx (EC 1.11.1.9), and to complete 

this line of defense, we can add other enzymes, 

including hemooxygenase-1 (EC 1.14.99.3) and 

redox proteins such as thioredoxins (TRXs, EC 

1.8.4.10) and peroxiredoxins (PRXs, EC 

1.11.1.15). All of these molecules are responsible 

for maintaining a redox steady state [28].

The superoxide dismutases are a group of tet-

rameric oxidoreductases that catalyze the dismu-

tation of O2  to H2O2 and O2. Three isoforms that 

are located in different subcellular locations but 

catalyze the same reaction are included in this 

group: SOD1 (CuZnSOD) in the cytosol, SOD2 

(MnSOD) in the mitochondrial matrix, and 

SOD3 (ecSOD) in the extracellular fluid. SOD2 

is of particular interest because the mitochondrial 

matrix represents the first line of antioxidant 

defense against the O2 that is produced as a 

byproduct of oxidative phosphorylation [28, 41]. 

Moreover, it has been reported that SOD1 has a 

CO2-dependent peroxidase weak activity; this 

CO2 dependence occurs by generating a strong 

oxidant in the copper site of the enzyme due to 

two sequential reactions with H2O2, followed by 

the oxidation of CO2 to a carbonate radical, which 

is responsible of several oxidation reactions sub-

sequent [49].

The H2O2 product of the dismutation reaction 

is more stable than O2 . It can traverse mem-

branes and has been shown to be an essential sig-

naling molecule in a variety of signaling cascades 

and cell matrix interactions [50]. This molecule, 

in turn, is converted into H2O by the action of 

catalases, peroxiredoxins, and peroxidases. 

Catalase is a tetrameric hemoprotein with four 

heme groups at its active site and is located in the 

cytosol and peroxisomes. Its catalytic action 

resides in the iron within its structure that is 

actively involved in coordinately binding water 

or forming a complex with an atom of O2 during 

the reaction. Likewise, catalase can also bind 

NADPH, which prevents its oxidative inactiva-

tion or the formation of complex II by the action 

of H2O2 because it is reduced to water [28, 51].

Glutathione peroxidases form a group of tetra-

meric enzymes that contain a molecule of 

selenium- cysteine in their active sites and use 

glutathione (GSSG) and other thiols to reduce 

H2O2 or organic hydroperoxides to water or alco-

hols, respectively. Four glutathione peroxidase 

isoforms have been identified in mammals: GPx1 

(in the cytosol and mitochondria), GPx2 (in the 

intestinal epithelium), GPx3 (in the extracellular 

space), and GPx4 (in cellular membranes). The 

mechanism for reducing glutathione (GSH) or a 

thiol compound begins by reducing selenium. 

The reduced enzyme then reacts with H2O2, and 

H2O is released. Subsequently, a second GSH 

molecule undergoes thiol-disulfide exchange, 

which releases GSSG and regenerates the enzyme 

[28, 52].

Metal chelator proteins are also considered 

part of the first level of defense against oxidation, 

and the principal proteins include albumin, 

α-lactalbumin, transferrin, ferritin, ceruloplas-

min, β-lactoglobulin, and immunoglobulins. 

These enzymes act mainly to remove FR from 

the extracellular space, and their antioxidant 

mechanism involves amino acids such as tyrosine 

and cysteine, due to their structures, and the che-

lation of transition metals [53–55]. Albumin is 

the most abundant of the serum-circulating pro-

teins, and its antioxidant function involves more 

than one mechanism of action. It is noted that 

more than 70 % of the serum FR-trapping activ-

ity is due to this protein [54]. The antioxidant 

capability of albumin can be attributed to two 

mechanisms: its ability to bind multiple ligands 

through its multiple binding sites and its propen-

sity for FR trapping. However, this protein is also 

susceptible to oxidation, which diminishes its 

antioxidant activity [55]. Its FR trapping ability 

resides in its cysteine (Cys34) and methionine 

(Met) residues, but cysteine plays a more impor-

tant role in this process [56].

Iron-binding proteins such as transferrin and 

ferritin are capable of preventing the Fenton reac-

tion because they are iron chelators. This antioxi-

dant action is possible because they bind iron, 

and once bound, they are not available to stimu-

late FR reactions or form OH, which is an impor-

tant part of the extracellular antioxidant defense 
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system [53, 57, 58]. Another enzyme that avoids 

the Fenton reaction is ceruloplasmin. This 

enzyme has ferroxidase action, which inhibits the 

formation of OH iron and is dependent on H2O2. 

This enzyme also has a synergic activity with fer-

ritin, which inhibits superoxide-dependent iron 

release and limits its biodisponibility in vivo to 

reinstate iron to the enzyme when it is released 

[53, 59].

4.2.2.2  Second Level of Antioxidant 
Defense

When the first level of antioxidant defense is 

exceeded, organisms have a second level of pro-

tection. The role of these antioxidants is to “trap” 

FR once it is formed, thus terminating or pre-

venting the initiation of an oxidative chain reac-

tion. Exogenous and endogenous molecules are 

included in this group. Serum compound such 

as uric acid and bilirubin, and hormones such 

as estrogens and melatonin, are all endogens 

 secondary antioxidants; vitamins A, C and E; 

poliphenolic compounds, and aromatic amines 

are all exogenous antioxidant compounds. An 

important characteristic of exogenous antioxi-

dants is that they have the ability to become 

 radical species; therefore, they are potentially 

prooxidants [39, 47].

Estrogens are linked to menopause; therefore, 

they will be emphasized here. Estrogens and their 

metabolites possess antioxidant capabilities due 

to the presence of an OH at C3 of the phenolic 

ring in the A position. The antioxidant activities 

of estrogen are carried out in different ways: 

estrogen molecules act as free radical scavengers, 

neutralize excess ROS, and increase the amount 

of antioxidant molecules such as thioredoxin and 

SOD [17, 60, 61]. As FR scavengers, estrogens 

can be considered polycyclic phenolic com-

pounds, which are molecules that are capable of 

intercalating into the cellular and mitochondrial 

membranes, where they directly interrupt lipid 

peroxidation (lipid oxidation) or through poorly 

defined lipophilic derivatives [62]. Indeed, sev-

eral in vivo and in vitro studies indicated that the 

oxidation of LDL isolated from postmenopausal 

women was differentially inhibited by various 

estrogens, and the most active were the unique, 

ring B unsaturated estrogens [63]. Moreover, 

estrogens can act in trapping transition metals, 

such as Fe2+ and Cu+, reducing and maintaining 

low levels of these metals, and preventing them 

from acting as oxidants again. Thus, estrogens 

attenuate the ROS that are created by the Fenton 

reaction in vitro [64]. Because of its capability 

for incrementing antioxidant molecules, estradiol 

increases the transcription, expression, and activ-

ity of SOD2 and SOD3 without affecting GPx 

and catalase [65].

Additionally, estrogens can act as prooxidants 

because they are oxidized to 4-hydroxy-estrogens 

or catechol-estrogens by the action of a wide 

range of oxidative enzymes, such as cytochrome 

P450, and metallic ions in the presence of molec-

ular O2. The cytochrome P450 pathway generates 

reactive electrophilic estrogen o-quinones and 

ROS, through the redox cycling of the o- quinones, 

mainly by the TCDD-inducible P450 isozymes, 

P4501A1/1A2 and P4501B1, which selectively 

catalyze hydroxylation at the 2 and 4 positions of 

estrone and 17β-estradiol, respectively. In this 

redox cycling, the 4-hydroxy-estrogens are oxi-

dized to semiquinones and quinones, which can 

be reduced by cytochome P450 NADPH- 

dependent reductase to generate O2 , which in 

turn reduces Fe3+ to Fe2+ by the Fenton reaction to 

produce OH. These reactions are dependent on 

the levels of metallic ions in the given environ-

ment. Importantly, catechol-estrogen metabolites 

are likely contributors to the development of can-

cer [66, 67].

Antioxidant vitamins are also relevant during 

menopause. Recent research has focused on the 

antioxidant activity and possible anticancer prop-

erties of vitamins A, C, and E, which have been 

commonly thought to prevent or dampen the 

effect of chronic degenerative diseases. These 

vitamins have been effective antioxidants in vitro 

and in vivo [68, 69], and several studies have 

shown that vitamins C and E, when administered 

at different concentrations, exert antioxidant 

effects that prevent or reduce oxidative stress. 

Vitamin E or α-tocopherol is the major 

membrane- bound antioxidant in the cell. Vitamin 

E donates an electron to a peroxyl radical, which 

is produced during lipid peroxidation and acts as 
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a chain-breaking antioxidant by scavenging 

chain-initiation and -propagation radicals. 

Vitamin E also reduces the consequences of oxi-

dized LDL by decreasing the ability of mono-

cytes to bind to endothelial cells [70–72]. Under 

such circumstances, vitamin E is considered a 

suppressor of LDL lipid oxidation because it is 

the main antioxidant molecule in human lipopro-

teins [73]. Vitamin C, when in its L-ascorbic acid 

form, acts as an antioxidant in the aqueous condi-

tions of the plasma and cytoplasm and is con-

verted to dehydroascorbic acid in the presence of 

oxidants. Ascorbic acid crosses the cytoplasmic 

membrane, directly scavenges ROS through the 

major antioxidant pathway and acts as an 

electron- donor by maintaining iron in its ferrous 

state. This ability to donate one or two electrons 

makes ascorbate an excellent reducing and anti-

oxidant agent [74, 75]. Additionally, vitamin C 

acts synergistically with vitamin E because vita-

min E protects membranes from lipid peroxida-

tion by transforming itself into an α-tocopheroxyl 

radical once it captures free ROS in the mem-

brane. Ascorbic acid reduces this radical form 

and makes it reactive for new, reducing lipid oxi-

dation, which consequentially leads to a decrease 

in oxidative stress. The interaction between vita-

mins E and C has led to the idea of “vitamin E 

recycling,” which is when the antioxidant func-

tion of oxidized vitamin E is continuously 

restored by other antioxidants, mainly vitamin C 

[76, 77]. Under normal physiological conditions, 

the α-tocopherol/ascorbic acid pair is the major 

antioxidant system that suppresses excess LDL 

oxidation in the plasma [78]. Another observed 

effect of vitamin C is in the modulation of DNA 

repair, although the impact of vitamin C on DNA 

damage is dependent on the background values 

of vitamin C in the individual and on the level of 

oxidative stress [79]. Moreover, vitamin C affects 

NO bioavailability due to its ability to prevent 

eNOS-related superoxide production by a mech-

anism that is not entirely known [77].

As described previously for estrogens, antioxi-

dant vitamins also act as prooxidant agents. The 

α-tocopheroxyl radical is relatively nonreactive, 

although it can exert prooxidant activities in the 

absence of ascorbic acid and reduced  coenzyme 

Q10, thus acting on LDL as a chain-transfer agent 

rather than as a radical trap and oxidizing LDL via 

a free radical chain [73, 78]. Recent studies in 

yeast have suggested the potential prooxidant 

action of α-tocopherol and coenzyme Q10, warn-

ing against antioxidant  supplementation as an 

approach to increase longevity [72].

In the same way, ascorbic acid can cause seri-

ous oxidative damage because it reacts with free 

iron and produces the ascorbyl radical, and it can 

undergo pH-dependent autoxidation to form 

H2O2. The ascorbyl radical in turn reduces iron 

when it appears as a free ferric cation in biologi-

cal fluids, thus accelerating the auto-oxidation 

reaction and favoring the Fenton reaction to pro-

duce an OH, which causes oxidative damage to 

biomolecules [74, 75]. Additionally, it is feasible 

that the release of iron and the presence of vita-

min C during acute inflammation could lead to 

the generation of OH, ascorbyl, and thiyl radi-

cals [80].

4.2.3  Third Level of Antioxidant 
Defense

There are some circumstances in which biomol-

ecules are oxidized, necessitating a third level of 

antioxidant defense including repair enzymes 

such as phospholipases, nucleases, reductases, 

and proteases, which repair oxidative damage, 

remove the oxidized products, and reconstitute 

the lost function. Phospholipases, such as phos-

pholipase A2 or platelet-activating factor-acetyl 

hydrolase, remove oxidized fatty acids because 

they must be in a nonesterified form to be detoxi-

fied [81, 82].

Redoxy-endonucleases endogenously repair 

DNA damage that is generated by exposure to 

ionizing radiation [83]. The action of these 

enzymes is mediated by nucleotide excision 

repair (NER), which is a pathway of DNA repair 

that is responsible for eliminating diverse oxida-

tive lesions. Approximately 30 proteins partici-

pate in this mechanism, but ERCC1-XPF and 

XPG are the major structure-specific endonucle-

ases that make 5′ and 3′ excisions into damaged 

DNA, respectively, and release the damaged 
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 oligonucleotide [84]. Other smaller base adducts, 

such as hydroxyl or alkyl groups at different posi-

tions, and single-strand breaks serve as substrates 

for DNA base excision repair (BER) [85].

Finally, most oxidized proteins cannot be 

repaired by cells. An alternative method for pre-

venting further damage is the catabolism of oxi-

datively modified proteins via proteases that are 

generated in latent proteolytic systems, which are 

activated when cells are challenged with ROS 

[54, 86, 87]. Two key proteases have been identi-

fied: a cytosolic, proteolytic system known as the 

20S proteasome and a mitochondrial protease 

called the Lon protease, which is involved in the 

degradation of oxidized aconitase [88].

Together with degradation, specific enzyme 

systems contain proteins that reduce certain 

amino acid oxidation products that contain sul-

fur, cysteine, and methionine and are most sus-

ceptible to oxidation. The glutaredoxin/

glutathione/glutathione reductase and thiore-

doxin/thioredoxin reductase systems reverse the 

oxidation of cysteine disulfide bonds and sulfonic 

acid, while the methionine sulfoxide reductase 

system (MSR) reduces methionine sulfoxide to 

methionine [88]. If FR damage to DNA is not 

repaired, it may lead to genetic instability, which 

has been proposed as the leading cause of disease 

processes such as carcinogenesis [89].

4.3  Oxidative Damage 
from Biomolecules

As explained above, the consequence of produc-

ing reactive species is the oxidation of biomole-

cules such as lipids, proteins, DNA, and 

carbohydrates. In this section, we will address the 

oxidation of each type of molecule.

4.3.1  Lipid Oxidation

Of all biomolecules that can be attacked by ROS, 

lipids are the most susceptible. Three different 

mechanisms for lipid oxidation exist: (1) enzy-

matic oxidation; (2) nonenzymatic, free radical- 

mediated oxidation; and (3) nonenzymatic, 

non-radical oxidation [90, 91].

Lipid oxidation reactions that are mediated by 

enzymes are carried out as part of the catalytic 

action of the enzyme; for example, lipoxygenases, 

cyclooxygenases, and cytochrome c use FRs as 

intermediaries in the reactions that form endoper-

oxides and hydroperoxides. In these cases, the FR 

is bound to the protein active site [43, 92], where 

it induces structural changes in the cells under dif-

ferent physiopathological conditions [93].

The nonenzymatic reactions are performed 

primarily in cell membranes because they are 

rich in polyunsaturated fatty acids (PUFA), which 

are easily oxidized by lipid peroxidation, and 

their products are referred to as lipoperoxides. 

This process directly damages the structure of the 

cell membrane and indirectly damages other cel-

lular components by producing reactive alde-

hydes. Lipid peroxidation is carried out by five 

in-chain reactions [90–92]:

 1. A PUFA is attacked by a FR ( OH or ROO ), 

which abstracts one hydrogen atom (H ) from 

a methylene group with an adjacent double 

bound (—CH—), and this abstraction results 

in a pentadienyl carbon-centered lipid radical 

(— CH—).

 2. The carbon-centered lipid radical undergoes a 

molecular rearrangement to form a conjugated 

diene, which then combines with O2 to form a 

lipidic peroxyl radical (ROO ).

 3. The lipidic peroxyl radical is fragmented to 

give O2 and a lipid radical (the reverse of reac-

tion 2).

 4. A rearrangement of the peroxyl radical occurs.

 5. A cyclization of the peroxyl radical occurs, 

but this reaction is only carried out when 

PUFA has more than three double bonds.

These new peroxyl radicals are capable of 

extracting the hydrogen atom of other PUFAs 

and inducing further oxidation. Peroxidation is 

continued until the substrate is terminated or the 

sequence is interrupted by an antioxidant [43, 

90, 91].

Extensive lipid peroxidation in biological 

membranes causes fluidity loss, loss of membrane 

potential, increased permeability to H+ and other 

ions, and, eventually, the release of cell contents 

and organelles resulting in cell death, whether 

programmed (apoptosis) or unprogrammed [43, 

92, 93]. Likewise, lipid peroxidation products 
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such as malondialdehyde and unsaturated alde-

hydes inactivate cellular proteins by forming pro-

tein cross-linkages [23].

Lipid peroxidation by a nonenzymatic, non- 

radical mechanism is induced by singlet oxygen 

and ozone [90], but this process has not been well 

studied, and the mechanism is not fully understood.

4.3.2  Proteins Oxidation

Proteins are also direct targets of ROS/RNS 

because of their high concentrations in living 

organisms, and different reactions involving pro-

teins occur, such as carboxylation, nitration, loss 

of sulfhydryls, backbone damage, side-chain 

damage, fragmentation, unfolding and conforma-

tional changes in tertiary and quaternary struc-

tures, alteration of electrical charge, oxidation of 

specific amino acids, spontaneous reactions with 

glucose (glycosylation), and covalent cross-links 

[83, 87, 94].

Protein, as well as lipid, oxidation by FRs is 

initiated by the abstraction of a hydrogen atom 

from the a-carbon site, resulting in a carbon- 

centered radical. This reaction can be carried out at 

the backbone or in the side chain, and in both 

cases, these species appear to have two major 

fates: reaction with O2 to give a peroxyl radical or 

a reaction with another radical. The peroxyl radi-

cals that are formed undergo different subsequent 

reactions that are dependent on if the reaction is 

with the backbone or side chain. When the reac-

tion occurs with the backbone, an elimination 

reaction releases HO2  and generates an imine, 

which undergoes further hydrolysis and backbone 

fragmentation. When the reaction occurs with the 

side chain, peroxyl radicals undergo a range of 

radical–radical termination reactions that can gen-

erate alcohols and carbonyl compounds or, alter-

natively, alkoxyl radicals and O2. When the 

reaction occurs with another radical, the carbon-

centered radical is converted into a hydroperoxide, 

and if this reaction occurs with the backbone, the 

subsequent decomposition of the hydroperoxide to 

a radical can result in backbone fragmentation via 

an alkoxyl-radical- mediated process [85, 95].

All amino acids in the side chains of the pro-

teins, but mainly methionine, cysteine, tyrosine, 

phenylalanine, tryptophan, and histidine, undergo 

attack by OH. As we have explained previously, 

oxidized proteins are easily degraded by proteo-

lytic enzymes due to carboxylation, thus creating 

new N-terminal groups or conformational 

changes. In this sense, ONOO– oxidizes mem-

brane and cytoplasmic proteins, which affect their 

physical and chemical natures [83, 87, 94, 96].

Moreover, it is noted that decreased enzyme 

binding constants (increased Km) for coenzymes 

or substrates can result from protein deformation 

and loss of function due to an age-related decline 

in membrane fluidity or to polymorphisms and/or 

mutation [97].

After the oxidation of sulfur centers by most 

radical oxidants, thiyl radicals (RSS) are formed, 

and the presence of these radicals and the loss of 

the -SH groups of the proteins can cause misfold-

ing, catalytic inactivation, reduction in the anti-

oxidant capability, and the loss of specific 

functions, for example, albumin binding to heavy 

metals and sulfur-containing amino acids [98].

4.3.3  Carbohydrates Oxidation

The best understood effects of FRs on carbo-

hydrates are mediated by glycosylation reac-

tions with proteins; its other effects are less well 

known. Glycation involves the nonenzymatic 

interaction between reducing sugars, mainly glu-

cose, with the primary amino groups of proteins. 

The major product in tissue proteins is fructosely-

sine (FL), which is in balance with its Schiff base 

that is formed by glycation of the ε-amino groups 

on lysine residues. The subsequent Maillard reac-

tions undergo molecular rearrangement to produce 

ketamines (or Amadori compounds) or intermedi-

ate glycation products. This process occurs after 

several weeks; therefore, it affects long-lived 

proteins and contributes to the cross-linking of 

tissue proteins. Amadori compounds form α–

dicarbonyl or α-oxoaldehyde compounds, which 

are fragmentation products that are subsequently 

condensed and conformed to advanced glycosyl-

ation end products (AGE) or advanced Maillard 

products, principally Nε-[carboxymethyl]-lysine 

(CML) and pentosidine, through an oxidative 

pathway in the presence of O2  and Fe2+. This 
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oxidation process accompanied by glycation is 

known as glycoxidation, and the molecules that 

are formed are called glycoxidation products. The 

extent of tissue protein glycation depends on the 

ambient glucose concentration and remains rela-

tively constant with age; therefore, subjects with 

diabetes mellitus can have high AGE levels. An 

important consequence of the glycation of tissue 

proteins is a reduction in their susceptibility to 

catabolism [99–101].

Furthermore, a previous study described that 

ONOO– could induce protein modification by 

oxidative cleavage of Amadori products and by 

generating reactive α-oxyaldehydes from glu-

cose, thus forming CML [102].

4.3.4  DNA Oxidative Damage

Nuclear and mitochondrial DNA is not exempt 

from oxidative processes. Of the stresses that 

cells undergo, OS is an important cause of DNA 

damage.

Hydroxyl radicals can cause protein-DNA 

cross-linking, sister chromatid exchange, sugar 

bond modifications, and oxidation of heterocy-

clic DNA bases.

Oxidative DNA damage has been estimated at 

1.5 × 105 oxidative adducts per human cell, if 

8-oxo-desoxyguanosine represents 5 % of the 

total adducts. That is, for every 1012 oxygen mol-

ecules entering a cell each day, 1 in 200 will dam-

age DNA. DNA oxidative damage can 

compromise cellular function, and it is most 

likely the major factor involved in mutagenesis, 

carcinogenesis, and aging [103, 104].

Covalent DNA-protein cross-links are formed 

in mammalian cells by reactions between OH and 

chromatin, which are induced by H2O2/metal ions, 

and thymine-tyrosine (Thy-Tyr) cross-links have 

been found to be major products in many experi-

ments. The oxidative modification of deoxyribose 

can induce abasic sites and single- or double-

stranded DNA breaks, and oxidative modifications 

of the bases can produce  degradation, mutations, 

deletions, or translocations [23, 89, 104].

In general, OH can lead to multiple products 

of base oxidation through an 8-hydroxylation 

reaction. Of the DNA bases, guanine has the low-

est reduction potential; therefore, it is the best 

electron donor and is preferentially oxidized. The 

main compounds that are formed by oxidation 

are 8-hydroxyguanine (8-OHG), 8-hydroxy-2′-
deoxyguanosine (8-OHdG), 8-hydroxyadenine, 

and thymine glycol. Of these, 8-OHdG is the 

principal biomarker that is used due its mutagen-

icity and correlation with aging and different 

chronic diseases such as cancer because it induces 

a guanine to thymine base transversion [23, 105, 

106]. Moreover, ONOO  is produced by the tran-

sition metal-catalyzed formation of OH or dur-

ing the production of 8-oxo-guanosine in the 

inflammation process [104].

The reactivity of OH towards deoxyribose 

varies considerably. The oxidation reaction yields 

carbon-centered radicals mainly at C4 and C5, 

and these radicals undergo further reactions that 

yield different deoxyribose products. Under aero-

bic conditions, peroxyl radicals are formed and 

centered at C5′, and these are converted to an 

oxyl radical, which leads to β-cleavage and strand 

breakage followed by release of an altered sugar 

and an intact base. Subsequently, the lesion that 

is predominantly observed in DNA is a strand 

break that is mediated by iron and H2O2 [104, 

107].

Due to its proximity near the internal mem-

brane of the mitochondria, mtDNA is more 

exposed to ROS than nuclear DNA because, as 

previously described, ROS that produce the high-

est endogenous damage are generated in high 

concentrations by the respiratory chain. The 

attack mediated by ROS on mtDNA conduces 

two main mutagenic alterations: (a) formation of 

8-OHdG because the oxidative modification of 

other bases is less frequent and (b) single- or 

double- stranded DNA breaks [106, 108]. An 

increasing number of experimental studies sug-

gest that mtDNA mutations can be generated by 

replication of errors instead of cumulative oxida-

tive damage and, thus, question the mitochon-

drial theory of aging [109].
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4.4  Skin and Oxidative Stress

Skin cells are constantly exposed to various chal-

lenges such as oxidative stress that are associated 

with the formation of ROS from endogenous, as 

noted above, and exogenous sources such as 

ultraviolet radiation, chemical compounds, pollu-

tion, and inflammatory processes. Evidence sug-

gests that O2  and H2O2 are increased in aged 

skin and that aging is accompanied by an increase 

in lipoperoxides in keratinocytes, which is more 

marked in males and ovariectomized rats than in 

intact female rats and emphasizes a possible pro-

tective effect of estrogens from oxidative and 

inflammatory damage of the skin [44]. Constant 

exposure to ultraviolet A (UVA) radiation can 

generate ROS and causes the release of iron, 

which leads to oxidative damage in biomolecules. 

As a result of E2 loss, an increase in iron, which 

is generally released through desquamation 

occurs, and the skin becomes a main portal for 

the release of excess iron [110]. Furthermore, 

keratinocytes that are exposed to UVB radiation 

generate H2O2, which acts as an apoptotic media-

tor [111].

E2 deprivation has the following effects on 

skin cells: the capability of the stress response is 

reduced by the lack of estrogens, the oxidative 

alteration of collagen and its synthesis, insuffi-

ciency of the NO-dependent vasodilation mecha-

nism, and glycoxidation, which causes OS, 

telomere shortening, and cellular senescence 

(Fig. 4.3).

Regarding the reduced capability of the stress 

response, some authors have shown that a signifi-

cant decrease in mitochondrial membrane poten-

tial in ex vivo samples of human dermal fibroblasts 

from elderly donors occurs and is accompanied 

by a significant increase in ROS levels [112]. Ma 

et al. found that long-term exposure of cells to 

ROS initiates a vicious cycle that results in a 

reduced capability of the stress response, a reduc-

tion in ATP synthesis, and a further increase of 

ROS production in affected cells [113]. 

Chemical
compounds Pollution

Inflammation

Estrogens
Ultraviolet
radiation

deprivation

     Oxidative alterations in collagen
and its synthesis

Collagen glycoxidation

     Insufficiency of NO-dependent

vasodilatation mechanism

Telomere shorting

Cellular senescence

Fig. 4.3 Effect of oxidative stress and estrogens depriva-

tion on skin cells. Prooxidant factors (gold arrows) induce 

that ROS increased and ultraviolet radiation causes iron 

release and H2O2 production, causing high oxidative 

stress. Estrogen deprivation (red arrows) causes high ROS 

levels in skin cells and some alterations in other skin cells 

mechanisms (see text). The final consequences of high 

oxidative stress in cells are some biochemical modifica-

tions that produce cellular senescence. O2  superoxide 

anion, H2O2 hydrogen peroxide, OH hydroxyl radical, 

LPO lipoperoxides, ROS reactive oxygen species, NO 

nitric oxide
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Furthermore, as we age, human skin cells lose 

their ability to repair DNA damage;  therefore, it is 

possible to say that the excess production of ROS 

and reduced antioxidant activity with advanced 

age significantly contributes to the clinical signs 

and chronological changes of aging [112].

Moreover, skin aging is characterized by a 

loss of collagen types I and III, among other 

matrix constituents, due to estrogen deficiency 

because this hormone enhances collagen synthe-

sis, and estrogen and progesterone suppress col-

lagenolysis by reducing matrix metalloproteinase 

(MMP) activity in fibroblasts, thereby maintain-

ing skin thickness [114]. In postmenopausal 

women, reduced collagen levels in the dermis 

result from decreased procollagen synthesis and 

increased collagen degradation due to oxidative 

events. Some authors suggest that H2O2 increases 

the induction of MMP in keratinocytes and fibro-

blasts and demonstrate that E2 could interfere 

with the decrease in ROS-induced procollagen-I 

synthesis in human dermal fibroblasts, which 

counteracts the detrimental effects of OS in the 

dermal compartment during skin aging [27]. 

Additionally, in a study on SOD2-deficient mice, 

it was observed that the architecture of the colla-

gen fibers was severely disturbed; they had thin 

and loosely packed collagen bundles, procolla-

gen- I was reduced, and mitochondria from 

SOD2-deficient fibroblasts exhibited severe mor-

phological damage [50], corroborating the oxida-

tive modifications in collagen due to low 

antioxidant defense. Another factor related to 

oxidative damage in skin is the insufficiency of 

the NO-dependent vasodilation mechanism. In a 

blood was observed that was possibly due to the 

-

radation of NO  in oxidative stress conditions. 

This finding led us to conclude that this insuffi-

ciency produces a disorder of subcutaneous vaso-

dilatation that contributes to oxidative processes 

in the skin and its rapid aging [115].

Collagen is a long-lived protein that is sus-

ceptible to glycoxidation in diabetic and non-

diabetic subjects, but glycoxidation is highest 

among diabetic subjects. It was reported that 

the collagen of diabetic subjects contained sig-

nificantly increased quantities of FL and AGEs, 

which altered the characteristics of collagen 

during aging and resulted in diabetic complica-

tions. Data from this investigation showed that 

FL and AGE in skin correlated with functional 

abnormalities in other tissues such as the retina 

and kidney; thus, it is possible that glycoxidation 

may be implicated in the development of diabetic 

retinopathy and early nephropathy [116].

Investigations have revealed that human kera-

tinocytes seem to have a greater antioxidant 

defense that counteracts the oxidative damage to 

which the skin is subjected. Conversely, mesen-

chymal stem cells from human skin do not have 

an efficient defense system because they are sur-

rounded by a complex microenvironment that 

protects them from external insults. Therefore, 

they are less responsive to enhanced, prooxidant 

challenge [117].

The antioxidant effects of estrogens have also 

been proven in the skin. As noted above, estro-

gens function as antioxidants, due to their chemi-

cal structure, and as antioxidant-response 

inducers. In human Friedreich’s ataxia skin fibro-

blasts, it was demonstrated that phenolic estro-

gens were able to prevent lipid peroxidation and 

ΔΨm collapse, maintain ATP at near control lev-

els, increase oxidative phosphorylation, and 

maintain the activity of aconitase [118]. 

Additionally, it was shown that 17β-estradiol pre-

vented H2O2-induced apoptosis in keratinocytes, 

suggesting that E2 may rescue these cells from 

oxidative stress-induced apoptosis by the action 

of the Bcl-2 protein (a protein that blocks apopto-

sis) [119].

Another antioxidant that is widely used for its 

effect on the skin is vitamin C, which is essential 

for collagen biosynthesis in connective tissues. 

Vitamin C serves as a cofactor for the prolysyl 

and lysyl hydroxylases, which are responsible for 

stabilizing and cross-linking collagen molecules, 

and it is capable of serving as an electron donor 

and thus helping to maintain the full activity of 

these hydroxylases. Additionally, ascorbate acts 

as an electron donor by keeping iron in its ferrous 

state by inhibiting the Fenton reaction and the 

reactions that cause skin aging, which were 

described previously [74, 120].
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4.5  Menopause as Risk Factor 
for Oxidative Stress

It is known that OS increases with age [12], and 

menopause is considered the beginning of aging 

in women due to the decline in estrogen and the 

endocrinological changes that produce several 

symptoms, many of which have been reported as 

prooxidant factors.

Studies in animal models have demonstrated 

that E2 deprivation after ovariectomy alters 

the redox state of the animal by decreasing the 

release of NO  and diminishing systemic vas-

cular conductance. These studies also revealed 

an increase in O2  production by NADPH oxi-

dase in systemic and cerebral arteries because, 

as noted, E2 normally suppresses the O2 -

generating activity of vascular NADPH oxi-

dases. Furthermore, evidence suggests that 

levels of vascular ROS are lower in reproduc-

tive females than in ovariectomized females and 

male animals under healthy, hypertensive and 

atherosclerotic conditions [121, 122].

Studies in humans have investigated several 

different biomarkers and demonstrated an 

increase in OS in postmenopausal women. It 

has been reported that lipoperoxides, 

4- hydroxynenal, and oxidized LDL levels are 

higher and GPx activity is lower in postmeno-

pausal women compared with premenopausal 

women [123–125]. Likewise, we used an oxi-

dative stress score that integrated oxidant and 

antioxidant markers to represent the dynamics 

of OS. This score has also shown that post-

menopausal women have more OS than pre-

menopausal women and that the degree of OS 

increases in postmenopausal women. Therefore, 

we suggest that the depletion of estrogen in 

postmenopausal women could cause OS as well 

as all of the abovementioned conditions and the 

known symptoms that also produce OS [125]. 

These results support the hypothesis that estra-

diol likely exerts its antioxidant action not only 

through its chemical structure but also through 

its influence on natural, cellular, antioxidant 

enzyme activity. Thus, it is likely that the action 

of estradiol can be mediated via intracellular 

signaling cascades and that it upregulates the 

expression of antioxidant and longevity-related 

genes [126].

Moreover, the relationship between OS and 

many symptoms of postmenopause that are con-

sidered prooxidant factors, such as somatic 

symptoms, insomnia, depression, and anxiety, 

and their effect on the quality of life have been 

reported.

Somatic symptoms such as hot flashes and 

insomnia have been shown to be directly associ-

ated with increased lipoperoxides levels [127, 

128]. Additionally, a positive association between 

the total score of the Menopause Rating Scale, 

which is a test that assesses perimenopausal 

symptoms and is divided into three subscales 

(somatic, psychological, and urogenital), and 

lipoperoxides levels shows that more severe 

symptoms are a result of greater oxidative dam-

age [125]. Additionally, it has been described that 

sleep provides an antioxidant function because it 

serves to restore the neurotransmitters that are 

necessary for brain neuronal synapses and thus 

neutralizes wear and repairs OS that are formed 

during wakefulness [129]. This result lead to the 

hypothesis that sleeps deprivation is associated 

with an accumulation of ROS.

Of the various functions of estrogens, one of 

their most important is their role in the functional 

integrity of the nervous system. In this sense, 

evidence links E2 to the development, matura-

tion, differentiation, and function of brain cells. 

Furthermore, the presence of steroid hormone 

receptors in various brain regions has been dem-

onstrated. In addition to the discovery that E2 is 

involved in stimulating cholinergic markers, E2 

increases cerebral blood flow, which prevents 

neuronal atrophy and enhances sleep, mem-

ory, cognition, and other neurologic functions 

[63, 64]. Once E2 is secreted in erratic cycles, 

it generates a vicious cycle in which the deple-

tion of E2 causes the abovementioned symptoms 

and OS increase the severity of those symptoms 

[130]. Anxiety, which is a common symptom 

that is reported by postmenopausal women, 

has not been studied in depth, but in a literature 

review, Bouayed et al. [131] note a link between 

oxidative stress and high-anxiety-related behav-

ior. However, the analyzed studies do not explain 
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the underlying mechanisms. A physiological 

depressive mood, which is another common 

symptom that is reported by postmenopausal 

women, has been shown by some researchers to 

be associated with OS and indicates a potential 

link between depression and cancer due to oxi-

dative DNA damage via neutrophil activation 

[132–134].

Furthermore, in a study carried out by our 

research group, we observed that postmeno-

pausal women who have severe symptoms and 

a low quality of life also have increased OS 

[135] because of an additive effect between 

estrogen deficiency and the severe symptoms 

that affect the quality of their lives. In fact, life 

events, such as a dysfunctional family and poor 

social support, were important modulators of 

postmenopausal symptoms, and their severity 

was correlated with each person’s method of 

facing problems, which suggested that the vul-

nerability to stress contributed to the worsening 

of the postmenopausal symptoms [136, 137]. 

Therefore, if the severity of the symptoms is 

high, psychological stress is produced, and OS 

increases.

Finally, hormone therapy (HT) has shown 

positive effects on postmenopausal symptoms 

and on the prevention of some common diseases 

and degenerative changes that occur as women 

age. In this sense, our research group has found 

that HT has a powerful antioxidant effect, which 

is provided by E2 [135]. Therefore, estrogen 

therapy, when applied during the early postmeno-

pausal stage, can be an alternative to counteract 

the OS that are associated with postmenopause. 

However, HT has negative effects over the short 

and long term; hence, the use of low-dose estro-

gen, which lacks side effects, and alternative 

therapies such as antioxidant vitamin supplemen-

tation, have been suggested to expand the thera-

peutic options to counteract OS and promote 

healthy aging.
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5.1            Introduction 

 Cytokines are cell-signalling proteins that act as a 
communication link between cells. They play a 
crucial role in skin aging. Cytokines are produced 
in the skin by epithelial cells and keratinocytes, 
besides being synthesized by Langerhans cells as 
part of the immune system [ 1 ]. The concentration 
of cytokines in the human body is very low, usually 
in the nanomolar or femtomolar range, because 
cytokine receptors have a very high affi nity to their 
ligand [ 1 ]. Cytokine concentration increases with 
infection and trauma. Cytokines may act simulta-
neously or in a consecutive manner. The receptors 
themselves or inhibitory cytokines bring the action 
of cytokines to an end. Various cytokines, espe-
cially the interleukins, have similarities in their 
amino acid sequence. This enables them to interact 
with the same cell receptor and thus to have pleio-
tropic and redundant effects [ 2 ]. 

 Various cytokines are involved in the aging pro-
cess of skin, including the interleukins, interfer-
ons, and tumor necrosis factor (TNF). Menopause 
brings with it a decrease in estrogen level and an 
imbalanced level of cytokines that bring about the 
menopausal complications including osteoporosis, 
cardiovascular disease, and skin aging [ 3 – 5 ]. 

 Different epidermal and dermal cells produce a 
variety of cytokines as summarized in Table  5.1 . 
A signifi cant increase in the level of the proinfl am-
matory cytokines IL-1, IL-6, and TNF-α has 
been reported in postmenopausal women [ 6 ,  7 ]. 
A low-grade chronic elevation of these cytokines 
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drives the aging process [ 8 ]. Other changes in the 
immune system that follow hypoestrogenemia 
include a decrease in B- and CD4 T-lymphocytes, 
an increase in the response of cells to cytokines, 
and a decline in the natural killer cells’ cytotoxic 
activity [ 6 ,  7 ].

   Estrogen enhances the humoral immune 
response, while androgens and progesterone act 
as natural immunosuppressors. This difference 
between genders is partly responsible for the 
higher antibody titers and CD4+ve T cells and 
serum IgM in women and for the less vigorous 
immune response in males [ 9 ]. Changes in the 
sex hormone levels with menopause affect these 
immune mechanisms [ 7 ]. 

 Immunosenescence is accompanied by changes 
in both the cellular and humoral immune responses 
to antigens. Fragile skin and reduced antibody pro-
duction further reduce the immune response [ 10 ]. 
Sex hormones mediate the development of some 
diseases; women appear at a higher risk of devel-
oping infections and autoimmune diseases [ 7 ].  

5.2     Tumor Necrosis Factor-Alpha 
(TNf-α) 

 Human TNF-α is a non-glycosylated protein that 
triggers infl ammatory responses [ 11 ]. In the skin, 
TNF-α is synthesized by monocytes, macrophages, 

keratinocytes [ 1 ], and fi broblasts [ 12 ]. These cells 
produce membrane-bound TNF-α which is then 
converted to a soluble protein by TNF-α-converting 
enzyme. Both soluble and insoluble TNF-α are 
capable of forming non- covalently linked homotri-
mers that are biologically active [ 13 ]. 

 Epidermal keratinocytes and dermal fi broblasts 
produce an increased amount of TNF-α on expo-
sure to ultraviolet B (UVB) radiation which leads 
to increased infl ammation [ 14 ]. Macrophages in 
old skin secrete only low levels of TNF-α com-
pared to younger skin. In old skin less antigen-
specifi c CD4+ T cells are recruited from the blood 
to skin areas where antigens enter because of 
defective activation of dermal blood vessels as a 
result of less TNF-α secretion [ 15 ]. As a conse-
quence, old age brings with it decreased immunity 
[ 16 ] and increased skin infections [ 17 ]. This is 
refl ected in decreased skin delayed-type hypersen-
sitivity (DTH) responses when exposed to previ-
ously sensitized antigens [ 15 ]. 

 Cutaneous macrophages have been studied in 
order to determine the reason for decreased 
TNF-α levels in old skin biopsies. Old cutaneous 
macrophages are inactivated, but not defective. 
This is because there is an increase in TNF-α 
secretion when Toll-like receptor (TLR) ligands 
are added [ 15 ]. CD4+Foxp3+ regulatory T cells 
inhibit TNF-α secretion from macrophages 
besides inhibiting macrophage activation [ 18 ]. 
These regulatory T cells occur in a high level in 
old people’s skin [ 15 ,  19 ]. 

 When intradermal injections of different recall 
antigens and organisms ( Candida albicans , bac-
terium tuberculin purifi ed protein derivative, and 
varicella zoster virus) are introduced into skin, 
there is a low DTH response in old skin [ 15 ]. 
Younger people are less susceptible to skin 
malignancy and infections, but the reaction of 
skin to antigens decreases with age [ 17 ]. This 
occurs because TNF-α aids leukocyte diapedesis 
from blood vessels into the skin dermis by 
increasing the expression of VCAM-1, ICAM-1, 
and E-selectin adhesion molecules on endothelial 
cells [ 15 ]. 

 A defect with TLR4 expression and function 
of cutaneous macrophages has been detected in 
old skin [ 10 ,  20 ,  21 ], but this fi nding is not always 

   Table 5.1    Summary of the main cellular elements in the 
epidermis and dermis and the specifi c cytokines each cell 
type produces   

 Skin layer  Cellular element  Cytokines 

 Epidermis  Keratinocyte  TNF-α [ 1 ], IL-1α 
[ 34 ], IL-1ra [ 34 ], 
IL-6 [ 47 ], IL-8 [ 60 ], 
IL-10 [ 67 ] 

 Langerhans cell  IL-8 [ 60 ], IL-18 [ 33 ] 
 Melanocyte  IL-8 [ 60 ] 

 Dermis  Fibroblast  TNF-α [ 12 ], IL-6 
[ 44 ], IL-8 [ 60 ], 
TGF-β [ 3 ], IFN-β 
[ 84 ] 

 Macrophage  TNF-α [ 1 ], IL-10 
[ 67 ], IL-18 [ 33 ] 

   IFN-β  interferon-beta,  IL-1α  interleukin-1 alpha,  IL-1ra  
interleukin-1 receptor antagonist,  TGF-β  transforming 
growth factor beta,  TNF-α  tumor necrosis factor alpha  
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present [ 22 ]. Secretion of TNF-α by macro-
phages may be low because of defective TLR1 
and TLR2 function after ligands bind to the 
receptors [ 23 ]. This was noted when  C. albicans  
was used as a recall antigen to infect skin [ 15 ]. 
The defect in these three different receptors 
seems to be reversible as skin monocytes and 
macrophages secrete a higher quantity of TNF-α 
when these receptors are stimulated in vitro [ 15 ]. 
However, the skin samples used by Agius et al. 
lacked the cytokine Interferon-gamma (IFN-γ) 
which is necessary for macrophages to become 
activated and reach their maximum functional 
capacity. This reason could contribute to the low 
number of T cells that moved to the antigen chal-
lenge site. Several cytokines are needed for mac-
rophages to become activated besides signals 
from TLRs [ 15 ]. 

 Various genes of macrophages including the 
major histocompatibility complex (MHC) class 
II genes need IFN-γ for their expression. 
Macrophage MHC class II present antigens to T 
cells [ 24 ]. This immune response does not take 
place in old people because antigen presentation 
does not occur, thus producing a block in the cas-
cade [ 15 ]. Chronic nonspecifi c infl ammatory 
responses are common in old age because there is 
decreased memory T cell immunosurveillance as 
a result of decreased macrophage activation. This 
can also predispose to malignancy and infection 
of aged skin, as well as to crystal arthritis, because 
debris is allowed to accumulate in blood vessels 
and skin tissue [ 15 ,  25 ]. 

 The level of TNF-α in the circulation is higher 
after menopause [ 3 ,  26 ,  27 ], and this inhibits 
 collagen synthesis while increasing collagenase 
synthesis [ 28 ]. 

 TNF-α is involved in skin infl ammatory 
responses. It modulates matrix metalloproteinase 
(MMP) gene expression and induces MMP-9 
production. MMP-9 damages skin and inhibits its 
repair, thus causing the skin to age [ 29 ]. Persistent 
exposure of epidermal cells to TNF-α disturbs 
MMP-9 production and can damage the epider-
mis irreversibly [ 29 ]. MMP gene transcription is 
controlled by nuclear factor kappa B (NF-κB) 
[ 29 ] and activator protein-1(AP-1) [ 30 ], both of 
which are transcription factors. TNF-α increases 

MMP-9 production by increasing the binding 
activity of AP-1 and NF-κB to the MMP-9 DNA 
sequence [ 29 ]. 

 The 3-deoxysappanchalcone decreases MMP-9 
expression and infl ammation [ 29 ]. 3-deoxysap-
panchalcone is a fl avonoid that has antioxidant, 
anti-infl ammatory, and antiallergic properties [ 31 , 
 32 ]. It inhibits the expression and DNA binding 
activity of AP-1 proportionally to its concentra-
tion, hence decreasing MMP-9 protein expression 
[ 29 ]. Besides acting on AP-1, 3-deoxysappanchal-
cone directly inhibits NF-κB without affecting 
inhibitory kB (IκB) [ 29 ]. 3-deoxysappanchalcone 
inhibits MMP-9 expression at the mRNA and pro-
tein level in human keratinocytes. This is achieved 
by inhibiting the activation of AP-1 and NF-κB 
transcription factors. This is used by some phar-
macological products that help skin renewal [ 29 ]. 

 Epidermal TNF-α secretion increases after 
premalignant keratinocytes are irradiated with 
UVB. This leads to elimination of the G2/M 
checkpoint of the keratinocyte cell cycle and 
increases apoptosis while inhibiting DNA repair 
[ 13 ]. Since cells escape the checkpoint, they 
accumulate mutations and tumors develop. 
TNF-α regulates the atypical protein kinase C 
(aPKC) and activates protein kinase B (Akt). The 
aPKC-Akt axis reduces DNA repair. Treatment 
of keratinocytes with infl iximab inhibits DNA 
repair despite enhancing the G2/M cell cycle 
checkpoint and apoptosis [ 13 ]. 

 TNF-α increases cutaneous infections in old 
skin because of decreased skin immunity [ 16 , 
 17 ]. It also inhibits collagen synthesis and 
increases collagen degradation hence producing 
skin aging [ 28 ,  29 ].  

5.3     Interleukin-1 (IL-1) 

 IL-1 together with eight other cytokines belongs 
to the IL-1 structural family, also known as IL-F 
[ 33 ]. The outermost layer of the epidermis known 
as the stratum corneum contains active IL-1 [ 34 ]. 
IL-1α has both cytokine and transcription factor 
properties and it is located intracellularly. IL-1β 
is initially produced inactive until it is cleaved by 
cysteine protease caspase-1 [ 33 ]. IL-1β levels are 
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raised in the infl ammatory mechanisms of aging 
and atherosclerosis. They bring about elevated 
levels of amyloid A and C-reactive protein [ 33 ]. 

 Keratinocytes produce both IL-1α and inter-
leukin- 1 receptor antagonist (IL-1ra). IL-1ra 
acts on several target cells by binding to com-
mon receptors by competitive inhibition [ 34 ]. 
This is however debatable as other investigators 
reported that IL-1ra binds to the IL-1 receptor 
type I only [ 33 ]. IL-1α release from keratino-
cytes is triggered by various stimuli including 
UVB radiation. It causes skin infl ammation by 
activating different cytokines and adhesion mol-
ecules. IL-1α is inhibited by IL-1ra; the balance 
between these two cytokines maintains skin 
homeostasis [ 34 ]. 

 The level of IL-1 in the stratum corneum in 
facial skin (exposed to UVB) does not change 
signifi cantly with age, while IL-1α level is higher 
in aged skin samples taken from the inside of the 
upper arm (not exposed to UVB) compared with 
samples taken from younger skin. Conversely, 
the level of IL-1ra measured from skin biopsies 
taken from the inside of the upper arm was found 
to decrease with age [ 34 ]. However, an increase 
in the level of IL-1ra with aging has been 
observed in cultured human keratinocytes, while 
a decrease in level noted in photoaged cells [ 35 ]. 
No difference in the level of IL-1 cytokines pres-
ent in the stratum corneum between males and 
females was observed [ 34 ]. 

 IL-1 release form keratinocytes in the epidermis 
induces cortisol synthesis which controls wound 
healing [ 36 ]. Conversely, insulin-like growth fac-
tor-1 decreases the production of cortisol. The epi-
dermis produces various enzymes necessary for de 
novo cortisol synthesis like steroid 11β-hydroxylase 
(CYP11B1) and 11β-hydroxysteroid dehydroge-
nase 2 (11βHSD2) that converts active cortisol into 
inactive cortisone and controls negative feedback 
responses. Glucocorticoids (GCs) inhibit the heal-
ing process of wounds and limit the degree of 
infl ammation in acute wounds. CYP11B1 enzyme 
inhibitor (metyrapone) inhibits cortisol synthesis 
in skin keratinocytes while ACTH promotes 
 synthesis [ 36 ]. 

 Upon tissue injury, keratinocytes release pre-
formed IL-1 [ 37 ]. IL-1 is the initial signal of 

 tissue injury that has both autocrine and paracrine 
functions. It activates keratinocytes to migrate 
and proliferate while they secrete more proin-
fl ammatory molecules [ 38 ]. Cessation of infl am-
mation and tissue healing is brought about by 
activated keratinocytes that transition into a dif-
ferentiating phenotype [ 36 ]. This is facilitated by 
IL-10, IL-receptor antagonist, GCs, and trans-
forming growth factor-β1 (TGF-β1) that reverse 
the activation of keratinocytes and bring about 
resolution [ 36 ]. Treatment of keratinocytes with 
GC inhibits the synthesis or signalling of several 
infl ammatory cytokines including IL-1β, IL-4, 
IL-8, INF-γ, and TNF-α and growth factors like 
TGF-β, epidermal growth factor (EGF), and vas-
cular endothelial growth factor (VEGF) that take 
part in the infl ammatory part of wound heal-
ing [ 39 ]. IL-1, IL-6, and TNF-α act on the 
hypothalamic- pituitary-adrenal axis to increase 
cortisol synthesis [ 40 ]. 

 IL-1β is a proinfl ammatory cytokine that 
increases the expression of CYP11B1 and hence 
the production of cortisol and activates the GR 
pathway involved in wound healing both in vivo 
and ex vivo. Epidermal cortisol synthesis may 
serve locally as a negative feedback to proinfl am-
matory cytokines because when cortisol synthesis 
is inhibited, the production of IL-1β is increased.  
This regulatory mechanism prevents excessive 
infl ammation form occurring during wound heal-
ing that may otherwise damage the tissue even 
more. When GC synthesis is inhibited, the wound 
closure process is faster in vivo [ 36 ]. 

 The epidermis is unique in its properties and 
characteristics. Although it lacks its own vascular 
supply, it is the “fi rst line of defense” that comes 
in contact with foreign antigens, pathogens, and 
commensals and is exposed to various forms of 
injury. Keratinocyte activation and timely regu-
lated release of IL-1β together with other proin-
fl ammatory cytokines and growth factors are the 
main features that enable skin to function as an 
effective barrier [ 38 ]. 

 In vitro studies showed that the production of 
both IL-1α and IL-1β increased in cocultured 
keratinocytes more than in monocultures. 
Keratinocytes by producing IL-1 actively stimu-
late fi broblasts to produce keratinocyte growth 
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factor that stimulates the proliferation of kerati-
nocytes. IL-1 does not have a direct effect on 
keratinocyte proliferation as was observed in 
monocultures. IL-1 thus regulates skin homeo-
stasis through a double paracrine mechanism. 
This was also observed in blocking experiments; 
when IL-1α and IL-1β neutralizing antibodies 
together with IL-1 receptor antagonist were 
applied to cocultures, the proliferation of kerati-
nocytes was reduced. This inhibition was revers-
ible because when the antibodies were removed, 
keratinocyte proliferation rate was the same as in 
controls [ 41 ]. Various other cytokines and growth 
factors have been detected in keratinocytes and 
fi broblasts including IL-6, IL-8, TGF-α, TGF-β, 
granulocyte macrophage colony stimulating fac-
tor (GM-CSF), platelet-derived growth factor 
(PDGF), and nerve growth factor (NGF) [ 42 ]. 

 Dermal fi broblasts in aged human skin pro-
duce a higher level of CCN1 than in younger 
skin. CCN1 upregulates the level of IL-1β, 
decreasing the skin collagen content in two ways: 
by increasing the amount of MMPs that degrade 
collagen and by downregulating the rate of col-
lagen synthesis [ 43 ,  44 ]. IL-1β also downregu-
lates TGF-β type II receptors impairing TGF-β 
signalling. This increases the risk of developing 
infl ammatory and degenerative disease in osteo-
arthritis [ 43 ,  44 ].  

5.4     IL-6 

 The postmenopausal drop in estrogen is accom-
panied by a rise in IL-6 level [ 3 ]. During infec-
tion or tissue injury, the level of IL-6 rises much 
more than the postmenopausal level [ 45 ]. 

 IL-6 is both a pro- and anti-infl ammatory 
cytokine. It achieves these opposite functions by 
working through different signalling mechanisms 
[ 46 ]. Human keratinocytes produces IL-6 upon 
induction by TGF-α [ 47 ]. The IL-6 produced 
stimulates keratinocyte proliferation [ 48 ]. 
However, other researchers did not observe a rise 
in keratinocyte proliferation upon IL-6 expres-
sion in transgenic mice [ 49 ]. The stratum cor-
neum of transgenic mice became thicker after 
IL-6 expression, but epidermal proliferation was 

not increased, and there was no leukocyte infi ltra-
tion. This suggested that although IL-6 is ele-
vated in infl ammatory conditions, it is does not 
have a direct proinfl ammatory activity on the 
skin [ 49 ]. IL-6 is also produced by dermal fi bro-
blasts [ 44 ]. 

 Besides TGF-α, IL-1, IL-4, TNF-α, and IFN-γ 
also induce the production of IL-6 in keratino-
cytes [ 50 ,  51 ]. CCN1 induces dermal fi broblasts 
to produce IL-6 through reactive oxygen species 
(ROS) and integrin pathways [ 44 ]. Ultraviolet 
radiation increases IL-6 production. IL-6 plays a 
role in skin aging, wrinkle formation [ 51 ], and 
tissue damage [ 44 ]. It is considered a health sta-
tus marker in the elderly [ 52 ]. 

 Chronic elevated levels of IL-6 together with 
IL-1β in aged skin contribute to sustained high 
levels of MMPs that degrade collagen, and thus 
these cytokines are negative regulators of colla-
gen homeostasis. Furthermore, IL-6 decreases 
the rate of collagen synthesis [ 52 ]. 

 In women aged between 25 and 82 years, 
there is no signifi cant difference between 
25-hydroxyvitamin D status (through UVB expo-
sure) and IL-6 in women with regular versus not 
regular UVB exposure, unlike for serum TNF-α 
which had an inverse relationship with vitamin D 
level [ 53 ]. While most in vivo studies did not 
show that IL-6 serum levels are affected by vita-
min D status [ 54 ], in vitro studies showed that 
1,25-dihydoroxyvitamin D inhibits IL-6 produc-
tion in different cells [ 55 ]. However, one study 
involving hemodialysis patients showed that a 
6-month course treatment of both iv and oral 
1,25-dihydroxyvitamin D signifi cantly sup-
pressed IL-6 concentrations [ 56 ]. Parathyroid 
hormone (PTH) induces IL-6 production by 
osteoblasts [ 57 ] although there is no signifi cant 
relationship between circulating IL-6 and intact 
PTH ( p  = 0.8) [ 53 ]. Vitamin D supplementation 
decreases the level of PTH and hence its indirect 
effect on IL-6 concentrations [ 53 ]. 

 In a study involving 47 healthy postmenopausal 
women taking daily 1 g of calcium and 800 U cho-
lecalciferol for 12 weeks, there was no change 
observed in serum IL-6 level. A signifi cantly 
inverse correlation was found between IL-6 
and osteoprotegerin ( p  = 0.004). Furthermore, a 
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signifi cant correlation was obtained between insu-
lin and IL-6 levels ( p  = 0.0005) [ 58 ]. 

 IL-6 plays a key role in bone resorption by 
activating osteoclasts. It is also involved in other 
diseases that occur more frequently in meno-
pausal women like atherosclerosis, diabetes, and 
cardiovascular disease [ 3 ,  59 ]. 

 A signifi cant positive association was found 
between menopausal status and IL-6 ( R   2   = 0.0764, 
 p  = 0.0246) and between age and IL-6 
( R   2   = 0.09413,  p  = 0.0116) with analysis of poten-
tial covariates [ 53 ].  

5.5     IL-8 

 IL-8, formerly known as neutrophil-activating 
peptide-I (NAP-I), serves to activate neutrophils 
and also as a chemoattractant. It is produced by 
fi broblasts, keratinocytes, melanocytes, endothe-
lial cells, monocytes, and Langerhans cells [ 60 ]. 
Serum IL-8 level is signifi cantly higher in meno-
pausal women ( p  = 0.001) compared to women in 
their reproductive age [ 61 ]. 

 The expression of IL-8 is increased by IL-1 
and TNF [ 62 ]. Besides being a neutrophil che-
moattractant, IL-8 is also a T-cell chemoattrac-
tant. However it has no effect on monocytes and 
eosinophils. The action on neutrophils is brought 
about by increasing the expression of Mac-1 (a 
cell adhesion molecule) on neutrophils [ 1 ]. 

 When IL-8 is injected into the dermis, it causes 
neutrophils to accumulate in the dermis surround-
ing the blood vessels [ 63 ]. Excess IL-8 is found in 
psoriatic skin and causes neutrophils to accumu-
late in the epidermis [ 64 ]. Excess IL-8 also plays 
a role in cutaneous T-cell lymphoma [ 65 ].  

5.6     IL-10 

 IL-10, a potent anti-infl ammatory cytokine [ 66 ], is 
known as cytokine synthesis inhibitory factor 
(CSIF) because it inhibits the production of sev-
eral cytokines including IL-2, IL-3, TNF, and 
GM-CSF and also inhibits the proliferation of T 
lymphocytes [ 67 – 69 ]. It has an immunosuppres-
sive role [ 67 ]. IL-10 is produced by keratinocytes, 

macrophages, and B lymphocytes [ 67 ]. UV light 
increases the production of IL-10 in human kerati-
nocytes [ 1 ,  70 ]. 

 The difference in circulating IL-10 levels is 
not signifi cant between postmenopausal and fer-
tile women [ 71 ]. Levels of 25-hydroxyvitamin D 
in healthy women showed no statistically signifi -
cant relationship with circulating IL-10 measured 
using highly sensitive ELISA kits, suggesting 
that the body status of vitamin D does not affect 
the secretion of IL-10 into the systemic circula-
tion in healthy individuals [ 53 ]. Furthermore, a 
positive relationship between 25-hydroxyvitamin 
D and IL-10 in the circulation was found in dis-
eased individuals [ 72 ].  

5.7     IL-18 

 IL-18 belongs to the IL-1 structural family and is 
similar in structure to IL-1β [ 33 ]. Previously, it 
was known as interferon-gamma-inducing factor 
(IGIF). IL-18 is produced by dendritic cells, 
macrophages, and epithelial cells [ 33 ]. IL-12 
increases the expression of IL-18 receptors on 
natural killer cells, T lymphocytes, and thymo-
cytes [ 73 ]. It functions as an immunoregulatory 
and proinfl ammatory cytokine and is involved in 
the aging process, atherosclerosis, and autoim-
mune diseases. The aging process might be 
slowed down by therapeutic strategies that reduce 
IL-18 [ 33 ]. IL-18 binding protein (IL-18BP) is an 
inhibitor of IL-18. When this inhibitor is overex-
pressed, mice defi cient in apolipoprotein E do not 
develop atherosclerosis [ 33 ]. 

 The circulating level of IL-18 is higher in 
postmenopausal women compared to fertile 
women [ 71 ]. IL-18 inactive precursor becomes 
active upon cleavage by cysteine protease cas-
pase- 1 [ 33 ]. This immunoregulatory cytokine has 
the ability to induce IFN-γ [ 74 ]. Research has 
shifted towards blocking IL-18 activity in auto-
immune diseases as it inhibits the production of 
IFN-γ [ 33 ]. 

 This proinfl ammatory cytokine enhances the 
production of cell adhesion molecules, nitric 
oxide, and chemokines [ 33 ]. It is also involved in 
type 2 T-helper cell (Th2) polarization. Both 
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allergic and nonallergic skin infl ammation are 
worsened with overexpression of IL-18 [ 75 ]. 
When combined with IL-12, IL-18 stops the pro-
duction of immunoglobulin (Ig) E [ 33 ]. On the 
other hand, IL-18 prevents UV-induced immuno-
suppression and protects the skin from damage 
after exposure to UVB radiation by promoting 
DNA repair [ 76 ]. Unlike other proinfl ammatory 
cytokines, IL-18 does not produce fever [ 77 ] and 
prostaglandin E 2  [ 78 ]. 

 The signalling cascade of IL-18 starts with 
IL-18 binding to IL-18 receptor α (IL-18Rα), 
which then recruits IL-18Rβ to bring the intracel-
lular Toll domains in close proximity [ 33 ]. This 
complex recruits MyD88 protein that phosphory-
lates IL-1 receptor activating kinases (IRAKs). 
TNF factor is then phosphorylated followed by 
inhibitory κB kinases (IKK) α and β activation. 
IκB is then phosphorylated and NF-κB moves to 
the nucleus. Mitogen-activating protein (MAP) 
kinase p38 is also phosphorylated. IL-18BP 
located extracellularly can neutralize IL-18 and 
prevent it from binding to IL-18Rα. IL-18 bound 
to IL-18BP can form an inactive complex with 
IL-18Rβ, consuming IL-18Rβ chain to further 
decrease the chance of cell activation [ 33 ].  

5.8     Interferons (IFNS) 

 IFNs are known for their antiproliferative activi-
ties, antiviral activities, and regulation of cell dif-
ferentiation and proliferation [ 79 ]. Three major 
types of IFNs are recognized based on the type of 
receptors used in signalling: Type I includes IFN- 
α, IFN-β, and IFN-ω that bind to IFN-α receptor; 
type II is IFN-γ in humans and binds to interferon- 
gamma receptor (IFNGR) [ 80 ]. The class inter-
feron type III which signals via IL10R2 and 
IFNLR1 is not universally accepted [ 81 ]. 

5.8.1     IFN-α 

 IFN-α is produced by leukocytes to take part in 
the innate immune response against viruses. 
When the skin is constantly exposed to IFN-α, the 
population doublings of dermal microvascular 

endothelial cells decrease and express a senescent 
phenotype [ 82 ]. 

 CD1a+ (Langerhans) cells stimulate 
T-lymphocyte-dependent immune reactions to 
take place. These Langerhans cells decrease lin-
early with age, giving the skin decreased immu-
nosurveillance. Studies where IFN-α cream was 
applied to preauricular skin biopsies showed that 
the biopsies taken from people whose ages varied 
between 57 and 75 years had a higher amount of 
cutaneous CD1a+ cells than before the cream was 
applied in comparison to younger people [ 83 ].  

5.8.2     IFN-β 

 IFN-β is produced by fi broblasts. Like IFN-α, it 
is involved against viral infections in the innate 
immune response. Exposure of the skin to IFN-β 
causes dermal fi broblasts to senesce via a DNA 
damage signalling pathway [ 84 ]. Fibroblasts are 
the commonest cell type found in the dermis and 
produce mainly collagen types I and III [ 85 ].  

5.8.3     IFN-γ 

 IFN-γ is produced by T-lymphocyte cells includ-
ing those that reside in the skin which possess the 
cutaneous lymphocyte antigen (CLA). It forms 
part of the family of macrophage-activating fac-
tors [ 86 ]. The level of IFN-γ produced by periph-
eral blood mononuclear cells in healthy women 
decreases with age and is linked with the changes 
in circulating gonadal hormones [ 87 ] although 
there appears to be no change in the amount of 
IFN-γ-producing CLA+ T cells with old age 
[ 86 ]. There is a signifi cant positive correlation 
between estrogen level and IFN-γ [ 87 ]. Other 
investigators reported that the decline in IFN-γ 
with age may also be due to the loss of lympho-
cyte functions as a result of aging such as cellular 
dysfunctions, impaired intracellular signalling, 
and weakened interaction between the receptors 
on T cells and antigen-presenting cells [ 7 ,  88 ]. 

 IL-18 stimulates the production of IFN-γ though 
it does not achieve this on its own but requires 
IL-12. This is achieved via the transcription factor 
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T-bet [ 33 ]. IL-18BP promoter has two IFN-γ 
response elements that help regulate the level of 
IFN-γ produced [ 89 ]. When levels of IFN-γ are 
high, they stimulate IL-18BP to decrease the pro-
duction of IFN-γ [ 33 ]. 

 IFN-γ is considered to be the “signature” 
cytokine of natural killer cells and of CD4 +  and 
CD8 +  T cells [ 33 ]. IFN-γ is needed for the pro-
duction of cytotoxic T cells and to induce type 
1 T-helper (Th 1) cells and hence plays a role in 
graft versus host disease [ 33 ]. IFN-γ suppresses 
IgE synthesis and thus is involved in Th 2 
polarization [ 33 ]. 

 GCs produced in the epidermis suppress 
essentially all genes regulated by IFN-γ, such as 
STAT-1 and IFN-γ receptor [ 39 ]. Application of 
GCs to epidermal keratinocytes showed that IFN-
γ- related genes were suppressed at 48 h and 72 h 
after GC treatment. This action is brought about 
through suppression of STAT-1 expression and 
preventing its activation [ 39 ]. Treating human 
keratinocytes with IFN-γ and GCs simultane-
ously blocks STAT-1 nuclear translocation and 
IFN-γ-mediated activation. This was even more 
enhanced when keratinocytes were pretreated 
with GCs for 4 h. Conversely, with IFN-γ pre-
treatment for two hours, translocation and activa-
tion occurred [ 39 ]. Both IFN-α and IFN-γ are 
able to modulate the growth of epidermal kerati-
nocytes [ 90 ].   

5.9     Cysteine-Rich Protein 61 
(CRY61) 

 CRY61 forms part of the connective tissue growth 
factor, cysteine-rich protein, and nephroblastoma 
overexpressed gene (CCN) protein family that 
together with the other fi ve matricellular protein 
members of this family, it interrelates with the 
extracellular matrix [ 44 ,  91 ]. CRY61 is also 
known as CCN1. Its function is to induce M1 
macrophages to become activated and express a 
proinfl ammatory genetic profi le. It also plays a 
role in Th 1 cell responses. CCN1 decreases the 
production of TGF-β, while it enhances the pro-
duction of the cytokines TNF-α, IL-1α, IL-1β, 
IL-6, and IL-12b. Furthermore, it alters the 

 mechanism of some cytokines, for example, it 
induces TNF-α to exhibit cytotoxic properties 
without inhibiting the activity of NF-κB [ 92 ]. 
This alteration in the genetic profi le is brought 
about via either of two pathways: a delayed 
response achieved via CCN1-indcued TNF-α or 
through an immediate-early response that 
involves direct activation of CCN1 [ 92 ]. 

 A high level of CCN1 in aged skin causes der-
mal fi broblasts to have an “age-associated secre-
tory phenotype” [ 44 ]. Fibroblasts produce 
collagen that is the main component of the skin 
connective tissue. Fibroblasts also degrade colla-
gen. The fi broblast phenotype in aged skin brings 
about abnormal homeostasis of type I collagen in 
the skin, where collagen production is low while 
degradation increased [ 93 ]. 

 CCN1 interacts with integrins to increase the 
level of ROS [ 94 ] which in turn activates MAPK 
and NF-κB signalling pathways to increase the 
production of IL-1β and IL-6 [ 52 ]. IL-1β and 
IL-6 increase the production of MMPs in old der-
mal fi broblasts. These two cytokines further 
imbalance collagen homeostasis by lowering the 
rate of collagen production [ 43 ,  52 ]. TGF-β sig-
nalling is impaired in dermal fi broblasts of aged 
skin because IL-1β decreases the TGF-β type II 
receptors to have a negative effect on collagen 
homeostasis [ 93 ]. All these cause the skin con-
nective tissue to age, and the skin loses its func-
tion and integrity [ 44 ].  

5.10     Transforming Growth 
Factor-β (TGF-β) 

 TGF-β is a cytokine family    that has many func-
tions, for example, it suppresses infl ammatory 
processes; regulates cell growth, differentiation, 
and proliferation; controls extracellular connec-
tive tissue synthesis; and plays a role in tissue 
repair and tissue recycling after injury [ 3 ,  95 ,  96 ]. 
It acts as an antagonist to proinfl ammatory cyto-
kines [ 3 ]. Three isoforms of this cytokine family 
are found in mammals: TGF-β1, TGF-β2, and 
TGF-β3 [ 95 ]. They bind to either of the two cell- 
surface receptors – TGF-β type I receptor (TβRI) 
and TβRII – and the signal continues via the Sma 
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and Mad (Smad) pathway to bring about their 
actions [ 97 ]. 

 In the skin, TGF-β stimulates dermal fi bro-
blasts to proliferate and increase the production 
and secretion of most ECM proteins including 
type I, III, and VII collagens [ 97 ] and fi bronectin 
[ 98 ]. It also decreases the production of proteo-
lytic enzymes including MMPs, collagenase, 
and stromelysin that break down the ECM 
 proteins [ 99 ]. 

 Estrogen increases the production of TGF-β in 
various tissue cells including fi broblasts, vascular 
smooth muscle, osteoclasts, and osteoblasts to 
inhibit bone resorption [ 3 ,  100 ]. Cutaneous 
wound biopsies taken from healthy postmeno-
pausal women showed that they had a lower level 
of TGF-β in their wounds in comparison to 
younger women and this is associated with a 
slower rate of wound healing [ 95 ]. Application of 
topical estrogen after cutaneous injury in ovariec-
tomized female rodents induces dermal fi bro-
blasts to increase TGF-β1 secretion by stimulating 
the TGF-β/Smad pathway and this accelerates 
cutaneous wound healing [ 101 ]. 

 Topical 17β-estradiol improves the symptoms 
of skin aging like loss of skin elasticity, thin der-
mal skin, and wrinkling [ 95 ]. This is achieved by 
increasing type I procollagen production which 
occurs to a bigger extent in the skin of aged 
females than in aged males [ 95 ]. Conversely, the 
effect of topical 17β-estradiol on MMPs and 
fi brillin-1 was not found to be signifi cantly dif-
ferent between male and female skin although 
the investigators suggest that this could be due to 
the small number of volunteers that took part in 
the experiments [ 95 ]. When anti-TGFβ1 anti-
body was added together with 17β-estradiol to 
cultured fi broblasts, there was no increase in pro-
collagen type I [ 95 ]. 

 Studies suggest that 17β-estradiol application 
to aged skin stimulate the TGF-β/Smad pathway 
to increase fi brillin-1 and elastin production, two 
main fi bers that give skin its elastic properties 
[ 95 ]. Aged skin has less elastin and increased 
elastic fi ber breakdown than younger skin [ 102 ]. 

 Although TGF-β inhibits epidermal keratino-
cyte growth [ 103 ], when 17β-estradiol is applied 
to old skin, there is increased proliferation of 

 epidermal keratinocytes contributing to a thicker 
epidermis [ 95 ]. This might occur through activa-
tion of ERK or modulation of the level of estro-
gen receptors in the nucleus [ 104 ] instead of 
through the TGF-β/Smad pathway [ 95 ].  

5.11     Skin Wrinkling 

 Skin aging is characterized by wrinkle formation 
that results from rapid loss of collagen which 
leads to decreased skin elasticity [ 105 ]. 
Climacteric skin aging is a separate entity from 
chronological aging and photoaging that contrib-
utes to cutaneous wrinkling [ 106 ]. The loss of 
collagen as a result of hypestrogenemia in the ini-
tial postmenopausal period occurs at a faster rate 
than that in later menopausal years, with about 
30 % loss in the initial 5 years [ 107 ]. A study on 
186 Korean females of ages varying between 20 
and 89 showed that women with more than 
10 years since the onset of menopause had sig-
nifi cantly greater facial wrinkling than women 
with less than 5 years in their postmenopausal 
period, after controlling for sun exposure and age 
[ 106 ]. Korean women had 3.7 times greater risk 
to develop severe wrinkles than Korean men 
[ 108 ]. Conversely, men under the age of 50 had a 
signifi cantly greater risk of wrinkling ( p  < 0.05) 
than women of similar age [ 106 ]. Studies on 
white Caucasian individuals found out that 
females in their 60s had a 28-fold increased risk 
of developing wrinkles compared to women in 
their 40s, whereas men had only an 11.4-fold 
increased risk [ 109 ]. After the age of 50 years, 
facial wrinkles increase more rapidly with age in 
women than in men. This suggests that hypoes-
trogenism in postmenopausal women contributes 
more than chronological aging to the decline in 
skin collagen and wrinkling [ 106 ]. Collagen con-
tent decreases by 2.1 % every postmenopausal 
year [ 110 ]. 

 HRT prevents wrinkle formation in post-
menopausal women. HRT helps the skin to form 
more mature collagen fi bers [ 111 ]. Estrogen 
enhances the production of hyaluronic acid and 
glycosaminoglycans which increase the water 
content of dermal collagen [ 112 ]. These two 
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mechanisms serve as a protection against facial 
wrinkling [ 106 ]. 

 Wrinkle formation starts with activation of 
receptors like interleukin-1 receptor, tumor 
necrosis factor receptor, epidermal growth factor 
receptor, platelet-derived growth factor receptor, 
and platelet-activating factor receptor, which lead 
to signal transduction which eventually activates 
AP-1 to stimulate the production of MMPs, 
which degrade collagen. C-jun transcription fac-
tor subunit is the limiting factor of AP-1 activity 
[ 105 ]. This subunit is found at a higher level in 
aged skin (80 years old) compared to younger 
skin (18–28 years old) [ 113 ]. C-jun is the com-
mon intermediate protein that takes part in all the 
fi ve different signal transduction pathways 
involving all the mentioned receptors. Thus c-jun 
is the target for new drugs to prevent the wrinkle 
formation [ 105 ].  

5.12     Hair Changes 

 Hair changes that may occur with menopause 
include a decrease in body hair and pubic hair 
and an increase in facial hair [ 114 ]. Scalp hair 
changes include fi ne-textured hair that inade-
quately covers the scalp and increased spaces 
between the hairs on the vertex in comparison to 
the occiput that is typical of female pattern hair 
loss (FPHL) [ 115 ]. Frontal fi brosing alopecia can 
also occur (see Chap.   9    ) [ 116 ]. Although hair 
density decreases with age, this is not related to 
menopausal status [ 115 ]. Estrogen regulates the 
growth of hair follicles and hair cycles [ 115 ]. 
Human hair follicles contain more estrogen 
receptor (ER)-β than ER-α [ 117 ]. Estradiol 
increases aromatase activity in scalp follicles of 
humans [ 116 ] to increase the production of estro-
gen from adrenal androgen [ 115 ]. Male and 
female frontotemporal hair follicles respond to 
17β-estradiol differently. In the lower outer root 
sheath of male hair follicles, TGF-β2 immunore-
activity decreased, whereas it increased in folli-
cles taken from females after 48 h from treatment 
with 17β-estradiol [ 118 ]. 

 Estrogen modulates the production and activ-
ity of several cytokines, growth factors, and 

transcription factors that infl uence hair growth, 
but further research of the pathways involved is 
required [ 115 ]. On the other hand, the role of 
androgens on hair growth has been extensively 
studied as it has previously dominated the fi eld 
of hair biology [ 115 ].  

5.13     Wound Healing 

 Estrogen deprivation that occurs with menopause 
is a major risk factor for delayed and poor wound 
healing in humans, much more than chronologi-
cal aging. A microarray study showed that only 
3 % of genes differentially expressed between 
wounds in elderly and young men are age associ-
ated, while more than three-quarters of them are 
regulated by estrogen [ 119 ,  120 ]. Various comor-
bid conditions that might occur simultaneously in 
the elderly like diabetes mellitus, decreased 
innate immune defenses, vascular insuffi ciency, 
and local skin pressure further delay the healing 
process [ 96 ]. Chronic wounds are often diffi cult 
to treat. Acute wounds are usually repaired using 
paper strips rather than using sutures in the 
elderly because the skin is thin and sutures may 
tear the skin further [ 96 ]. 

 The complex    orchestrated process of infl am-
mation and vascular and cellular proliferation, 
with remodelling that occurs in response to cuta-
neous injury in young skin, is not harmonically 
regulated in old skin. Aged skin is fragile and 
prone to trauma. Keratinocytes, fi broblasts, and 
endothelial cells involved in the healing process 
age, resulting in aberrant wound healing [ 120 ]. 
The innate infl ammatory response that is initiated 
fi rst in the healing process is disrupted in elderly 
skin. Wound healing in aged skin is characterized 
by an overproduction of MMPs and elastase 
[ 121 – 123 ] and underproduction of tissue inhibi-
tors of metalloproteinases [ 124 ], as a result of 
prolonged recruitment of macrophages, delayed 
resolution, excess infl ux of neutrophils, and 
altered endothelial cell adhesion [ 125 ]. Wound 
healing of aged skin is also manifested by delayed 
angiogenesis [ 126 ], slow keratinocyte prolifera-
tion [ 127 ], decreased collagen deposition [ 128 ] 
and scar strength [ 129 ], and increased sensitivity 
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to keratinocyte growth factor and epidermal 
growth factor [ 130 ]. On the other hand, the qual-
ity of the scar formed by matrix remodelling is 
improved [ 131 ]. 

 While topical estrogen improves cutaneous 
wound healing in elderly people of both genders 
[ 131 ], HRT improves wound healing in post-
menopausal women [ 101 ]. Estrogen therapy in 
elderly people improves wound healing by work-
ing on different cells in the dermis and epidermis 
including keratincoytes, fi broblasts, and infl am-
matory cells [ 120 ]. Estrogen treatment prevents 
excessive elastase production and neutrophil 
recruitment. Both collagen and fi bronectin syn-
theses are increased [ 120 ]. Furthermore, HRT 
prevents the development of pressure ulcers and 
venous leg ulcers in postmenopausal women 
[ 132 ,  133 ]. HRT may also reduce the develop-
ment of chronic wounds in elderly women as 
observed in a case-cohort retrospective study of 
elderly females above 65 years of age in the 
United Kingdom [ 96 ]. 

 Accelerated cutaneous wound healing was 
observed with estrogen replacement in ovariec-
tomized female mice and rats [ 134 ,  135 ]. The 
same was observed with dehydroepiandros-
terone (DHEA) given systemically as it was 
locally converted to estrogen [ 136 ]. On the other 
hand, androgens are harmful to wound healing; 
testosterone delays repair [ 137 ] while blocking 
androgen receptors or castration improves 
wound healing in rodents [ 138 ,  139 ]. A random-
ized double-blind study showed that skin biop-
sies treated with estrogen before wounding 
healed more after 7 days than placebo patches 
and were stronger 80 days after wounding in 
both genders (mean age greater than 70 years). 
Biopsies also showed lower levels of elastase, 
neutrophils, and fi bronectin degradation in both 
male and female upper arm skin wounded 
patches treated with estrogen compared to pla-
cebo skin areas [ 131 ]. 

 Estrogen works at the cellular level by down-
regulating L-selectins expressed by neutrophils. 
This avoids excess neutrophils and elastase 
from accumulating [ 131 ] besides helping the 
phagocytic activity of neutrophils [ 140 ]. 
Hypestrogenemia that occurs in menopausal 

women may result in hyperinfl ammation and a 
high proteolyitc environment that slow wound 
healing [ 96 ]. Estrogen reduces the expression of 
several proinfl ammatory cytokines, especially 
TNF-α, macrophage migration inhibitory factor 
(MIF), IL-1β, IL-6, and monocyte chemoattrac-
tant protein-1 (MCP-1) [ 141 ]. These cytokines 
cause infl ammatory cells containing proteolytic 
enzymes to accumulate, further degrading the 
extracellular matrix. Overproduction of these 
cytokines may complicate the healing process 
by provoking immunosuppression [ 96 ]. 

 Plasma MIF level correlates inversely with the 
level of systemic estrogen; the level is high in 
postmenopausal women and low after treatment 
with HRT [ 142 ,  143 ]. During hypestrogenemia, 
MIF causes excessive wound infl ammation that 
leads to slow wound healing [ 144 ]. Low MIF lev-
els following estrogen are very benefi cial in 
wound healing [ 143 ,  145 ]. Being a keratinocyte 
mitogen [ 104 ], estrogen promotes migration and 
wound reepithelialization in ovariectomized mice 
[ 135 ]. In vitro studies showed that estrogen stim-
ulates dermal fi broblasts to migrate both directly 
and indirectly [ 145 ,  146 ]. The indirect route is 
achieved via PDGF which stimulates macro-
phages. PDGF also stimulates wound contraction 
and angiogenesis [ 147 ]. After the basement 
membrane of capillaries is formed, endothelial 
cells take a capillary-like structure with the help 
of estradiol [ 148 ]. However, the role of estradiol 
in angiogenesis is debatable. Some studies 
reported decreased angiogenesis, while others 
showed no change after treatment with estrogen 
[ 149 ,  150 ]. 

 Skin biopsies taken from wounds of healthy 
postmenopausal women contained a low level of 
TGF-β which was linked to a low wound healing 
rate [ 101 ]. TGF-β increases the synthesis of col-
lagen and elastic fi bers by fi broblasts and 
decreases the synthesis of MMPs [ 95 ]. 

 Estrogen therapy, both alone and together 
with a progestin, helps to prevent wound forma-
tion by maintaining the skin thickness and colla-
gen content to similar levels found in youthful 
skin. It also helps wound healing in postmeno-
pausal females by preserving the extracellular 
matrix of the dermis [ 151 ].  
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5.14     Photoaging 

 Exposure to solar radiation brings about the loss 
of subcutaneous fat tissue which results in aging. 
When Li and associates investigated the expres-
sion of cytokine mRNA production by qRT-PCR 
and protein secretion by ELISA in cultured kera-
tinocytes, fi broblasts, and other epidermal- 
dermal equivalents exposed to different doses of 
solar simulated radiation, it was observed that the 
secretion of TNF-α, IL-1α, IL-6, and IL-11 was 
induced. On the other hand, when sunscreen 
was used, it prevented the production of these 
cytokines [ 152 ]. 

 The differentiation of facial human preadipo-
cytes was studied using image analyses and the 
presence of adipocyte differentiation markers. 
When facial preadipocytes were exposed to con-
ditioned medium from solar-irradiated equiva-
lents, their differentiation was inhibited. 
Contrary, when solar-irradiated equivalents 
were fi rst pretreated with sunscreen, the differ-
entiation of preadipocytes into mature adipo-
cytes was not inhibited. Using a variety of 
antibodies to TNF-α, IL-1α, IL-6, and IL-11 
signifi cantly reduced the inhibition on the dif-
ferentiation of preadipocytes caused by solar 
simulator radiation [ 152 ].  

5.15     Summary 

 Skin aging is one of the menopausal complica-
tions that concerns most women. It does not 
occur uniformly in all females but varies between 
individuals [ 114 ]. Three factors bring about aged 
skin: chronological aging [ 153 ], extrinsic skin 
aging [ 154 ], and hypoestrogenemia after meno-
pause [ 155 ]. 

 As seen, cytokines play a key role in the 
appearance of aged skin characteristics like easy 
bruising, dry skin, and delayed wound healing 
[ 114 ]. Cytokines are produced by a range of skin 
cells and cells of the immune system and have 
both overlapping and independent effects on skin 
aging and infl ammation. Because of their over-
lapping roles, cytokines should be viewed as a 
network rather than individually [ 156 ]. Further 

research is necessary especially to identify the 
role of cytokines in the prevention and treatment 
of skin aging.     
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6.1            Skin Structure and Function 

 Human skin is a complex, multilayered tissue 
that forms the largest organ of the body. Its pri-
mary function is to provide an essential barrier to 
the external environment, protecting against 
mechanical stresses and chemical or pathogenic 
incursion. Other functions are diverse and 
include sensory perception, prevention of fl uid 
loss, maintenance of body temperature and bio-
synthesis [ 1 ]. Structurally the skin can be divided 
into three principle layers, an outermost epider-
mis, underlying dermis and innermost hypoder-
mis [ 2 ]. The avascular epidermis is composed 
mainly of keratinocytes originating from a pool 
of progenitor cells in the basal layer of the epi-
dermis and the bulge region of the hair follicle 
[ 3 ,  4 ]. These progenitor cells give rise to daugh-
ter cells that transit through the suprabasal layers 
of the epidermis undergoing a tightly regulated 
programmed terminal differentiation, regulated 
at least in part by an epidermal calcium gradient 
[ 5 ]. The ultimate aim of terminal differentiation 
is the synthesis of components of the outermost 
epidermal layer, the stratum corneum, which 
imparts the majority of epidermal barrier func-
tion (reviewed in [ 6 ]) [ 7 ]. These include fi lag-
grin, loricrin, SPRR and LCE proteins, which 
become cross-linked to form the impermeable 
cornifi ed envelope, and lipid bodies, which are 
extruded to form the stratum corneum lipid 
lamellae. Non-keratinocyte epidermal cell types 
include melanocytes, which synthesise melanin 
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for UV protection; Langerhans cells, which are 
responsible for antigen presentation and protec-
tion from pathogens; and Merkel cells, which 
complex with nerve fi bres acting as touch recep-
tors [ 8 ,  9 ]. 

 The underlying dermis is connected to the epi-
dermis by a basement membrane termed the der-
mal epidermal junction (DEJ). This region has a 
complex structure of anchoring proteins includ-
ing collagen VII, laminins and fi brillin-1 [ 10 , 
 11 ]. The dermis is highly vascularised and rela-
tively acellular, instead composed of a structur-
ally diverse extracellular matrix (ECM) 
comprised of fi brillar collagens, elastic fi bres and 
proteoglycans. These ECM proteins are respon-
sible for much of the strength and structure of the 
skin providing a physical scaffold. The fi brillar 
collagens are mechanically very strong, resisting 
tensile forces. This tensile strength is comple-
mented by the elastic fi bres, which only comprise 
around 2 % of the dermal ECM but confer pas-
sive recoil in this dynamic tissue [ 12 ]. The elastic 
fi bres are complex macromolecules comprising 
an elastin-rich core surrounded by fi brillin-rich 
microfi brils [ 13 ]. In the human skin they assem-
ble into a characteristic arrangement with thick 
elastin-rich fi bres running parallel in the deeper 
dermis and branching into perpendicular fi brillin- 
rich fi bres towards the DEJ [ 14 ]. The dermis also 
contains a diverse range of proteoglycans, which 

primarily maintain skin hydration and resist com-
pressive forces via hydrophilic GAG chains [ 15 ].  

6.2     Skin Aging 

 A combination of intrinsic and extrinsic factors 
contributes to altered homeostasis in aged skin 
resulting in dramatic changes that manifest as 
wrinkling, sagging, fragility, atrophy and 
increased laxity. These changes have a signifi cant 
impact on skin structure (Fig.  6.1 ) and function, 
rendering skin both more susceptible to injury 
and less able to repair once injured. Indeed, 
advanced age is a primary risk factor for develop-
ing chronic, non-healing skin wounds.

6.3        Intrinsic Aging 

 Intrinsic aging, mainly genetically programmed, 
presents clinically as uniform pigmentation, loss 
of elasticity and reduced appendage density (hair 
follicles, sweat and sebaceous glands; [ 16 ]). 
Intrinsically aged skin is characterised by fi ne 
wrinkles, a fl attened DEJ and a thinning of both 
the dermis and epidermis. Intrinsic aging is 
reported to result in an overall loss of around 1 % 
of total collagen per adult year [ 17 ], while elastic 
fi bres are gradually lost from the papillary dermis 

  Fig. 6.1    Human skin is structurally altered with age. 
 Left  inner arm skin from a young subject with abundant 
rete ridges.  Right  inner arm skin from an aged subject 

lacks rete ridges with a thinner epidermis. In addition, 
dermal cellularity is reduced with less dermal extracel-
lular matrix       
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[ 18 ]. Reduction in total proteoglycans, which 
have important roles in binding water, leads to 
the increasingly dry skin associated with age [ 19 , 
 20 ]. Dermal fi broblasts are reduced in number 
[ 17 ,  21 ] and functionally altered producing more 
matrix metalloproteinases (MMPs) and less 
extracellular matrix proteins [ 21 ,  22 ]. Mast cells 
are generally reported to be reduced in aged tis-
sue [ 17 ]. However, Gunin et al. 2011 [ 23 ] report 
increased mast cells in aged skin which they sug-
gest to be an important driver of tissue damage in 
aging. Mechanically the skin becomes stiffer and 
more fragile with a loss of resilience [ 24 ] mak-
ing aged skin more susceptible to damage. 
Intriguingly, skin components are not equally 
affected by skin aging. Hair follicles, for exam-
ple, age relatively slowly and continue to func-
tion even at advanced age [ 25 ].  

6.4     Extrinsic Aging 

 While all tissues undergo intrinsic aging, the skin 
is also uniquely subject to extrinsic aging resulting 
from extensive exposure to environmental factors. 
The effects of extrinsic aging are particularly evi-
dent on the face, chest, hands and arms, which are 
subject to a high degree of UV exposure over a 
lifetime. Extrinsically aged skin is characterised 
by deeper wrinkles, a leathery appearance, irregu-
lar pigmentation and extensive loss of elasticity 
[ 26 ,  27 ]. At the cellular level the effects of extrin-
sic aging are extensive. Confusingly the epidermis 
of extrinsically aged skin is reported to be thick-
ened due to hyperplasia or thinned as a result of 
tissue atrophy dependent on the level and duration 
of UV damage [ 28 ]. However, it is the changes in 
the dermal components of photo-aged skin which 
have the most profound impact on appearance. 
Fibrillar collagens (type I and III) are dramatically 
reduced and become more fragmented [ 29 ,  30 ], 
directly leading to reduced tissue tensile strength. 
Collagen VII anchoring fi brils are specifi cally lost 
from the DEJ along with both fi brillin 1 and fi bulin 
5 [ 31 ]. Severe photo-aging causes extensive pro-
found remodelling of the elastic fi bres. In young 
skin elastic fi bres are highly ordered in structure; 
thick elastin-rich fi bres in the deeper dermis that 

run parallel to the DEJ branch into perpendicular 
fi brillin-rich fi bres in the papillary dermis. In 
severely photo-damaged skin, this structure is lost 
completely, and elastic fi bre production is patho-
logically increased, resulting in abundant ran-
domly orientated elastic material [ 31 ]. In contrast 
to intrinsically aged skin, proteoglycans are also 
increased and abnormally distributed as a result of 
extrinsic aging co- localising with the elastic fi bre 
material [ 32 ].  

6.5     Mechanisms of Aging 

 With the exception of severe photo damage, aged 
skin is characterised by a cumulative loss of com-
ponents and function. Numerous theories have 
been proposed to drive aging (reviewed in [ 33 ]). 
These range from the idea that aging is due to 
wear and tear and an accumulation of damage 
with the passage of time to more specifi c con-
cepts of preprogrammed life span defi ned by spe-
cifi c age-related genes. Of direct relevance to the 
role of hormones in the skin is the endocrine 
theory of aging, which places the HPA (hypotha-
lamic pituitary axis) as a “master regulator”, 
 signalling the termination and onset of life stages. 
In reality it is probably a complex accumulation 
of multiple different factors (i.e. aspects of each 
theory) that defi nes skin aging and in turn drives 
age-associated pathologies. 

 Aged cells are both slower to divide and com-
promised in their repair mechanisms. Aged fi bro-
blasts in culture, for example display a threefold 
reduction in population doubling time [ 34 ], with 
older cells reported to have an increased G0/G1 
phase proportion due to repression of cell cycle 
progression genes [ 35 ]. Accumulation of DNA 
damage is particularly detrimental to the numer-
ous stem cell populations that reside in the skin. 
Accumulated damage severely impairs the func-
tion of aged stem cells ultimately leading to loss 
of tissue homeostasis [ 36 ]. In aged dermis, fi bro-
blasts are reduced in both number and capacity to 
synthesise ECM proteins [ 17 ] contributing to 
age-associated atrophy. MMP overexpression is 
accompanied by reduced expression of the TIMP 
family of MMP inhibitors [ 37 ,  38 ]. 

6 The Role of Estrogen Defi ciency in Skin Aging and Wound Healing



74

 One of the key contributors to the aging phe-
notype is the generation of reactive oxygen spe-
cies (ROS). These highly reactive molecules 
cause damage to DNA, proteins and lipids via 
breaks, cross-links and degradation. Intriguingly, 
active ROS generation is emerging as an essential 
early signal in wound repair [ 39 ]. Mechanistically, 
ROS acts via AP-1 to upregulate MMP transcrip-
tion and also directly activates MMPs [ 40 – 42 ], 
ultimately contributing to overall degradation of 
the ECM. Once activated these degradative 
mechanisms are maintained by a positive- 
feedback loop whereby MMPs are upregulated 
by fragmented ECM components [ 43 ]. 

 Another central contributor to organismal aging 
is cellular senescence. First observed in 1961, 
Hayfl ick and Moorhead [ 44 ] reported the phenom-
enon of replicative growth arrest in cultured human 
fi broblasts. Subsequent studies revealed that the 
number of cell divisions at which this limit was 
reached is inversely proportional to the age of the 
donor [ 45 ], now known to be a consequence of 
progressive telomere shortening [ 46 ]. Telomeres 
form a cap of repeated DNA sequence at the ends 
of chromosomes; during cell division these 
become progressively shorter until cells can no 
longer divide. Senescent cells, which were origi-
nally thought quiescent, have more recently 
emerged as an active driver of tissue aging, secret-
ing a number of proteases and cytokines, termed 
senescence-associated phenotype (SASP), which 
damage surrounding tissue [ 47 ]. In addition to the 
overexpression of proteases [ 37 ], there is also a 
reduction in the expression of TIMPs [ 38 ] to 
inhibit the actions of MMPs.  

6.6     Estrogen Synthesis 

 All estrogens are derived from the precursor cho-
lesterol via multiple biosynthetic steps. While 
the majority of circulating estrogens are gonad-
ally derived, estrogens can also be synthesised 
peripherally in nonreproductive tissues such as the 
liver, heart, bone and skin. Specifi cally, the skin 
contains all the components required for local 
estrogen synthesis, including 17β-hydroxysteroid 
 dehydrogenase (17β-HSD), 3β-hydroxysteroid 

dehydrogenase (3β-HSD), aromatase and 
5α-reductase [ 48 – 51 ]. Indeed, peripheral synthe-
sis is thought to provide the majority of estro-
gens post menopause, functioning as paracrine 
and/or intracrine factors to maintain important 
tissue- specifi c functions [ 52 ,  53 ]. Prior to meno-
pause 17β-estradiol (E 2 ) is the main gonadally 
derived circulating hormone. Following meno-
pause estrone (E) plays an important role, with 
high levels reportedly synthesised in adipose tis-
sue from the adrenally derived precursor DHEA 
[ 54 ,  55 ]. Estogen can also be locally regulated by 
interconversion between E, E2 and E3 forms or 
by estrogen-sulfotransferase-mediated conversion 
to inactive forms [ 56 ]. Thus, at any one time the 
local levels of active estrogens depend on fi nely 
balanced biosynthetic, metabolic and deactivation 
pathways. It remains unclear exactly how meno-
pause infl uences peripheral estrogen synthesis. 
Our data from both murine models and humans 
suggest that estrogen defi ciency leads to wide-
spread downregulation of peripheral hormone 
synthetic enzymes [ 57 ,  58 ]. The one exception is 
the enzyme aromatase, which is increased in sub-
cutaneous adipose tissue with advancing age [ 59 ]. 

 Aromatase, a key player in peripheral hor-
mone synthesis, is widely expressed across many 
tissues [ 60 ]. Its regulation is particularly com-
plex, with the human aromatase gene containing 
ten validated tissue-specifi c promoters [ 61 ]. In 
the skin, as in the bone, aromatase expression is 
driven by the glucocorticoid responsive distal 
promoter I.4 [ 61 ]. It is likely that skin injury and/
or disease will alter aromatase promoter usage, as 
is the case in breast cancer where promoter usage 
switches to the cAMP responsive promoter [ 62 ]. 
Aromatase activity can also be regulated at the 
level of posttranslational modifi cation, most 
notably phosphorylation [ 63 ]. Skin-derived fi bro-
blasts and adipocytes display high aromatase 
activity [ 64 ,  65 ] as do human osteoblasts [ 66 ].  

6.7     Estrogen Receptors 

 Estrogen signals via two distinct nuclear hor-
mone receptors, estrogen receptor alpha (ERα) 
and estrogen receptor beta (ERβ) encoded by 
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separate genes (ESR1 and ESR2), located on 
different chromosomes. ER expression is wide-
spread throughout the body; in some organs 
both receptors are expressed at similar levels, 
whereas in others one receptor is more highly 
expressed. For example, a large body of litera-
ture documents a predominance of ERα in 
reproductive tissues [ 67 ]. In the skin both recep-
tors are widely expressed; however, distribution 
varies depending on cell type and source. Both 
receptors are reported in human dermal fi bro-
blasts [ 68 ] and sebaceous glands [ 69 ]. ERβ 
appears to be the dominant receptor in human 
eccrine and apocrine glands [ 70 ] and hair folli-
cles, being expressed in dermal papilla cells, the 
outer root sheath and the bulge [ 69 ]. Keratinocyte 
expression is more contentious. Both receptors 
have been reported in neonatal foreskin-derived 
keratinocytes with estradiol specifi cally upregu-
lating ERα [ 71 ]; however, ERβ was reportedly 
highly expressed in human scalp skin with no 
ERα expression [ 72 ]. More recently still Inoue 
et al. [ 73 ] report signifi cantly reduced ERβ 
expression in the skin of subjects over 70. By 
contrast, both receptors have been reported in 
the upper inner arm epidermis of both young 
and old female subjects [ 74 ]. The receptors 
function as homo- or heterodimers, and in this 
context ERβ’s function in heterodimers has 
been suggested to dampen ERα-mediated gene 
expression [ 75 ,  76 ]. In addition, insulinlike 
growth factor-1 (IGF-1) has been shown to sig-
nal through ERs in various tissues [ 77 ].  

6.8     Menopause and Skin 
Changes 

 Post menopause, there is a rapid decline in the 
macroscopic and histological appearance of the 
skin with an increase in wrinkling, sagging and 
dryness [ 78 ,  79 ] (Fig.  6.2 ). The use of hormone 
replacement therapy (HRT) can prevent many of 
these changes, increasing extracellular matrix 
components, skin hydration and elasticity and 
reducing wrinkles [ 80 – 82 ]. One area that remains 
contentious in skin biology, as in other tissues, is 
the extent to which estrogen replacement can 

reverse detrimental changes that have already 
occurred and whether estrogen is benefi cial in 
skin that is decades post menopause rather than 
in the perimenopause period.

   Extensive clinical studies over recent decades 
have assessed the benefi cial effects of HRT post 
menopause. The epidermis is considerably thin-
ner post menopause [ 83 ], while HRT orally 
administered for 3 months or 6 months increases 
epidermal thickness [ 81 ,  84 ,  85 ]. Mechanistically, 
estrogen has been shown to directly infl uence 
keratinocyte proliferation over a far shorter 
period [ 86 ] and to prevent H 2 O 2 -induced apopto-
sis at least in vitro [ 87 ]. A large study of nearly 
4,000 women found postmenopausal skin to be 
signifi cantly dryer, with estrogen use function-
ally reversing this [ 78 ,  88 ]. Here HRT has been 
shown to signifi cantly increase the ability of the 
stratum corneum to hold water [ 89 ]. More spe-
cifi cally, epidermal sphingolipids have been 
shown to be altered only in aged female skin 
[ 90 ], an effect that can be reversed by HRT [ 91 , 
 92 ]. Postmenopausal changes in skin hydration 
are, in part, also due to changes in the dermal 
polysaccharides and changes in sebum levels. 
Here Danforth et al. [ 93 ] demonstrate that the 

  Fig. 6.2    Estrogen defi ciency accelerates skin aging. 
 Right  postmenopausal estrogen defi ciency leads to pro-
found structural changes in the skin, including epidermal 
atrophy and wrinkling, reduced dermal elastic fi bres and 
collagen. Collectively these changes lead to altered skin 
function and increased susceptibility to damage       
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high estrogen levels in pregnancy are linked to 
increased dermal hydration. Moreover, hyal-
uronic acid, which is known to have a high 
osmotic activity, is increased following estrogen 
treatment [ 94 ]. Sebum levels are also found to 
decline after menopause [ 95 ] with a decrease in 
both the size and activity of the sebaceous glands 
[ 96 ]. HRT increases the sebum level of post-
menopausal skin by 35 % compared to without 
HRT [ 91 ]. 

 The majority of studies have assessed the 
effect of menopause on dermal structure and 
function. The dermal extracellular matrix pro-
vides skin with many of its mechanical proper-
ties, such as resilience and tensile strength. Type 
I collagen is the major component of adult der-
mis providing tensile strength. Loss of collagen 
is one of the major changes implicated in the 
development of skin wrinkles [ 78 ,  97 ,  98 ]. 
Following    menopause, dermal collagen content 
has been reported to fall by 2–5 % per year [ 80 , 
 99 ,  100 ], leading to reduced dermal thickness 
and density. This decrease in dermal composi-
tion correlated only to postmenopausal years 
and not to chronological age. Affi nito et al. 
[ 100 ] reported a decline in both collagen I and 
III and a specifi c change in the ratio of these col-
lagen types. Brincat et al. [ 80 ] quantifi ed the 
rapid loss of collagen in the initial postmeno-
pausal period accompanied by a 1.1 % reduction 
in dermal thickness per year. The benefi cial 
effects of estrogen on dermal collagen have 
been reported across a number of studies and 
trials. Topically applied estrogen increases type 
I and III collagen expression [ 101 – 103 ]. In a 
double-blind randomised trial, Maheux et al. 
[ 104 ] reported up to 30 % increase in postmeno-
pausal skin dermal thickness following estrogen 
treatment. Estrogen appears to act by preferen-
tially inducing new expression of type III colla-
gen in aged skin, presumably invoking a 
“developmental”-type programme of expression 
[ 101 ,  105 ]. 

 The skin tensile strength provided by fi brillar 
collagens is complemented by the elastic fi bre 
network which endows skin with resilience, 
allowing it to return to a resting state following 
deformation. Skin resilience also negatively 

 correlates with postmenopausal years. Using a 
suction device Sumino et al. [ 106 ] were able to 
quantify a 0.55 % decline in skin elasticity per 
postmenopausal year. The same study also 
reported a 5.2 % increase in skin forearm elastic-
ity following 12 months of HRT. These observa-
tions are in line with previous studies that 
reported benefi cial effects of HR on the extensi-
bility and elasticity of forearm skin [ 82 ] and 
facial skin [ 107 ]. These changes in gross mechan-
ical properties following estrogen treatment cor-
relate with specifi c benefi cial changes at the 
histological level. Punnonen et al. [ 108 ] report 
that topical estrogen treatment modifi es the elas-
tic fi bre network, increasing elastic fi bre number 
and improving orientation. In addition, estradiol 
increases cutaneous expression of tropoelastin 
and fi brillin proteins, key modulators of elastic 
fi bre assembly and function [ 102 ]. By contrast, 
Bolognia et al. [ 109 ] report that women entering 
early menopause show premature degradation 
of elastic fi bres with signs of splitting and 
fragmentation.  

6.9     Murine Studies 

 Murine models provide an opportunity to mech-
anistically address hormonal aspects of skin 
aging. The ovariectomised (OVX) mouse is 
widely used as a model of the human meno-
pausal state; surgical removal of the ovaries 
leads to a rapid decline in circulating sex steroid 
hormones that mimics the menopause. OVX 
mice are widely used to model a range of human 
age-associated pathologies, including osteopo-
rosis, neurodegeneration and cardiac dysfunc-
tion, as well as perimenopausal symptoms, such 
as depression and hot fl ushes [ 110 – 112 ]. It is 
therefore surprising that comparatively little 
skin research has been carried out with this 
model. OVX is known to enhance the sensitivity 
of rat skin to UV-induced photo-aging, mea-
sured as wrinkling, a loss of elasticity and dam-
age to elastic fi bres [ 113 ]. This is supported by 
a mouse study where effects on skin extensibil-
ity and elastic recoil were measured. Here ovari-
ectomy signifi cantly increased recoil time in 
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UV-exposed skin associated with elevated tissue 
elastase activity [ 114 ]. Very recently Fang et al. 
[ 115 ] have combined  cryo- sectioning with AFM 
to reveal nanoscale changes in morphology of 
dermal collagen fi brils in ovine OVX samples. 
Other studies have explored the role of estrogen 
in protecting from ROS [ 116 ] and cellular 
senescence [ 117 ]. There are suggestions from 
the literature that estrogen may act as a direct 
antioxidant as well as induce antioxidant 
enzymes. Direct functional evidence was pro-
vided by Baeza et al. [ 118 ] who showed that 
OVX rats had increased levels of oxidised gluta-
thione, lipid peroxidation and mitochondrial 
DNA damage all of which could be reversed by 
estrogen replacement. More recently Bottai 
et al. [ 119 ] report that 17β-estradiol protects 
both human skin fi broblasts and keratinocytes 
against oxidative damage. 

 The second major advantage of mice is their 
genetic tractability, crucial in the context of 
unravelling estrogen signalling. Mice have been 
generated lacking one or both of the ERs [ 120 –
 125 ], or aromatase (ArKO), which disrupts 
estrogen biosynthesis [ 126 ], or more complex 
Cre/LoxP conditional ER nulls [ 121 ,  127 ,  128 ] 
and point mutants [ 129 – 131 ]. Phenotypic analy-
sis of these mice had provided, and continues to 
provide, insight into ER-mediated physiological 
roles across a range of tissues (reviewed in 
[ 132 ]). Relevant here ER null mice display a 
number of skin phenotypes. First to be reported 
were effects on hair follicles. Moverare et al. 
[ 133 ] identifi ed a role for ERα, but not ERβ, in 
regulating hair cycling. In a subsequent study 
Ohnemus et al. [ 134 ] demonstrated that ERβ 
does play a role, regulating catagen induction. 
In the same studies ERα was suggested to be 
important for estrogen’s effects on epidermal 
thickness. Markiewicz et al. [ 135 ] have recently 
reported increased skin collagen content in ERα 
null mice with decreased collagen content in 
ERβ nulls. Meanwhile Cho et al. [ 136 ] report a 
key role for ERβ in mediating UV-induced pho-
toimmune modulation. Clearly ERs play an 
important role in skin homeostasis, often with 
directly opposite effects, supporting “ying-
yang” ER interactions [ 75 ,  76 ].  

6.10     Aging Delays Wound Healing 

 Under normal circumstances the skin has evolved 
a highly coordinated response to injury, whereby 
numerous cell types are sequentially activated to 
orchestrate rapid tissue repair (reviewed in [ 137 ]). 
However, with increasing age the skin not only 
becomes more fragile and susceptible to damage 
but also less able to effectively heal following 
injury. Indeed, numerous studies have revealed 
signifi cant cellular changes in age- associated 
delayed healing: altered haemostasis [ 138 ,  139 ], 
reduced re-epithelialisation [ 140 ,  141 ], an exces-
sive infl ammatory response [ 142 ,  143 ] and upreg-
ulated protease activity associated with reduced 
matrix deposition [ 144 ]. Collectively, these age-
associated changes lead to delayed acute wound 
healing in the elderly that predisposes to the devel-
opment of chronic wounds [ 145 ]. Moreover, 
Wicke et al. [ 146 ] report a clinically measurable 
delay in chronic wound closure in those over 
60 years of age versus younger patients. 

6.10.1     Infl ammation 

 The infl ammatory response is delayed in elderly 
humans, and the overall number of infl ammatory 
cells recruited to sites of injury is increased [ 142 , 
 144 ,  147 ]. Despite these higher numbers aged 
macrophages are less active, with altered expres-
sion and function of TLRs [ 148 ], decreased cyto-
kine and growth factor production [ 149 ] and 
reduced phagocytic activity compared to macro-
phages from younger counterparts [ 150 ]. 
Functional signifi cance has been demonstrated in 
adoptive transfer experiments where macro-
phages from young mice are able to promote 
healing in aged mice [ 151 ]. Aged neutrophils are 
also functionally altered with reduced chemo-
taxis and phagocytosis [ 152 ].  

6.10.2     Re-epithelialisation 

 Multiple studies have reported delayed re- 
epithelisation in aged mice and humans [ 140 , 
 144 ,  147 ]. This observed delay is likely multifac-
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torial. Key cytokines and growth factors required 
to stimulate keratinocyte migration and prolifera-
tion, such as PDGF, EGF and KGF, are reduced 
with age [ 153 ,  154 ]. Keratinocytes from aged 
donors are also intrinsically altered with reduced 
hypoxia-induced migration [ 155 ]. Additionally, 
aged keratinocytes fail to induce MMPs and other 
proteases required to successfully migrate 
through the wound granulation tissue [ 155 ]. 
Finally, we have recently shown that the wound- 
induced switch to weak keratinocyte adhesion 
fails in chronic wounds from aged patients [ 156 ].  

6.10.3     Matrix Deposition 

 Fibroblasts are essential for effective repair, 
depositing and remodelling ECM and mediating 
wound contraction. Aged fi broblasts display 
reduced collagen synthesis [ 157 ] and impaired 
migration [ 158 ]. The general consensus is that 
aged fi broblasts are more prone to senescence 
with decreased proliferation with a reduced abil-
ity to respond to growth factors [ 159 – 161 ]. This 
is supported by studies indicating dysfunction in 
fi broblasts isolated from chronic wounds [ 162 –
 164 ]. Intriguingly, other studies report no change 
in fi broblast responsiveness with age [ 165 ].  

6.10.4     Angiogenesis 

 The literature on age-associated changes in new 
blood vessel formation following wounding is 
also confl icting. Ashcroft et al. [ 144 ] and Swift 
et al. [ 147 ] report increased and decreased angio-
genesis, respectively, in aged mice. While this 
may in part refl ect the different wound models 
used (incisional versus excisional), subsequent 
in vitro studies have shown that reduced angio-
genic growth factors are responsible for an age- 
associated reduction in angiogenesis [ 166 ]. 
Specifi cally FGF2 and VEGF are decreased in 
the wounds of aged mice [ 147 ].   

6.11     Estrogen Effects on Wound 
Healing 

 Post menopause, there is a rapid decline in wound 
healing ability. Studies have linked a range of 
menopause-associated hormones to this altered 
healing including progesterone [ 167 ], DHEA 
[ 168 ] and testosterone/DHT [ 169 ,  170 ]. The 
majority of research has, however, focussed on 
estrogen’s role in healing (Fig.  6.3 ). Studies by 
Ashcroft and colleagues were fi rst to show that 
HRT treatment could protect against delayed 
healing in postmenopausal women [ 171 ]. In a 

  Fig. 6.3    Estrogen defi ciency has a profound effect on skin 
wound healing.  Right  postmenopausal reduced estrogen leads 
to an inappropriately excessive but ineffective infl ammatory 

response and retarded re-epithelialisation. Suppressed fi bro-
blast function, decreased collagen synthesis and increased 
MMPs lead to a reduction in extracellular matrix       
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subsequent study topical estrogen was shown to 
accelerate acute wound repair in healthy elderly 
men and women [ 172 ]. Shortly after came the 
key observation that HRT was protective against 
developing chronic wounds, both pressure sores 
(age-adjusted relative risk 0.68) and venous 
ulcers (age-adjusted relative risk 0.65) [ 173 , 
 174 ]. More recently we have used microarray 
profi ling to demonstrate that the vast majority 
(78 %) of genes differentially expressed in 
wounds from elderly versus young men were 
estrogen-regulated [ 58 ]. Thus, estrogen is clearly 
clinically and physiologically important for 
effective skin repair.

   Subsequent studies focusing on estrogen’s 
mechanism of action have largely employed 
ovariectomised (OVX) rodents. OVX mice and 
rats display a pronounced delay in healing with 
altered re-epithelialisation, infl ammation, ECM 
deposition and protease levels. Short-term estro-
gen replacement reverses these effects promot-
ing keratinocyte migration, increasing matrix 
deposition and dampening infl ammation [ 58 , 
 171 ,  175 ].  

6.12     Infl ammation 

 In vitro studies have functionally linked estrogen 
to a range of infl ammatory cells, including neu-
trophils, macrophages and mast, dendritic and 
Langerhans cells [ 176 ,  177 ]. In acute healing 
estrogen acts to dampen the infl ammatory 
response and in human studies prevents excessive 
neutrophil recruitment via downregulation of 
L-selectin, inhibiting homing to the wound site 
[ 172 ]. The subsequent dampening of wound 
neutrophil- derived elastase levels prevents exces-
sive degradation of ECM proteins. Estrogen also 
appears essential for the switch from classical 
(TH1; CA) to alternative (TH2: AA) macrophage 
polarisation. Wounds from OVX rodents contain 
highly CA polarised macrophages [ 167 ,  178 ], 
while estrogen treatment shifts to AA polarisa-
tion, in line with a pro-healing role [ 58 ,  167 ]. 
Estrogen is also potently anti-infl ammatory in 
other tissues, such as the brain, where it protects 
against neurodegeneration [ 179 ]. Estrogen spe-

cifi cally dampens the expression of numerous 
proinfl ammatory cytokines, including TNF-α, 
MCP-1, Il-1β, Il-6 and macrophage migration 
inhibitory factor (MIF) [ 92 ,  180 ,  181 ]. MIF is 
particularly interesting and expressed by a range 
of wound cell types.  MIF  null mice are entirely 
resistant to the detrimental effects of OVX, 
implying that MIF acts as a key downstream 
mediator of both the detrimental effects of estro-
gen defi ciency and the benefi cial effects of estro-
gen replacement on skin wound healing [ 57 ,  175 , 
 182 ]. Of clinical relevance, human plasma MIF 
levels increase post menopause and fall follow-
ing HRT [ 57 ].  

6.13     Re-epithelialisation 

 A failure of re-epithelialisation is a key aspect of 
both age-associated delayed acute healing and 
chronic wounds. Estrogen is a keratinocyte mito-
gen [ 71 ] directly promoting in vitro scratch 
wound closure in both mouse and human cells 
[ 128 ,  175 ] and in vivo re-epithelisation in murine 
acute wounds [ 183 ,  184 ]. In humans the delayed 
re-epithelisation associated with the postmeno-
pausal state can be entirely reversed following 
3 months of HRT [ 171 ] or short-term topical 
estrogen treatment [ 172 ].  

6.14     Matrix Deposition 
and Angiogenesis 

 Wound collagen deposition and subsequent 
remodelling are delayed post menopause and pro-
moted by HRT or topical estrogen treatment [ 171 , 
 172 ]. Indeed in vivo estrogen promotes fi broblast 
proliferation and migration, with increased colla-
gen deposition conferring increased wound 
strength. Estrogen directly promotes fi broblast 
migration demonstrated via in vitro cell assays 
[ 128 ,  175 ,  185 – 187 ] and indirectly via macro-
phage-produced platelet-derived growth factor 
(PDGF). Estrogen-driven PDGF production has a 
signifi cant effect on angiogenesis, with estrogen 
demonstrated to be proangiogenic both in vitro 
and in vivo [ 188 ].  
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6.15     ERS and Wound Healing 

 Estrogen signals via two nuclear hormone recep-
tors: ERα predominates in reproductive tissues 
and is strongly associated with cancer [ 189 ], 
while ERβ is more widely expressed in periph-
eral tissues [ 190 ,  191 ]. Estrogen’s pleiotropic 
role in healing is supported by widespread cellu-
lar ER expression in wound tissue and skin from 
a range of body sites in both mouse and human 
[ 72 ,  128 ,  192 – 195 ]. Indeed, very recently we 
have employed the ERE-luciferase reporter 
mouse [ 196 ] to directly assess ER-mediated sig-
nalling following in vivo wounding [ 197 ]. Shortly 
after injury ER-mediated signalling is robustly 
upregulated in the skin immediately adjacent to 
the wound. Subsequent immunohistochemical 
analysis revealed the signal to be predominantly 
localised to wound edge keratinocytes and 
infl ammatory cells. 

 Crucially, in OVX mice ER-specifi c agonists 
confer entirely different effects. Treatment with 
the ERβ-specifi c agonist DPN promotes wound 
healing as effectively as estrogen treatment, 
while the ERα-specifi c agonist PPT has no 
effect. These agonist treatment effects are con-
fi rmed by estrogen replacement studies in OVX 
ER null mice, where ERβ null mice display a 
pronounced delay in healing [ 128 ]. Thus signal-
ling through ERβ is benefi cial and ERα detri-
mental to repair. Taking these observations 
further, epidermal- specifi c (K14-cre mediated) 
ER null mice were shown to phenocopy global 
ER nulls, and the ERβ agonist DPN was shown 
to directly promote keratinocyte migration 
in vitro, suggesting a key role for epidermal 
ERβ [ 128 ]. These studies are entirely consistent 
with clinical reports that polymorphisms in the 
human ERβ gene are signifi cantly associated 
with venous ulceration in the Caucasian popula-
tion [ 74 ,  198 ]. However, an alternative picture 
emerges for a skin fl ap necrosis model where 
the benefi cial effects of 17β-estradiol on out-
come are reportedly mediated via ERα [ 199 ]. 
The discrepancy between the two models may 
be explained by the observation that ERα, not 
ERβ, is important for controlling wound infl am-
mation in response to IGF1 [ 200 ].  

6.16     SERMs and Future Therapies 

 Pharmacological modulators of ERs have been 
developed. These include specifi c agonists that are 
experimentally invaluable and the more clinically 
relevant mixed agonist/antagonists, termed selec-
tive estrogen receptor modulators (SERMs). Here 
the SERMs tamoxifen, raloxifene and genistein 
have been shown to promote skin healing [ 183 , 
 184 ]. Raloxifene acts as an antagonist in breast tis-
sue and an agonist in bone tissue [ 201 ]. It has been 
shown to have a positive effect on wound healing 
[ 184 ]; this could be in part due to its ability to 
stimulate collagen synthesis in cultured fi broblasts 
[ 202 ] and also reduce infl ammation in the wound 
[ 184 ]. As well as the improvement in wound heal-
ing, raloxifene is also shown to improve skin elas-
ticity in humans following 12 months of treatment 
[ 203 ]. Tamoxifen was also shown to have a similar 
effect on wound healing reducing infl ammation 
and restoring wound healing time in the OVX 
mouse to that of the intact control and estrogen 
treated [ 184 ]. Tamoxifen has also been studied in 
the formation of keloid scars in burn patients 
where it appears to improve scarring, decreasing 
collagen synthesis via reduction of TGF-β signal-
ling and reducing fi broblast proliferation [ 204 ]. In 
the context of skin aging, the ERβ-selective ligand, 
WAY- 200070, has been suggested to dampen 
infl ammation and MMP expression in 
UV-damaged skin [ 205 ]. The phytoestrogen genis-
tein has also been reported to improve gross skin 
changes in OVX rats [ 206 ]. In summary SERMs, 
which are used clinically in tissues such as bone, 
clearly infl uence physiology of postmenopausal 
skin; however, the mechanisms remain to be fully 
elucidated.  

6.17     Summary 

 The skin undergoes widespread functional deterio-
ration with age and following menopause. It is 
now widely accepted that the age-associated 
reduction in circulating hormones, particularly 
estrogen, directly accelerates skin aging, a major 
clinical consequence being delayed repair leading 
to an increased incidence of chronic wounds. 
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Numerous studies have shown that estrogen 
replacement (in the form of HRT) can protect 
against, and possibly even reverse, skin aging, pro-
moting repair. While macroscopic and ultrastruc-
tural aspects of these hormone-mediated effects on 
skin have been documented, much remains 
unknown. Recent studies revealing differential 
roles for the two estrogen receptors in skin biology 
and pathology have opened exciting new avenues 
for therapeutic intervention.     
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7.1            Introduction 

 Gender-based differences, which occur mainly 
due to the discrepancy in the sex hormones 
between men and women, are seen in histology/
pathology, immunology, and specifi c disease con-
ditions of various physiological systems, including 
the skin, as well as overall quality of life (QoL). 
Estrogen and other gonadal steroid hormones are 
powerful biological infl uences on the skin as well 
as the central nervous system (CNS). 

 In the brain, estrogen stimulates growth and 
repair of neurons and also overall brain function 
[ 1 ]. Menopause, the permanent cessation of men-
struation, results in dramatic decrease in the cir-
culating estrogen levels [ 2 ]. This depletion of 
estrogen would potentially deteriorate mental 
health and function in older women [ 3 ]. These 
effects of chronological estrogen decline on men-
tal health of women are discussed in detail in a 
subsequent chapter of this book. 

 The skin is the largest organ in the body and 
its primary function is protection of the body 
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against the external environment. In addition to 
protecting the body against pathogens, the other 
functions include insulation, temperature regula-
tion, sensation, production of vitamin D folates, 
and protection against excessive water loss. 
Gender differences in basic skin structure not 
only help us to understand the histological and 
physiological alterations that occur in dermato-
logic skin conditions but also explains the patho-
genesis of several skin diseases (such as atopic 
dermatitis). Similarly, gender differences in the 
immune system justify the variability in the 
pathogenesis of diseases with cutaneous manifes-
tations and the process of wound healing. Lastly, 
differences in response to skin conditions, partly 
infl uenced by societal expectations and responses 
to ideals of attractiveness, can signifi cantly alter 
the QoL among individuals coping with similar 
severities of identical dermatologic conditions.  

7.2     Sex Hormones and the Skin 

 Molecular studies suggest that sex steroid hor-
mones, estrogen, progesterone, and androgen 
play an important role in the gender-based patho-
physiological differences observed in skin struc-
ture, function, and pathology [ 4 ]. These sex 
steroids not only include circulating hormones 
but also androgens and estrogens synthesized 
locally in the skin. The expression of sex steroid 
receptors in the skin varies by cell type and by 
sex. Nuclear androgen (AR), progesterone (PR), 
and estrogen (ER) receptors that prevail in the 
skin facilitate hormone-driven interactions [ 5 ]. 
Testosterone and dihydrotestosterone (DHT) act 
through AR, which are present in epidermal and 
follicular keratinocytes, sebocytes, sweat glands, 
dermal papilla cells, dermal fi broblasts, endothe-
lial cells, and genital melanocytes [ 6 ]. Both PR 
and ER-β are observed in fi broblasts, keratino-
cytes, and macrophages, whereas ER-α are seen 
only in fi broblasts and keratinocytes [ 7 ]. Also, 
women have more ERs than men. Estrogens play 
an important role in promoting skin elasticity and 
structural integrity of the skin as well as the 
water-binding capacity of the stratum corneum. 
Estrogen effects in the skin and hair are mainly 

mediated by ER-β [ 8 ]. In postmenopausal 
women, estradiol upregulates the expression of 
ER-β in dermal fi broblasts. Sebocytes, sweat 
glands, and dermal papilla hair cells express 
enzymes that convert adrenal prohormones into 
testosterone and DHT [ 9 ]. Sebocytes play a key 
role in maintaining androgen homeostasis. Also, 
the sebaceous glands, the outer and inner root 
sheath cells of anagen terminal hair follicles, and 
dermal papilla cells express aromatase enzyme 
that converts testosterone and androstenedione 
into estrogens [ 10 ]. Aromatase expression is 
much higher in scalp hair follicles of women than 
men, and it is rarely expressed in telogen hair fol-
licles [ 11 ]. The presence of receptor activity in 
the skin is shown in Table  7.1 .

7.3        Estrogen, Skin, and Aging 

 Intrinsic factors such as chronologic aging and 
hormonal levels as well as extrinsic factors such 
as sunlight exposure and smoking levels infl u-
ence skin biology and skin aging [ 12 ]. The nor-
mal process of aging of the skin comprises of 
gradual thinning, atrophy, dryness, skin fragility, 
and wrinkling. Exposed photoaged skin shows 

   Table 7.1    Localization of receptor activity in the skin a    

 Skin structure 

 Sex steroid receptors 

 AR  PR  ER-α  ER-β 

 Epidermal keratinocytes  +  +  + 
 Melanocytes  +  +  + 
 Hair follicles 
 Follicular keratinocytes  +  + 
 Root sheath  + 
 Matrix epithelium  +  + 
 Dermal papilla cells  +  +  + 
 Sebaceous glands  +  +  +  + 
 Sweat glands  + 
 Eccrine  +  + 
 Apocrine  +  + 
 Dermal fi broblasts  +  +  + 
 Endothelial cells  +  + 

  Abbreviations:  AR  androgen receptor,  ER-α  estrogen 
receptor-alpha,  ER-β  estrogen receptor-beta,  PR  proges-
terone receptor 
 + shows that the receptor is present 
  a Adapted from [ 5 ,  7 ]  
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more pronounced signs of aging as compared to 
the sun-protected sites. With progressing age, the 
growth rate of hair and nail also slows down. 
The nail surface becomes rigid and lusterless and 
the plate thins, whereas the hair loses pigment 
and the density of hair follicles decrease. Vellus 
hairs in the ears, nose, and eyebrows of men and 
hair on the upper lip and chin of women convert 
to more obvious terminal hairs. 

7.3.1     Skin Thickness 

 The human male skin is thicker and drier than the 
female skin from the age of 5 through 90. In men, 
linear decline in skin thickness is observed from 
age 20 onwards. However, in women, skin thick-
ness remains constant until menopause and there-
after declines drastically. The decrease in thickness 
of the epidermis is on average about 6.4 % per 
decade, whereas dermal thickness decreases by up 
to 20 %. Thinning of aging skin is mainly due to 
reduction of dermal thickness [ 13 ]. 

 Collagen, elastin, and hyaluronic acid are the 
major extracellular components of the dermis. 
Collagen provides the required tensile strength. 
Type I (80 %) and type III (15 %) are most preva-
lent in the human skin among over 14 types of col-
lagen. Collagen fi bers become sparse, thicker, and 
increasingly disorganized with age thereby dis-
rupting the tension on dermal fi broblasts. In addi-
tion, elastin turnover also declines with age. Thus, 
the skin becomes less elastic, less extensible under 
force, and more vulnerable to injury by shear 
forces. In women, collagen content declines at an 
average of 2.1 % per year for the fi rst 15 post-
menopausal years [ 14 ]. Women receiving hor-
mone replacement therapy (HRT) showed no such 
reduction in skin thickness [ 15 ]. Also, oral, topi-
cal, or subcutaneous estrogen supplementation has 
also shown to increase collagen content [ 14 ]. 

 Dehydroepiandrosterone (DHEA) regulates 
the turnover of extracellular matrix protein by 
promoting procollagen synthesis by decreasing 
the synthesis of collagenase and matrix metallo-
proteases and limiting collagen degradation by 
increasing the production of tissue inhibitor of 
matrix metalloproteinase. DHEA, the primary 

source of sex steroid production in the skin, 
declines tangibly with age, resulting in lower 
procollagen synthesis and higher collagen degra-
dation. Baulieu et al. showed that oral DHEA 
treatment in men and women aged 60–79 
improved epidermal thickness and skin hydra-
tion, increased sebum production, and reduced 
facial pigmentation, with effects being more dra-
matic in women over 70 than in men [ 16 ]. 

 Though the interplay between estrogens and 
androgens is not clearly understood, androgens 
are known to affect epidermal hyperplasia in 
humans, which may partly contribute to greater 
skin thickness in men and in women with excess 
of androgen [ 7 ].  

7.3.2     Skin Moisture 

 Another important sign of aging skin is dryness. 
The water-holding capacity of both the epidermis 
and the dermis is affected by age with no signifi -
cant gender-related difference [ 17 ]. The water 
content of the stratum corneum, which is related 
to skin barrier function and the composition and 
organization of stratum corneum lipids, is much 
lower in aged skin [ 18 ]. Aging fi broblasts pro-
duce lower levels of glycosaminoglycans and 
hyaluronic acid, thereby reducing the water- 
holding capacity of the dermis [ 19 ]. Schmidt 
et al .  showed that topical estradiol 0.01 % and 
estriol 0.3 % improved skin moisture in peri-
menopausal or postmenopausal women [ 20 ]. 
Also, a large population-based cohort study dem-
onstrated that postmenopausal women taking 
HRT were less likely to experience dry skin as 
compared to those not taking HRT [ 21 ]. Estrogen 
is known to increase acid mucopolysaccharides 
and hyaluronic acid in the dermis which leads to 
increase in dermal water content [ 22 ]. Also, the 
higher levels of sebum in postmenopausal women 
receiving HRT suggest that estrogen may prevent 
the decrease in glandular secretion otherwise 
seen in aging skin [ 23 ]. Estrogen therapy also 
leads to increased water-holding capacity of the 
stratum corneum and a decrease in the rate of 
water accumulation in postmenopausal women, 
thereby improving the ability of the stratum 
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 corneum to prevent water loss [ 24 ,  25 ]. Estrogen 
enhancement of skin barrier function potentially 
aids in maintaining homeostasis [ 26 ].  

7.3.3     Skin Elasticity 

 Loss of skin elasticity, epidermal thickness, and 
elastic degradation results in skin wrinkling. The 
study by Henry et al. demonstrated that facial skin 
wrinkling is characterized by an increase in exten-
sibility and decrease in elasticity [ 27 ]. Topical 
application of estrogen results in signifi cant 
decrease in fi ne wrinkles and wrinkle depth [ 20 , 
 21 ]. The observed improvement in skin wrinkles 
by estrogen is due to its ability to increase the pro-
portion of type III collagen. The application of 
estriol ointments to the skin of postmenopausal 
women also leads to histologic changes of the skin 
in some individuals. These changes include thick-
ening of the elastic fi bers in the papillary dermis. 
The elastic fi bers were also noted to be in better 
orientation and slightly increased in number. 
Estrogen causes an increase in the hyaluronic acid 
in the dermis which improves the water-holding 
capacity. Thus, HRT seems to improve skin wrin-
kling in postmenopausal women. However, 
Castelo-Branco et al. pointed out this improve-
ment is seen only in nonsmoking women and not 
in smokers. This is possibly due to the side effects 
of tobacco use, which include a destruction of the 
ground substance, decreased blood fl ow in the 
skin, and direct toxic effects of tobacco [ 28 ].  

7.3.4     Sebum Production 

 Sebum levels stay consistent in men after puberty 
until age 80, whereas in women, a gradual 
decrease in sebum secretion is observed from 
menopause through the 70s. Estrogen deprivation 
also affects sebum production, causing skin dry-
ness [ 23 ,  29 ]. HRT showed a 35 % increase in 
sebum levels in postmenopausal women [ 30 ]. 
Estrogen appears to increase sebum production 
primarily by regulating the expression of insulin- 
like growth factor (IGF)-1 receptors and increas-
ing the production of IGF-1 from fi broblasts. 

Increased IGF-1, in turn, induces lipogenesis in 
human sebocytes via the phosphatidylinositol 3 
kinase-stimulated pathway, leading to increased 
sebum production in the skin [ 31 ].  

7.3.5     Wound Healing 

 Aged skin is more vulnerable to shear forces due 
to increased fragility caused by the fl attening of 
the dermoepidermal junctions [ 32 ]. In the aged, 
wound healing is slower to start and slower to pro-
ceed. Epidermal turnover slows by 30–50 % 
between the third and eighth decades and the ten-
sile strength also decreased after age 70 [ 33 ]. In 
general, men show slower wound healing than 
women at all ages. Wound healing is infl uenced by 
the balance of circulating estrogens and androgens 
and gender differences in the response to the hor-
mones. Keratinocytes on wound edge, infi ltrating 
infl ammatory cells, and dermal fi broblasts express 
AR. Androgens increase local infl ammation and 
promote excessive proteolysis, which depress 
wound healing [ 34 ]. Androgens delay regression 
of infl ammatory response as well as matrix degra-
dation. Induction of tissue inhibitors of metallo-
proteinases (TIMP-1 and TIMP-2) that promote 
wound healing is defective in elderly people [ 35 ]. 
DHT also inhibits wound closure by affecting the 
migration of epidermal keratinocytes [ 35 ]. 
Estrogens are very critical to the process of wound 
healing; estrogen inhibits infl ammation and pro-
motes deposition of matrix components [ 36 ]. 
Estrogen’s mitogenic effect on keratinocytes 
increases re-epitheliazation of wounds [ 37 ]. In 
postmenopausal women with impaired wound 
healing, estrogen treatment accelerates re-epitheli-
zation and local collagen deposition. Estrogen also 
regulates the expression of macrophage inhibitory 
factor (MIF), a proinfl ammatory cytokine involved 
in hormonal regulation of wound healing [ 38 ].  

7.3.6     Skin Cellular Immunity 

 Estrogen receptors are present on nearly every 
type of cell in the immune system including β 
cells, CD4+T cells, CD8 +T cells, dendritic cells, 
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macrophages, mast cells, neutrophils, and thymo-
cytes [ 39 ]. Estrogen exposure activates ER at the 
cell membrane to modulate signal transduction 
cascades [ 40 ]. Estrogen produces thymic atrophy 
and decreases the number and function of thymo-
cytes which in turn downregulates T-cell mediated 
immune function [ 41 ]. Estrogens enhance humoral 
immunity by stimulating CD4+TH2 cells and β 
cells. Systemic lupus erythematosus (SLE), an 
autoimmune disease with a female-to-male ratio 
of 3:1 before puberty, 10–15:1 during the repro-
ductive years, and 8:1 after menopause, has higher 
prevalence in menopausal women taking estrogen 
supplement [ 42 ]. Scleroderma and rheumatoid 
arthritis (RA) are some of the other autoimmune 
diseases which seem to be affected by sex hor-
mones. It is increasingly evident that women have 
to cope with the immune-inducing effects of 
increased estrogen levels during reproductive 
years and after menopause, increased autoreactive 
monocyte survival as a result of decreased activa-
tion of the Fas/Fas ligand system due to decrease 
in estrogen levels [ 13 ].  

7.3.7     Hair Growth 

 Remarkable gender differences are observed in 
hair growth, since both androgens and estrogens 
affect hair follicle stimulation [ 43 ]. Androgenic 
effects on hair follicles are mediated by DHT, pro-
duced by 5α-reductase from testosterone. DHT 
interacts with AR on dermal papilla cells, which 
causes release of growth factors that act on other 
cells in the hair follicle. In androgen- dependent 
areas such as the male beard and pubic hair, andro-
gens promote enlargement of hair follicles, 
whereas they also cause miniaturization of scalp 
follicles, leading to male pattern baldness [ 44 ]. 
Female pattern hair loss (FPHL), usually involv-
ing the frontal and parietal scalp areas and inde-
pendent of androgen levels, begins after age 30 
and is more prevalent after menopause. Women’s 
frontal and occipital hair follicles have less than 
one-third 5α-reductase and 40 % lower AR levels 
compared to men [ 45 ]. Scalp hair follicles express 
six times more aromatase activity in women than 
in men, leading to formation of estrogen from 

 testosterone which probably acts as a protective 
factor [ 46 ]. Hair loss (alopecia) and hirsutism are 
two major changes seen during menopause. The 
most common form of alopecia in elderly women 
[ 47 ] is FPHL. The amount of body hair in women 
keeps increasing until menopause, after which it 
begins to decrease. In contrast, facial hair increases 
even after menopause [ 48 ].  

7.3.8     Vulvar Skin Changes 

 Unlike the bulk of cutaneous epithelium, the vul-
var area derives from three different embryonic 
layers. The cutaneous epithelia of the mons pubis, 
labia, and clitoris, which originate from the embry-
onic ectoderm, exhibit keratinized, stratifi ed struc-
ture. The nonkeratinized mucosa of the vulvar 
vestibule originates from the embryonic ectoderm. 
The vagina, derived from the embryonic meso-
derm, is mainly responsive to estrogen cycling. 
Hormonal changes at menopause perturb morpho-
logical and physiological changes of the vulva and 
vagina. After menopause, the vaginal epithelium 
and the labia atrophies, cervicovaginal secretions 
reduce, vaginal pH rises, atrophic vaginitis 
becomes more common, collagen and water con-
tent decrease, pubic hair becomes sparse and gray, 
and the labia majora loses subcutaneous fat. The 
thinned and dry tissue is more susceptible to irrita-
tion and infection [ 49 ].   

7.4     Estrogen and Skin Diseases 

 It is a well-established fact that estrogen signaling 
depends principally on the balanced expression of 
ER-α and ER-β, and the disturbance of this fi ne 
balance leads to neoplasm in estrogen target sites 
such as breast and ovaries. Similarly, multiple 
studies have shown that estrogens may infl uence 
the growth of malignant melanoma (MM) [ 50 ]. 
The occurrence of MM is rare in women before 
puberty, rises throughout reproductive years, and 
then decreases during menopausal years [ 51 ]. 
Pregnancy, oral contraceptives (OCs), and HRT 
seem to cause changes in pigmentation and prolif-
eration of melanocytes. However, several recent 
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epidemiological studies demonstrate that neither 
the use of OCs or HRT nor pregnancy seems to 
infl uence the prognosis of MM in women [ 50 ]. 
Interestingly, recent immunohistochemical and 
molecular analyses have shown that ER-β expres-
sion is higher in atypical melanocyte lesions and 
reduced with increasing Breslow depth in MMs, 
suggesting a role for the loss of ER-β in MM pro-
gression [ 52 ]. However, overall the evidence of the 
role of estrogen in melanoma remains in most part 
inconclusive.  

7.5     Photoaging and Sex 
Hormones 

 Skin is in direct contact with the environment, 
including ultraviolet (UV) irradiation from the 
sun. Sun-induced aging, similar to chronological 
aging, is a cumulative process. But unlike chrono-
logical aging of the skin affected by the age- 
dependent changes in the hormonal levels, 
photoaging depends primarily on the degree of sun 
exposure and skin pigmentation [ 53 ]. Individuals 
with higher exposure to the sun and light pigmen-
tation experience higher degree of photoaging. 
The emerging information over the last decade 
affi rms that chronological hormonal aging and 
photoaging share fundamental molecular path-
ways [ 54 ]. Also, the effects of chronological aging 
are more pronounced in skin areas exposed to the 
sun, mainly due to combined effect of both photo-
aging and chronological aging [ 55 ]. Oral or topical 
estrogen therapy have shown to reduce the symp-
toms of dry skin, wrinkling, and reduced elasticity 
of skin damaged by the sun irradiations [ 56 ].     
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        From an engineering viewpoint, the skin and sub-
cutaneous tissues correspond to a complex inte-
grated and heterogeneous load-transmitting 
structure. However, it is almost impossible to 
ascribe a given aspect of the skin tensile strength 
(STS) to a specifi c component of the skin. 
However, in a biomechanical perspective, the 
skin is featured as a four-layer organ comprising: 
(1) the stratum corneum, (2) the combination of 
the interwoven stratum Malpighi and papillary 
dermis, (3) the reticular dermis and (4) the hypo-
dermis and other subcutaneous structures. 

 Over most of the body surface, the major part 
of STS is supported by the reticular dermis and 
hypodermis, with a discrete contribution from 
the epidermis and papillary dermis. For each 
layer, both its thickness and intimate structure 
play prominent functional roles. In addition, 
there are intimate connections between the pap-
illary dermis and epidermis, as well as between 
the viscoelastic function of the dermis and hypo-
dermis. It is virtually impossible to isolate the 
dermal properties from those of its neighbouring 
structures when mechanical tests are performed 
in vivo. Inevitably, the performed procedures 
involve, in part, the epidermal layers and the 
subcutaneous functions. Clearly, the relative 
involvement of the different tissue layers 
depends on the size of the tested site. The scope 
of these tests must be born in mind when inter-
preting their results. 
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8.1     Climacteric Aging 

 Human aging is a physiologic process corre-
sponding to a progressive failure in homeostatic 
capacity of the body systems. Such a process ulti-
mately increases the skin vulnerability to a num-
ber of environmental threats and to certain 
disorders. Aging progresses differently among 
subjects sharing similar life duration. In addition, 
senescence is heterogenous among organs and 
their constitutive tissues, cells, subcellular organ-
elles and molecular components [ 1 ]. Each human 
organ develops and ultimately fails at its own rate. 
Any stage of this process is referred to as its own 
biologic age [ 2 ]. Such a systematic aging process 
occurs everywhere in the body from 30 to 45 years 
of age. Further regional variability of skin aging 
is expressed over the body. At any time in adult 
life, any given body site shows peculiar manifes-
tations of aging. In addition, scrutinizing skin 
aging reveals a patchwork of aging severity at dif-
ferent tissue levels (epidermis, dermis, hypoder-
mis, hair follicle) and further at the cellular level 
(keratinocyte, melanocyte, fi broblast, dermal den-
drocyte, endothelial cell, etc.). 

 Woman aging represents a multifaceted dar-
ling topic for laypeople, the media and the medi-
cal community as well. Any new purported 
treatment in this domain is avidly watched by 
anti-aging worshippers. Targeting early signs of 
wear and tear is indeed common in Western 
countries. However, from time out of mind, only 
few novel corrective treatments fulfi lled the 
appealing promises. Beyond new management 
advances in this fi eld, the forefront in the scien-
tifi c knowledge of skin aging relies on an 
increased understanding of the relationships 
between cell biology, global skin physiology and 
any perceptible improvement in the ultimate clin-
ical appearance. 

 The skin represents a hormone-dependent 
organ [ 3 – 5 ]. Quite distinctly, skin manifestations 
of some endocrinopathies possibly mimic or 
interfere with skin aging [ 3 ,  4 ]. Thus, a few direct 
consequences of endocrine gland aging interfere 
with skin senescence. They are mostly related to 
the decline in the activity of the pituitary gland, 
adrenal glands, ovaries and testes. 

 Menopause is defi ned by the initial 12-month 
amenorrhea following the ultimate menstrua-
tions. It results from a permanent collapse in 
ovarian estrogen production and release, while 
serum levels of the follicular stimulating hor-
mone (FSH) are pushed up [ 5 ]. Some younger 
women under cancer chemotherapy suffer from 
treatment-induced amenorrhea. Yet, this condi-
tion is not a reliable model for the regular meno-
pausal condition, as the ovarian function 
occasionally remains intact and possibly resumes 
despite initial anovulation and amenorrhea [ 6 ]. 

 Women climacteric aging (WCA) represents a 
specifi c time- and gender-linked part of the global 
aging progress [ 7 ]. It affects all women during 
perimenopause. Skin alterations during WCA 
lead to a decline in a number of physiologic func-
tions of any of its components. In particular, the 
dermal connective tissue is subjected to a progres-
sive atrophy mainly characterized by a global 
decline in (a) the cohesion between collagen 
fi brils forming bundles and (b) the amount in non-
fi brillar components of the extracellular matrix 
(ECM). As a result, skin atrophic withering and 
wrinkling are commonly initiated during WCA. 
Post-menopausal aging (PMA) is  perceived as a 
late critical WCA phase. Severe cutaneous PMA 
aspects were occasionally identifi ed in some 
women. The most prominent signs were featured 
by progressive epidermal atrophy with xerosis, 
skin looseness, withering and wrinkling, as well 
as by altered sebum production and increased hair 
loss. Many other tissues and organs are commonly 
altered during the WCA period [ 8 ,  9 ].  

8.2     Oral and Transdermal 
Hormone Replacement 
Therapy 

 Oral hormone replacement therapy (HRT) using 
estrogens or a combination estrogen- progesterone 
derivative is expected to prevent, at least in part, 
some adverse effects caused by the decline in 
estrogens. Thus, HRT has long been used for con-
trolling a series of undesirable WCA ailments and 
PMA disorders. The high steroid doses adminis-
tered in oral HRT were shown to be responsible 
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for a boosted release of liver proteins including 
C-reactive protein (CRP), insulinlike growth fac-
tor (IGF)-1, various clotting factors and the sex 
hormone-binding globulin (SHBG) [ 10 ]. 

 Some concerns arose, particularly in the 
United States, regarding adverse events associ-
ated with oral HRT [ 11 ]. In particular, a conju-
gated equine estrogen and medroxyprogesterone 
acetate combination was reported to be responsi-
ble for a discrete risk increase in breast cancer 
and thrombotic events in menopausal women 
[ 12 ,  13 ]. However, subsequent guidelines sup-
ported the continued use of estrogens at lower 
doses to alleviate WCA symptomatology [ 14 ]. 
More recently, it was recognized that oral HRT 
exerted benefi cial effects particularly in the 
absence of any body overweight [ 5 ]. In these 
women, oral HRT reduced the severity of osteo-
porosis, the risk of bone fractures and the percep-
tion of vasomotor instability [ 8 ,  15 – 17 ]. It 
remains that HRT effects were unfrequently 
investigated on the skin despite the frequent skin 
ailments during PMA [ 18 – 20 ]. Of note, HRT 
effi cacy was not similar in all treated women. 
Groups of good and poor skin responders to oral 
HRT were apparently distinguished [ 21 ]. 

 HRT has advanced in sophistication by replac-
ing oral estrogen administration while keeping the 
safety and effi cacy in life quality. For that pur-
pose, transdermal delivery of native estradiol is 
used [ 22 ]. Transdermal estrogen therapy (TET) 
for menopausal women transfers bioactive sex 
steroid estradiol directly into the skin microcircu-
lation where its delivery represents a close simu-
lation of natural hormonal secretion [ 22 ]. In such 
a WCA management, there is no involvement of a 
fi rst-pass hepatic transformation or deactivation.  

8.3     Skin Viscoelasticity 
Assessment 

 The global aging process is associated with obvi-
ous changes in skin viscoelasticity. However, the 
distinct infl uence of sex hormone defi ciency during 
perimenopause has not been fully explored so far in 
relation with functional skin changes [ 23 – 26 ]. 
Normal skin is anisotropic both in its structure and 

viscoelasticity [ 27 ,  28 ]. In addition, each skin vis-
coelastic parameter is time-dependent and likely 
related to the thickness of the involved tissues. 
Globally, data vary with the body site, the subject’s 
age and gender as well as the duration and repeti-
tion of the mechanical test procedure. They are fur-
ther infl uenced by the impact of various specifi c 
environmental conditions [ 27 ]. 

 In recent decades, various instrumentations 
were used for in vivo skin viscoelasticity assess-
ments [ 26 ,  29 ]. The diverse procedures determin-
ing STS included uniaxial and biaxial stretchings, 
torsion, elevation, indentation, suction and bal-
listometry tests, as well as measurements of 
ultrasound shear wave velocity [ 27 ]. Objective 
noninvasive assessments of the skin tensile 
strength are expected to document the functional 
impact of both PMA and HRT effects on the der-
mal ECM. The time-honoured suction method 
measures the skin deformation caused by any 
pressure reduction exerted over a circumscribed 
skin area [ 28 – 31 ]. Skin deformation depends on 
the suction force, its time of application and the 
surface area of the stressed skin [ 28 ,  29 ,  31 ]. It is 
regarded as a convenient in vivo expression of the 
overall skin viscoelasticity.  

8.4     Variables Infl uencing Tensile 
Characteristics of Skin 

 Skin viscoelasticity is commonly complex to 
assess and interpret. Such a diffi culty is linked to 
the heterogenous structure of cutaneous tissues. 
Their physiologic functions depend on two major 
aspects. First, the intrinsic mechanical response 
of each structural component is variable within 
the wide range of different force intensities. 
Second, the mutual interdependence of the skin 
components prevents the allocation of any given 
mechanical response to a specifi c structure or tis-
sue. In some instances, the comparative inter- and 
intraobserver observations of subjective clinical 
STS assessment are not reliable. By contrast, 
measuring STS objectively is more reliable. 
However, the biomechanical fi eld occasionally 
remains confusing because it is infl uenced by a 
diversity of factors including body posture, age 
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[ 32 ,  33 ], cumulative ultraviolet light exposures 
and gender infl uences [ 34 ]. 

 To add complications, STS is a time- dependent 
macrocharacteristic during a measurement pro-
cedure. Under mechanical stress a time-rate 
dependence prevails with a rapid elastic exten-
sion taking place initially to give way to a second 
viscoelastic phase exhibiting much lower exten-
sion rate. If the load is stabilized for a period of 
time, further creep or viscous extension gradually 
takes place [ 31 ]. A similar phenomenon occurs 
when a series of stresses are successively applied 
and released. Because of the aforementioned 
considerations, the time-dependent STS depends 
to some extent on the rate of load application. Its 
duration and any previous stress history corre-
spond to skin preconditioning at the test site. 
Unfortunately, a large portion of the literature 
reporting careful and well-meant work is of ques-
tionable value in this time factor. 

 The skin is globally under the infl uence of 
sustained and variable anisotropic stresses. This 
was initially explored by Dupuytren [ 35 ], 
Malgaigne [ 36 ] and Langer [ 37 ]. The relaxed 
skin tension lines correspond to the orientation of 
the long and straight furrows produced by pinch-
ing the skin in a relaxed position. All observa-
tions dismiss any doubts as to the presence of 
intrinsic mechanical tensions in the skin and 
about the variability in their orientations. They 
are obviously infl uenced by the amount of subcu-
taneous fat and by joint mobility. Relaxed skin 
tension lines are usually oriented in concordance 
with joint motion. Their presence apparently 
depends on subtle tridimensional conformational 
characteristics in the network of connective tis-
sue fi bres. For instance, parallelism between such 
lines and the main orientation of primary lines 
seen at the skin surface is present at specifi c sites 
on the human body. The skin response to extrin-
sic stretching forces seems to correlate well with 
the orientation of the furrows, revealing a close 
relationship between skin topography and the 
three-dimensional fi brous structure of the super-
fi cial dermis. The forces generated in the dermis 
infl uence the skin surface topography so that 
stretching the skin alters its surface geometric 
confi guration, the fi ne lines of the skin surface 

serving as a reservoir facilitating deformation. 
Marked differences in STS appear when mea-
surements are taken from different surface sizes 
on a given test area and for different force inten-
sities [ 38 ]. The relevance of some measurement 
designs and their interpretations are occasionally 
doubtful. 

 It is noteworthy that the environmental condi-
tions at the time of assessments particularly infl u-
ence the physical attributes of the stratum corneum 
which in turn marginally affects the overall 
STS. Hence, controlling the ambient temperature 
and relative humidity (i.e. the dew point) is of 
importance when the tensile functions of the stra-
tum corneum are specifi cally explored [ 39 ,  40 ]. 
Similarly, the presence of residual topical prod-
ucts at the skin surface clearly alters the results.  

8.5     Experimental Test Procedure 

 A group of 200 healthy Caucasian women with-
out any past medical history requiring long- 
standing treatments were enrolled [ 41 ]. Eligible 
participants had a body mass index (weight: 
height 2 ) ranging from 19 to 23 corresponding to a 
normal range for nonobese women in Western 
Europe. The women were assigned to three age 
distinct groups corresponding to 50 non- 
menopausal women aged 29–50 years (40 ± 4), 
75 menopausal women aged 48–61 years (54 ± 3) 
out of HRT and 75 menopausal women aged 
48–58 years (53 ± 2) under oral HRT. The mea-
suring device was a Cutometer® MPA 580 (C+K 
electronic, Cologne, Germany) equipped with a 
4-mm hollow probe. The hand-held probe was 
maintained onto the skin under controlled pres-
sure. An outer concentric 55-mm diameter guard 
ring was affi xed to the skin by a double-side 
adhesive fi lm [ 28 ,  31 ,  41 ]. Adhesive tapes (acry-
late or silicone type) were further placed in a 
crosswise pattern between the outer guard ring 
and the probe. 

 A progressive suction modality was applied 
with a stress-versus-strain recording. It corre-
sponded to a single cycle comprising a two-step 
procedure involving the successive application 
of increasing and decreasing suction forces at a 
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constant pace. Under such a procedure, the skin 
deformation was always more prominent under 
the decreasing suction than in the increasing 
phase at the same force [ 28 ,  31 ,  41 ]. Measurements 
were performed as single time assessments on the 
mid part of the inner aspect of both forearms. At 
each evaluation time, the maximum vertical skin 
deformation (MD, Uf) corresponding to the skin 
stiffness was measured following application of a 
progressive suction force at a 25 mbar/s rate for 
20 s. This procedure was followed by a similar 
linear decrease in suction during a 20-s relaxation 
period. At the issue of the test, the strain values 
never returned immediately to the baseline value, 
and the intercept of the curve on the strain axis 
defi ned the residual deformation (RD, Ua). This 
parameter typically shows an initial limitation 
phase in elastic recovery. The biologic elasticity 
(BE) expressed in per cent was defi ned as 
10 2 (MD-RD)MD −1 . The stress-versus- strain curve 
during the increasing suction phase was never 
superposed to the relaxation curve. The area 
delimited by these two curves corresponded to the 
hysteresis loop [ 24 ,  26 ,  28 – 31 ,  41 ].  

8.6     Observational Study on Skin 
Viscoelasticity During WCA 

 Women sex hormones exert a variety of biologic 
effects on the skin [ 4 ,  5 ,  44 – 47 ]. In WCA, the 
administration of estrogens alone or in combina-
tion with progesterone derivatives prevents or 
reverses some aspects of skin xerosis, increases 
the dermal versican-hyaluronic acid load and 
abates the occurrence of withered skin atrophy 
and wrinkling associated with WCA. Estrogens 
are expected to stimulate keratinocyte renewal 
and to downregulate apoptosis, thus preventing 
epidermal atrophy. The combination of estro-
gens and progesterone is expected to reduce col-
lagenolysis through the inhibition of matrix 
metalloproteinases (MMP) activity, thereby con-
tributing to the upholding of the skin thickness. 
Furthermore, these hormones possibly enhance 
collagen synthesis [ 9 ]. In addition, estrogens are 
expected to contribute to hold the global skin 
moisture by increasing the hyaluronic acid and 

versican amounts in the dermis. Progesterone is 
involved in sustained sebum excretion. 

 Both the climacteric and andropause nega-
tively affect the skin. HRT during the climacteric 
period is expected to limit some of these changes 
[ 48 – 50 ]. However, there is a limitation because 
there seems to exist good and poor responders to 
the treatments [ 21 ]. Smoking habit possibly lim-
its the HRT result [ 51 ]. 

 In experimental and routine clinical measure-
ments, various distinct soft tissues such as the 
skin, adipose tissue and skeletal muscle contrib-
ute to the overall mechanical behaviour. 
Unfortunately, the relative effects of different 
soft tissues on the measured response remain 
unsettled. Mechanical properties of skin have 
been investigated using negative pressure loading 
in a number of recent studies [ 42 ,  52 ,  53 ]. 

 The human skin mostly corresponds to a het-
erogeneous material composed of collagen and 
elastic fi bres. Skin ECM is modelled as a fi bril- 
reinforced tissue [ 54 ]. The measured skin 
responses under negative pressure were globally 
distinct among the presently identifi ed three age 
groups of women [ 41 ]. The non-menopausal 
women had MD values lower than both the other 
groups of menopausal women with and without 
HRT [ 41 ]. N   o signifi cant differences were 
yielded in MD values between menopausal 
women receiving HRT and those who were not. 
In untreated menopausal women, BE values were 
signifi cantly decreased, and hysteresis was 
increased compared to the younger group. A sig-
nifi cant hysteresis increase and a trend in BE 
reduction were disclosed in HRT-treated women.  

8.7     Summary 

 The infl uence of woman sex hormones on 
mechanical properties of the skin seems obvious. 
Some previous assessments in young women 
suggested an increased dermal hydration during 
the premenstrual phase [ 55 ]. This review focused 
on the variations in skin biomechanics during cli-
macteric modulated or not by HRT. At present, 
the effect of TET on these properties is not clearly 
established by large-scale studies.     
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9.1            Introduction 

 Frontal fi brosing alopecia (FFA) is a form of cica-
tricial hair loss characterized by progressive reces-
sion of the frontotemporal hairline and affects 
mainly postmenopausal women [ 1 ,  2 ]. However, 
in the last few years, there have been multiple case 
reports of FFA in premenopausal women [ 3 – 7 ], 
and a few cases in men have also been reported 
[ 8 ,  9 ]. FFA is considered a clinical variant of lichen 
planopilaris (LPP) that primarily involves the scalp 
hair over the frontal hairline. It was fi rst described 
by Kossard in 1994 [ 4 ]; its origin remains 
unknown, but the prevalence of the disease appears 
to be increasing in recent years [ 10 ,  11 ].  

9.2     Clinical Features, Etiology, 
and Epidemiology 

 FFA is a clinically distinctive condition charac-
terized by perifollicular erythema, follicular 
hyperkeratosis, and scarring affecting the fronto-
temporal hairline. Eyebrow loss is frequently 
recorded (50–83 % of cases) [ 1 ,  4 ,  6 ,  7 ], but body 
hair loss elsewhere has been less commonly 
reported (0–77 %) [ 1 ,  6 ,  12 ,  13 ]. 

 The origin is unknown, but in analogy with 
other lichen-like dermatoses, a lymphocyte 
T-mediated autoimmune reaction appears to play 
a predominant role in its genesis [ 14 ,  15 ]. Most 
cases of FFA reported are in postmenopausal 
women, but there are few reports of its occurrence 
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in premenopausal women showing that FFA is not 
a disease that is exclusively postmenopausal. 
However, hormonal changes following meno-
pause possibly play a role in the etiology of the 
disease. Moreover, response to treatment with fi n-
asteride suggests that androgens may be respon-
sible in the pathogenesis of the disease [ 7 ,  16 ]. 
The fact that FFA is becoming increasingly com-
mon may also suggest that environmental factors 
could be involved in etiology [ 7 ]. 

 Eyebrow involvement in FFA is common 
(73 %) [ 6 ,  7 ], whereas eyelash involvement is 
rare (3 %) [ 3 ]. Body hair loss is not uncommon in 
FFA, a fi nding that is likely unreported. Alopecia 
of the upper limbs in FFA is indeed common and 
histopathologically shows features of lichen pla-
nopilaris and scarring, similar to fi ndings in the 
scalp and eyebrows [ 13 ].  

9.3     Diagnosis 

 Histologically, FFA is characterized by a variably 
dense lymphocytic infi ltrate around the infundib-
ulum, isthmus, and bulge regions of the affected 

hair follicles. Infl ammation results in loss of 
sebaceous glands, permanent destruction of the 
follicle, and replacement with fi brotic scar tissue. 
The histological fi ndings seen in FFA are indis-
tinguishable from those in lichen planopilaris and 
the other lymphocyte-mediated cicatricial alope-
cia [ 4 ]. 

 Most studies utilize a numerical clinical 
score, the Lichen Planopilaris Activity Index 
(LPPAI), to assess the treatment effi cacy in 
patients with FFA. The LPPAI has been vali-
dated to correlate with clinical responses in 
LPP and ranges from 0 (no evidence of clini-
cal active disease) to 10 (most severe activ-
ity). The index comprises eight subjective and 
objective surrogate markers of disease activity: 
pruritus, pain, burning, erythema, perifollicu-
lar erythema, perifollicular scale, anagen pull 
test, and spreading. The index was created by 
weighing its criteria according to reproducibil-
ity and objectivity. Therefore, surrogate mark-
ers were measured with the following scale: 0 
no spreading, 1 indeterminate, and 2 spreading. 
LPPAI values are calculated using the follow-
ing equation [ 17 ]:

  

LPPAI itch pain burning scalperythema perifollicular e= + +( ) + +(/ 3 rrythema

perifollicular scale pull test spreading+ ) + ( ) +/ . .3 2 5 1 5 // 2( )
  

Having been described recently little is known 
about the natural history of frontal fi brosing alo-
pecia. Frontal recession may progress as far as 
the mid-scalp and occasionally beyond. 
Continuance of recession is not inevitable, and 
in most women it appears that the disease even-
tually stabilizes. However, the degree to which 
it progresses before stabilization in an individ-
ual patient cannot be predicted. Recent studies 
report an average rate of 0.9 mm as far as the 
frontotemporal recession is concerned [ 15 ]. It is 
not possible to restart hair growth where hair 
follicles have been destroyed, and the aim of 
treatment must be to arrest the progression of 
the disease. In view of the slow and variable 
course of the disease, this is diffi cult to assess 
although measuring the distance between the 

glabella and the frontal hairline may be a simple 
procedure to monitor the progression of the dis-
ease [ 7 ]. 

 FFA is currently considered a variant of LPP, 
but it would also appear that lichen planus associ-
ated with FFA is more common than believed. To 
date there are several cases reported with FFA in 
combination with lichen planus lesions. A single 
case is reported in the English-speaking literature 
in which Faulkner et al. presented a case of FFA 
associated with cutaneous lichen planus affecting 
the wrists and feet in a premenopausal woman 
[ 5 ]. Samrao et al. included in their study three 
patients with FFA, LPP, and lesions of either 
cutaneous or mucous membrane LP [ 4 ]. This 
supports the hypothesis that FFA is a variant of 
lichen planopilaris. 
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 Autoimmune associations occur more 
 frequently than expected in FFA. The study of 
MacDonald et al. included 18 out of 60 (30 %) 
patients with FFA and associated autoimmune 
diseases [ 1 ]. This percentage is higher than the 
percentage reported for FFA (16.5 %) by Tan 
et al. [ 7 ] and signifi cantly higher than the levels 
of thyroid dysfunction expected in general female 
population (3–10 %) [ 18 ,  19 ]. Miteva et al. 
reported a case of FFA occurring on the scalp vit-
iligo [ 20 ], and Trueb et al. reported a case of FFA 
and Sjögren syndrome [ 21 ].  

9.4     Differential Diagnosis 

 Differential diagnoses include lichen androge-
netic alopecia (AGA), alopecia areata, chronic 
cutaneous lupus, familial high frontal hairline, 
and traction alopecia. AGA usually spares the 
frontal hairline, and it is not associated with scar-
ring, perifollicular erythema, or loss of eyebrows. 
The histopathologic fi ndings reveal miniaturiza-
tion of follicles and nonspecifi c superfi cial peri-
vascular infl ammation [ 22 ]. The sudden onset of 
progressive hair loss in the scalp margin and eye-
brows may lead to a wrong diagnosis of alopecia 
areata (AA). The lack of scarring changes and the 
clinical presentation of AA are important fea-
tures to take in consideration. Chronic cutaneous 
lupus may result in broken hairs, patchy frontal 
alopecia, and scarring. In these cases, the scalp 
often shows gross scarring and hyperkeratiniza-
tion with mottled hyperpigmentation and 
hypopigmentation. Biopsy specimens with posi-
tive immunofl uorescence from areas of alopecia 
in chronic cutaneous lupus erythematosus are 
important to rule out this condition. A familial 
high frontal hairline may be present in some 
women. It usually has an early age of onset and is 
not associated with scarring and loss of eye-
brows, and there is no evidence of perifollicular 
erythema [ 10 ]. Prolonged tension on the hair root 
from certain hairstyles leads to traction alopecia 
(TA), which can over time result in irreversible 
scarring alopecia. This condition is frequently 
observed among some groups (e.g., African 
American women) as a result of cultural hair care 

practices [ 23 ]. TA may produce hair loss  localized 
to the frontal hairline associated with a ragged 
border and broken hairs of uneven lengths. 
Biopsy specimens show no signifi cant lympho-
cytic infl ammation, contrasting with FFA. 
Dermoscopy can be very useful in the diagnosis 
of the disease. Dermoscopy shows absence of 
follicular openings, perifollicular scale, and a 
variable degree of perifollicular erythema [ 24 ].  

9.5     Treatment 

 Treatments that have been used for FFA include 
topical and systemic steroids, topical retinoids, 
oral isotretinoin, topical minoxidil, hydroxychlo-
roquine, and fi nasteride. In most cases the disease 
is stabilized with time, and it is not possible to 
determine whether the disease stabilization is the 
result of the treatment or a part of the natural his-
tory of the disease. Local treatment is generally 
used in conjunction with systemic therapy or to 
patients who respond well to systemic treatment as 
a maintenance therapy. Fernandes et al. conducted 
a study that included 11 patients with FFA treated 
with different drugs depending on the stage of the 
disease. No signifi cant improvement was observed 
in the majority of cases, except in one patient with 
a rapidly and recent (less than a year) regressing 
disease who received intralesional corticosteroids 
on the frontal hairline and oral hydroxychloro-
quine 400 mg per day for 12 months. In this case 
the initial biopsy specimen revealed a predomi-
nance of infl ammatory changes. After a mean fol-
low-up of 30 months, progression of the condition 
stopped in ten patients (90.9 %) [ 14 ]. This study 
suggests that early anti-infl ammatory therapy 
could have some benefi ts in the recession of the 
disease in accordance with the study of Moreno-
Raminez et al. [ 6 ]. 

 The study of Samrao et al. included 36 
adults with FFA, treated with hydroxychloro-
quine, doxycycline, and mycophenolate mofetil. 
Hydroxychloroquine and mycophenolate were 
initiated in patients with FFA when biopsy 
specimen showed a moderate to dense infl am-
matory infi ltrate. Doxycycline was given when 
the infi ltrate was sparse. The study revealed that 
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hydroxychloroquine is signifi cantly effective in 
reducing signs and symptoms of FFA after both 6 
and 12 months of treatment. The lack of a signif-
icant reduction in signs and symptoms between 
6 and 12 months indicates that the maximal ben-
efi ts of hydroxychloroquine are evident within 
the fi rst 6 months of use [ 3 ]. This study is in 
accordance with the study conducted by Chiang 
et al. which demonstrated response to treatment 
with hydroxychloroquine in 40 patients with 
LPP, including 11 patients with FFA. The data 
showed a statistically signifi cant reduction in 
LPPAI at 6 months with continued reduction in 
LPPAI scores at 12 months [ 17 ]. 

 Racz et al. conducted a literature search in 
order to fi nd all primary studies on the treat-
ment of FFA and LPP trying to determine the 
effectiveness of available options for FFA 
and LPP and to identify promising treatment 
options for future studies. According to their 
study, there is currently no effective treatment 
of FFA. Comparing all the systemic treat-
ments, oral 5-alpha- reductase inhibitors, which 
were provided more often, seem to be the most 
effective treatment resulting in good clini-
cal response in 45 % of the patients, possibly 
affecting the accompanying androgenic alope-
cia. Hydroxychloroquine resulted in good clini-
cal response in 30 % of the 29 treated patients. 
Topical corticosteroids are ineffective in FFA, 
and the remaining treatments were all reported 
in less than ten patients. There is still an argu-
ment whether cyclosporine A could be a good 
candidate for future studies on the treatment of 
FFA. Ladizinsky et al. performed a retrospec-
tive review of 19 patients with FFA seen at Duke 
University. A number of treatments, including 
topical and intralesional steroids, antibiotics, 
and immunomodulators, were used with disap-
pointing results in most patients. Moreover, sta-
bilization of hair loss was seen in 7 of 10 (70 %) 
patients treated with dutasteride (2 in combina-
tion with doxycycline and 1 in combination with 
topical tacrolimus and topical class I steroid), in 
1 of 3 (33 %) patients treated with fi nasteride, in 
2 of 4 (50 %) patients on hydroxychloroquine, 
in 1 of 3 (33 %) on methotrexate, and in 1 of 

2 on minocycline (in combination with topical 
tacrolimus). However, the majority of patients 
on dutasteride experienced disease stabilization, 
but no therapy was associated with signifi cant 
hair regrowth [ 11 ]. MacDonald et al. conducted 
a review of 60 patients with FFA treated with 
several different modalities, none consistently 
effective. According to their study, potent topi-
cal corticosteroids and calcineurin inhibitors 
reduced infl ammation but without clear benefi t 
in slowing the alopecia. The most frequently 
used systemic medication, hydroxychloroquine, 
was without consistent benefi t, and the number 
of patients treated with other modalities (tetra-
cycline, intralesional triamcinolone, and UVB) 
precludes any conclusion regarding effi cacy [ 1 ]. 
At the end, another study conducted by Tan et al. 
is in agreement with previous reports showing 
that it is not clear whether treatment with topi-
cal and systemic steroids, topical retinoids, oral 
isotretinoin, topical minoxidil, hydroxychloro-
quine and fi nasteride stops the progression of the 
disease or the stabilization of FFA is part of the 
natural history of the disease [ 7 ]. 

 Effective management of FFA would best 
be established by multicenter randomized con-
trolled trials. However, foreseeable diffi culties 
would be assessment of disease activity and 
progression, and a prolonged time frame for 
observation would be required. Until then, man-
agement of this fascinating disorder will remain 
unsatisfactory.     
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10.1            Introduction 

 New light has been shed on the pathophysiology of 
pruritus and the various etiologies underlying itch 
in recent literature, and an increasing number of 
reports are describing the pruritic dermatoses spe-
cifi c to women. As a result, pruritic conditions in 
women are being more widely studied, as are the 
underlying mechanisms that cause female itch. It 
is important to distinguish between genders when 
considering the basic pathophysiology and mani-
festations of these dermatoses. On an anatomical 
level, the vulva has distinct epithelial character-
istics in its different regions that are important to 
a number of disease processes (Table  10.1 ). In 
addition, women have unique temporal hormonal 
shifts that lead to cyclical changes across the age 
spectrum in the skin’s basic composition.

   It appears that female-specifi c temporal shifts 
in the expression of hormones and receptors 
modulate cyclical changes in the skin’s basic 
composition. For example, it has been noted 
that keratinocytes have estrogen receptors that 
respond to rising and falling levels of estrogen. 
Through these receptors, estrogen can directly 
generate changes in skin hydration, collagen con-
tent, and in the concentration of glycosaminogly-
cans that form the skin barrier and, as a result, 
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affect the sensation of itch [ 1 ]. Downstream 
effects include changes in vulvovaginal pH and 
varying microfl ora compositions [ 1 ]. Alterations 
in pH may be an important factor in the aggra-
vation of itch since increasing pH is known to 
activate the PAR2 receptor, a well-known itch 
mediator. Given the extensive alteration of hor-
mones throughout a female lifetime, there exists a 

diversity of skin pathologies and phenotypes that 
tend to fall into hormonal-dependent groupings 
(prepubertal, reproductive age, postmenopausal). 

 These conditions are known to cause signifi -
cant discomfort, signifi cantly impacting the qual-
ity of women’s lives. However, little effort has 
been placed on studying female-specifi c itch to 
date. This is particularly true in the case of vulvar 
dermatoses, which are often under-recognized 
and undertreated. Herein, we will examine the 
causes, manifestations, and management options 
of vulvar itch in women from childhood to post-
menopause (Fig.  10.1 ).

10.2        Prepubertal Vulvar Pruritus 

 From birth to menarche, the vulvar and vaginal 
epithelium are characterized by low estrogen lev-
els, a high vulvovaginal pH, and a lack of genital 
lactobacillus colonization. The main pruritic der-
matoses in this age range are atopic and irritant 
dermatitis, psoriasis, and lichen sclerosus. Of 
note, streptococcal infection of the vulva occurs 
 exclusively  in prepubertal girls. Finally, poor 
hygiene, foreign bodies, and sexual abuse should 
also be considered as causes of vulvar pruritus in 
this age group. 

   Table 10.1    Vulvar structures, epithelial patterns, and 
associated diseases   

 Vulvar skin 
type 

 Epithelial 
characteristics 

 Associated 
diseases 

 Labia 
majora and 
outer 
minora 

 Keratinized stratifi ed 
squamous epithelium 

 Psoriasis 

 Eccrine, apocrine, 
and sebaceous 
glands 

 Lichen sclerosus 
 Allergic and 
irritant dermatitis 
 Atopic eczema 

 Inner labia 
minora 

 Nonkeratinized 
stratifi ed squamous 
epithelium 

 Lichen planus 

 No adnexal 
structures 

 Vaginal 
vestibule 

 Mucosa  Lichen planus 
 Vulvovaginal 
candidiasis 

 Atrophic 
vulvovaginitis 

 No adnexal 
structures 

Hart’s line

Vulvar vestibule

Posterior introitus

Mons pubis

Clitoris

Labium majus

Labium minus

Urethra

Vagina

Humenal ring

Anus

  Fig. 10.1    Vulvar anatomy 
showing Hart’s line, the 
demarcation between 
keratinized (lateral to Hart’s 
line) and nonkeratinized 
epithelium (Figure courtesy 
of Marilynne McKay, MD)       
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10.2.1     Atopic and Irritant 
Dermatitis (Fig.  10.2 ) 

    Atopic and irritant dermatitis are the most com-
mon causes of prepubertal vulvar itch, and they 
often occur together [ 2 ]. These conditions mani-
fest as fl uctuating, poorly defi ned erythematous 
patches and plaques involving the vulvar area 
that are exacerbated by excessive washing and 
overuse of antifungal creams [ 3 ]. The labia 
majora may have scale and slight rugosity, while 
the labia minora can present with desquamation 
and redness [ 3 ]. The pruritus is often so intense 
that scratching is diffi cult to control. As such, 
disturbances in sleep and parental embarrassment 
are not uncommon. 

 While superinfection by  Staphylococcus 
aureus  may occur, it rarely yields positive cul-

tures [ 3 ]. Management of atopic and irritant der-
matitis focuses on the reduction of irritant 
exposures (commonly urine, feces, soaps, and 
bubble baths), as well as application of low-dose 
topical steroids [ 2 ]. Secondary skin infections 
can be treated with topical antimicrobials such as 
mupirocin 2 % ointment, although more severe 
cases may require oral antibiotics.  

10.2.2     Psoriasis 

 Vulvar psoriasis more commonly affects children 
than adults [ 2 ]. These lesions fi rst present as a 
persistent diaper rash in babies. As children age, 
the lesions become pruritic, well demarcated, 
symmetric red plaques without scale in the vulvar 
and perianal regions [ 3 ]. When psoriasis is lim-
ited to the vulva, diagnosis may be diffi cult. In 
such cases, the presence of other manifestations 
of psoriasis such as nail pitting, history of cradle 
cap, and scalp/postauricular rashes can help con-
fi rm the etiology [ 3 ]. Vulvar psoriasis is managed 
with high-potency topical steroids or topical 
tacrolimus.  

10.2.3     Lichen Sclerosus (Fig.  10.3 ) 

    Lichen sclerosus (LS) affects approximately 1 in 
900 girls in the United States, with 7–15 % of all 
cases found in the prepubertal age group [ 4 ].  
This chronic, autoimmune, mucocutaneous 
infl ammatory dermatosis of unknown etiology 
classically presents as a white plaque with sec-
ondary atrophy and subcutaneous hemorrhage of 
the vulvar and perianal skin [ 2 ] in a fi gure of 
eight confi guration. Extragenital lesions include 
pale “confetti” spots, which can occasionally be 
seen on the inner wrists or elsewhere on the body; 
these macules are often asymptomatic. The vul-
var rash is characterized by severe pruritus, which 
may lead to subsequent soreness, dysuria, and 
chronic constipation [ 3 ]. The presence of pete-
chiae and purpura can trigger inappropriate 
investigations into sexual abuse in this age group 
[ 2 ]. LS typically fi rst presents between the ages 

  Fig. 10.2    Secondarily infected dermatitis in an atopic 
child with intense vulvar itching. Staphylococcus and 
streptococcus were both present (Photograph courtesy of 
Marilynne McKay, MD)       
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of 4 and 5 years old, but diagnosis often lags for 
at least 1 year after onset of symptoms [ 4 ]. 
Complications include loss of genital architec-
ture secondary to scarring and subsequent efface-
ment of the labia minora and clitoris [ 5 ]. While 
some pediatric LS resolves with puberty, other 
cases may silently progress into adulthood. Long- 
standing LS is associated with a less than 5 % 
chance of squamous cell carcinoma later in life 
[ 6 – 8 ]. Treatment of LS includes high-potency 
topical steroids and topical calcineurin inhibitors 
with frequent follow-up [ 5 ].  

10.2.4     Infectious Vulvovaginitis 

 Infectious vulvovaginitis in the female prepu-
bertal age group typically occurs secondary to 

group A beta-hemolytic streptococcal infection 
[ 9 ]. Streptococcal bacterial infections of the 
vulva may present in acute or subacute forms. 
In the more severe, acute form, patients present 
with erythematous, painful, edematous plaques 
with discharge. Alternatively, they may present 
with subacute infl ammation, manifested as pru-
ritic erythematous patches and plaques in the 
vulvar and perianal regions. Streptococcal infec-
tions are diagnosed via culture and sensitivity of 
vaginal swabs. Treatment includes oral antibiot-
ics such as penicillin, amoxicillin, or cephalexin 
(if penicillin allergic). Although streptococcus 
accounts for most cases of infectious vulvovagi-
nitis in these prepubertal girls, more rare infec-
tions include staphylococcus, haemophilus, 
and shigella [ 2 ]. Beyond bacterial infections, 
pinworm is a common etiology of vulvar and 
perianal pruritus and may be associated with an 
eczematous rash. Mebendazole is the treatment 
of choice for pinworm [ 3 ]. Although tinea infec-
tions can occasionally be seen in girls, vulvovagi-
nal candidiasis does not occur before menarche 
in immunocompetent patients.   

10.3     Reproductive-Age Vulvar 
Pruritus 

 With the onset of menstruation, baseline estrogen 
levels rise and cyclic hormonal changes are trig-
gered, creating a new cutaneous environment. At 
puberty, estrogen begins to act on maturing kera-
tinocytes, causing vulvovaginal pH to decrease 
from an average of 7 in prepubertal girls to an 
average of 4 in adult females [ 10 ]. During this 
hormonal transition, the vulvar epithelium 
becomes rich in glycogen, and lactobacilli begin 
to colonize the vulvovaginal area. After men-
arche, monthly variations in vaginal physiology 
and pH signifi cantly alter the cutaneous environ-
ment. In the fi rst 2 weeks of the menstrual cycle, 
estrogen levels rise, and vulvovaginal epithelial 
cells proliferate. In the second 2 weeks, proges-
terone reigns as the primary hormonal player, and 
as a result, these keratinocytes desquamate [ 11 ]. 
Cyclical hormonal changes also modulate the 
bacterial fl ora composition of the vulvovaginal 
region. Finally, hormonal pH changes associated 

  Fig. 10.3    Lichen sclerosus in a 7-year old. Note pale 
appearance of the inner labia majora with early resorption of 
the labia minora. Early involvement of the clitoral hood is 
typical and the perineal body shows early atrophic changes. 
The vagina is easily visualized due to loss of vulvar architec-
ture (Figure courtesy of Marilynne McKay, MD)       
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with the menstrual cycle have a direct relation-
ship with itch stimulation, as increasing pH is 
known to activate a well-known itch mediator, 
the PAR2 receptor [ 12 ]. 

 Common causes of vulvar pruritus in 
reproductive- age, nonpregnant women include 
vulvovaginal candidiasis, allergic and irritant 
dermatitis, lichen simplex chronicus, psoriasis, 
and to a lesser extent lichen sclerosus. Other, less 
common, causes are lichen planus, vaginal infec-
tions, herpes vulvovaginitis, and seborrheic 
dermatitis. 

10.3.1     Vulvovaginal Candidiasis 

 Most reproductive-age women experience at 
least one episode of vulvovaginal candidiasis 
(VVC) in their lifetime, and approximately half 
of these women endure multiple episodes [ 13 ]. 
Estrogen mediates the colonization of the vul-
vovaginal region with yeast. Because of this 
 hormonal control, vulvovaginal candidiasis 
occurs almost exclusively in the reproductive 
years. Since estrogen levels are highest in the 
premenstrual period, candidal infections occur 
more commonly during the second half of the 
menstrual cycle [ 13 ]. Among women of differ-
ent age groups, vulvovaginal candidal coloniza-
tion has been estimated to have a prevalence of 
11–22 % [ 14 – 16 ]. Certain conditions and medi-
cations may increase estrogen levels and lead to 
more frequent colonization as well as infections. 
These include pregnancy, antibiotic use, the use 
of hormonal birth control methods, hormone 
replacement therapy, and tamoxifen [ 2 ,  13 – 16 ]. 
Changes in immune regulation can also cause 
yeast infections, including diabetes, HIV, thyroid 
disease, lupus, corticosteroid use, and inheritance 
of a polymorphism associated with low produc-
tion of mannose-binding lectin [ 13 ]. 

 The typical presentation of VVC includes 
itching and burning of the vulva, with or without 
white discharge and vulvovaginal redness. Some 
patients also experience dysuria and dyspareunia. 
It should be noted that VVC is largely overdiag-
nosed in women with vulvar itch; self-diagnosis 
is poor, particularly in cases of recurrent vulvo-
vaginal symptoms [ 13 ]. Diagnosis is usually 

made by wet prep to visualize fungal elements. 
However, when wet prep is indeterminate, cul-
ture or PCR may be used along with a normal 
vaginal pH to rule out bacterial vaginosis, atro-
phic vaginitis, and trichomoniasis [ 13 ]. Treatment 
involves topical or systemic antifungal azoles, 
with expected resolution of symptoms in 
2–3 days [ 13 ]. Older proven therapies include 
topical treatment with Silvadine 1 %. 

 Recurrent VVC is defi ned as the occurrence of 
at least four episodes within 1 year or at least 
three episodes in 1 year not associated with anti-
biotic use [ 2 ]. These women are usually other-
wise healthy and develop a hypersensitivity-like 
reaction to  Candida . Recurrent vulvovaginal can-
didiasis (RVVC) may require a long-term treat-
ment regimen of a weekly or biweekly suppressive 
azole antifungal [ 18 ]. 

 Most VVC cases are associated with  Candida 
albicans , although other species such as  C. gla-
brata, C. tropicalis,  and  C. parapsilosis  should 
be considered in relatively treatment-resistant 
cases. In such circumstances, fungal culture, 
rather than wet mount alone, is necessary for 
diagnosis [ 17 ].  

10.3.2     Allergic and Irritant Contact 
Dermatitis (Fig.  10.4 ) 

    Approximately 50 % of chronic vulvovaginal 
pruritus cases are due to allergic and irritant con-
tact dermatitis [ 13 ]. These dermatoses present in 
a nonspecifi c fashion, with sudden or gradual 
onset of itching, burning, and erythema of the 
vulvovaginal region. The common offending 
agents in allergic and irritant dermatitis are dis-
played in Table  10.2 .

   In acute irritant contact dermatitis, redness 
can be localized to the area of contact (if in solid 
or cream form) or may be diffuse (if in water 
soluble or liquid form). Subacute and chronic 
cases are characterized by erythema, swelling, 
and lichenifi cation of the affected area. While 
vesicles and bullae occur with irritant dermatitis 
on other parts of the body; they are uncommon 
on the vulva [ 13 ]. New popular types of cosmetic 
hair removal may make the skin more sensitive to 
a host of irritants that were previously unknown. 
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 Allergic contact dermatitis of the vulva has a 
similar presentation to irritant contact dermatitis, 
but may be delayed or intermittent in nature. 
Continuous exposure to an allergen triggers an 
itch-scratch cycle that leads to the development 
of the typical thickened plaques of lichen simplex 
chronicus. Medical history is the key to accurate 
diagnosis. While patch testing is not routinely 
performed, it can be helpful in certain cases. 
Allergic contact dermatoses are treated by remov-
ing the offending agent, avoiding overwashing, 
and applying topical steroids.  

10.3.3     Lichen Simplex Chronicus 
and Neuropathic Itch 
(Fig.  10.5 ) 

    Lichen simplex chronicus (LSC) occurs as a 
result of chronic rubbing and scratching of the 
skin. On the vulva, the skin becomes thick-
ened, lichenifi ed, and often hyperpigmented. 
Various etiologies of LSC exist; the condition 
can occur secondary to pruritic conditions such 
as LS or allergic contact dermatitis (ACD). 
Alternatively, it may be part of a systemic neu-
ropathy or, in some cases, is a primary psycho-
genic process [ 13 ]. When LSC is suspected in 
the vulvar area, it is important to rule out neu-
ropathic itch associated with sacral spinal 
compression: a lumbar X-ray may be helpful in 
identifying possible involvement of the dorsal 
root ganglia [ 19 ]. Other types of neuropathic 
itch include postherpetic neuralgia and dia-
betic neuropathy. To successfully treat neuro-
pathic itch and LSC, patients must break the 
cycle of itching and scratching. This may be 
accomplished with behavior modifi cation, 
anti-itch medications, anticonvulsants such as 
gabapentin and pregabalin [ 20 ], and topical 
steroids.  

10.3.4     Psoriasis (Fig.  10.6 ) 

    Women who suffer from psoriasis often com-
plain of vulvar itch. In rare cases, the vulva may 
exclusively be affected [ 21 ]. The vulva is rela-
tively more hydrated than exposed skin, and as a 
result, psoriatic plaques in the vulvar region lack 

  Fig. 10.4    Chronic contact dermatitis due to neomycin 
ointment. Note that the rash extends into the gluteal cleft 
and perineal area where the patient applied the medication 
(Figure courtesy of Marilynne McKay, MD)       

   Table 10.2    Common offending agents in allergic and 
irritant contact dermatitis of the female genital area [ 2 ,  13 ]   

 Allergic contact 
dermatitis 

 Neomycin 
 Clobetasol 
 Benzocaine 
 Lanolin 
 Dyes (clothing and black hair dye) 
 Thiuram (in rubber condoms) 
 Sanitary pads 
 Perfumes 
 Sodium metabisulfi te (in topical 
antifungal creams) 

 Irritant contact 
dermatitis 

 Antifungal or menstrual-related 
topical creams and liquids 
 Harsh soaps and antiseptics 
 Urine 
 Douches 
 Lubricants and spermicides 
 Tampons and sanitary pads 
 Synthetic underwear 
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scale and maceration is common [ 13 ]. Psoriasis 
affects keratinized skin; as such, affected areas 
in the vulvovaginal area include the labia majora 
and mons pubis while the vestibule and vagina 
are spared. Lesions on the labia majora tend to 
be well defi ned, symmetric, salmon pink to 
beefy red plaques, whereas intertriginous areas 
tend to appear glossy, smooth, and red. Vulvar 
itching may occur in the absence of visible vul-
var lesions in psoriatic patients. Because of this, 
diagnosis of vulvar psoriasis can be diffi cult. In 
such cases, personal or family history of psoria-
sis and visualization of psoriatic lesions else-
where on the body are important [ 2 ]. Treatment 
of vulvar psoriasis includes moderate- to high-
potency topical steroids and topical calcineurin 
inhibitors.   

10.4     Pruritus in Pregnancy 

 Pregnancy is the most well-studied stage of the 
female lifespan with regard to pruritic skin condi-
tions. While the classic dermatoses of pregnancy 
are universally recognized by dermatologists, 
there is less familiarity with the pregnancy- 
associated physiologic changes in normal skin, as 
well as alterations of preexisting or acquired skin 
disease including other dermatoses. In this sec-
tion, we will focus on the four specifi c dermato-
ses of pregnancy: pemphigoid gestationis, 
polymorphic eruption of pregnancy, intrahepatic 
cholestasis of pregnancy, and atopic eruption of 
pregnancy (specifi c features of these conditions 
can also be found in Table  10.3 ). While this sec-
tion will not focus on meralgia paresthetica, it 
should be highlighted as a common source of 

  Fig. 10.5    Lichen simplex chronicus ( LSC ) due to chronic 
rubbing and scratching of pruritic skin. The surface shows 
thickening with increased skin markings and hairs have 
been broken due to trauma. Hyperpigmentation is a com-
mon fi nding in black patients with LSC (Figure courtesy 
of Marilynne McKay, MD)       

  Fig. 10.6    Psoriasis on the vulva can be intensely red. 
This patient has typical dry scaly psoriatic plaques on the 
buttocks, but the vulva appears white due to maceration, 
retention of moisture in the thickened stratum corneum 
(Figure courtesy of Marilynne McKay, MD)       
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pruritus that occurs secondary to neuropathy of 
the lateral femoral cutaneous nerve by a growing 
abdomen [ 22 ]. This condition typically presents 
with itch over the lateral and anterolateral thigh 
[ 22 ]. Finally, Table  10.4  provides a list of accept-
able and contraindicated antihistamines in the 
treatment of itchy dermatoses of pregnancy.

10.4.1        Polymorphic Eruption 
of Pregnancy 

 Polymorphic eruption of pregnancy, also known 
as pruritic urticarial papules and plaques of preg-
nancy (PUPPP), toxic erythema of pregnancy, 
and late-onset prurigo of pregnancy, is a self- 
limited, pruritic infl ammatory condition that usu-
ally occurs in late pregnancy or postpartum. This 
condition is associated with increasing maternal 
weight and a history of multiple pregnancies. The 
pathophysiology of this condition is unknown, 
but some theories suggest that the lesions are 

triggered by distention and overstretching of the 
skin, which is why it occurs in fi rst pregnancies 
and pregnancies in which a mother carries more 
than one fetus. Early lesions usually present as 
pruritic papules that coalesce into plaques; even-
tually, they may become vesicular, targetoid, and 
eczematous. These papules and plaques typically 
fi rst present in the striae distensae of the abdo-
men and later spread to the buttocks and proxi-
mal thighs. The rash characteristically spares the 
umbilical region, unlike other dermatoses of 
pregnancy. This is particularly helpful in distin-
guishing polymorphic eruption of pregnancy 
from pemphigus gestationis, which can other-
wise look very similar. Diagnosis hinges on clini-
cal picture and history, and the rash generally 
resolves within 6 weeks of delivery without insult 
to the mother or fetus. Recurrence in subsequent 
pregnancies is rare with the exception of multiple 
gestational pregnancies. Treatment is focused on 
symptom control with topical corticosteroids 
with or without antihistamines.  

   Table 10.3    Pregnancy-related skin diseases associated with itch [ 23 ,  26 ]   

 Condition  Presentation  Pathophysiology  Diagnosis  Treatment 

 Polymorphic 
eruption of 
pregnancy 

 Polymorphous eruption  Unknown  Negative immune 
studies 

 Topical or oral 
corticosteroids 

 Urticarial papules within striae 
distensae 

 Thought to be due to 
abdominal distension, 
hormonal, and 
immunological factors 

 Typical histology 
with spongiosis 
and superfi cial 
perivascular 
infi ltrate 

 Antihistamines 

 Papules and plaques spread to 
buttocks and thighs 
 Spares periumbilical region 

 Pemphigoid 
gestationis 

 Pruritic urticarial and bullous 
eruption 

 Autoimmune  Direct IF of 
perilesional skin 

 Topical or oral 
corticosteroids 

 Pre-bullous stage with urticarial 
papules 

 IgG antibodies bind 
BP-180 in 
hemidesmosomes of DEJ 

 Linear C3 
deposition along 
DEJ on IF  Bullous stage with tense bullae 

 Intrahepatic 
cholestasis of 
pregnancy 

 Exclusively secondary changes 
caused by scratching 

 Defect in excretion of bile 
salts 

 Rise in serum bile 
acids level >11 
micromol/l 

    Ursodeoxy-
cholic acid 
(15 mg/kg/day 
or 1 g/day qday 
or BID-TID) 

 Pruritus begins on palms/soles 
and then generalizes 

 Elevated bile acids in 
serum cause pruritus 

 LFTs may be 
normal 

 Excoriations and prurigo nodules 
on extensor surfaces 

 Atopic eruption 
of pregnancy 

 Widespread eczematous eruption  Immunologic changes of 
pregnancy trigger 
underlying atopic reaction 

 Elevated IgE  Topical or oral 
corticosteroids 
 Antihistamines  Excoriated papules and nodules 
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10.4.2     Pemphigoid Gestationis 

 Pemphigoid gestationis, also known as herpes 
gestationis, is a rare bullous autoimmune disease 
similar to bullous pemphigoid but limited to 
pregnancy. This condition tends to occur late in 
pregnancy, usually in the third trimester or imme-
diately postpartum. In fact, 75 % of patients fl are 
at delivery [ 23 ]. Patients present with intensely 
pruritic erythematous urticarial papules and 
plaques that progress to vesicles and bullae on 
the abdomen. It should be noted that pruritus may 
precede skin changes. These lesions classically 
involve the umbilical region but can spread to all 
skin surfaces (although bullae rarely appear in 

the mucous membranes). Diagnosis can be diffi -
cult in the early, pre-bullous stage, because it 
often mimics the presentation of polymorphic 
eruption of pregnancy clinically, with the excep-
tion of umbilical involvement [ 23 ]. 

 The underlying pathophysiology of pemphi-
goid gestationis features circulating IgG antibod-
ies that bind to bullous pemphigoid antigen 2 
(BP-180) in the hemidesmosomes of the DEJ, 
with subsequent damage to the membrane and 
tense bullae production [ 23 ]. Diagnosis is made 
with histopathology and direct immunofl uores-
cence of perilesional skin. The condition is self- 
limited and tends to resolve within weeks to 
months of delivery. Pemphigoid gestationis has 

   Table 10.4    Acceptable and contraindicated antipruritic medications in pregnancy [ 27 ]   

 Acceptable antipruritic medications during pregnancy 
(classes A and B) 

 Contraindicated antipruritic medications during 
pregnancy (classes C, D and X) 

 Chlorpheniramine  Hydroxyzine 
  First-generation antihistamine   First-generation antihistamine 
  FDA pregnancy class B   FDA pregnancy class C 
   Drug of choice, preferred over second-generation 

antihistamines for embryonic, fetal, and perinatal periods 
   May be associated with increased risk of congenital 

malformations 
  Moderately safe in lactation period   May induce infant withdrawal in lactation period 
 Diphenhydramine  Fexofenadine 
  First-generation antihistamine   Second-generation antihistamine 
  FDA pregnancy class B   FDA pregnancy class C 
   Second line of the fi rst-generation antihistamines for 

embryonic period 
  Adverse fetal effects in animals 

   May cause uterine contractions with third trimester 
exposure 

  Moderately safe in lactation period 

  Moderately safe in lactation period 
 Loratadine  Doxepin 
  Second-generation antihistamine   Tricyclic antidepressant 
  FDA pregnancy class B   FDA pregnancy class B topically 
   First line of the second- generation antihistamines for 

embryonic, fetal, perinatal periods 
  FDA pregnancy class C orally 

  Safest in lactation period    May cause hypotonia, emesis, weak suck with third 
trimester exposure 

   May cause dangerous respiratory depression in 
lactation period 

 Cetirizine 
  Second-generation antihistamine 
  FDA pregnancy class B 
   Second line of the second-generation antihistamines for 

embryonic, fetal, perinatal periods 
  Moderately safe in lactation period 
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been associated with a higher risk of premature 
and small-for-gestational-age babies due to 
chronic placental insuffi ciency, although there is 
no impact on fetal or maternal mortality [ 23 ]. 
Affected women may experience recurrent fl ares 
with menstruation and oral contraceptive use. 
Patients with mild disease can be treated with 
mid-potency topical corticosteroids and oral anti-
histamines. If these are ineffective, more severe 
cases may require systemic corticosteroids (pred-
nisone 0.5–1 mg/kg/day).  

10.4.3     Intrahepatic Cholestasis 
of Pregnancy (ICP) 

 Intrahepatic cholestasis of pregnancy is an 
intensely pruritic condition of late pregnancy 
triggered by cholestasis. This condition is seen 
more commonly in South American popula-
tions, as well as in multiple gestation pregnan-
cies. Unlike other dermatoses of pregnancy, this 
disease is not associated with any primary skin 
lesions; instead, patients present with secondary 
lesions such as excoriations and prurigo nodules 
from chronic scratching and rubbing. These sec-
ondary changes tend to appear on the extensor 
surfaces of the arms and legs, although patients 
will usually describe a sudden-onset pruritus 
that starts in the palmoplantar regions and 
quickly becomes generalized to the entire body. 
Jaundice only occurs in approximately 10 % of 
cases [ 23 ]. 

 Intrahepatic cholestasis of pregnancy is char-
acterized by ineffective excretion of bile salts 
with a subsequent build up of serum bile acid 
levels. While this condition is relatively harm-
less to mothers, there is an increased risk of pre-
maturity, fetal distress, and stillbirths; as such, 
prompt diagnosis and treatment is necessary. 
Interestingly, a new association has been found 
between ICP and highly elevated levels of serum 
autotaxin [ 24 ], an enzyme that converts lyso-
phosphatidylcholine into lysophosphatidic acid 
(LPA) as the active compound. LPA is a very 
potent signaling lipid that can activate nerve 
cells to transmit itch [ 25 ]. 

 The diagnosis of intrahepatic cholestasis of 
pregnancy should be made by clinical history and 
evidence of serum bile acid levels over 
11.0 μmol/L. Other liver function tests may not 
be helpful; transaminases may be normal or ele-
vated, and hyperbilirubinemia only occurs in 
approximately 10–20 % of patients. This condi-
tion is treated with ursodeoxycholic acid 
(UDCA), which reduces serum bile acid levels to 
reduce maternal pruritus and fetal prognosis. 
Given the serious consequences ICP may have on 
the fetus, close follow-up with early delivery 
after complete lung maturity is recommended. 
Recurrence may occur in subsequent pregnancies 
or with oral contraceptive use.  

10.4.4     Atopic Eruption of Pregnancy 

 Atopic eruption of pregnancy is the most com-
mon pruritic dermatosis of pregnancy, as well as 
the newest classifi ed condition. The new 
umbrella condition encompasses pruritic condi-
tions previously known as atopic dermatitis, pru-
rigo of pregnancy, and pruritic folliculitis of 
pregnancy. Atopic eruption of pregnancy is a 
benign pruritic disorder that serves as a diagno-
sis of exclusion in patients with atopy; it accounts 
for half of patients with a pregnancy-related der-
matosis and tends to recur in subsequent preg-
nancies. Only 20 % of cases have a preexisting 
atopic dermatitis, while 80 % are experiencing 
eczematous changes for the fi rst time (or have a 
distant childhood eczema history) [ 23 ]. Unlike 
other dermatoses of pregnancy, atopic eruption 
tends to occur early, typically in the fi rst or sec-
ond trimester. Most patients present with wide-
spread pruritic, eczematous lesions generalized 
to the face, neck, and fl exural surfaces of the 
extremities. A third of patients will alternatively 
present with papular lesions disseminated on the 
trunk and limbs, usually with prurigo nodules on 
the extremities. 

 Pathophysiology is felt to be secondary to a 
normal reduction in maternal cell-mediated 
immune function, tipping the Th1 to Th2 ratio 
towards a more Th2-dominant atopic state. 
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Diagnosis is made by clinical presentation. 
Elevated IgE levels can be seen in approxi-
mately 50–70 % of patients [ 23 ]. Both maternal 
and fetal prognosis is good. Treatment with top-
ical corticosteroids is usually effective, although 
systemic corticosteroids, antihistamines, and 
UVB phototherapy may be required in severe 
cases.   

10.5     Postmenopausal Vulvar 
Pruritus 

 Menopause is characterized by a drop in sys-
temic estrogen and a rising vaginal pH, which 
essentially returns the vulva to a premenarcheal 
stage. However, changes in epidermal thick-
ness, skin moisture, collagen content, wound 
healing, capillary strength, and vulvovaginal 
microfl ora distinguish the two phases from each 
other pathophysiologically. Common causes of 
vulvar itch in the postmenopausal age group are 
atrophic vulvovaginitis, lichen sclerosus, squa-
mous cell carcinoma of the vulva, and irritant 
dermatitis. 

10.5.1     Atrophic Vulvovaginitis 

 Most postmenopausal women are affected by 
atrophic vulvovaginitis, a condition that tends to 
worsen with time [ 28 ]. Although most women 
experience mild genital changes, up to half of 
patients complain of at least one debilitating 
symptom such as vulvovaginal itching, dryness, 
dyspareunia abnormal discharge, and recurrent 
urinary tract infections [ 28 ]. The postmenopausal 
vulva is characterized by thin, atrophic tissue that 
is easily irritated and susceptible to secondary 
infection [ 29 ]. Atrophic vulvovaginitis presents 
with pale, thin vulvovaginal epithelium lacking 
rugae; occasionally, petechiae may be present 
[ 29 ,  30 ]. Diagnosis is often made by clinical 
appearance alone, although a swab or biopsy may 
be indicated to rule out other diagnoses. The treat-
ment of atrophic vulvovaginitis hinges on topical 
estrogen therapy (rings, creams, or pessaries), 

which reverses atrophy to premenopausal levels 
within 1–2 weeks [ 29 ]. Other therapies include 
systemic low-dose estradiol therapy, with the 
understanding that long-term hormone replace-
ment therapy may increase breast cancer risk [ 30 ]. 
Superinfections should be treated and bland soaps 
and lubricants should be adopted to prevent fur-
ther irritation.  

10.5.2     Lichen Sclerosus 
(Figs.  10.7  and  10.8 ) 

     Adult LS is a remitting and relapsing mucocuta-
neous disease that presents with intense vulvar 
itch and scarring. This condition affects all ages 

  Fig. 10.7    Lichen sclerosus often forms a “fi gure of 
eight” pattern of vulvar and perianal involvement. The 
black patient was refereed for a “pigmented lesion,” but 
this is merely bleeding under atrophic skin       
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and races, but occurs with a bimodal peak in pre-
pubertal and peri-/postmenopausal Caucasian 
women [ 13 ]. LS tends to occur more frequently 
in the setting of autoimmune disorders com-
pared to controls [ 31 ]. LS presents as white, 
polygonal, atrophic papules, and plaques on the 
vulvar and perineal regions. The classic “fi gure 
of eight” sclerotic lesion occurs in advanced 
disease; it involves the introitus and anus and 
spares the vaginal mucosa. Vulvar architecture 
is often altered or lost, with fl attening of the 
folds of the labia majora and minora and fi brotic 
binding of the clitoral hood. Scratching can 
induce secondary changes such as petechiae, 
purpura, and fi ssures. Approximately 11 % of 
patients with LS experience extragenital lesions 
on the neck, shoulders, inner thigh, and beneath 
the breast [ 13 ]. Patients with this condition 

are at increased risk for vulvar carcinoma. LS 
is treated with high-potency topical steroids to 
manage symptoms and prevent scarring, which 
should theoretically reduce the risk of cancer. 
Biopsies should be performed of thickened 
areas, as older patients may not be aware of 
asymptomatic changes. Patients with LS should 
be closely followed. Counseling is also recom-
mended, as the disease can be quite disfi guring 
and emotionally challenging.  

10.5.3     Irritant Contact Dermatitis 

 Irritant dermatitis occurs frequently in the post-
menopausal group secondary to increased sen-
sitivity of atrophic skin, especially with fecal 
and/or urinary incontinence. On the other hand, 
allergic contact dermatitis is much less common 
in this age group. While postmenopausal pH is 
already high, urinary incontinence causes an 
even more potent alkaline environment, which 
leads to activation of the PAR2 receptor with 
subsequent increased itching [ 12 ]. Irritant con-
tact dermatitis presents as redness in the area 
of contact with or without edema, scaling, and 
erosions [ 30 ]. Secondary LSC can also occur in 
the setting of chronic scratching. To treat irri-
tant contact dermatitis, offending agents must 
be identifi ed and avoided, and protective bar-
rier ointments may be used to protect the skin 
from irritants. Additionally, low- to medium-
potency topical steroids may be used short term, 
and superinfections should be treated appropri-
ately [ 30 ].  

10.5.4     Squamous Cell Carcinoma 
(Fig.  10.9 ) 

    Squamous cell carcinoma (SCC) should always 
be considered as a potential diagnosis in post-
menopausal women presenting with vulvar 
symptoms. Examination may reveal bleeding, 
nonhealing ulcers, persistent plaques, lumps, or 
pain and pruritus that does not respond to treat-
ment [ 30 ]. Any suspicion of SCC should prompt 
immediate lesional biopsy.   

  Fig. 10.8    This fi gure clearly shows marked sclerotic loss 
of vulvar architecture with narrowing of the introitus con-
sistent with lichen sclerosus as well as purpura (Figure 
courtesy of Marilynne McKay, MD)       
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10.6     Summary 

 Pruritic conditions in women highly impact qual-
ity of life and early diagnosis and treatment can 
greatly improve morbidity. However, vulvar der-
matoses are still underdiagnosed and undertreated.     
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11.1           Introduction 

 Endocrine function changes with age. Three endo-
crine systems affect skin aging: the hypothalamic- 
pituitary-gonadal axis, which affects gonadal 
production of the sex steroids; the adrenals, which 
produce the sex hormone precursor dehydroepian-
drosterone (DHEA); and the growth hormone 
(GH)/insulin-like growth factor I (IGF-I) axis, 
which affects GH production and IGF-I release by 

  11

 A version of this chapter appeared as an open-access arti-
cle by Farage et al.,  Journal of Steroids Hormonal Science  
2012, 3:2, (OMICS Publishing Group,   www.omicsonline.
org    )   http://dx.doi.org/10.4172/2157-7536.1000109     and is 
reproduced under the terms of the Creative Commons 
Attribution License. 
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systemic organs such as the liver. Changes in 
gonadal, adrenal, and peripheral production of the 
sex hormones impacts skin physiology [ 1 ]. This 
review focuses on gonadal, adrenal, and intracrine 
sources of the sex hormones and the impact of 
age-related changes in these hormones on the skin.  

11.2     Sources of the Sex Steroids 

 Sex steroids are produced by the gonads, the 
adrenals, and by peripheral tissues. The ovaries 
are a primary source of estradiol in younger 
women and the testes a primary source of testos-
terone in younger men. Estrogens and androgens 
produced by the gonads enter the circulation for 
transport to distant target sites. The adrenals 
secrete inactive prohormones, DHEA and andro-
stenedione, that serve as precursors of androgens 
and estrogens produced in peripheral tissues. 

 DHEA and its sulfate form, DHEAS (intercon-
vertible by extra-adrenal sulfotransferase and sul-
fatase activity), are the most abundant sex steroids 
in plasma. Plasma DHEAS levels in adult men 
and women are 100–500 times higher than those 
of testosterone and 1,000–10,000 times higher 
than those of estradiol (Table  11.1 ). Circulating 
DHEA and DHEAS form a reservoir of prohor-
mones for peripheral conversion to active andro-
gens (testosterone and 5α-dihydrotestosterone 
(DHT)) and estrogens (estradiol, E2, and estrone, 
E1) (Fig.  11.1 ). The hydroxysteroid dehydroge-
nases transform DHEA into androstenediol and 
androstenedione, precursors of testosterone. 
Tissue aromatization of androstenedione and tes-
tosterone gives rise to estrone and estradiol, 
respectively. Only testosterone and its highly 
potent metabolite, dihydrotestosterone, have 
direct receptor-mediated androgenic activity [ 17 ]. 
Estradiol, which exerts its effects through interac-
tion with nuclear and membrane-bound receptors, 
is the more potent estrogen.

    The action of sex steroids on target tissue 
depends both on circulating levels and on local 
formation within the tissue itself (Fig.  11.2 ). 
Androgens and estrogens produced within tissues 
can act on neighboring cells (paracrine activity) 
or within the same cells (intracrine activity). Sex 

steroids produced in peripheral tissues (such as 
adipose tissue) also enter the circulation, and this 
source becomes especially signifi cant as gonadal 
production declines with age. In postmenopausal 
women, for example, peripherally synthesized 
estrone is the primary source of estrogen. In men 
aged 60–75, adrenal DHEA contributes about 
40 % to the total pool of androgens [ 18 ]. In older 
men and women, comparable amounts of sex ste-
roids are synthesized outside the gonads [ 8 ,  18 ]: 
using circulating DHT metabolites as a measure, 
it is estimated that postmenopausal women syn-
thesize almost half as much androgen as men of 
similar age, the excess in men being attributable 
to testicular origin [ 13 ].

11.3        Age-Related Changes 
in the Sex Steroids 

 Overall trends in circulating levels of sex hor-
mones in aging men and women are summarized 
in Table  11.2 . Factors affecting circulating levels 
of prohormones, androgens, and estrogens in 
each sex are described below.

11.3.1       Changes in Prohormone 
and Androgen Production 

 Production of DHEA and DHEAS begins during 
adrenarche. Serum concentrations of DHEAS 
reach their peak (in the order of 10 −8  and 10 −6  M, 
respectively) between the ages of 20 and 30 years 
[ 8 ]. Then DHEAS concentrations decline with 
age, being reduced to 20 % of peak levels by age 
70 and 5 % of peak levels by age 90 [ 4 ,  6 ,  19 – 21 ]. 
Because DHEAS and DHEA serve as sex steroid 
precursors in peripheral tissue, this decline in cir-
culating levels is thought to contribute to some of 
the degenerative changes seen with aging. 

 Gender differences exist in serum concentra-
tions of these hormones (see Table  11.1 ). 
Circulating levels of DHEAS in adult women are 
consistently lower than those in men at all ages 
[ 20 ,  22 ,  23 ]. The decline in these prohormones is 
clinically important in both sexes, but especially 
so in women. In men, gonadal androgen  production 
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declines slowly, such that peripheral production of 
contributes some 40 % to the total androgen pool 
in men by age 65 [ 18 ]. By contrast, in postmeno-
pausal women, DHEA is the exclusive source of 
sex steroids for all tissues except the uterus [ 18 ]. 
Nevertheless, large variability exists in the circu-
lating levels of DHEA among women: an almost 
eightfold difference between high and low levels 
has been found [ 24 ], with the low end being barely 
detectable. This wide range could help explain 
why some older women experience fewer signs of 
hormone defi ciency after menopause, while others 
experience signifi cant signs and symptoms [ 24 ]. 

 About 30–50 % of total androgens in adult 
men [ 25 ] and about 50–100 % in adult women, 
depending on age, are derived from DHEA and 

DHEAS [ 26 ]. In women, androstenedione levels 
decline with age up to menopause, remain fairly 
stable in the early years after menopause [ 10 ,  27 ], 
and then decline by about 20 % by 30 years after 
menopause [ 10 ]. Early studies suggested that the 
postmenopausal ovary was a source of androgens 
[ 26 ], but this is controversial. Recent studies 
indicate that expression of steroidogenic enzymes 
by the postmenopausal ovary is limited [ 28 ,  29 ], 
and that, absent the adrenal production, post-
menopausal women have no detectable circulat-
ing androgens [ 30 ]. 

 Testosterone and its highly potent metabolite, 
dihydrotestosterone (DHT), exert receptor- 
mediated activity. About 1–2 % of circulating tes-
tosterone is free, 32 % loosely bound to  albumin, 

  Fig. 11.1    Production of sex steroids from the adrenal 
precursors, dehydroepiandrosterone ( DHEA ) and its sul-
fate form ( DHEAS ). DHEA, an inactive prohormone, is 
produced by the adrenal glands from cholesterol. DHEA 
and DHEAS are interconvertible by the actions of sulfa-
tases and sulfotransferases. In peripheral tissues, the 

hydroxysteroid dehydrogenases ( HSD ) convert DHEA to 
androstenedione and androstenediol, precursors of testos-
terone. The action of 5α-reductases converts testosterone 
to its potent metabolite, dihydrotestosterone ( DHT ). 
Aromatases produce estrogens by converting testosterone 
to estradiol and androstenedione to estrone       
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and 66 % bound to sex hormone-binding globulin 
(SHBG). Free and albumin-bound testosterones 
are bioavailable to tissues. 

 In younger men, the testicular Leydig cells 
produce 95 % of testosterone and a smaller 
amount of DHT (see Fig.  11.2 ). In premeno-
pausal women, 25 % of circulating testosterone 
comes from the adrenals, 25 % from the ovaries 
[ 31 ], and the rest from peripheral conversion of 
androstenedione in adipose tissue [ 32 ]. 

 In healthy men, total testosterone and free 
 testosterone decline slowly with age [ 4 ,  33 ,  34 ]. 
The decline in total testosterone is modest, but 

  Fig. 11.2    Sources of the sex steroids in young men and 
women. Sex hormones are produced by the gonads, the 
adrenals, and by peripheral tissues. The ovary, adrenal 
gland, and testis are shown at the top of the chart. The 
 white box  in the central fi eld denotes the circulatory 
compartment. The left side of the circulatory compart-
ment below the ovary shows circulating levels of the sex 
hormones in young women; the right side of the circula-
tory compartment, below the testis, shows circulating 
levels of sex hormones in young men. The  gray box 
with a bold border  below the adrenal gland denotes the 

peripheral tissue compartment and illustrates peripheral 
conversion of the adrenal prohormone, DHEA, to sex 
hormones.  Bold arrows  denote primary sources of the 
sex hormones. The ovaries and testes are primary sources 
of circulating estradiol and testosterone in young women 
and men, respectively. The peripheral tissues (mainly 
adipose tissue) are a primary source of circulating estra-
diol in men and of estrone in both sexes.  DHEA  dehydro-
epiandrosterone,  ADIONE  androstenedione,  ADIOL  
androstenediol,  DHT  dihydrotestosterone,  E2  estradiol, 
 E1  estrone       

    Table 11.2    Trends in circulating levels of sex steroids in 
aging men and women   

 Prohormone or 
hormone 

 Change with advancing age 

 Men  Women 

 DHEAS  Substantial 
decrease 

 Substantial 
decrease 

 DHEA  Decrease  Decrease 
 Testosterone  Decrease  Decrease 
 DHT  No signifi cant 

change 
 No signifi cant 
change 

 Estradiol  No signifi cant 
change 

 Substantial 
decrease 

 Estrone  No signifi cant 
change 

 Decrease 
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comparatively greater for free testosterone due 
to the concurrent age-related rise in SHBG 
[ 35 ]. Data from a large, population-based 
cohort of men aged 40–70 at baseline who were 
followed for 7–10 years (the Massachusetts 
Male Aging Study) showed that total testoster-
one declined by age cross-sectionally (between 
subjects) at 0.8 %/year, free and albumin-bound 
testosterone declined at about 2 %/year, and 
SHBG concentrations rose about 1.6 %/year. 
Longitudinally (within subjects)   , total testos-
terone declined 1.6 %/year, bioavailable testos-
terone declined by 2–3 %/year, and SHBG 
levels rose at 1.3 %/year [ 4 ]. 

 The age-related decline in testosterone in men 
is due to reductions in the number of productive 
Leydig cells as well as to changes in the response 
to leutinizing hormone (LH) and human chori-
onic gonadotropin (hCG). Moreover, obesity is 
associated with lower total and free testosterone 
and SHBG; a change in BMI from nonobese 
(<25 kg/m 2 ) to obese (≥30 kg/m 2 ) is equivalent to 
a 15-year fall in testosterone levels [ 35 ]. It has 
been postulated that age primarily affects testicu-
lar function, whereas obesity impairs hypotha-
lamic and pituitary function. In addition, the 
circadian rhythm, with higher testosterone levels 
in the morning than in the evening, is lost in older 
men [ 36 ]. 

 In women, testosterone levels decline between 
the ages of 20 and 50 [ 37 ]. However, the meno-
pausal transition itself does not appear to affect 
testosterone levels signifi cantly. A prospective 
study in 172 women failed to show a change in 
total testosterone in the time span from 5 years 
before to 7 years after the fi nal menstrual period 
[ 6 ]. Other studies found a slight decrease in lev-
els of bioavailable testosterone in the early years 
after menopause [ 10 ,  27 ], followed by a rise to 
premenopausal levels in the second decade fol-
lowing the menopausal transition [ 10 ]. Hence, 
declines during the decades preceding meno-
pause have the most signifi cant impact on testos-
terone levels in older women. These observations 
may refl ect the relative importance of adrenal and 
peripheral sources of androgens in women.  

11.3.2     Changes in Estrogen 
Production 

 In women of reproductive age, the ovaries are the 
principal source of estradiol. Menopause occurs 
when senescence of the ovarian follicles reduces 
the gonadal production of estradiol to miniscule 
levels (see Table  11.1 ). During this transition, cir-
culating levels of estradiol decline from over 
300 pmol/L to about 20 pmol/L [ 27 ,  38 ]. 

 Estrone, a weaker estrogen produced from 
androstenedione in peripheral tissues, is the pre-
dominant form of estrogen in postmenopausal 
women (see Fig.  11.2 ). Estrone is also the princi-
pal source of postmenopausal estradiol, although 
only 5 % of estrone is thus converted [ 39 ]. 
Adipose tissue is a major site of peripheral 
estrone synthesis; hence, estrogen levels are 
higher in postmenopausal women with a high 
body mass index. 

 In men, 80 % of plasma estradiol is produced 
by peripheral aromatization of testosterone, 
which occurs principally in fat tissue [ 40 ]; the 
testes produce only 20 % of plasma estradiol 
[ 41 ,  42 ]. In younger men, 20 μg/day of estradiol 
derives from peripheral conversion of plasma 
testosterone, 5 μg/day from androstenedione, 
and 5–10 μg/day from the testicular Leydig cells 
[ 16 ]. As in women, plasma estrone derives prin-
cipally from tissue aromatization of androstene-
dione, with 20 % secreted directly by the 
adrenals. The mean plasma estradiol concentra-
tion in men is 2–3 ng/dL (about 80 pmol/L), and 
the mean concentration of estrone is 3–6 ng/dL 
(about 100–200 pmol/L) (see Table  11.1 ) [ 43 ]. 

 In men, plasma estradiol levels do not decrease 
signifi cantly with age [ 19 ,  33 ,  44 ] (see Tables  11.1  
and  11.2 ), although some investigators have 
reported declines [ 45 ,  46 ]. It has been postulated 
that plasma estradiol levels remain relatively 
unchanged despite declines in testosterone 
because of a rise in aromatase activity coincident 
with the age-associated increase in body fat mass 
[ 47 ,  48 ]. Consequently, plasma estradiol levels in 
older men are signifi cantly higher than in post-
menopausal women (see Table  11.1 ).  
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11.3.3     Intracrine Production 
of the Sex Steroids 

 The skin is affected not only by the action of cir-
culating sex steroids but also by locally synthe-
sized androgens and estrogens. Local production 
depends on the expression of androgen- and 
estrogen-synthesizing enzymes in individual skin 
structures and cell types (Table  11.3 ). Moreover, 
the expression of sex steroid receptors in the skin 
varies by cell type and by sex. Cytochrome 
p450c17, an enzyme necessary for the synthesis 
of DHEA and androstenedione from cholesterol, 
is not expressed to a great extent in androgen tar-
get cells, such as sebocytes; however, sebocytes, 
sweat glands, and dermal papilla hair cells do 
express enzymes that convert these adrenal pro-
hormones into biologically active testosterone 
and DHT [ 49 ,  50 ]. Indeed, human sebocytes 
selectively use DHEA to produce active andro-
gens [ 51 ]. A newly identifi ed pathway in human 
sebocytes synthesizes DHT from DHEA without 
requiring testosterone as an intermediate. The 
sebaceous glands, the outer and inner root sheath 
cells of anagen terminal hair follicles, and dermal 

papilla cells express aromatases that convert tes-
tosterone and androstenedione into estrogens 
(see Table  11.3 ) [ 52 ,  53 ].

   As in other steroidogenic organs, six enzyme 
systems are involved in the activation and deactiva-
tion of androgens in the skin: steroid sulfatase, 
3β-hydroxysteroid dehydrogenase Δ 5−4  isomerase 
(3β-HSD), 17β-hydroxysteroid dehydrogenase 
(17β-HSD), steroid 5α-reductase, 3α-hydroxysteroid 
dehydrogenase (3α-HSD), and aromatase [ 54 ]. The 
pilosebaceous unit and the sweat glands contribute 
to local synthesis of androgens and estrogens. 
Steroid sulfatase hydrolyses DHEAS to DHEA [ 55 ] 
(possibly in the sebocytes or in the dermal papillae 
of  terminal hair follicles, which show enzymatic 
activity). 

 Within the pilosebaceous unit, testosterone is 
both produced from adrenal precursors as well as 
inactivated; this maintains androgen homeostasis 
[ 51 ,  52 ]. In sebocytes, the 1- isotype of 3β-HSD 
converts DHEA to androstenedione, and the 3- 
and 5- isotypes of 17β-HSD convert androstene-
dione to testosterone. Conversely, the 2- isotype 
(present in the root sheath cells of hair follicles) 
and the 4- isotype (in epidermal keratinocytes) 

     Table 11.3    Localization of sex steroidogenic enzymes and androgen and estrogen receptor activity in the skin   

 Skin structure 

 Enzyme activity  Sex steroid receptors 

 17β-HSD  3β-HSD  5α-Reductase  Aromatase  AR  ERβ  ERα 

 Epidermal 
keratinocytes 

 + (4- isotype)  + (1- isotype)  +  + 

 Melanocytes  +  +  + 
 Hair follicles  + (1- isotype) 

(2- isotype in 
beard) 

 Follicular 
keratinocytes 

 +  + 

 Root sheath  + (2-isotype)  +  + 
 Matrix epithelium  +  + 
 Dermal papilla cells  +  +  + 
 Sebaceous glands  + (3- and 

5- isotypes) 
 + (1- isotype)  + (1- isotype)  +  +  +  + 

 Sweat glands  + (1- isotype)  + 
 Eccrine  + 
 Apocrine  +  +  + 
 Dermal fi broblasts  +  +  + 
 Endothelial cells  +  + 

   HSD  hydroxysteroid dehydrogenase,  AR  androgen receptor,  Erβ  estrogen receptor-beta,  Erα  estrogen receptor-alpha  
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deactivate testosterone in the reverse direction 
and play a protective role against androgen excess 
[ 54 ]. Keratinocytes also are responsible for 
androgen degradation [ 52 ]. 

 Sebocytes are likely the major site of 
5α-reductase activity in the skin. The type 1 iso-
type of 5α-reductase, expressed in sebaceous 
glands and sweat glands (with lesser activity in 
epidermal cells and hair follicles) [ 56 ], converts 
testosterone to the highly potent androgen, 
DHT. The type 2 isotype is active in beard hair 
follicles. A newly detected type 3 isotype, sensi-
tive to fi nasteride (a 5α-reductase inhibitor), is 
strongly expressed in sebaceous gland cells [ 57 ]. 
Two isozymes of 3α-HSD deactivate DHT by 
conversion to 3α-androstanediol. 

 Aromatases in the sebaceous glands, the 
outer and inner root hair cells of anagen hair 
follicles, and dermal papillae cells [ 52 ,  53 ] con-
vert androstenedione and testosterone to estro-
gens. Aromatase expression is much higher in 
scalp hair follicles of women than of men, and 
the enzyme is rarely expressed in telogen hair 
follicles [ 58 ].  

11.3.4     Sex Steroid Receptor 
Localization in the Skin 

 Androgens (specifi cally testosterone and 
5α-dihydrotestosterone (DHT)) and estrogens 
(specifi cally estradiol) mediate their skin effects 
by activating specifi c cellular receptors. 
Testosterone and DHT act through a single 
nuclear androgen receptor (AR), and their activ-
ity on the skin depends on receptor distribution. 
AR is present in epidermal and follicular kerati-
nocytes, sebocytes, sweat glands, dermal papilla 
cells, dermal fi broblasts, endothelial cells, and 
genital melanocytes [ 59 ,  60 ]. 

 Two distinct intracellular estrogen receptors, 
ERα and ERβ, belong to a superfamily of nuclear 
hormone receptors. Cell membrane-bound estro-
gen receptors also exist that activate signaling cas-
cades via second messengers. ERβ is the 
predominant receptor in adult human scalp skin, 
strongly expressed in the stratum basale and stra-
tum spinosum of the epidermis [ 59 ,  61 ]. ERα and 

ERβ are expressed in the sebaceous gland [ 59 ] and 
in primary cultures of dermal fi broblasts [ 62 ,  63 ]. 

 Studies suggest that ERβ is the mediator of 
estrogen effects on skin and hair. ERβ is strongly 
expressed in anagen hair follicles of the human 
scalp, where it is localized to nuclei of the outer 
root sheath, epithelial matrix, and dermal papilla 
cells [ 59 ]. ERβ is also highly expressed in the 
epidermis, sebaceous glands, blood vessels, and 
dermal fi broblasts (see Table  11.3 ). 

 The apocrine gland develops from the hair fol-
licle. ERβ but not ERα is expressed in the 
 secretory epithelium of the apocrine gland [ 59 ] 
as well as in the eccrine gland. Estrogen receptor 
also is expressed in normal melanocytes [ 64 ] and 
in nevi of pregnant and nonpregnant women [ 65 ].   

11.4     Effects of Sex Hormones 
on the Structure, 
Characteristics, 
and Physiology 
of Aging Skin 

 Clinically obvious signs of skin aging are wrin-
kling, pigmentary changes, loss of skin elasticity, 
and sagging. Skin exposed to UV damage has 
coarser and deeper wrinkles; a roughened, leathery 
surface; mottled pigmentation; and a more pro-
nounced loss of elasticity. Intrinsically aged skin, 
which refl ects purely chronological changes, has a 
dry, smoother texture, with fi ne wrinkles and an 
unblemished surface; loss of elasticity is less severe 
than in skin exposed to UV light. Aging skin is also 
thinner and more vulnerable to damage. 

 In addition to changes in structure, the growth 
rate of the hair and nails slows with age, the nail 
plate thins, and its surface becomes ridged and lus-
terless. The hair loses pigment and the density of 
hair follicles on the scalp decreases, independent of 
androgenetic alopecia (genetically driven patterns 
of balding). Vellus hairs in the ears, nose, and eye-
brows of men and hair on the upper lip and chin of 
women convert to more obvious terminal hairs. 

 The infl uence of the sex steroids on these 
changes and the resulting gender differences in 
aging skin aging are summarized in Table  11.4  
and reviewed below.
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   Table 11.4    Age-related changes in skin structure and physiology affected by the sex steroids in men and women   

 Parameter  Change  Gender differences  Impact of sex hormones 

 Wrinkles  Develop and become more 
pronounced with age 

 No established 
gender differences 

 Wrinkling may be related to 
reduced stimulation of 
collagen and 
glycosaminoglycan synthesis 
by estrogen 

 Skin thickness  Becomes thinner with age in 
both sexes (atrophy) 

 Skin of adult men is 
thicker than that of 
women [ 66 ] 

 Much of the decrease in skin 
thickness is thought to result 
from collagen changes in the 
dermis (see below) 

 Epidermal thickness decreases 
6.4 % per decade [ 67 ]  Skin thickness 

decreases faster in 
older women than in 
older men [ 67 ] 

 Dermal thickness decreases 
20 % by old age [ 68 ] 

 Collagen (dermis)  Fibers more disorganized; 
balance between synthesis and 
degradation shifts toward 
greater degradation [ 69 ] 

 See above  Androgens promote thicker 
skin and higher collagen 
production in murine models 
[ 70 ,  71 ] 
 DHEA declines result in lower 
procollagen synthesis and 
more collagen degradation 
[ 72 ,  73 ] 

 Collagen matrix degrades and 
fi broblasts collapse [ 74 ,  75 ] 

 DHEA is the principal source 
of estrogen synthesis in 
postmenopausal women. 
Estrogen supplementation in 
postmenopausal women 
increases skin collagen 
content [ 76 ,  77 ] 

 Elastin (dermis)  Fibers degrade; skin less 
elastic 

 Alterations more 
pronounced in older 
women [ 68 ] 

 Women who received HRT 
in the fi rst 5 years following 
menopause exhibited no 
signifi cant change in skin 
elasticity [ 78 ,  79 ] 

 In the fi rst 5 years 
following 
menopause, facial 
skin elasticity 
declines 1.5 %/year 
[ 78 ,  79 ] 

 Skin barrier function  Baseline barrier function 
(as measured by TEWL) 
unchanged [ 80 ,  81 ] 

 No established 
gender differences 
[ 82 ] 

 Androgens reduce skin barrier 
function and estrogens 
increase it [ 83 – 85 ] 

 Once compromised, barrier 
integrity takes longer to be 
restored [ 81 ,  86 ,  87 ] 

 Skin moisture and 
water-holding capacity 

 Reduced water content of 
stratum corneum [ 88 ] 

 No established 
gender differences 

 Estrogens increase skin 
moisture and water-holding 
capacity [ 89 ] by increasing 
levels of hyaluronic acids [ 90 , 
 91 ] and glycosaminoglycans 
[ 92 ] 

 Reduced water-holding 
capacity of the dermis 
due to declines in 
glycosaminoglycans and 
hyaluronic acid [ 93 ] 
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Table 11.4 (continued)

 Parameter  Change  Gender differences  Impact of sex hormones 

 Sweating and 
thermoregulation 

 Impaired with advancing age 
[ 94 – 96 ] 

 Men sweat to a 
greater degree than 
women in similar 
situations [ 97 ,  98 ] 

 Sweat glands express 
5α-reductase (which converts 
androgens to DHT) and the 
androgen receptor through 
which DHT exerts its action  Elevated tempera-

ture thresholds for 
sweating and reduced 
sweat response more 
pronounced in older 
women than in 
men [ 96 ] 

 Sebum production  Gradual decrease in women  In men, sebum 
levels change 
minimally from 
puberty until about 
age 80 

 Sebocytes regulate the effect 
of androgens in the skin 
 DHEA enhances sebum 
production in both sexes [ 99 ], 
but not through direct action 
on sebocytes [ 100 ] 
 Testosterone promotes 
DHT synthesis in sebocytes 
and stimulates sebum 
production [ 101 ] 
 In older women, estrogen 
supplementation suppresses 
sebum production; progesterone 
overcomes this effect [ 102 ] 
 Sebum production is affected 
by the interplay of growth 
factors (IGF-1), estrogen, 
progesterone, and androgens 
(DHEA) [ 100 ,  103 ] 

 In women, sebum 
secretion decreases 
gradually from 
menopause through 
age 80, after which 
no appreciable 
change occurs [ 104 ] 

 Hair growth  Androgenetic alopecia usually 
begins around age 30 in 
genetically susceptible men 
and women 

 Male-pattern 
baldness is more 
common and severe 
and can start as 
early as late 
adolescence 

 Both androgens and estrogens 
affect hair growth. DHT acts 
on hair follicles to release 
growth factors in androgen- 
dependent areas (beard, axilla, 
pubis) [ 105 ] 

 Female-pattern 
baldness is less 
common and usually 
milder 

 In male androgenetic alopecia, 
DHT causes susceptible scalp 
follicles to miniaturize; the 
number of follicles in anagen 
phase decreases 
 In women, scalp hair follicles 
have lower 5α-reductase levels, 
lower AR levels, and higher 
aromatase activity, limiting 
the impact of DHT 
 Estrogens act on hair follicles 
through ERβ, which is present at 
sites of hair renewal in follicles 
of women but not of men 

(continued)
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11.4.1       Skin Structure and Thickness 

 Human male skin is thicker and drier than female 
skin throughout the life span (from ages 5 to 
90 years) [ 66 ,  111 ]. In part, this is because andro-
gens stimulate epidermal hyperplasia in adult 
human skin [ 83 ]. Although the skin thins with 
age in both sexes, in men, skin thickness decreases 
linearly beginning at age 20, whereas in women, 
it remains relatively constant until about age 50 
and then decreases [ 112 ]. Epidermal thickness 
decreases about 6.4 % per decade on average, but 
faster in postmenopausal women than in men 
[ 67 ]. Dermal thickness decreases by up to 20 % 
in both genders [ 68 ], although in sun-protected 
sites, signifi cant dermal thinning occurs only 
after the eighth decade [ 113 ]. 

 The decline in dermal thickness accounts for 
most of the measurable thinning of aging skin. 
The major extracellular components of the der-
mis (collagen, elastin, and hyaluronic acid) are 
affected by age. Collagen fi bers become disorga-
nized, especially in photoaged skin, as the matrix 
metalloproteinases, which degrade collagen, are 
upregulated by UV exposure [ 69 ]. When the bal-
ance between collagen synthesis and degradation 
is disturbed, the collagen fi bers fragment, dis-
rupting the tension on dermal fi broblasts that 
exists in a healthy collagen matrix and causing 
fi broblasts to collapse [ 74 ,  75 ]. 

 Elastin calcifi es and degrades with age and its 
turnover declines [ 114 ]. These changes make the 
skin less elastic, less extensible under force, and 
more vulnerable to injury by shear forces. These 
properties erode more dramatically in women 
than in men [ 68 ]. 

 DHEA plays a role in maintaining skin struc-
ture. It regulates the synthesis and degradation of 
extracellular matrix protein; it promotes procol-
lagen synthesis; and it limits collagen degrada-
tion by decreasing the synthesis of collagenase 
and matrix metalloproteases and increasing the 
production of tissue inhibitors of matrix metallo-
proteinase [ 72 ,  73 ]. Consequently, the substantial 
decline in DHEA with age reduces procollagen 
synthesis and elevates collagen degradation. 

 Oral DHEA treatment in men and women aged 
60–79 for 1 year improved epidermal thickness 
and skin hydration, increased sebum production, 
and reduced facial pigmentation, with effects 
being more dramatic in women over 70 than in 
men [ 99 ]. DHEA is the primary source of sex ste-
roid production in skin: because older women 
have lower circulating levels of DHEA than older 
men, they may have benefi ted to a  relatively 
greater degree from DHEA supplementation. 

 Most studies on the effects of estrogen on 
aging skin have examined the uses of systemic or 
topical estrogens in postmenopausal women. 
Estrogen slows or reverses these manifestations 

Table 11.4 (continued)

 Parameter  Change  Gender differences  Impact of sex hormones 

 Wound healing  Skin is more susceptible to 
mechanical damage [ 106 ] and 
wound healing declines [ 107 ] 

 Men display lower 
rates of wound 
healing at all ages 

 Androgens depress wound 
healing by increasing 
infl ammation, proteolysis, and 
matrix degradation [ 108 ] 
 Estrogens promote wound 
healing by inhibiting 
infl ammation and promoting 
keratinocyte mitogenesis, 
deposition of matrix 
components, and angiogenesis 
[ 109 ] 
 Subcutaneous DHEA restores 
wound healing rates in 
ovariectomized mice and 
promoted wound healing in 
aged mice, likely through local 
conversion to estrogen [ 110 ] 
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of skin aging, maintaining skin thickness, colla-
gen content, and hydration. 

 Estrogens affect skin thickness and elasticity 
primarily through their impact on constituents of 
the dermis. Hormone replacement therapy main-
tains or improves skin thickness following meno-
pause, largely by affecting dermal thickness. For 
example, nuns treated with oral conjugated estro-
gens for 1 year experienced a signifi cant increase 
in dermal and overall skin thickness compared to 
placebo-treated controls [ 115 ]. Other studies 
found that postmenopausal women receiving 
HRT achieved skin thickness levels comparable 
to those of premenopausal women [ 116 ]. 

 Collagen reduction is a major factor responsi-
ble for skin atrophy. The declines in the quality of 
collagen and elastin with age are more pro-
nounced in aging women, probably due to estro-
gen defi ciency. After a slight delay following the 
onset of menopause [ 76 ], total collagen content 
declines an average of 2.1 %/year in the fi rst 15 
postmenopausal years [ 76 ,  117 ]. Clinical studies 
have demonstrated benefi cial effects of oral, topi-
cal, and subcutaneous estrogen treatment on col-
lagen content (reviewed in [ 118 – 120 ]). The 
benefi ts of HRT or estrogen supplementation on 
collagen content are proportional to baseline lev-
els at the time of treatment [ 76 ,  117 ]. 

 Estrogen also benefi ts skin elasticity. In the 
fi rst 5 years following menopause, facial skin dis-
tensibility increases 1.1 %/year and elasticity 
decreases by 1.5 %/year [ 78 ,  79 ,  121 ]. Women 
who received HRT during this time period expe-
rienced no signifi cant changes in skin elasticity. 
Studies of oral, transdermal, and topical estrogen 
treatment also showed benefi ts [ 79 ,  102 ,  122 , 
 123 ], although topical estrogen treatment seems 
to be effective only in sun-protected skin [ 124 ]. 
The extent to which the effect is due to improve-
ments in elastin fi ber quality is unclear. 

 Androgens also affect skin thickness, but the 
interplay between estrogens and androgens is 
incompletely defi ned. Androgens affect epider-
mal hyperplasia in humans, which may partly 
contribute in part to greater skin thickness in men 
[ 83 ]. Moreover, women with androgen excess 
who are hirsute display greatly increased skin 
thickness and skin collagen content [ 125 ]. 

 Animal studies implicate androgens as 
important modulators of skin collagen con-
tent. In wild- type mice, skin collagen content 
is greater in maturing males than females, 
depending on the stage of development [ 71 ]. 
The skin of male and female mice with an 
X-linked mutation that eliminates a functional 
androgen receptor exhibited significantly 
decreased levels of collagen, implicating a 
role for the androgen receptor in modulating 
skin collagen content. In other studies, treat-
ment of murine skin with DHT and DHEA 
increased dermal thickness by 22 and 19 %, 
respectively [ 70 ]. DHT administration to cul-
tures of vulvar skin fibroblasts from healthy 
women resulted in significant increases in col-
lagen production, whereas DHT treatment 
produced no change in cultures of perineal 
fibroblasts from a male patient with androgen 
insensitivity  syndrome [ 126 ]. 

 Although studies on the impact of these sex 
hormones have focused principally on the role of 
estrogens in aging female skin and the role andro-
gens in male skin, the concentration profi les of 
both androgens and estrogens must contribute to 
differential skin thinning and changes in skin 
tone in aging men and women. Because women 
have thinner skin and lower skin collagen content 
to begin with, age-related thinning may be appar-
ent earlier in this sex. Interestingly, skin thick-
ness decreases linearly with age in men but 
accelerates in women after age 50 [ 112 ]. It may 
be pertinent that in men, androgen levels decline 
slowly with age while estradiol levels remain 
constant and comparable to those of premeno-
pausal women, whereas in women, both andro-
gen and estrogen concentrations decrease with 
age, with a precipitous drop in estradiol levels 
following menopause. These profi les could 
explain why skin thinning is more gradual and 
less pronounced in men and more dramatic in 
postmenopausal women.  

11.4.2     Wrinkles 

 Wrinkling is related to loss of connective tissue 
and elasticity. Studies on wrinkling have focused 
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on the potential benefi ts of estrogen supplemen-
tation in women. A large epidemiologic study in 
3,875 postmenopausal women (NHANES I) 
found the odds of wrinkling to be substantially 
lower in estrogen users after adjusting for age, 
body mass index, and sunlight exposure [ 127 ]. 
Clinical trials of estrogen supplementation have 
given divergent results, some showing improve-
ments in fi ne wrinkling and wrinkle depth with 
topical estrogen treatment [ 128 ,  129 ] and others 
showing effects on thickness but not on hydration 
or wrinkling [ 130 ]. The effects of estrogen on 
collagen and glycosaminoglycan content of the 
skin may account for the impact of estrogen on 
wrinkles.  

11.4.3     Skin Barrier Function 

 The stratum corneum barrier depends on the com-
position and arrangement of intercellular lipids. 
Total lipid content declines by as much as 65 % 
with age, depleting levels of some ceramides, tri-
glycerides, and sterol esters [ 131 ]. However, mea-
surements of transepidermal water loss (TEWL) 
revealed no age-related differences in baseline 
skin barrier function, although lipid content 
declined [ 80 ,  81 ]. Nevertheless, when barrier 
integrity is compromised, recovery is slower in 
aged skin [ 81 ,  86 ,  87 ]. 

 No gender differences in epidermal barrier 
function have been established [ 82 ]. However, 
the research suggests that androgens have a 
negative impact on skin barrier function, 
whereas estrogens help restore it. For example, 
measurements of skin barrier function in a 
hypogonadal man who received intermittent 
testosterone supplementation showed that bar-
rier recovery rates were highest when serum 
testosterone levels were at a nadir and lowest 
when serum testosterone was at its peak [ 83 ]. 
Studies of the recovery of skin barrier function 
after tape stripping in castrated mice showed 
that recovery was delayed by systemic testos-
terone replacement [ 83 ]. Topical application of 
testosterone and androsterone delayed barrier 
recovery after tape stripping in hairless mice, a 
delay that was overcome by co- application of 

estradiol [ 84 ]. Moreover, male fetal mice 
develop barrier function more slowly than 
female littermates. Estrogen administration to 
pregnant mothers accelerated fetal barrier 
development; conversely, DHT administration 
delayed fetal skin barrier development, an 
effect that was reversed by treating with a tes-
tosterone receptor antagonist [ 85 ]. 

 In aging men, testosterone levels decline while 
estradiol levels remain fairly constant, whereas in 
women, androgens decline slowly and estrogens 
decline dramatically following menopause. 
Consequently, gender differences in the balance 
of androgens and estrogens with age might be 
expected to affect skin barrier function; however, 
to our knowledge, systematic comparisons of this 
parameter in age-matched men and women have 
not been published.  

11.4.4     Skin Moisture and 
Water- Holding Capacity 

 The water-holding capacity of both the epidermis 
and the dermis is affected by age. The water con-
tent of the stratum corneum is lower in aged skin 
[ 88 ]. Water content of the stratum corneum is 
related to skin barrier function and to the compo-
sition and organization of stratum corneum lip-
ids. The water-holding capacity of the dermis 
also declines because aging fi broblasts produce 
lower levels of glycosaminoglycans and hyal-
uronic acid [ 93 ]. 

 Estrogens affect skin dryness and water- 
holding capacity. Dry skin is very common among 
older women. A large epidemiologic study in 
3,875 postmenopausal women found that women 
not on HRT were signifi cantly more likely to 
experience dry skin compared to women taking 
estrogen [ 127 ]. In a pilot study of transdermal 
estrogen, the water-holding capacity of the stra-
tum corneum increased at the treatment site [ 89 ]. 
In mice, estrogen treatment increased hyaluronic 
acid levels of aged skin [ 90 ,  132 ] and induced der-
mal glycosaminoglycans markedly within 
2 weeks of therapy [ 92 ]. No gender-related differ-
ences in skin water-holding capacity have been 
found [ 133 ].  
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11.4.5     Sweating and 
Thermoregulation 

 Eccrine and apocrine glands located in the der-
mis produce sweat. Eccrine glands are distributed 
over the body, whereas apocrine glands are 
located in the axillar, areola, perineal, and peri-
anal areas. Sweat glands express 5α-reductase 
(which converts testosterone to DHT) and express 
the AR through which DHT acts. 

 Men sweat more than women do in similar situ-
ations (approximately 800 mL/h for men vs. 
450 mL/h for women during exercise). When cor-
rected for body surface area, the sweat rate in men 
is still 30–40 % higher [ 97 ,  98 ]. Androgens initiate 
the differentiation of sweat glands during puberty, 
but may not be required to maintain function, 
because androgen treatment does not increase 
sweat rate in women and androgen antagonists do 
not diminish sweat rates in men. However, possi-
bly the apocrine rather than eccrine sweat glands 
remain an androgen target, as type 1 5α-reductase 
predominates in apocrine glands of patients with 
excessive sweat odor, irrespective of sex [ 134 ]. 

 Sweating and thermoregulation are impaired 
with age [ 94 ]. The number of eccrine glands 
diminishes and the output of both the eccrine and 
apocrine glands is reduced. Men over 60 or 70 
display lower sweat rates and higher core tem-
peratures in response to exercise than young men 
or boys [ 95 ,  96 ], and the temperature threshold to 
induce sweating is 0.5 ºC higher in aged men 
[ 96 ]. The elevated temperature threshold for 
sweating and reduced sweat response was even 
more pronounced in aged women [ 96 ]. However, 
a small study comparing 8 women aged 50–62 
with eight young women aged 20–30 found that 
in a hot-dry environment, the older women’s 
whole body and local sweat rates were signifi -
cantly lower than those of younger women, but in 
a warm-humid environment, there was no age- 
related difference [ 135 ].  

11.4.6     Sebum Production 

 Most sebaceous glands are connected to hair 
 follicles. Their concentration is greatest on the 

scalp, forehead, cheeks, and chin. Beginning at 
puberty, androgens act in conjunction with 
ligands of the peroxisome-proliferator-activated 
receptor (PPAR) to stimulate the proliferation 
and differentiation of the sebaceous gland and the 
production of sebum. The degree of proliferation 
depends on the anatomical location; the effect is 
greatest on facial sebocytes [ 136 ]. A Korean 
study of 30 men and women found a strong posi-
tive correlation between the male sex, pore size, 
and sebum excretion [ 137 ]. DHT is thought to 
stimulate sebaceous gland activity, especially in 
acne [ 138 ]. 

 In men, sebum levels change minimally after 
puberty until about age 80, whereas in women, a 
gradual decrease in sebum secretion occurs from 
menopause through the seventh decade, after 
which no appreciable change occurs [ 104 ]. 

 As noted earlier, sebocytes play a critical role 
in modulating androgen levels in the skin [ 52 ]. 
Due to the decline of their activity in aged indi-
viduals, sebaceous glands become hypertrophic 
to compensate this dysfunction (sebaceous gland 
hypertrophy) [ 139 ]. In human sebocytes, testos-
terone is converted to DHT, which stimulates 
sebum production. Cofactors such as linoleic 
acid, a ligand of the PPAR, exert synergistic 
effects [ 101 ]. By contrast, estrogen replacement 
in older women suppresses sebum production, 
although the addition of progesterone overcomes 
this effect [ 102 ]. 

 In vitro, the treatment of sebocytes with a 
mixture of growth factors (IGF-1), estrogen, 
progesterone, and androgens (DHEA), at quanti-
ties that approximate the circulating levels at 
 different ages, mimics the reduction of sebum 
production seen with age in vivo [ 100 ,  103 ]. 
Although oral supplementation for 1 year with 
the sex steroid precursor DHEA enhanced sebum 
production in both sexes [ 99 ], direct DHEA 
treatment of human sebocytes in vitro at age-
specifi c levels has no effect on their activity 
[ 100 ]. Taken together, these observations indi-
cate that changes in sebum production with age 
require the conversion of DHEA to sex hor-
mones and are modulated by the interplay of 
both the sex hormone and the growth hormone 
signaling pathways.  
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11.4.7     Hair Growth 

 A hair follicle consists of epithelial components 
(inner and outer root sheath and hair shaft) and 
mesenchymal components (the dermal papillae 
and connective tissue sheath). The hair growth 
cycle involves anagen (growing), catagen (transi-
tional), and telogen (resting) phases. The bulge 
region of the outer root sheath contains stem cells 
for hair follicle keratinocytes that regenerate the 
follicle during each anagen phase of the hair 
cycle; the dermal papilla cells provide the signal 
that initiates anagen and instructs the follicular 
stem cells to divide [ 140 ]. The hair growth cycle 
is not synchronized: each hair strand is in its own 
phase of development. 

 Both androgens and estrogens affect hair 
growth, and the interplay of their signaling path-
ways is relevant to gender differences in hair fol-
licle stimulation. DHT, produced by the action of 
5α-reductase on testosterone, mediates andro-
genic effects on hair follicles. DHT interacts with 
the AR on dermal papilla cells [ 56 ,  141 ], causing 
the release of growth factors that then act on 
other cells in the hair follicle [ 105 ]. The response 
to androgens at different body areas is genetically 
determined; single polymorphisms in AR are 
associated with hirsutism in women and androge-
netic alopecia in men. In androgen-dependent 
areas (male beard, axillary and pubic hair), 
androgens promote enlargement of hair follicles; 
however, in scalp follicles of susceptible men, 
they cause the follicles to miniaturize and reduce 
the amount of hair in the anagen phase, leading to 
male-pattern baldness [ 142 ]. 

 Men with a defi ciency in type 2 5α-reductase 
display little or no beard growth and do not 
develop androgenetic alopecia; moreover, fi nas-
teride inhibition of the enzyme slows or reverses 
the progression of alopecia [ 143 ]. In male-pat-
tern balding, the expression of type 2 
5α-reductase is higher in dermal papilla cells 
from sites of androgenetic alopecia and beard 
than those from other sites; AR expression is 
also 30 % higher in sites of alopecia; and the AR 
coactivator Hic-5/ARA55 is more highly 
expressed in dermal papilla cells of hair follicles 
from sites of androgenetic alopecia and beard 

[ 58 ,  144 ]. The consequence is heightened sensi-
tivity to DHT. 

 DHT stimulates the synthesis of transforming 
growth factor-β2 (TGF-β2) in dermal papilla 
cells. TGF-β2 in turn suppresses the proliferation 
of epithelial cells and stimulates the synthesis of 
certain caspases, which triggers the elimination 
of epithelial cells through apoptosis. These 
sequential events contribute to the shortening of 
the anagen phase of the hair cycle and premature 
entry into the catagen phase [ 145 ]. 

 Female-pattern hair loss is more diffuse and 
usually involves the frontal and parietal scalp 
areas. It is independent of androgen levels, often 
begins after age 30, and is more prevalent after 
menopause. Women may be protected from 
developing androgenetic alopecia because their 
frontal and occipital hair follicles have more than 
three times lower 5α-reductase activity and 40 % 
lower AR levels [ 58 ,  146 ,  147 ]. This reduces the 
potential impact of DHT on the hair cycle in 
women. Moreover, scalp hair follicles in the fron-
tal and occipital area express up to six times more 
aromatase activity in women than in men [ 58 , 
 148 ]. This suggests that estrogen formation from 
testosterone also acts as a protective factor. 

 Estrogens also are potent modulators of hair 
growth: for example, during pregnancy, high sys-
temic estrogen levels prolong the anagen phase, 
whereas plummeting postpartum levels cause 
excess numbers of anagen follicles to enter the 
telogen phase simultaneously, leading to hair loss 
[ 149 ]. In Europe, estrogens are used to treat 
androgenetic alopecia in women. 

 The estrogen signaling pathways for hair 
growth in the two genders are the subject of 
active research. Human hair follicles in culture 
express ERβ, but the distribution pattern is gen-
der specifi c [ 150 ]. In men, ERβ resides predomi-
nantly in nuclei of matrix keratinocytes, whereas 
in women, the receptor resides in the fi broblasts 
of the dermal papilla of anagen hair follicles and 
in the bulge region of the outer root sheath, the 
site of stem cells involved in hair renewal. Hence, 
in women, estrogen receptor activation occurs at 
the target sites for hair growth. In addition, estra-
diol treatment diminishes the amount of DHT 
formed from testosterone in the epithelial part of 
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the hair follicle of women. Estradiol induces aro-
matase activity at this site, which converts testos-
terone and androstenedione to estrogens [ 148 ] 
and limits androgenic effects. Aromatase is found 
in the outer root sheath of anagen hair follicles 
and sebaceous glands, but rarely in telogen hair 
follicles [ 58 ].  

11.4.8     Wound Healing 

 Aged skin is more fragile. One of the most strik-
ing structural changes in aging skin is the fl atten-
ing of the dermoepidermal junction, which 
reduces the connecting surface area between the 
two layers and makes the skin more vulnerable to 
shear forces [ 106 ]. Repair of injury is also 
affected by age. Epidermal turnover slows by 
30–50 % between the third and eighth decades, 
and the capacity for re-epithelialization (wound 
healing) declines [ 107 ]. In the aged, wound heal-
ing is slower to start and slower to proceed. 
Moreover, the tensile strength of healing wounds 
decreases after age 70; for example, the risk of 
postoperative wound reopening increases dra-
matically in people over 80 compared to those in 
their 30s [ 87 ]. 

 Men have slower rates of wound healing at all 
ages than women, and being an older man is a 
signifi cant risk factor for impaired healing [ 151 , 
 152 ]. For example, men exhibit impaired healing 
of chronic venous leg ulcers relative to women 
[ 153 ]; women have survival advantages in 
response to trauma, and their mortality following 
sepsis is 26 % compared to 70 % for men [ 154 ]. 

 A shift in the balance of circulating estrogens 
and androgens and gender differences in the 
response to the hormones contribute to delayed 
wound healing in older adults. Wound-edge kera-
tinocytes, infi ltrating infl ammatory cells, and der-
mal fi broblasts express AR [ 155 ]. Androgens 
depress wound healing by increasing local infl am-
mation and promoting excessive proteolysis 
(reviewed in [ 108 ]). Under the infl uence of andro-
gens, the infl ammatory response does not resolve 
effi ciently, and restorative matrix accumulation is 
delayed. Secondly, circulating androgens stimu-
late matrix degradation. In animal models, for 

example, castration reduces the levels of matrix 
metalloproteinases in wounds, thereby reducing 
matrix degradation and enabling the deposition of 
type I collagen and fi bronectin to rise [ 156 ]. This 
process may be signifi cant to impaired wound 
healing in the elderly, as the activity of matrix 
metalloproteinases in wounds is higher in older 
people of both sexes than in younger adults [ 69 ]. 
Older adults also display defective induction of 
tissue inhibitors of metalloproteinases (TIMP-1 
and TIMP-2) that promote healing. DHT inhibits 
wound closure by retarding the migration of epi-
dermal keratinocytes [ 157 ]. 

 By contrast, estrogens are critical promoters 
of wound healing. Recent studies using a 
microarray- based approach revealed that differ-
ences in gene expression in wounds of both older 
men and younger people are almost exclusively 
estrogen-regulated [ 158 ]. A total of 83 % of 
downregulated probe sets and 80 % of upregu-
lated probe sets in wounds were estrogen- 
regulated. These fi ndings implicate estrogen as 
central to the wound healing process. 

 Estrogens both inhibit infl ammation and pro-
mote deposition of matrix components. Topical 
estrogen treatment reduces neutrophil infi ltration, 
increases the accumulation of type I collagen and 
fi bronectin, decreases fi bronectin degradation, 
and increases wound strength in both sexes [ 151 ]. 
Estrogen has a mitogenic effect on keratinocytes, 
increasing the rate of re- epithelialization of 
wounds [ 159 ]. In vitro, estradiol promotes angio-
genesis of endothelial cell monolayers [ 160 ]. In 
postmenopausal women with impaired wound 
healing, estrogen treatment accelerates re-epithe-
lialization and increases local collagen deposition 
[ 159 ]. In elderly men, however, the response to 
estrogen is lower than in women. 

 In animal models, some of the anti- 
infl ammatory action of estrogens is mediated 
through the regulation of macrophage activation. 
After ovariectomy, which depletes circulating 
ovarian hormones, macrophages were activated 
in a classical manner, promoting infl ammation; 
however, estrogen or progesterone supplementa-
tion shunted macrophage activation through an 
alternative pathway, driving wound repair, angio-
genesis, and remodeling [ 161 ]. 
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 The multifunctional cytokine macrophage 
inhibitory factor (MIF) is a candidate proin-
fl ammatory cytokine involved in hormonal reg-
ulation of wound healing. MIF is expressed 
during wound healing by infi ltrating neutro-
phils, endothelial cells, and the proliferating 
epidermis. Estrogen regulates the expression of 
MIF. MIF expression is markedly higher in 
wounds of estrogen-defi cient mice, but in mice 
lacking the MIF gene, the wound infl ammation 
associated with estrogen defi ciency is reversed 
[ 162 ]. In postmenopausal women, systemic and 
wound production of MIF increases but is nor-
malized by topical estrogen treatment or sys-
temic HRT [ 163 ]. 

 Recent evidence from mice with specifi c 
genetic deletions indicates that estrogen promotes 
wound healing in the skin through ERβ but not 
ERα. Estrogen treatment actually delayed wound 
healing in mice defi cient in ERβ in the skin [ 164 ]. 
However, estrogen agonists to both ERβ and ERα 
were anti-infl ammatory during skin repair. This 
indicates that the anti- infl ammatory effects of 
estrogens are decoupled from the effects on over-
all re-epithelialization. 

 DHEA also infl uences wound repair. Systemic 
DHEA protects against chronic venous ulcers in 
older adults of both sexes compared to age- 
matched controls [ 110 ]. Exogenous DHEA also 
improved wound healing in aged mice [ 110 ]. In 
ovariectomized mice, subcutaneous DHEA 
restored the rate of wound healing, likely through 
local conversion to estrogens [ 110 ].   

11.5     Summary 

 The sex steroids are intricately involved in support-
ing skin structure and function. The serum concen-
trations of the sex steroids differ in men and women 
and are affected differently by age in each sex. The 
concentration of the sex hormone precursors, 
DHEA and DHEAS, decline dramatically with age 
in both sexes, but more so in women. The pro-
nounced decline in women is signifi cant, as DHEA 
is the predominant, if not sole, source of androgen 
and estrogen synthesis following menopause. In 
men, serum concentrations of testosterone decline 

slowly with age, but remain higher in older men 
than in postmenopausal women. Similarly, levels 
of the highly potent androgen DHT are higher in 
older men than in women. Aging does not signifi -
cantly affect estradiol levels in men, but following 
menopause, circulating levels of estradiol drop to 
miniscule levels: hence, estrone, the weaker estro-
gen formed from DHEA in peripheral tissue, 
becomes the sole source of estrogens in postmeno-
pausal women. 

 These profi les impact gender differences in 
aging skin. Although both androgens and estro-
gens promote collagen deposition, the marked 
estradiol defi ciency in postmenopausal women 
results in thinner, drier skin with a lower collagen 
content and reduced elasticity. By contrast, 
wound healing is compromised to a greater 
degree in older men than in older women, placing 
older men at greater risk of skin injury. This 
excess risk could be a consequence of the higher 
concentration of circulating androgens in older 
men than in women. Sebum production, which is 
affected by the interplay of growth factors and 
the sex steroids, changes minimally with age in 
men and only gradually in women. Senile seba-
ceous gland hypertrophy is a compensatory 
mechanism against the decrease in sebum secre-
tion with age [ 139 ]. 

 The formation and action of the sex steroids 
within the skin is also important. Local differ-
ences in the synthesis and receptor-mediated 
action of androgens and estrogens infl uence their 
effects on sweat glands and hair follicles. Sweat 
glands are androgen targets: they express 
5α-reductase (which converts testosterone to 
DHT) and AR, through which these hormones 
act. Hence, although the sweat response declines 
with age overall, evidence exists that men sweat 
to a greater degree than women at all ages. 

 Hair follicles are targets of action of both 
androgens and estrogens. DHT causes hair folli-
cles of genetically susceptible men to miniaturize 
and reduces the number of follicles in the growth 
phase, leading to male-pattern baldness (andro-
genetic alopecia). In women, the impact of DHT 
is limited because their scalp hair follicles express 
lower levels of 5α-reductase and AR and higher 
levels of aromatase, which converts testosterone 
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to estrogen. Estrogen promotes hair growth 
through action on the ERβ receptor, which is 
present at sites of hair renewal in the follicles of 
women but not of men. In short, declines in the 
circulating levels of sex steroids, changes in the 
relative levels of androgens and estrogens in 
older men and women, and the expression of key 
steroidogenic enzymes and receptors within the 
skin itself work in concert to infl uence the salient 
gender differences in aging skin.     
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12.1            Physiology of the Hair Follicle 

12.1.1     Embryology 

 The development of the hair follicle begins 
between the 8th and 12th week of gestation as 
dermal condensations of fetal skin which appear 
at regular intervals, initially in the eyebrows, 
chin, and upper lip. Subsequently, it is extended 
caudally and ventrally in waves. It appears that 
the stimulus which initiates and maintains the 
process in the fetus originates from within the 
mesenchymal tissue of the human dermis. This 
specialized mesenchyme also regulates the epi-
dermal placoid scales’ subsequent penetration in 
the dermis, causing the hair follicles to widen 
like a cord of epithelial cells, in an open angle 
with the epidermis. The eventual location of this 
specialized connective tissue is situated as a con-
densation below the deepest part of the epithelial 
invagination, resulting in the dermal papilla of 
the hair bulb (Fig.  12.1 ). The follicles do not 
form in the absence of mesenchymal infl uence. 
The erector muscle of the follicle originates inde-
pendently of the hair follicle [ 1 ].

   During the second quarter, the peripheral epi-
thelial cells are separated from the central epithe-
lial cells in the hair bulb, thus forming the outer 
root sheath. The centrally located cells are situ-
ated above the dermal papilla and are later dif-
ferentiated in the inner root sheath and in the hair 
shaft with its cuticle, cortex, and medulla. All 
hair follicles are formed during the period of 
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embryonic life, and in humans additional folli-
cles are not formed after birth. The maximum 
density of hair follicles on the scalp is found in 
newborns and gradually decreases with age until 
adulthood [ 2 ]. There are two types of hair: (1) the 
vellus, a thin and light hair that after birth replaces 
the fetal or lanugo hair, and (2) the terminal hair, 
thicker and pigmented hair that includes the 
scalp, face, eyelids, trunk, armpits, groin, and 
extremities [ 3 ]. 

 The melanocytes are the cells responsible for 
the pigmentation of the hair and are embryologi-
cally derived from a germinal population of 
melanoblasts originating from within the neural 
crest cells, shortly after neural tube closure [ 4 ]. 
The melanoblasts migrate from the neural crest 
stem, following a dorsolateral path between the 
dermatome of the somites and the ectoderm, to 
their destination in the basal layer of the epider-
mis or the hair follicle [ 5 ]. Other melanocytes, 
which are derived from the neural crest, migrate 
to areas around the eye and the  stria vascularis  in 
the inner ear. A cell subpopulation differs from 
the neuroectoderm in situ to become the retinal 
pigment epithelium. In addition, some melano-
cytes migrate to the leptomeninges and the 
mucosa (Fig.  12.2 ).

12.1.2        Anatomy 

 Schematically, the hair follicle is divided into two 
segments (Fig.  12.3 ): the upper segment, which 
is a permanent part of the follicle and extends 
from the insertion point of the arrector pili mus-
cle of the follicle up to the skin surface. The 
upper segment is comprised of two subdivisions: 
the isthmus, which comes from the insertion 
point of the arrector pili muscle up to the opening 
of the sebaceous gland in the hair follicle, and the 
infundibulum, which extends from the opening 
of the sebaceous gland to the skin surface. The 
opening of the infundibulum on the skin surface 
is called the follicular ostium or acrotrichum [ 6 ].

   The part of the hair follicle between the inser-
tion point of the arrector pili muscle to the base of 
the bulb is called the inferior segment or transient 
follicle and as is the case in the upper segment is 
divided into two parts: (1) a stem that extends 
from the insertion point of the arrector pili mus-
cle to the Adamson’s fringe (the transition region 
between the “fully cornifi ed” cells, i.e., dead 
cells, which constitute the hair shaft, and (2) the 
bulb, which corresponds to the region of 
Adamson’s fringe, up to the base of the follicle. 
The bulb base, shaped as a “cup,” contains the 

Dermal
condensate

Arrector pili muscle

Hair bulb (epithelium)

Dermal papilla
(mesenchyme)

Lanugo hair

Epidermis

Sebaceous gland

Isthmus

Bulge

Apocrine gland

Dermis

Subcutis

  Fig. 12.1    Fetal development of the hair follicle       
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matrix and involves the dermal papilla. The der-
mal papilla is the only part of the lower segment 
that is not transitory. It is in the lower or transient 
segment that the basic physiology of the hair 
occurs, i.e., the biological cycle of the hair folli-
cle [ 6 ].   

12.2     Growth Cycle 

 In humans, hair loss occurs in a continuous and 
asynchronous manner, due to the interaction of 
numerous growth factors, including cytokines, 
hormones, neurotransmitters, and their receptors. 
The hair cycling affects the terminal follicles and 
the vellus hair, drastically modifying the mor-
phology of the lower segment of the follicle, in 
addition to connective tissue, blood vessels, 
nerves, and the cell populations connected with 
the hair follicle [ 7 ]. The hair cycle is divided into 
three phases (Fig.  12.4 ):

12.2.1       Growth (Anagen) 

 It is the longest phase of active growth, enduring 
from 2 to 7 years, and which may result in hair 12 
to 80 cm long. This phase is divided into six 
phases – I to VI. Its duration varies from one area 
to another on the body and is the most important 
determining factor to defi ne the length of the hair. 
This process may continue for several years in 
the scalp and only endures a few weeks in the 
hair follicles of the extremities [ 1 ]. The hair bulb 
of the follicles in the anagen phase presents an 
abundant production of melanin and an intense 
mitotic activity that may result in stem growth of 
about 1 cm per month or 0.35 mm per day. The 
hairs, which grow more rapidly in humans, are 
those found in the follicles of the chin, about 
0.38 mm/day [ 8 ]. About 80–100 % of the hair 
follicles are in the anagen phase. Due to the fact 
that intense mitotic activity occurs during this 
phase, the DNA and melanin synthesis is the 
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phase which is most susceptible to hormonal 
changes, medications, and toxics in general. It is 
the only phase during which hair pigmentation 
occurs as a result of the internalization of bulbar 
melanocytes, keratinocytes, and fi broblasts of the 
dermal papilla [ 1 ].  

12.2.2     Cessation (Catagen) 

 During this phase, the inferior segment of the fol-
licle regresses sharply due to massive  apoptosis 

of the follicular epithelium, with a remark-
able reduction of it in size. This is the shortest 
phase in the hair cycle and lasts only 2–3 weeks. 
Consequently, only between 1 and 2 % of fol-
licles develop in this phase and follicles may 
therefore rarely be encountered in biopsies of 
the scalp. A horizontal cut of this hair is char-
acterized by oval- or round-shaped hair fol-
licles, abundant apoptosis, and an absence of 
mitotic activity and melanin pigment production. 
Forced traction induces the catagen phase. The 
best time to perform biopsies in order to observe 
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this  phenomenon is when biopsies are performed 
2–3 months after the occurrence of a traumatic 
event [ 1 ].  

12.2.3     Rest (Telogen) 

 This phase lasts for about 100 days. Between 10 
and 20 % of all hair grow during this phase. On 
the scalp, about 100 hair follicles in the telogen 
phase are lost per day. Follicles on the chest and 
extremities have a more frequent and lasting telo-
gen phase than the hair follicles of the scalp. This 
phase is the fi nal phase of involution of the infe-
rior segment of the hair follicle. Development 
during this phase consists of two other stages that 
represent the fi nal components of the telogen 
phase and that may not be easily detected in rou-
tine histological studies:
    1.     Exogenous  ( Teloptose ): hair loss without trac-

tion occurs spontaneously each day (approxi-
mately 100).   

   2.     Xenogenous : the time interval after the exog-
enous stage in which the hair follicle remains 
empty before a new follicle in the anagen 
phase starts to grow. The frequency and the 
duration of loss of hair follicles during this 
phase increase in women and men with andro-
genetic alopecia [ 1 ].    

12.3        Physiology of Aging 

12.3.1     Changes in Scalp Hair 
Caused by Aging 

 According to Accursio [ 34 ], the hair aging process 
includes canities (loss of hair color) and a reduc-
tion in the number of hair follicles. Remaining 
hair is smaller in diameter and grows slower. The 
resulting baldness is primarily androgenetic [ 9 ]. 
The rate of hair growth varies during human aging. 

 The onset and progression of hair whitening 
strongly correlate with chronological age and 
occurs in various degrees in all individuals, regard-
less of gender and race. The age of onset is geneti-
cally inheritable and controllable. Thus, the age 
range for Caucasians is, on average, around 30; for 
Asians after 30; and for Africans, on average, at 
40. In fact, premature graying only occurs before 
the age of 20 in Caucasians, before the age of 25 in 
Asians, and before the age of 30 in Africans [ 10 ]. 

 The darker the hair, the earlier it may turn gray. 
Scalp hair fi rst turns gray at the temples, spreading 
to the vertex and subsequently across the head. The 
occipital region is the last to be affected [ 11 ]. The 
epidermal melanocyte units become less stable and 
reduce by 10–20 % in its pigment production by the 
epidermal melanocytes (whether in sun-exposed 
skin or not) in each decade after the age of 30. 

Anagen AnagenCatagen Telogen

Hair follicle cycling
  Fig. 12.4    Hair follicle 
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 The bulb melanocytes on the scalp engage in 
greater activity during the years of youth when 
the follicular melanin unit only experiences aging 
during a few of its growth cycles [ 13 ]. There is 
empirical evidence to suggest that the capacity of 
the reservoir of stem cells in the hair follicle may 
be limited in adults. Repeated removal of the 
vibrissae of mice possibly caused in an increase 
of gray hair [ 14 ]. 

 Follicular melanocytes differ from epidermal 
melanocytes by their larger size and longer den-
drites and only relate to four to fi ve keratinocytes, 
as opposed to 36–40 in the case of epidermal 
melanocytes [ 15 ]. Just as the close correlation 
between keratinocytes and melanocytes in the 
epidermal melanin units of the skin, the likeli-
hood exists that the hair bulb melanocytes in 
the follicular melanin unit also infl uence their 
neighboring pre-cortical keratinocytes in many 
ways [ 12 ]. For example, the transfer of melanin 
to the keratinocytes appears to reduce potential 
of late proliferation and may actually stimulate 
their differentiation. This suspended prolifera-
tion interrupted modulation of keratinocytes, 
in association with melanin, appears to cause a 
slight increase in gray and white hair follicles. 
In fact, white facial hair appears to grow faster 
than the adjacent hair with color in vivo [ 16 ]. 
Furthermore, white hair follicles display a high 
degree of elongation of the hair fi ber in vitro 
compared to pigmented hair follicles [ 17 ].  

12.3.2     Canities 

 Canities (hair color loss) results from a marked 
reduction in the melanogenic activity of melano-
cytes in the hair bulb of hair follicles in the ana-
gen phase. The depigmented follicles emerge on 
the skin surface already as white hair (Fig.  12.5 ). 
“Gray” hair may only be illusory, and in many 
cases the appearance of gray stems from the mix-
ture of white and pigmented hair. However, gray 
follicles can also affect individual hair follicles 
during a short growth stage in anagen phase VI, 
during which a gradual loss of pigmentation 
along the stem occurs. In these true gray hair fol-
licles, melanin granules can quickly be detected 
within the pre-cortex and capillary fi ber [ 11 ]. 
These gray follicles display a reduced but detect-
able dopamine oxidation reaction (an indication 
of the tyrosinase activity), whereas white hair 
bulbs appear greatly reduced [ 18 ].

   The extremely low turnover of melanocytes 
in the epidermis (even after sun exposure) may 
indicate that the epidermal melanocytes are 
cells that live a relatively long life. This may be 
a result of the high concentration of Bcl-2 (anti-
apoptotic protein) in epidermal melanocytes, 
which may allow these cells to survive exoge-
nous aggressions, including the infl uence of 
reactive oxygen species (ROS) and the endog-
enous oxidative stress generated during the 
actual melanogenesis [ 19 ]. In instances where 

a b  Fig. 12.5    ( a ) Macroscopic 
view of graying of the 
scalp showing admixture of 
 white ,  gray , and pigmented 
hair in a woman. ( b ) Total 
depigmented hair (canities) 
in a man (Reprinted with 
permission from Tobin [ 11 ]. 
© 2008 The Author.  Journal 
compilation . © 2008 Society 
of Cosmetic Scientists and 
the Société Française de 
Cosmétologie)       
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this protein is defi cient, loss of melanocytes is 
accelerated through apoptosis when the follicle 
enters the telogen phase. 

 There appears to be a loss of dopamine- 
positive melanocytes with the onset of age across 
the body surface, not only on the skin (epidermis 
and hair follicles) but also on the nevi and eyes. 
However, this pigment reduction is gradual in the 
epidermis and more dramatic in the hair follicle. 
Under these conditions, different subpopulations 
of melanocytes are regulated by different mela-
nogenic clocks. The dominant factor appears to 
be hereditary and many canities seem to be inher-
ited in an autosomal dominant pattern; this would 
explain all blood relatives who have gray hair at 
an early age [ 20 ]. 

 The replicative potential loss of melanocytes 
in vitro is not only associated with increased age 
of the donor but also with the extensive manipu-
lation of melanin within the cell [ 21 ]. The loss of 
proliferative capacity in hyperpigmented cells 
appears to result from its inability to activate the 
mitogen-activated protein (MAP) kinase that is 
required for proliferation [ 22 ]. Upon reaching 
senescence, melanocytes also express increased 
levels of inhibitors of cyclin-dependent kinases, 
which inhibit the cell cycle [ 23 ]. 

 Bath et al. [ 38 ] demonstrated in an epidemi-
ological study on premature graying, in which 
serum levels of iron, ferritin, the total capacity 
of iron binding (TIBC), vitamin D3, calcium, 
and vitamin B12 were measured, that levels of 
ferritin, calcium, and vitamin D3 were found to 
be lower in said case studies, compared with 
controlled groups. While analyzing the level of 
vitamin D3, there were a statistically signifi cant 
number of patients with defi ciency (45.7 % vs. 
20 %) and failure (54.3 % vs. 45.7 %), com-
pared with controlled groups. In this study, 
there were no signifi cant differences between 
patients and controlled group individuals in 
relation to hemoglobin, TIBC, iron serum, and 
vitamin B12. 

 The accumulation of oxidative damage is an 
important factor in order to determine the rate of 
aging, although it is unclear whether or not it is 
the primary cause. The ROS causes damage to 

the DNA structure and this may lead to an 
 accumulation of mutations which may induce the 
oxidative stress and thereby activate antioxidant 
mechanisms. It is likely that these mechanisms 
within the melanocytes of hair follicles become 
impaired with age [ 24 ]. 

 Kauser et al. illustrated that it is possible to 
successfully transfer the phenotype of melano-
cytes present in aged hair follicles of the skin 
ex vivo to the culture of cells in vitro. It also sug-
gested that the expression/activity of catalase is 
an important effector of senile melanocyte 
responses. The data collected support the theory 
that the susceptibility of these melanocytes to 
oxidative stress over time can be a major factor in 
the loss of hair pigment, the overall reduction in 
follicle melanocytes, and ultimately the increase 
in number of white hair [ 37 ]. 

 Research conducted by Arck et al. [ 17 ] sug-
gests that the melanin unit of aged hair follicles 
is, in fact, related to the increased apoptosis lev-
els of melanocytes and oxidative stress. This 
research also demonstrated that the common 
deletion in mitochondrial DNA (associated with 
oxidative stress) occurred more prominently in 
graying hair follicles compared to those with nor-
mal pigmentation. 

 The involvement of reactive oxygen species in 
the histopathology of canities is confi rmed by 
observing that the melanocytes in gray and white 
hair bulbs can be vacuolated. This is a common 
cellular response to increased oxidative stress. 
Similar cellular characteristics are also seen in 
melanocytes in vitiligo, where millimolar levels 
of the oxidant H 2 O 2  damage the epidermal mela-
nocytes [ 25 ]. 

 Wood et al. [ 36 ] demonstrated, through an 
in vivo study, the presence of concentrations of 
10 −3  M of H 2 O 2  in completely white and gray 
hair; however, in pigmented brown hair, H 2 O 2  
was not detected. Based on these fi ndings, they 
concluded that gray/white hair presents a massive 
concentration of H 2 O 2 , associated with the oxida-
tion of amino acid residues (methionine, trypto-
phan, and cysteine), mediated by H 2 O 2 , and 
demonstrated by the oxidation of the tyrosinase 
in spectrophotometry (Fig.  12.6 ).
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12.4         Androgenetic Alopecia 

12.4.1     Concept and Etiopathogenesis 

 Hair loss is a common genetic condition, caused 
by the action of circulating androgens. There is 
progressive loss and thinning of the hair, with 
clinical condition easily recognized by the ante-
rior and middle temporal recess of hair follicles 
on the scalp. The etiopathogenesis is multifacto-
rial, since it involves factors of genetic and hor-
monal nature [ 35 ]. 

 In relation to the genetic factor, androgenetic 
alopecia is caused by a single autosomal and 
dominant gene with reduced penetrance in 
females. It is considered a classic example of 
polygenic origin [ 26 ]. Hormone changes start at 
puberty, when androgens acting within the folli-
cles, genetically programmed and located in the 
frontoparietal region, lead to the transformation 
of the miniaturized terminal. Consequently, the 
hair is biologically modifi ed, with a progressive 
decrease in the time of the anagen phase after 
several cycles [ 27 ]. 

 The hormonal factor manifests in places 
where the pilosebaceous androgen-dependent 
unit (hair follicle and sebaceous gland) has spe-

cifi c receptors. In men, testosterone is the andro-
gen in higher concentration. It is secreted by the 
testicles and adrenal glands and metabolized by 
the 5-alpha-reductase in the liver, skin, prostate 
gland, and scalp to dihydrotestosterone (DHT). 
In women, the androstenedione is the principal 
androgen. It precedes the production of testoster-
one [ 28 ]. 

 The etiopathogenesis of androgenetic alopecia 
has the following sequence: the hair contains 
5-alpha-reductase type II, which acts on the 
peripheral conversion of free testosterone into 
DHT in genetically predisposed men, leading to 
baldness. Thus, the bald area has increased 
amounts of DHT and the miniaturization and/or 
reduction of hair follicles. Hence, men with 
genetic defi ciency of 5-alpha-reductase type II do 
not present androgenetic alopecia [ 27 ]. 

 Inside the hair follicle cells, testosterone and 
androstenedione can suffer the action of an 
enzyme aromatase cytochrome P450, which 
transforms the follicles into estradiol. It is through 
the functioning of this mechanism that the 
amount of testosterone and intracellular DHT 
decreases, leading to the protection of the follicle 
and no predisposition to baldness [ 29 ]. In men, 
hair follicles located in the frontal region have 
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  Fig. 12.6    H 2 O 2  prevents 
Met-S=O repair in tyrosi-
nase. Evidence that tyrosi-
nase activity is interrupted 
as a result of oxidation of 
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the enzyme active site by 
these ROS. The result-
ing Met-S_O cannot be 
repaired because methio-
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are also deactivated by 
H 2 O 2 , as evidenced by low 
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hair follicle extracts, or 
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protein levels. The same 
scenario applies to catalase. 
Combined, a shift in the 
H 2 O 2  redox balance can 
signifi cantly alter melano-
genesis in the human hair 
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half the amount of aromatase in relation to the 
occipital region. The opposite scenario is found 
in women, who have six times more aromatase in 
the frontal region than men with androgenetic 
alopecia. This high level of aromatase results in 
an increased conversion of testosterone to estra-
diol and estrone, and consequently, the conver-
sion of testosterone into DHT reduces [ 30 ]. 

 In light of the above, women with androge-
netic alopecia maintain a frontal line with thin-
ning, but not receding hair. It is likely that these 
differences determine the typical patterns of 
baldness in men and women. The androgenetic 
alopecia in women, due to cutaneous hyperan-
drogenism, may appear as a result of the follow-
ing hormonal factors, whether isolated or 
combined with each other: increased glandular 
secretion of androgens by the ovaries, adrenals, 
or both; changes in blood levels of sex hormone- 
binding globulin (SHBG); greater peripheral sen-
sitivity of androgen receptors of the pilosebaceous 
units; and increased conversion of free testoster-
one to DHT in the tissues by raising the rate of 
5-alpha-reductase [ 27 ].  

12.4.2     Diagnosis 

 Androgenetic alopecia can be divided into two 
types: androgenetic alopecia in men or male pat-
tern baldness and androgenetic alopecia in 
women or female pattern baldness. 

12.4.2.1     Androgenetic Alopecia 
in Men: Classifi cation 

 This is also called Hippocratic or classic pattern. 
The progression and various patterns of hair loss 
are classifi ed by the system of classifi cation of 
male pattern baldness named Hamilton-Norwood, 
in eight types of progression (Fig.  12.7 ).

   The frontotemporal triangular retraction nor-
mally occurs in most young men (type I) and in 
women after puberty. The fi rst sign that a person 
is becoming bald is the increasing frontotempo-
ral retraction, accompanied by a retraction of the 
frontal medial portion (type II). This is followed 
by hair loss in the round area of the vertex, fol-
lowed by a decrease in hair density, sometimes 
rapidly, over the top of the scalp (types III to 
VII) [ 31 ]. 

 In cases of androgenetic alopecia in men, 
there is no need for laboratory tests, unless there 
is suspicion of systemic disease, such as ane-
mia, hypothyroidism, and other collagen dis-
eases. Serum levels of androgens in bald men 
remain equal to those of men who are not bald, 
reinforcing the theory that the pathophysiologi-
cal mechanism of this change is peripheral and 
genetic [ 27 ].  

12.4.2.2     Female Pattern Hair Loss: 
Classifi cation 

 Ludwig in 1977 classifi ed this pattern noticeable 
by virtue of the progressive thinning of hair in the 
central area of the scalp, without retraction of the 
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  Fig. 12.7    Hamilton-Norwood classifi cation of male pattern baldness       
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implant line in the frontal region. There are three 
types of evolution: Type I, mild form with thin-
ning of the middle portion; Type II, moderate; 
and Type III, severe (Fig.  12.8 ) [ 27 ].

   Androgens only lead to female baldness – both 
in menopausal women and women in gestational 
age – if they present strong genetic predisposition. 
In those women with fewer genetic traits, hair loss 
will only occur when androgen production is 
increased or when drugs with androgenic activity 
are taken, as is the case of some anovulatory con-
taining progestogen [ 27 ].   

12.4.3     Treatment 

 The main objective is to reverse and/or stabilize 
the process of miniaturization. In hormonal 
terms, the goal is to reduce androgen activity in 
the follicles; to block the conversion of testoster-
one into DHT, with 5-alpha-reductase inhibitor; 
and to block the androgen receptor protein or 
transform androgens into estrogens. 

 The strategy for the treatment of men androge-
netic alopecia is based on the following aspects: 
(1) presence of miniaturized hair, (2) extent of 
hair loss, and (3) patient’s preference for topical 
or systemic drug. As for surgery, age, willing-
ness, and fi nancial cost have to be considered. 

 For men with mild to moderate loss, according 
to Norwood-Hamilton types II to V (see 

Fig.  12.7 ), the therapeutic option includes a solu-
tion of 2–5 % minoxidil or oral fi nasteride of 
1 mg/day. These can be used individually or com-
bined for at least 1 year. At the end of this period, 
if the hair loss stabilizes or improves, this therapy 
should be maintained indefi nitely. If there is no 
response, and for patients with severe or nearly 
complete loss, the options are scarce and may 
include hair transplant, the implant of expanders, 
or the use of hairpieces. Whether or not the 
patient chooses a treatment, protection of the 
scalp against solar radiation due to carcinogenic 
effects should be indicated [ 27 ]. 

 For women with female pattern hair loss, the 
strategy depends on the presence of miniaturized 
hair and its density. For those women with type I 
to II (Ludwig classifi cation) female pattern hair 
loss, a 2 or 5 % minoxidil solution should be used 
for at least 1 year. At the end of this period, if the 
hair loss is not stable, androgenic blockers should 
be administered, such as spironolactone, cyprot-
erone acetate, or fi nasteride. If the occipital region 
is a good donor area, a hair transplant could be 
an option. Should the patient present a type III 
female pattern hair loss, the topical and/or sys-
temic therapy will be ineffective and may require 
an evaluation for purposes of a transplant [ 27 ]. 

 In female pattern hair loss, there is ongoing 
discussion about the possible associations with 
hormonal disturbances in the pathophysiology of 
the disease; however, there is yet no consensus on 

  Fig. 12.8    Ludwig pattern. Evolution of female androgenetic alopecia (Reprinted with permission from Ludwig [ 39 ]. 
Copyright © 2006, John Wiley and Sons)       
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this. Notwithstanding the aforesaid, it would still 
be advisable to run laboratory and imaging tests, 
especially in young patients with an advanced 
degree of androgenetic alopecia. 

 Recent advances have shown that caffeine 
has benefi cial effects on patients with andro-
genetic alopecia. The proposed mechanism for 
this would be the phosphodiesterase inhibition 
through caffeine, which increases the serum lev-
els of cyclic adenosine monophosphate (cAMP) 
and subsequently promotes the proliferation by 
stimulation of the cell metabolism [ 32 ]. Recent 
studies analyzing the follicular penetration of 
caffeine in topical hair follicles showed that the 
follicles can be a quick route of drug delivery for 
topical drugs [ 33 ].      
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13.1            Normal Nail Biology 

13.1.1     Anatomy 

 The formation process of the nail apparatus starts 
in the ninth week of pregnancy. The human nail 
comprises a corneum product, the nail plate, and 
four specialized tissues, namely, the proximal 
nail fold, the matrix, the nail bed, and the 
hyponychium. 

 The nail plate is the result of maturation and 
keratinization of the epithelium of the nail matrix 
and consists of keratinized cells, without a core 
and closely bonded, providing its hard and trans-
lucent characteristic. A nail’s pink color is ascrib-
able to the transparent display of a vascularized 
nail bed. The physical characteristics of the nail 
plate and its growth depends on the conditions of 
the nail matrix and its surrounding tissues, 
including the distal phalanx, which provides 
shape to the nail and in pathological conditions, 
may lead to nail abnormalities. 

 The cuticle, formed by the stratum corneum of 
the proximal nail fold, is closely adhered/attached 
to the surface of the nail and is responsible for 
protecting the nail matrix against the penetration 
of harmful environmental agents. 

 The nail matrix is divided into the proximal 
part, the portion that produces the dorsal nail 
plate (top two thirds of the nail plate), and the 
distal part, which is responsible for producing the 
ventral nail plate (bottom third of the nail plate). 
In some fi ngernails, it is possible to see a whitish 
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crescent-shaped base in the proximal part of the 
nail plate, known as the lunula (“small moon”), 
which corresponds to the distal matrix that is not 
covered by the proximal nail fold. 

 The matrix also contains quiescent melano-
cytes which, in some pathological or physiologi-
cal conditions, can be activated to produce 
melanin, which it then transfers to the surround-
ing keratinocytes. The formation of melano-
nychia – the black or brown pigmentation of the 
normal nail plate – can be detected clinically, 
usually as a single longitudinal band or, less fre-
quently, as multiple bands or as covering the 
whole nail. 

 The nail bed extends from the distal margin of 
the lunula to the hyponychium and, due to the 
transparency of the nail plate, may appear fully 
visible. Its keratinization occurs without the for-
mation of the granular layer and contains a thin 
layer that is closely attached to the ventral por-
tion of the nail plate. 

 The hyponychium corresponds to the anatom-
ical area situated between the nail bed and the 
distal groove, within which the nail plate stands 
out from the underlying tissues. Its keratinization 
occurs with formation of the granular layer, dif-
ferent from that of the nail bed. It is usually cov-
ered by the nail plate, but in certain pathologies, 
such as in nail biting, it can become exposed 
(Fig.  13.1 ).

   The vascularity of the nail apparatus occurs 
through the digital arteries, which run along the 
sides of the fi ngers and give rise to branches that 

supply both the matrix and proximal nail fold, as 
the arcs that supply the matrix and the nail bed. 
Thus, the matrix features two different sources of 
irrigation. In the nail bed, glomus bodies are 
present which are encapsulated neurovascular 
structures containing one to four arteriovenous 
anastomoses and nerve endings. Their apparent 
role is to regulate the vascular supply to the digits 
at low temperatures. 

 The innervation of the nail apparatus occurs 
via sensory nerves originating from the dorsal 
branches of the digital nerves, which run along 
the digital blood vessels.  

13.1.2     Physiology 

 The nail plate is mainly composed of keratin (fi l-
amentous protein with low sulfur content), 
arranged in an amorphous matrix. Other compo-
nents are water, lipids, and trace elements (pri-
marily iron, zinc, and calcium). The keratins may 
be hard (80–90 % of the composition) or mild 
(10–20 %), and the percentage variation of their 
subtypes is what determines their characteristics, 
such as hardness and strength. The water content 
of the nail is variable, which is a characteristic 
that occurs as a result of the porosity of the nail. 
This means it can be hydrated and dehydrated. 
When the concentration falls below 16 %, the 
nails become brittle, and when higher than 30 %, 
the nail becomes opaque and fl exible. Lipids are 
responsible for less than 5 % of the composition 

cuticle

nail plate

nail bed

matrix

dorsal proximal nail fold

ventral proximal nail fold
hyponichium

distal phalanx

  Fig. 13.1    Nail’s anatomy 
(Publication authorized by 
Romiti et al. [ 30 ])       
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of the nail plate. They are under hormonal control 
and reduce after menopause [ 1 ,  2 ]. 

 The double curvature of the nail plate along the 
longitudinal and transverse axes increases its resis-
tance to stress mechanisms, especially mechanical 
stress. 

 The growth of the nail plate is continuous 
throughout life. On average, fi ngernails grow 
3 mm/month and toenails grow 1 mm/month. 
Therefore, it takes approximately 100–180 days 
for full replacement of a fi ngernail and 
12–18 months for the toenail. Due to this slow 
growth rate, diseases involving the nail matrix 
take a long time to heal and disappear [ 3 ]. 

 The growth rate depends on the mitotic activ-
ity of the cells of the nail matrix. The nail matrix 
undergoes changes in and during the course of its 
life cycle: it has its peak around the person’s 20s 
and 30s, with a dramatic decrease after the age of 
50 [ 3 ]. Physiological and pathological conditions 
can infl uence nail growth. Nails grow faster in 
certain circumstances like pregnancy, trauma, 
psoriasis, nail biting, and oral intake of retinoids 
and itraconazole. On the other hand, nails grow 
slower in certain instances such as vascular dis-
eases, malnutrition, peripheral neurological dis-
eases, and during chemotherapy [ 1 – 3 ].   

13.2     Changes with Aging 

 With aging, nails undergo changes in their normal 
characteristics which affect some factors such as 
growth rate, shape, color, and the composition of 
the nail plate, which changes occur in addition to 
an increase to their susceptibility to some diseases 
[ 4 ,  5 ]. The mechanisms leading to these changes 
are not yet fully understood, but are probably 
attributable to vascular dysfunction of the extrem-
ities and the effects of sun exposure [ 6 ]. 

 The growth rate of nails – which is typically 
3 mm/month for fi ngernails and 1 mm/month for 
toenails – falls by 0.5 % per year after the age of 
25. In men and women, the thickness of the nail 
plate in toenails and fi ngernails also tends to 
decrease [ 4 ,  5 ]. The composition of the nail is 
altered, displaying a decrease in iron and increase 
in calcium. These are the only confi rmed changes 

in nails resulting from the aging process [ 7 ]. The 
latter fi ndings are corroborated by a study that 
analyzed the improvement in the quality of nails 
during calcium replacement in postmenopausal 
women. However, no signifi cant difference in 
quality was detected when compared to the con-
trol group [ 8 ] (Table  13.1 ).

   Histologically, in the course of the aging pro-
cess, keratinocytes increase and more thickened 
blood vessels and degeneration of collagen tissue 
may be observed in the nail bed [ 9 ]. 

 The contour of senile nails changes. This is 
characterized by a reduced longitudinal curvature 
and an increased transversal convexity. In this 
age group, it is common to see nails becoming 
fl at and broad (platonychia), spoon shaped (koil-
onychia), or excessively curved (pincer nail 
deformity) [ 10 ,  11 ]. 

 The texture also undergoes changes with 
advanced age. It gradually loses its soft charac-
teristic and becomes more brittle, prone to crack-
ing, and superfi cial or deep longitudinal striations 
[ 9 ,  11 ]. 

 Aging of the nails is the most common cause 
of onychorrhexis (striations). Beau’s lines (deep 
grooved lines that run from side to side on the 
fi ngernail) (Fig.  13.2 ) and nail pitting are texture 
changes commonly observed in the elderly. Other 
changes may include trachyonychia (increased 
roughness), cracks, and splitting (delamination of 
the nail plate) [ 5 ].

   The nail color also undergoes some changes, 
the most common being a yellowish to grayish 

   Table 13.1    Physiological changes in nails, and its clini-
cal representations, in aging process   

 Nail 
physiology 

 Changes with 
aging 

 Composition  Keratin (hard or light)  Iron decrease 
 Water  Calcium 

increase  Lipids 
 Trace elements (iron, 
zinc, and calcium) 

 Growth  Fingernails, 3 mm/
month 

 A decrease of 
0.5 %/year 

 Toenails, 1 mm/month  Drastic reduction 
of nail cell 
mitosis after the 
age of 50 

 Maximum mitotic 
activity: person’s 20s 
and 30s 
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color, with a pale and opaque look. The lunula 
diminishes or disappears, without displaying any 
pathological characteristic [ 9 ]. 

 Other color changes usually associated with 
some diseases have recently been defi ned in the 
observation of non-pathological changes in nor-
mally aging nails. Among these changes, the fol-
lowing are worth highlighting:
•    Terry’s nails: nails with white color on the 

proximal half and pinkish color in the distal 
area. This change was fi rst described in the 
observation of cirrhotic patients, patients with 
congestive heart failure, and diabetic or mal-
nourished adults [ 12 ].  

•   Neapolitan nails: these nails are seen in 
approximately 20 % of the elderly over the age 
of 70. They are characterized by three bands of 
color, like Neapolitan ice cream; the proximal 
area is white, the center has a normal pinkish 
color, and the free distal edge is opaque. This 
change is defi ned and is associated with skin 
changes and osteoporosis as well as probable 
etiology related to collagen change [ 13 ].    
 Some other suggestive pathological changes 

of the nail resulting from the aging condition of 
the nail apparatus may be regarded as idiopathic. 
Among these changes are onycholysis (detach-
ment of the nail from the nail bed, starting from 
its distal and/or lateral attachment) (Fig.  13.3 ). 
This is very common in the elderly and may be 
idiopathic, secondary to trauma, or caused by 
decreased local circulation [ 5 ].

13.3        The Most Common Disorders 
in Aged Nails 

 Clinical nail disorders are listed in Table  13.2 . 
Those which are observed during aging process 
in elderly people are approached in the next 
paragraphs.

13.3.1       Brittle Nails 

 The hardness of the nail plate is determined by 
the concentration of water in its composition. 
The normal water level is approximately 18 %. 
Concentrations below 16 % may cause the nail 
plate to become brittle and above 25 % to become 
too fl exible [ 9 ]. Studies have shown that in indi-
viduals over the age of 60, fragile nails are more 
common. This is caused by trachyonychia 
(increased roughness and longitudinal fi ssures), 
onychoschizia (nail splitting, when the horizontal 
lamellar separates from the distal nail plate) 
(Fig.  13.4 ), and the irregularity of the free edge of 
the distal nail plate [ 4 ,  14 ,  15 ].

   The main causes of brittle nails are hypohy-
dration (which mainly occurs through regular 
household tasks with water), removal of cuticles, 
and use of agents that dehydrate the nail plate 
such as nail polish and nail polish removers. 

  Fig. 13.2    Beau’s lines (Publication authorized by Romiti 
et al. [ 31 ])       

  Fig. 13.3    Distal onycholysis (Image from Pontifi cia 
Universidade Catolica, Dermatology Department, 
Campinas, Brazil)       
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The most affected nails are those of the fi rst 
three fi ngers of the dominant hand [ 4 ,  14 ]. 

 Treatment starts with the removal of the trig-
gering factors and by adopting some local mea-
sures to hydrate the nail plate, cuticles, and the 
nail matrix, for instance, treatments involving 
immersion of the nails in warm water for 
10–20 min before applying urea, lactic acid, and 
mineral oils, preferably under occlusion [ 4 ]. 
The systemic treatment with biotin, iron, thia-
mine, cysteine, and PABA is also effective [ 4 , 
 16 ,  17 ]. In cases that may not be treatable by 
way of the aforesaid methods, weekly use of 
nail polish containing formaldehyde is recom-
mended [ 4 ].  

13.3.2     Onychodystrophy Caused 
by Biomechanical Defect 
and Trauma 

 Bone deformities in fi ngers or incompatible 
shoes, causing minor trauma, can lead to onycho-
dystrophy (malformation), such as subungual 

   Table 13.2    Morphological classifi cation of nail changes   

 Change in nail 
plate consistency 

 Onychoschizia: cracks in free edge and peeling of nail plate 
 Onychorrhexis: brittle, fragmented nails, with longitudinal cracks (grooves) 

 Change in nail 
plate thickness 

 Pachyonychia congenita: thickening of the nail plate 
 Onychogryphosis: thickening of the nail plate, elongated and curved nail (known as “ram’s horn 
nails”) 

 Change in nail 
plate curvature 

 Pachyonychia congenita 
 Onychogryphosis 
 Koilonychia: inversion of the nail, which becomes concave (spoon shaped) 
 Hippocratic nails (nail clubbing): watch-glass nails 
 Platonychia: fl at and broad nail 

 Change in nail 
plate surface 

 Onychorrhexis 
 Beau’s lines: grooved lines that run from side to side on the fi ngernail, resulting from the 
temporary interruption of nail matrix 
 Punctures or cupuliform depressions on nails (nail pitting): thimble-shaped nails 
 Median canaliform dystrophy of Heller: longitudinal splitting or canal formation in the midline 
of the nail. It begins in the proximal fold and progresses to the free edge as the matrix is affected 
 Nail scratching: bright nails as polished by friction from scratching 

 Change in the 
adhesion of the 
nail plate to the 
nail bed 

 Onycholysis: separation of the nail plate from the bed 
 Onychomadesis: shedding of the nails beginning at its proximal end 
 Subungual keratosis: accumulation of keratin in the nail bed, away from the nail plate 
 Nail pterygium: destruction of the nail matrix and nail bed with the formation of scars by the 
adhesion of the nail fold to the subungual epithelium 

  Fig. 13.4    Onychoschizia (fi rst fi nger) and onycholysis 
(third fi nger) (Publication authorized by Romiti et al. [ 31 ])       
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hyperkeratosis (Figs.  13.5  and  13.6 ), onychocryp-
tosis (ingrown nails), onycholysis, subungual 
hematoma, and thickening of the nail plate.

    Treatment should always be aimed toward 
correcting orthopedic errors, advice on wearing 
appropriate shoes and insoles, as well as proper 
foot care [ 4 ,  9 ].  

13.3.3     Infections and Infestations 

 Onychomycosis is a fungal infection of the nail, 
commonly detected at any age and which repre-
sents more than 50 % of diseases mentioned 

herein. Its prevalence increases with age, and 
about 40 % of the patients with onychomycosis 
are older than 60. The occurrence of this infection 
gradually increases as immune systems become 
weak, the likelihood of traumas higher, and foot 
care habits are barely employed due to the lower 
mobility present in this age group [ 18 ,  19 ]. 

 In 90 % of cases, onychomycosis is due to der-
matophytes (the  Trichophyton rubrum  accounts for 
71 % of onychomycosis), but may also be caused 
by other fungi and yeasts.  Candida albicans  is 
a common type of fungus of the latter group, 
accounting for 5 % of fungal infections [ 20 ]. 

 They are found in four different circum-
stances: distal subungual onychomycosis (the 
most common type), proximal subungual ony-
chomycosis, white superfi cial onychomycosis, 
and candidal onychomycosis [ 20 ,  21 ] (Fig.  13.7 ).

   The infection commonly begins through the 
invasion of the hyponychium and distal nail bed 
and is clinically detectable by a whitish opacifi -
cation and distal onycholysis. In response to the 
infection, the nail bed causes hyperproliferation, 
with nail dystrophy, and the fungus spreads 
toward the fl oor plate [ 20 – 22 ]. 

 Conversely, in proximal nail bed infections 
which are almost exclusively observed in HIV 
patients, there is a blank area near the lunula that 
extends distally. Thus, whenever proximal sub-
ungual onychomycosis is diagnosed, HIV tests 
should be run [ 20 – 22 ]. 

  Fig. 13.5    Subungual hyperkeratosis (Publication autho-
rized by Romiti et al. [ 31 ])       

  Fig. 13.6    Onychodystrophy by pustular psoriasis 
(Hallopeau’s acrodermatitis) (Publication authorized by 
Romiti et al. [ 31 ])       

  Fig. 13.7    Onychomycosis and  Pseudomonas  infection 
(Image from Pontifi cia Universidade Catolica, 
Dermatology Department, Campinas, Brazil)       
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 In the elderly, the toenails are most frequently 
affected. However, both fi ngernails and toenails 
can be affected simultaneously, more often the 
case than in other age groups [ 4 ]. 

 The defi nitive diagnosis of onychomycosis is 
of utmost importance, as it is responsible for only 
50 % of onychodystrophy. Laboratory tests 
should be performed before the start of oral anti-
fungal therapies. Some diagnostic methods avail-
able are direct mycological examinations with 
KOH, cultures, and biopsies. These methods may 
be applied separately or together. The method 
with the highest sensitivity (98.8 %) is the histo-
pathological analysis [ 20 – 23 ]. 

 The treatment usually involves topical or sys-
temic antifungal drugs and chemical or mechani-
cal debridement of the affected nail plate. The 
choice of the most appropriate therapy depends 
on many factors, such as cost, adverse effects, the 
interaction between the respective drugs, the 
number and extent of nails affected, the etiologic 
agent, comorbidities, and the continuous-use 
medications of the patient. 

 The chemical debridement – compound with 
40 % of urea – and the mechanical debridement 
are considered necessary ancillary treatments as 
these treatments decrease the amount of fungi in 
the nail plate, allow greater penetration of topical 
antifungal, and increase the bioavailability of 
systemic antifungal medications. Topically, the 
most widely used drugs are amorolfi ne and 
ciclopirox olamine, recommended for the treat-
ment of patients with minor problems and those 
with contraindications to systemic therapy. These 
drugs usually require longer treatment periods 
and more discipline [ 24 ]. For patients with 
restricted access to systemic treatments, a new 
laser treatment may be an alternative, which has 
provided good results, but still needs further stud-
ies [ 25 ]. 

 In systemic treatment, terbinafi ne has shown 
good results as a fungicidal against dermato-
phytes and non-dermatophytes and variable 
action against  Candida . It is the most effective 
therapy available, according to studies, and offers 
better results than those obtained with fl ucon-
azole and itraconazole, in addition to presenting 
lower drug interaction and negligible interaction 

with cytochrome P450, which is responsible for 
some hepatic reactions. The main side effects of 
terbinafi ne are gastrointestinal. Its association 
with topical antifungal drugs increases the curing 
rate [ 26 ]. 

 Paronychia is the term used to refer to the 
infl ammation/infection of the nail matrix and 
may be classifi ed as acute or chronic. Paronychia 
is an acute bacterial infection, particularly caused 
by  Staphylococcus aureus  or  Pseudomonas  sp., 
and is normally preceded by trauma. It is clini-
cally presented as an erythema with painful 
swelling of the periungual area, sometimes with 
pus and typically affecting only one nail. 
Treatment involves topical or systemic antibiot-
ics, preceded by signifi cant drainage, if the 
abscess is local [ 27 ]. 

 Chronic paronychia occurs after chemical or 
physical trauma that damages the cuticle and 
allows the penetration of irritants or allergens 
that cause an infl ammation of the proximal nail 
fold and nail matrix. It usually presents a second-
ary infection caused by  Candida  sp. or gram- 
negative bacteria ( Proteus  sp. or  Klebsiella  sp.) .  
Clinically, a discrete edema and erythema of the 
proximal and lateral folds may be observed, with 
no cuticle. The treatment is prolonged and 
requires keeping the nail and surrounding skin 
dry, without prolonged exposure to water. Topical 
antifungal, topical antiseptics (4 % thymol in 
alcohol), and topical or intralesional corticoste-
roids may be used, and in some cases, surgical 
excision of the hypertrophy of the proximal fold 
may be needed [ 27 ].  

13.3.4     Pachyonychia 

 Pachyonychia manifests itself as hyperkeratosis, 
yellowing, and loss of translucency of the nail 
plate, with or without subungual hyperkeratosis. 
An association and complication of pachyo-
nychia may occur with distal onycholysis, pain, 
subungual bleeding, and ulceration. In addition, 
pachyonychia may also increase the susceptibil-
ity to onychomycosis. The treatment consists of 
periodical, physical, or chemical debridement 
(40 % urea cream) [ 5 ,  6 ].  
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13.3.5     Onychocryptosis 

 Onychocryptosis occurs when part of the nail 
penetrates the adjacent side of the nail matrix due 
to the change of curvature of the nail plate, 
increased subcutaneous tissue, or hypertrophy of 
the lateral nail matrix. It clinically manifests itself 
as local infl ammatory signs, often with the forma-
tion of granulation tissue, pain, increased sensitiv-
ity, and possible secondary infections [ 4 ,  9 ]. 

 As a result of the decreased blood circulation 
and sensitivity in the elderly, secondary infec-
tions and gangrene are more commonly associ-
ated with onychocryptosis than in patients of 
other age groups [ 4 ,  9 ]. 

 The main causes of onychocryptosis are 
 incorrect nail clipping, unsuitable shoes with 
excessive pressure in the specifi c location, long fi n-
gers, and other deformities, including bone defor-
mities, hyperhidrosis, and poor foot hygiene [ 11 ]. 

 The treatment should target the acute symp-
toms, but also correct the causative factors that 
may be improved. Conservative treatment 
includes immersion in warm water and placing of 
cotton under the nail plate to attempt to correct its 
curvature. Treatments with topical or systemic 
antibiotics and curettage of granulomas may be 
adopted depending on clinical condition. In 
defi nitive treatments through surgical procedure, 
a partial avulsion of the affected side of the nail 
plate is performed, with subsequent matricec-
tomy with phenolization, the latter being an 
optional procedure, with better cosmetic results 
achieved only with the avulsion and correction of 
precipitating factors [ 11 ].  

13.3.6     Splinter Hemorrhages 
and Subungual Hematomas 

 Splinter hemorrhages may be secondary to sys-
temic diseases, such as fat embolism, collagen 
diseases, and endocarditis. They appear in a red-
dish color and at the proximal third of the nail, or 
when secondary to trauma, they may be black-
ened and at the middle and distal thirds of the nail 
bed. This is the most common form of splinter 
hemorrhage observed in the elderly [ 11 ]. 

 Subungual hematomas, which also have 
 post- traumatic etiology, are red and painful when 
in the initial process and may evolve to dark blue 
staining. They normally follow the growth of 
nails and are continuously removed from the 
proximal nail fold, until they reach the free edge 
of the nail. In acute injuries, in order to reduce the 
intralesional pressure and reduce the pain, drain-
age can be performed with delicate local punc-
ture. In cases of doubt or chronic evolution with 
no improvement, the diagnosis of melanomas 
should be removed [ 28 ].  

13.3.7     Neoplasms of the Nail 
Apparatus 

 The incidence of malignancies of the nail appara-
tus, such as Bowen’s disease and melanoma, 
tends to increase with advancing age and is usu-
ally encountered at higher incidences in the 
elderly [ 11 ]. 

 Bowen’s disease originates in the nail matrix 
and has multiple factors in its pathogenesis, includ-
ing trauma, arsenic, exposure to x-rays, and 
chronic paronychia and infection by human papil-
lomavirus (primarily HPVs 16, 34, and 35). It 
commonly affects the thumbs, and its presentation 
may vary. The most common is a hyperkeratotic 
ulcerated subungual or periungual lesion, associ-
ated with onycholysis and other less common 
manifestations such as striated melanonychia and 
erythronychia. The treatment of choice is the exci-
sion through Mohs micrographic surgery [ 29 ]. 

 The melanoma of the nail apparatus usually 
affects the Japanese and Africans and classically 
presents a longitudinal groove of melanonychia, 
especially in the big toe, thumb, or index fi nger. 
Hutchinson’s nail sign is characterized by a 
blackish pigmentation extension beyond the nail 
apparatus and represents the radial extension 
phase of the melanoma (Fig.  13.8 ). The early 
diagnosis increases the chances of cure. It is 
extremely important to consider this pathology in 
case of older patients with isolated striated mela-
nonychia (Fig.  13.9 ). Following histopathologi-
cal confi rmation, treatment must follow the 
melanoma protocol [ 29 ].
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        Vulvovaginal atrophy (VVA) is a chronic medical 
entity in both postmenopausal women and 
women during menopause transition secondary 
to decreased levels of circulating and consequent 
local vulvovaginal estrogen [ 1 – 3 ]. Atrophic vagi-
nitis is considered by some to represent a more 
advanced form of vaginal atrophy in which evi-
dence of vaginal infl ammation supervenes with 
accompanying additional signs and symptoms. 
Traditionally, however, many authors have used 
the terms vaginal atrophy and atrophic vaginitis 
interchangeably. 

 It is estimated that up to 20–60 % of post-
menopausal women experience symptoms of 
vaginal atrophy with 20–25 % of symptomatic 
women seeking medical treatment [ 2 ]. VVA and 
atrophic vaginitis are signifi cantly increased in 
women taking aromatase inhibitors and some 
selective estrogen receptor modulators (SERMs, 
e.g., tamoxifen, raloxifene) [ 4 ]. 

 The results of Women’s Health Initiative 
(WHI) led to a dramatic decline in routine use of 
estrogen as preventative therapy for a variety of 
host maladies in postmenopausal women. With 
estrogen elimination the incidence of VVA has 
markedly increased. 

14.1     Pathophysiology 

 Estrogen components infl uence vulvovagi-
nal physiology at several levels. The progres-
sive decline in levels of endogenous estrogens is 
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accompanied by a decrease in vaginal epithelial 
glycogen which serves as a major nutritional sub-
strate both for epithelial cells per se and for vagi-
nal microorganisms or fl ora (microbiota). Reduced 
glycogen substrate discourages the presence and 
population numbers of commensal protective 
bacteria, predominantly dominant  Lactobacillus  
species which profoundly infl uence vaginal 
microbial communities. Accordingly with time, 
 Lactobacillus  numbers decline progressively and 
with signifi cant consequences. Firstly decreased 
bacterial glycogenolysis results in decreased pro-
duction of several organic acids but predominantly 
lactic acid, and consequently vaginal pH is altered 
with a progressive increase in pH above the nor-
mal acidic range (3.8–4.5). The normal acidic 
environment which fosters the presence of protec-
tive acidophilic  Lactobacillus  species is also an 
adversarial barrier to organisms originating from 
the neighboring gastrointestinal tract, specifi cally 
coliform bacteria. Accordingly, declining serum 
and local estrogen concentrations directly infl u-
ence the healthy normal bacterial community or 
microbiome present in the vagina. The profoundly 
altered vaginal microbiome does not directly 
contribute to vaginal symptoms associated with 
vulvovaginal atrophy; hence, simply artifi cially 
reducing vaginal pH per se may not be an effective 
treatment modality for VVA. The role of estrogen 
in directly infl uencing microbial growth is poorly 
studied. Details of the vaginal microbiome associ-
ated with VVA are outside the scope of this review 
and are found elsewhere [ 5 ]. The microbiome of 
the atrophic vagina is mixed or heterogeneously 
devoid of  Lactobacillus  species, instead consisting 
of streptococci, staphylococci, and anaerobes such 
as  Prevotella  spp. and fi nally diphtheroids [ 6 ]. 

 The second pathophysiologic consequence of 
declining estrogen relates to the stratifi ed squa-
mous epithelium lining of the vagina. Estrogen 
enhances maturation of basal epithelial cells, 
facilitating transition through parabasal cells to 
reach the mature larger squamous cells. In doing 
so the vaginal lining becomes considerably thick-
ened and allows enhanced transudation of serum- 
derived fl uid into the vaginal lumen. Accordingly, 
with decline in estrogenic effect, vaginal epithe-
lium becomes progressively thinned, atrophic, 

more fragile, and accompanied by vaginal dry-
ness refl ecting the reduced transudation. 

 Declining estrogen also reduces function of 
both striated and smooth muscle, including blad-
der and pelvic fl oor. This contributes to bladder, 
rectum, uterus, and vault prolapse, as well as loss 
of muscle tone resulting in a patulous or dilated 
introitus. Bladder muscle and sphincter function 
progressively decline contributing to inconti-
nence, post-voiding urine retention, and suscepti-
bility to bladder bacterial infection. 

 There are no established defi nitions that sepa-
rate atrophic vaginitis from VVA. The most 
prominent feature in addition to severity of symp-
toms and signs relates to presence of large num-
bers of polymorphonuclear leukocytes (PMNs) 
evident on saline microscopy suggesting an 
infl ammatory process that is superimposed upon 
atrophy. The causes of PMN infl ux are unknown. 
No microorganisms are currently incriminated in 
their arrival, and some experts attribute the 
infl ammatory component as secondary to minor/
major trauma or friction that occurs with coitus 
especially in the presence of vaginal dryness.  

14.2     Clinical Manifestation 

 The North American Menopause Society and 
International Menopause Society estimate that 
10–50 % of postmenopausal women experience 
symptoms of VVA [ 7 ]. The earliest manifestation 
of estrogen defi ciency, long before changes in 
pH, microbiota, and epithelial lining thinning, is 
vaginal dryness fi rst recognized only during 
intercourse. Over time, dryness is progressive 
after making intercourse diffi cult, uncomfort-
able, painful, and even impossible [ 8 ]. 

 Even in the absence of intercourse, VVA may 
be associated with irritation and itching. With 
worsening atrophy and thinning of the vulvovagi-
nal lining, increased tenderness supervenes, 
thereafter the vaginal mucosa becomes friable, 
with petechiae, occasional ulceration, and post-
coital bleeding. Vaginal elasticity is also lost. In 
spite of dryness, occasionally women are trou-
bled by a thin watery discharge often necessitat-
ing use of pad. Infrequently, women will report 
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new onset of genital malodor, not fi shy but 
unpleasant in the presence or absence of dis-
charge. Other symptoms include vulvovaginal 
pruritus and paresthesia. Urinary symptoms 
including burning on micturition, frequent uri-
nary tract infections, and incontinence are also 
commonly present. 

 Physical fi ndings include a dilated or later nar-
rowed introitus, vestibular thinning, and promi-
nent urethral caruncle often with petechiae. 
Diffuse vaginal epithelial surface thinning, pal-
lor, and loss of rugae refl ect vaginal atrophy with 
petechiae and ecchymoses, e.g., indicating 
advanced estrogen defi ciency. Dyspareunia may 
also be the result of fi ssuring, ulceration, or 
stretching of the deep tissue surrounding a ste-
notic introitus or narrowed or shortened vagina. 
Vulvar fi ndings include pubic hair loss, pendu-
lous labia majora, less distinct labia minora, and 
less labial fat pad. 

 Unlike vasomotor manifestations such as hot 
fl ashes or night sweats, signs and symptoms of 
vaginal atrophy tend to increase over time [ 3 ]. 
Bachman et al. have emphasized that the afore-
mentioned symptoms of vulvovaginal atrophy 
frequently overlap with those of female sexual 
dysfunction, i.e., reduced libido, arousal disor-
der, orgasmic disorders, and sexual pain disorder 
common in up to 50 % of postmenopausal women 
[ 3 ]. The role of reduced estrogen activity in the 
pathogenesis of these symptoms is suggested, 
given their higher frequency in women with con-
comitant vaginal atrophy. Postmenopausal 
women with sexual diffi culties are signifi cantly 
more likely to have VVA than women without.  

14.3     Laboratory Findings 

 In the early phases, even in the presence of vagi-
nal dryness, all commonly performed bedside 
laboratory tests performed on vaginal samples 
are normal. Established estrogen defi ciency is 
associated with an elevated vaginal pH, in excess 
of 4.5, often 5–6. The amine or whiff test is 
always negative. Saline microscopy reveals 
absence of clue cells and typical  Lactobacillus  
morphotype organisms refl ecting altered vaginal 

fl ora (AVF). Most importantly, diagnosis requires 
the presence of parabasal cells, an essential 
marker of impaired epithelial cell maturation. 
Atrophic vaginitis is characterized by the further 
addition of increased numbers of PMNs. 

 Many clinicians use serum estradiol levels to 
diagnose estrogen-defi cient vaginal atrophy; 
however, serum estradiol levels correlate poorly 
with the effects of local estrogen defi ciency and 
add little to diagnosis, prognosis, and response to 
local estrogen replacement therapy.  

14.4     Differential Diagnosis 
of Vaginal Atrophy 

 It should be emphasized that meaningful epithe-
lial surface atrophy cannot occur without dra-
matic simultaneous changes in vaginal 
microbiota. Hence, a normal vaginal pH (pH 
<4.5) excludes the possibility or likelihood of 
estrogen defi ciency-induced vaginal atrophy or 
atrophic vaginitis. Accordingly, the differential 
diagnosis includes only these entities with 
accompanying elevated vaginal pH. Bacterial 
vaginosis is easily excluded given its clinical pic-
ture of malodorous discharge, clue cells, positive 
amine tests, and absence of parabasal cells. 
Excluding chronic vaginal trichomoniasis is far 
more diffi cult, given the insensitivity of saline 
microscopy in identifying motile trichomonads. 
Moreover a recent epidemiologic study indicates 
increase numbers of postmenopausal women 
with unsuspected vaginal trichomoniasis [ 9 ]. 
Accordingly, it may be prudent to exclude tricho-
moniasis in postmenopausal women presenting 
with dyspareunia, elevated vaginal pH, increased 
PMNs with the vagina showing infl ammation in 
mucosal friability, petechiae, and ecchymoses. 
The optimal test is  Trichomonas  PCR, DNA 
detection, or antigen detection. 

 Another entity requiring differentiating is des-
quamative infl ammatory vaginitis (DIV). This 
not uncommon idiopathic infl ammatory condi-
tion occurs predominantly in postmenopausal 
estrogen-defi cient women [ 10 ]. Similarities 
include elevated pH, increased PMNs and para-
basal cells on saline microscopy, and fi nally 
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 disrupted  vaginal microbiota. However, DIV 
does not respond or reverse dramatically with 
estrogen therapy and can be easily ruled out. 
Similarly, rare causes of vaginitis including pem-
phigus and linear IgA disease can be excluded by 
this diagnostic test.  

14.5     Treatment 

 Vulvovaginal atrophy and atrophic vaginitis 
respond dramatically to estrogen replacement [ 3 , 
 11 ]. For many years, clinicians preferred sys-
temic estrogen replacement prescribed orally or 
by the transcutaneous route [ 3 ,  7 ]. However, sys-
temic estrogen therapy has fallen into disfavor 
and the use of well-tolerated intravaginal estro-
gen therapy has become favored [ 3 ,  7 ,  11 ,  12 ]. 

 Most local vaginally administered estrogen 
creams or pessaries consist of estradiol and less 
frequently estriol. In terms of overall effi cacy, all 
topical estrogen preparations are of similar effi -
cacy in reversing vaginal atrophy and correcting 
atrophic vaginitis. A Cochrane analysis compar-
ing 19 randomized controlled trials with 4,162 
patients obtained a signifi cant improvement of 
local estrogen therapy compared to placebo or 
moisturizing vaginal gel therapy. Signifi cant 
reductions in vaginal pH, dryness, dyspareunia, 
and cytology patterns were so demonstrated [ 13 –
 16 ]. Side effects with all topical formulations of 
estrogen are uncommon. Occasionally burning is 
reported with estradiol cream preparations [ 3 , 
 13 – 15 ]. All forms of estrogen are associated with 
secondary attacks of vulvovaginal candidiasis 
especially in women with a past history of pre-
menopausal  Candida  vaginitis. 

 All topical treatments are initially briefl y admin-
istered daily and then reduced to approximately 
twice weekly regimens once the effects of estrogen 
defi ciency are reversed. Complete reversal of vagi-
nal atrophy can be expected in 4–6 weeks. 

 Another form of estrogen replacement therapy 
occurs as an estrogen-eluting intravaginal ring, 
which is replaced quarterly. These devices are 
extremely well tolerated and preferred by many 
women because of convenience and lack of mess-
iness [ 15 ,  16 ]. 

 In addition to effi cacy, the safety of estrogen 
administered vaginally has been demonstrated. 
Although slightly controversial, risk of endome-
trial hyperplasia and carcinoma even in the 
absence of concomitant progesterone therapy is 
considered negligible [ 7 ]. Most clinicians do not 
use oral progestin with vaginal estrogen to 
reduce the risk of endometrial hyperplasia or 
cancer. 

 Alternative forms of hormone therapy include 
the use of intravaginal dehydroepiandrosterone 
[ 17 – 19 ]. Although not widely used, this com-
bined androgenic/estrogenic stimulation appears 
effective in reversing vaginal atrophy and possi-
bly improving sexual function [ 17 – 19 ]. 
Additional studies from other investigators would 
be reassuring. 

14.5.1     Additional Considerations 
in Treatment of Postmenopausal 
VVA and Atrophic Vaginitis 

 While the safety and infrequency of local adverse 
effects of topical estrogens appear reassuring, 
there remains an important subpopulation of 
women in whom even topical or local therapy 
remains extremely controversial, viz., postmeno-
pausal women with estrogen receptor-positive 
breast cancer [ 20 ]. While systemic estrogen is 
clearly contraindicated, the target for the contro-
versy is local vaginal estrogen administration. 
Most oncologists remain rigidly opposed to their 
use, sentencing these women to continued vagi-
nal symptoms, including dyspareunia and 
absence of meaningful sexual life. While all the 
topical low-dose estrogens achieve low concen-
trations of plasma estradiol only, with minimal 
risk of stimulating receptor-positive cancer cells, 
nevertheless, plasma levels are not zero and 
100 % freedom of risk cannot be claimed for any 
of the currently available therapeutic products 
[ 21 ]. Even the recently introduced ospemifene, 
an estrogen agonist/antagonist with tissue- 
selective effects indicated for the treatment of 
moderate to severe dyspareunia due to VVA in 
the menopause, has not been studied in women 
with breast cancer [ 22 ,  23 ]. 
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 For women who are reluctant to use estrogen 
and those for whom use of estrogen is contraindi-
cated, vaginal tablets of hyaluronic acid although 
inferior to estradiol should be considered [ 24 –
 26 ]. Similarly, a vaginal pH-balanced gel relieved 
symptoms and improved vaginal health in breast 
cancer survivors who experienced menopause 
after cancer treatment [ 27 ]. 

 See also Chap.   18    .   

14.6     Summary 

 In spite of simplicity of diagnosis, VVA and atro-
phic vaginitis remain underdiagnosed and under-
treated. Barriers to increasing treatment 
availability have been identifi ed, and with educa-
tion, widespread treatment using either long-term 
available or more recently available products can 
alleviate widespread unnecessary suffering [ 28 ]. 
Multiple estrogen products both systemic and 
topical are now available, meeting the multivari-
able needs of women worldwide. Complications 
of local or topical estrogen therapy are relatively 
infrequent and safety can be assured. A major 
concern remains the unreasonable and inexplica-
ble high cost of topical estrogen therapy includ-
ing generic preparations.     
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15.1           Introduction 

 Much of the research on sensory perception of 
the vulva has focused on the sexual response. 
This chapter focuses on the perception of various 
sensory stimuli by the vulva and vagina and the 
effects of age and other variables. Quantitative 
sensory testing (QST), which measures the per-
ception thresholds of quantifi able stimuli such as 
temperature, touch, pressure, and vibration, pro-
vides quantitative estimates of sensory percep-
tion. Subjective sensory effects are more diffi cult 
to quantify, but comparative information on cer-
tain sensations (wetness, dryness, itch, burning, 
stinging) can be collected from prospective tri-
als of external feminine hygiene products under 
controlled conditions. Although the research on 
vulvar sensation is very limited, objective QST 
and these surveys of subjective sensation provide 
complementary information about sensory per-
ception on the vulva and the effects of variables 
such as age, the menstrual cycle, and menopause.  
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15.2     Neural Pathways 
for the Sensation 
of Physical Stimuli 

 As background, the neural pathways that mediate 
sensation of stimuli applied to the skin or mucosa 
are reviewed briefl y here. In glabrous and semi-
glabrous skin, the sensation of mechanical stimuli 
(touch, pressure, and vibration) and the sensations 
of temperature and pain are mediated by different 
parts of the nervous system. Touch, pressure, and 
vibration are detected by specialized mechanore-
ceptors. Specifi cally, rapidly adapting receptors 
(such as Meissner corpuscles and Pacinian cor-
puscles) detect transient light touch and transient 
deep pressure, respectively; slowly adapting 
receptors (such as Merkel cells and Ruffi ni recep-
tors) respond to more sustained touch, such as 
sensing texture or shape. The sensory input from 
these mechanoreceptors is conducted by large 
myelinated fi bers in the peripheral nerves and by 
the dorsal column of the spinal cord. 

 Temperature and pain are detected by free 
nerve endings in the skin. This sensory input is 
conducted by the small fi ber system and its cen-
tral connections in the spinothalamic tracts. 
Within the small fi ber system, different fi bers con-
vey sensory impulses in response to temperature 
and pain: thinly myelinated fi bers convey impulses 
from heat and cold receptors and unmyelinated 
fi bers convey impulses from nociceptors that 
respond to painful or noxious stimuli. Sensory 
information transmitted along the spinal cord is 
ultimately processed via the thalamus to be inter-
preted by the cerebral cortex and cerebellum. 

 Several    sensory nerves innervate the vulva and 
perineum (Fig.  15.1 ): the posterior femoral nerve 
innervates the latter aspect of the perineum poste-
riorly and the lateral margin of the vulva superi-
orly along the leg crease; the genitofemoral and 
ilioinguinal nerves (originating from L1 to L2) 
innervate the mons pubis and upper labia majora, 
approximately to the level of the urethra; and the 
perineal branch of the pudendal nerve (from 
sacral roots S2 to S4) is viewed by most clinicians 
as the primary source of vulvar innervation (lobes 
of the labia majora through the  vestibule). A net-
work of nerves over the dorsal aspect of the glans 

clitoris arises from the deeper pudendal nerve. 
Coverage of the vulva can also include the infe-
rior cluneal nerve, which originates from S1 to 
S3. The correlation between these anatomical 
details and the characteristics of vulvar sensation 
and pain is an area of active research.

15.3        Quantitative Sensory Testing 

 QST was traditionally used to quantify sensory 
function in healthy people and in patients at risk 
for neurological impairment [ 1 ]. It also serves as 
a tool to investigate factors that affect pain per-
ception [ 2 – 4 ]. In QST, a measurable stimulus is 

  Fig. 15.1    Schematic of the innervation of the vulva. A: 
Anterior cutaneous branches of the iliohypogastric nerve; 
B: Anterior labial branches of the ilioinguinal nerve; C: 
Genitofemoral nerve (both the genital and femoral braches); 
D: Dorsal nerve of the clitoris (continuation of pudendal 
nerve shown as dashed lines deeper in the muscles of the 
urogenital diaphragm.) Note: the course of the specifi ed 
nerves is delineated based on quantitative sensory testing 
and selective nerve block in this individual patient       
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applied to the skin and the subject or patient 
reports his or her perception of it. The method 
employs calibrated instruments to deliver known 
intensities of physical stimuli, for example, mild 
electric current (by means of surface electrodes), 
temperature (via electric thermodes with con-
trolled surface temperatures), touch (using fi la-
ments whose bending force depends on diameter 
and length), pressure (exerted by spring-loaded 
devices), and vibration (using tuning forks or 
vibrators that deliver sinusoidal stimuli at a given 
frequency). Stimulus of a given intensity is 
applied, and the subject reports whether or not 
the stimulus is perceived (or, in pain studies, 
whether or not the stimulus elicits pain). The 
lowest intensity that is perceptible (or, if perti-
nent, painful) is the detection threshold. 

 Two general methods are employed to deter-
mine these thresholds: the method of limits and 
the method of levels. With the method of limits, 
the stimulus is progressively increased and the 
subject declares when it fi rst becomes percepti-
ble. With the method of levels, stimulus of a 
defi ned intensity is applied and then increased or 
decreased by specifi c increments depending on 
whether or not the subject perceives it (protocols 
may differ in terms of the number of consistent 
responses required to progress upward or down-
ward in stimulus intensity). 

 With the method of limits, sensory information 
is processed neurologically at the same time as the 
stimulus intensity is being changed. The inherent 
response lag leads to a small error in threshold 
measurement; consequently, thresholds measured 
with the level of limits skew higher than those mea-
sured with the method of levels [ 5 ,  6 ]. Moreover, 
the rate of change of the stimulus affects thresholds 
obtained by the method of limits. 

 The method of levels is known as “forced- 
choice,” as the subject must declare or “choose” 
whether or not the stimulus is perceived. Because 
this method takes longer and is more repetitive, 
error can result if the subjects become fatigued or 
distracted as the test proceeds. 

 Experimental variables such as the application 
site, the surface area of contact, the frequency of 
the stimulus (in the case of vibration), and the 
rate of change of stimulus intensity will affect the 

absolute value of thresholds measured. 
Consequently, the absolute values measured are a 
function of the experimental conditions employed 
and the lack of standardization complicates com-
parisons between experiments. Although this 
chapter reviews a number of published studies, it 
focuses on the relative thresholds assessed within 
experiments to draw conclusions about variables 
that affect sensory perception.  

15.4     Sensory Thresholds 
on Extragenital Sites 

 Research on extragenital sites provides some 
general perspective on sensory perception thresh-
olds. One general fi nding is that sensitivity to 
touch, vibration, and thermal stimuli varies by 
anatomical site. For example, the hands appear to 
be more sensitive to touch, and especially to 
vibration, than the feet [ 1 ,  7 ]. 

 Besides the anatomical location itself, advanc-
ing age appears a most signifi cant effect on per-
ception of mechanical stimuli. For example, the 
sensitivity of the hands and feet to touch, skin 
indentation, and vibration declines with age. This 
decline becomes apparent by the fi fth decade, 
progresses exponentially after age 65 or 70 [ 8 ,  9 ], 
and is more severe for the lower than the upper 
extremities [ 9 ,  10 ,  5 ]; the latter may refl ect the 
longer distance of the neural pathway that the 
sensory input must travel. 

 By contrast, evidence for an age-related 
decline in the perception of thermal stimuli is 
inconsistent [ 5 ,  7 ,  8 ,  11 ]; some studies found an 
age-related decline, but several show no change. 
The disparate results may relate to the experi-
mental conditions employed in each study: ther-
mal stimuli are perceived more easily when a 
larger skin surface area is stimulated [ 11 ]. 

 Gender differences in sensory perception have 
been found inconsistently. With respect to 
mechanical stimuli, several studies found no gen-
der differences in perception thresholds on either 
the forehead [ 1 ], the hand and forearm [ 11 ], or 
the foot [ 10 ], regardless of age. However, a US 
study of 350 people found that, specifi cally 
among those aged over 50, women were more 
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sensitive to vibration on the dorsum of the hands 
and feet than men [ 9 ]. A Taiwanese study among 
484 subjects found vibratory thresholds to be 
lower in women than in men on the dorsum of 
foot, with no difference on the thenar eminence 
of the hand [ 5 ]. 

 With respect to thermal stimuli, women exhib-
ited higher sensitivity in a subset of studies. For 
example, a Dutch study found women to be more 
sensitive to thermal stimuli on the foot [ 7 ]; a 
Taiwanese study found women to be more sensi-
tive to warm thresholds on both the hand and the 
dorsal surface of the foot [ 5 ]; and a British study 
found women to be more sensitive than men to 
heat and cold stimuli on the thenar eminence of 
the hand, the distal phalanx of the middle fi nger, 
and the dorsal surface of the forearm [ 11 ]. 
However, a North American study of 48 people 
found young men aged 19–31 to be more sensi-
tive than women in the same age group to warm 
stimuli on the plantar surface of the feet, but 
found no difference on the thenar eminence of 
the hand [ 10 ]. The variability in results among 
different studies may relate to the range of the 
age groupings analyzed or to differences in the 
types of thermal probe employed. 

 In summary, anatomical sites vary in their sen-
sitivity to sensory stimuli. Advancing age has been 
shown to reduce sensory perception of mechanical 
stimuli on extragenital sites, but limited evidence 
exists for age-related reductions in the perception 
of thermal stimuli. Some evidence exists that 
women are more sensitive than men to mechanical 
and thermal stimuli, but this may depend on the 
body site stimulated, the exposure conditions, and 
the age range of the subjects studied.  

15.5     Sensory Perception 
on the Vulva 

15.5.1     Quantitative Sensory 
Thresholds with Age 
and Menopausal Status 

 Published quantitative testing on vulvovaginal 
sensory thresholds is summarized in Table  15.1 . 
Studies that compared vulvovaginal sensory per-

ception to that of other anatomical sites suggest 
that the vulva and vagina are relatively less sensi-
tive to sensory stimuli. For example, among 58 
premenopausal women in the Netherlands, the 
labia majora, labia minora, and clitoris were less 
sensitive to mild electric current than the lower 
abdomen or the dorsum of the hand; the vaginal 
wall was the least sensitive site studied [ 12 ]. A 
Canadian study of 40 premenopausal women 
found the labium minus and the mucosa of the 
vulvar vestibule to be less sensitive than the fore-
arm to fi lament touch and pressure, although the 
labium minus was more sensitive to pain than the 
forearm [ 13 ]. Similarly, a Canadian study of 13 
premenopausal women found the vulvar vesti-
bule to be less sensitive to fi lament touch and 
pressure than either the deltoid muscle, the fore-
arm, or the thigh [ 14 ].

   Several studies have examined vibratory 
thresholds on the vulva. A Swedish study found 
the clitoris to be less sensitive to the perception of 
vibration than the dorsum of the hand but more 
sensitive than the dorsum of the feet [ 15 ]. A study 
of vibratory thresholds performed in Turkey 
found that vulvar sites (labia majora and minora, 
clitoris, and vaginal introitus) were comparable 
in sensitivity to the fi rst and second fi ngers and to 
the nipples. Of the various sites tested in that 
study, the ears and lips were the least sensitive to 
vibratory stimuli [ 16 ]. 

 A few studies have compared sensory percep-
tion among different locations on the vulva. A 
US study among 17 premenopausal women 
found slightly lower sensitivity to touch on the 
perineum; comparable sensitivity on the labia 
majora, labia minora, and clitoris; and slightly 
higher sensitivity on the anal verge [ 17 ]. As noted 
earlier, a Dutch study reported that the vaginal 
wall was less sensitive to mild electric current 
than the labia majora, the labia minora, or the cli-
toris [ 12 ]. 

 The vulvar vestibule may be more sensitive to 
touch than the labia. A Canadian study of 13 pre-
menopausal women found the one o’clock posi-
tion of the vulvar vestibule to be more sensitive to 
touch than the 6 or 9 o’clock positions or the 
inner aspect of the labium minus [ 14 ]. Similarly, 
a different study among 20 premenopausal 
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women found the 9 o’clock position of the vesti-
bule to be more sensitive to touch than the labium 
minus [ 13 ]. 

 As is the case at extragenital sites, vulvar sen-
sitivity to mechanical stimuli deteriorates with 
age. A US study of 58 women aged 20–78 found 
that age affected both genital and peripheral sen-
sation: vibratory thresholds increased progres-
sively with age at the vulva, clitoris, external 
urethral meatus, perineum, and ankle [ 16 ]; on the 
vulva, the age effect fi rst became apparent in the 
30–39 age group. A study performed in Israel 
among 89 women aged 18–78 found that sensi-
tivity to vibration decreased with age on the clito-
ris and on the anterior vagina, but that the effect 
of age on clitoral sensitivity was smaller [ 18 ]. 
The effect of age on vulvovaginal sensitivity to 
thermal stimuli was less straightforward: sensi-
tivity to warmth decreased with age on the clito-
ris but remained constant on the anterior vagina; 
sensitivity to cold decreased with age on the ante-
rior vagina but remained constant on the clitoris 
[ 18 ]. One small study examined the impact of the 
menstrual cycle on sensitivity to vibration and 
found no effects at the clitoris, the hands, or the 
feet [ 15 ]. 

 Besides age, hormonal status appears to 
uniquely affect vulvar sensitivity: specifi cally, 
the decline in estrogen levels associated with 
menopause is a critical determinant of vulvar 
sensitivity to touch. The impact of estrogen status 
on the perception of punctate touch on the vulva 
and perineum was demonstrated in a study of 38 
women divided into fi ve comparison groups: (1) 
premenopausal and postmenopausal women; (2) 
normoestrogenic women (premenopausal women 
and postmenopausal women on estrogen replace-
ment therapy) and hypoestrogenic women (post-
menopausal women not on estrogen replacement 
therapy); (3) women with and without clinical 
signs of vulvar atrophy; (4) neurologically 
impaired women and healthy controls matched 
by age, parity, and estrogen status; and (5) women 
reporting sexual dysfunction and controls. 
Semmes   -Weinstein monofi laments were used to 
apply different intensities of punctate pressure to 
the glans clitoris, bilateral sites on the labium 
minus and perineum, and the anal verge. 

 A clear effect of estrogen on vulvar sensitivity 
to punctate touch was demonstrated: menopause, 
nonuse of estrogen replacement therapy, and vul-
var atrophy all were associated with decreased 
clitoral, labial, and overall vulvar sensitivity [ 17 ]. 
Indeed, thresholds to touch averaged over all vul-
var sites (clitoris, labium minus, perineum, and 
anal verge) were 4.6-fold lower in normoestro-
genic compared to hypoestrogenic women. 
Sexual dysfunction and neurological impairment 
also correlated with loss of vulvar sensitivity to 
touch. 

 Clinical trials of topical estrogen therapy sup-
port the conclusion that estrogen stimulation is 
needed to maintain vulvar sensory perception to 
touch. A prospective controlled trial examined 
the impact of topical estradiol cream applied to 
the vulvar vestibule and vaginal wall (either with 
or without biofeedback) in women with urogeni-
tal complaints aged 60 or older [ 19 ]. Topical 
estradiol cream was associated with a signifi cant 
increase in vulvovaginal sensitivity to touch that 
improved as the duration of therapy progressed 
(specifi cally, after 4 weeks and 6 weeks of treat-
ment). The greatest improvements occurred in 
women aged 70–79. 

 Notably, a US study of women aged 20–78 
found that whereas age affected both genital and 
extragenital vibratory sensation, menopausal sta-
tus affected genital sensation only [ 16 ]. Taken 
together, these data indicate that the perception of 
punctate touch and vibration on the vulva and 
vagina is dependent on estrogen status.  

15.5.2     Subjective Reports of Vulvar 
Sensation in Controlled Trials 
of External Hygiene Products 

 Further perspective on vulvar sensation has been 
gained from prospective, randomized trials of 
external feminine hygiene products (menstrual 
pads, panty liners, and feminine wet wipes) 
in which participants reported sensory experi-
ences of a more subjective quality. Over the 
past 26 years, dozens of randomized trials in 
various parts of the world have assessed observ-
able vulvar irritation and subjective sensory 
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effects  associated with the use of such products 
(reviewed in [ 20 ,  21 ]). Women who use feminine 
hygiene products report a low frequency of vulvar 
sensory effects (such as rubbing, chaffi ng, burn-
ing, itch, or a moist, wet, sticky, or sweaty feel-
ing). Generally speaking, the frequencies of such 
complaints range from a fraction of a percent to 
about 2 %, depending on the study. For example, 
in a trial of sanitary pads that differed solely in 
their surface covering conducted over two men-
strual cycles, between 1 and 2 % of participants 
in each group reported any such effects after the 
fi rst cycle; the frequency of reports dropped to 
between 0.4 and 1 % after the second cycle [ 22 ]. 

 Subjective sensory effects are less quantifi able 
and more complex than the simple perception of 
a single physical stimulus: rubbing is the percep-
tion of a mechanical stimulus (touch) combined 
with friction; the sensation of wetness may be a 
combination of the perception of fl uid contact 
combined with a sensation of cooling through 
heat transfer and evaporation; itching and burn-
ing are subjective pathological sensations. 
Nevertheless, the frequency of such effects in dif-
ferent groups of women also yields useful infor-
mation on vulvar sensation. 

 A prospective trial of feminine wet wipes and 
dry toilet tissue conducted in France among 
groups of pre- and postmenopausal women pro-
vides perspective on the potential impact of 
menopause. The trial examined both clinically 
observable skin irritation and wetness and sub-
jective sensory responses in 120 premenopausal 
women aged 18–45 (60 per product group) as 
well as in groups of 60 postmenopausal women 
aged 55–80 (30 per product group) who were not 
on hormone replacement therapy [ 23 ]. 
Participants used either the wet wipes or dry tis-
sue for menstrual or post-urination cleansing for 
28 consecutive days (beginning 2–4 days before 
the onset of menstrual fl ow in premenopausal 
women). Premenopausal women were assessed 
on days 2–4 of the cycle and 2–4 days prior to the 
onset of the menstrual period. Postmenopausal 
women were assessed on study days 14 ± 2 and 
28 ± 2. 

 Objective vulvar erythema was either not 
observed, barely discernible, or slight, with no 

statistical difference in frequencies between prod-
uct groups. Reported sensory effects included 
slight burning, itching, or stinging (in both prod-
uct groups) and a wet or sticky sensation (reported 
in the wet wipe product group only). 

 The frequencies of vulvar burning and itching 
did not differ by menopausal status. A slight 
burning sensation was reported by 14 and 12.9 % 
of premenopausal and postmenopausal wet wipe 
users and by 1.8 and 3.4 % of pre- and postmeno-
pausal tissue users, respectively. Slight itch was 
reported by 1.6 and 3.2 % of premenopausal and 
postmenopausal wet wipe users compared to 7 
and 0 % of premenopausal and postmenopausal 
tissue users, respectively. 

 Interestingly, despite a clinically apparent and 
statistically signifi cant increase in skin moisture 
on the labia majora and perineum of postmeno-
pausal wet wipe users, the frequency of subjec-
tive reports of vulvar wetness was not signifi cantly 
different between premenopausal and postmeno-
pausal women in this product group (8 and 10 %, 
respectively). This observation suggests that the 
perception of heightened vulvar wetness may 
have been attenuated in postmenopausal women. 
Nevertheless, postmenopausal women signifi -
cantly preferred wet wipes to dry tissue for com-
fort (84 % of postmenopausal compared to 54 % 
of premenopausal women rated the wet wipes 
excellent to very good for comfort.) The clini-
cally observable increase in vulvar skin hydration 
in postmenopausal women may have contributed 
to their experience of greater comfort with the 
wet wipe product, particularly if the vulva was 
atrophic. The experience of “comfort” could 
refl ect a summation of several sensory effects. 

 Stinging was the only sensory reaction for 
which reported frequencies differed by meno-
pausal status. (Stinging is not an end point typi-
cally associated with dry articles: 2 % of 
premenopausal and 3 % of postmenopausal 
women in the toilet tissue group reported slight 
stinging.) Wet wipe users were more likely to 
report stinging, and premenopausal users reported 
a slight stinging sensation signifi cantly more fre-
quently than postmenopausal users (17 % vs. 
9.6 %). This observation suggests that the sen-
sory perception of sting on the vulva may be 
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somewhat muted after menopause. The sensation 
of sting is of interest because dermatologists use 
the sting response to topically applied lactic acid 
as a surrogate marker for skin that is hyper- 
reactive to wind, temperature, and chemical stim-
uli [ 24 ]. 

 In summary, based on subjective reports in 
prospective trials of moistened wipes, sensations 
of sting and wetness appear to have been attenu-
ated in postmenopausal women, but perceptions 
of burning and itching were unaffected by meno-
pausal status. We speculate that the perception of 
burning and itching on the vulva may be con-
served to a greater degree with age because these 
sensations play a role in signaling pathology 
(e.g., vulvovaginal infection, contact dermatitis, 
and systemic vulvar dermatoses). Indeed, some 
pathological conditions that accompanied by itch 
(e.g., lichen sclerosus) are more prevalent in 
older women.   

15.6     Quantitative Sensory Testing 
and Vulvodynia 

 Vulvodynia, which refers to vulvar discomfort 
and pain of unexplained cause [ 25 ], is an issue of 
clinical signifi cance. Generalized vulvodynia 
affects the entire vulva, whereas localized vulvo-
dynia is restricted to a specifi c region. Localized 
provoked vestibulodynia (LPV), formerly known 
as vulvar vestibulitis syndrome [ 26 ], is a perplex-
ing condition in which pain is provoked solely in 
the vulvar vestibule in response to touch or pres-
sure (allodynia) with no associated clinical fi nd-
ings besides mild vestibular erythema. The most 
common and distressing symptoms, which lead 
women to seek medical attention, are painful 
intercourse (dyspareunia) or painful tampon 
insertion. The pain is usually described as sharp, 
burning, or lancing. 

 A diagnostic Q-tip test, in which light pres-
sure is applied to the tissue in a clocklike pattern, 
most often reveals pain in the posterior vestibule 
around the opening of the Bartholin’s glands (4 
and 8 o’clock positions). A primary form of LVP 
is defi ned as having experienced pain from the 
fi rst intercourse or tampon use, whereas second-

ary LPV emerges after an initial pain-free period. 
Whether these are different disease entities is 
unknown, but secondary LPV more often involves 
the entire vestibule (including the openings of the 
paraurethral glands) and is thought to be more 
recalcitrant to treatment. Interestingly, it has been 
reported that patients having focal pain at the 1 
and 11 o’clock positions near the urethra have 
more intercourse pain upon deep penetration and 
during tampon insertion than patients with focal 
pain only at the 5 and 7 o’clock positions. Taken 
together, these observations suggest the possibil-
ity of different forms of pathogenesis manifest-
ing as LPV [ 27 ]. 

 Historically LPV was thought of as primarily 
a psychosocial syndrome, but mounting evidence 
suggests that it may be a neurological pain dys-
function with various precipitating causes 
(reviewed in [ 28 ,  29 ]). Indeed, under certain con-
ditions (e.g., following experimentally induced 
vulvovaginal yeast infection), LPV can be repro-
duced in experimental animals [ 30 ]. 

 Moreover, QST reveals that objective, quanti-
fi able differences in pain perception exist in 
women with this condition. For example, women 
with LPV display increased pressure pain sensi-
tivity not only on the vulva but also at peripheral 
sites [ 31 ]. In these patients, regions of the brain 
stimulated by painful stimulation of the vulva 
bear a similarity to those regions activated in 
other pain syndromes, such as neuropathic pain 
and fi bromyalgia [ 32 ]. 

 Vulvar touch and pain thresholds have been 
compared in women with and without LPV [ 13 , 
 14 ]. A study with 13 nulliparous LPV patients 
and 13 controls found tactile and pain thresholds 
on the vestibule to be dramatically lower in 
patients than in healthy controls. Specifi cally, 
tactile thresholds were about fourfold lower and 
pain thresholds about sevenfold lower in LPV 
patients; moreover, levels of pressure that were 
perceived as touch by healthy controls caused 
pain in some LPV patients, and thresholds to 
touch in LPV patients were imperceptible to the 
controls [ 14 ]. 

 Sexual arousal affects vulvar sensory percep-
tion differently in women with LPV. The sensi-
tivity of the vulvar vestibule to touch and pressure 
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was examined under neutral (travel fi lm viewing) 
and erotic (erotic fi lm viewing) conditions [ 13 ]. 
A labial thermistor applied to the labium minus 
registered the level of arousal. The forearm was 
found to be more sensitive to touch than genital 
sites (vestibule or labium minus) but less sensi-
tive to pain. Among vulvar sites, the vestibule 
was more sensitive to touch than the labium 
minus. 

 Sexual arousal had no impact on the sensation 
threshold to touch on the forearm in either the 
patients or the controls, but increased vestibular 
sensitivity to touch. During sexual arousal, LPV 
patients were more sensitive to vulvar touch than 
healthy controls. Most notably, however, sexual 
arousal also increased vestibular sensitivity to 
pain in the LPV patients only; pain sensitivity of 
the vestibule remained unchanged in healthy 
women. These data indicate that LPV patients 
have measurably heightened sensitivity to both 
vestibular touch and pain and that dyspareunia in 
these patients is not necessarily due to a lack of 
sexual arousal but in fact may be exacerbated 
by it.  

15.7     Discussion and Summary 

 QST has revealed that the vulva is less sensitive 
to mechanical stimuli (touch, pressure) than 
some peripheral sites (e.g., the hand, forearm, 
deltoid muscle, thigh, and abdomen). The rela-
tively low sensitivity of the labia minora, vesti-
bule, and vagina to mechanical stimuli in healthy 
women may represent an adaptation to the 
mechanical forces endured during sexual inter-
course and childbirth. 

 As is observed on extragenital sites, vulvar 
sensitivity to punctate touch and vibration 
decreases with age. Moreover, the perception of 
these stimuli on the vulva deteriorates most pro-
foundly after menopause but can be restored with 
topical estrogen supplementation. Conversely, 
estrogen was not shown to affect perception of 
these stimuli at extragenital sites. 

 One caveat is that the impact of estrogen sta-
tus relates only to the perception of fi ne punctate 
pressure at defi ned locations on the vulva: the 

perception of other types of stimuli may not be 
affected by estrogen status in the same way. For 
example, the mechanical properties of vulvar tis-
sue, vulvar skin barrier function, and vaginal 
lubrication are altered after menopause, and post-
menopausal women report higher levels of sub-
jective sensations, such as irritation and 
discomfort, associated with these atrophic vulvar 
changes [ 33 ,  34 ]. In addition, subjective sensa-
tions reported in controlled trials of hygiene 
products were differentially affected by meno-
pausal status. The frequency of slight vulvar 
burning and itching in response to physical con-
tact with wet wipes or dry tissue was unaffected, 
but the stinging response appeared to be muted in 
postmenopausal women. Hence, various path-
ways of vulvar sensation may be differentially 
affected by age or estrogen status. 

 Lastly, in contrast to healthy women, women 
with a pain dysfunction known as localized pro-
voked vestibulodynia have a measurably height-
ened sensitivity to vestibular touch and pain: 
intensities of mechanical stimuli perceived as 
touch by healthy women elicit pain in these 
patients. QST studies have been helpful in quan-
tifying and validating these differences under 
various conditions and in different subgroups of 
patients. 

 Despite these insights on vulvar sensory per-
ception obtained from QST and subjective 
reports, systematic inquiry is hindered by the 
lack of standardized assessment methodologies 
for this morphologically complex tissue. Certain 
factors complicate the assessment. The glabrous 
and semiglabrous keratinized skin of the vulva is 
juxtaposed with areas of nonkeratinized mucosa, 
tissues that differ in their embryonic derivation 
and structure [ 35 ]. Stimulus of the labia, for 
example, may affect sensation in other vulvar 
regions, such as the clitoris or vulvar vestibule. 
Labial shape and thickness may affect the way 
the stimuli are applied or perceived. Hence, foun-
dational work is needed to validate the experi-
mental conditions used and to enable comparisons 
between experiments. Nevertheless, the chal-
lenge of assessing sensation on closely juxta-
posed skin and mucosal sites that vary both 
anatomically and functionally is not unique to the 
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vulva. Orofacial researchers also must account 
for these variables [ 36 ] and some of their 
approaches may be useful to the study of vulvar 
sensation. Future research will seek to standard-
ize and validate the experimental conditions used 
to apply stimuli and monitoring the response in 
order to further investigate various anatomical, 
neurological, and dermatological factors that 
affect vulvar sensory perception.     
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16.1            Introduction 

 Aging is a reality of human beings that nobody 
can escape. The quest to understand the secrets 
of aging dates back to the dawn of civilization 
and refl ects strongly the human desire to increase 
life expectancy and perpetuate an everlasting 
youthful look [ 1 ]. Reproductive aging plays a 
key role in this continuum, beginning in utero 
and ending with menopause. Simultaneously, the 
female reproductive system entirely changes 
over the course of life. The most salient changes 
are hormonally mediated and are linked to the 
onset of puberty, the menstrual cycle, pregnancy, 
and menopause [ 2 ]. 

 Menopause is the most identifi able event of 
the perimenopausal period and should be charac-
terized as an event rather than a period of time. 
The most widely used defi nition for natural 
menopause is defi ned by the World Health 
Organization as at least 12 consecutive months of 
amenorrhea not because of surgery or other obvi-
ous causes [ 3 ]. This cessation of menses resulting 
from the loss of ovarian function is a natural 
event, a part of the normal process of aging, and 
is physiologically correlated with the decline in 
estrogen production resulting from the loss of 
ovarian follicular function and therefore repre-
sents the end of a woman’s reproductive life. 

 Gynecologic concerns in postmenopausal 
women are common. Although various conditions 
may affect genital health of all women in this age 
group, the prevalence of certain disorders, and 
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also diagnostic approaches and treatment options, 
may vary signifi cantly. The focus of this chapter is 
to describe the wide spectrum of genital problems 
and related symptoms seen throughout this period 
strictly associated with the concomitant important 
changes in the anatomy and physiology of the 
female reproductive tract.  

16.2     Aging Changes in the Female 
Reproductive System 

 The female reproductive system undergoes char-
acteristic age-related changes in morphology and 
physiology over the course of a lifetime [ 2 ,  4 ]. At 
birth, the genital tract exhibits the effects of resid-
ual maternal estrogens, while during puberty, it 
matures under the infl uence of adrenal and 
gonadal steroid hormones. During the reproduc-
tive years, the ovaries, uterus, and vagina respond 
to ovarian steroid hormone cycling and all tissues 
adapt to the needs of pregnancy and delivery. 

 The period of hormonal transition that pre-
cedes menopause – sometimes known as the 
menopausal transition period – is characterized 
by a varying degree of somatic changes that are 
the consequence of the signifi cant alterations of 
ovarian function. During menopause, aging 
changes in the female reproductive system result 
mainly from declining estrogen levels and are 
considered to be rather a progressing process 
than a sudden event. 

16.2.1     Ovaries 

 The biological basis of menopause and the years 
preceding is well established, being dependent on 
changes in ovarian structure and function. The 
biology underlying the transition to menopause 
includes not only the profound decline in follicle 
numbers of the ovary but also a signifi cant 
increase in random genetic damage within the 
ovaries [ 5 ]. As a result, the ovaries undergo a 
major shrinkage, so that while premenopausal 
ovaries are 3–4 cm in size, after menopause they 
can be measured approximately 0.5–1.0 cm with 
a fairly smooth tan-white appearance [ 6 ]. The 

older one woman gets, the smaller her ovaries 
become, but they never disappear. Regarding 
ovarian function, throughout menopausal transi-
tion up to menopause, it is noticed that there is an 
increased prevalence of anovulatory cycles, lead-
ing progressively to defi nite cessation of ovarian 
function.  

16.2.2     Uterus 

 After menopause the uterus becomes smaller, 
although the degree of shrinkage is less in the 
cervix than in the rest of the uterus [ 7 ]. The endo-
metrium is no more affected by the monthly pro-
duction of female hormones and becomes 
atrophic. The tissues that make up the cervix gen-
erally become thinner and less robust, and the 
transformation zone where the type of cervical 
lining changes tends to move higher and slightly 
inside the endocervical canal [ 8 ]. This change 
makes this zone more diffi cult to examine on a 
special visual exam of the cervix, called a colpos-
copy. The endocervical canal or opening into the 
uterus may also become narrower or even close 
completely, a situation called cervical stenosis. 
This is usually not a problem, because regular 
menstruation ceases once a woman has become 
menopausal, so menstrual fl ow no longer needs 
to drain out of the uterus. 

 The cervical glands and the cells that line the 
endocervical canal make mucus in response to 
the female hormones that are produced by the 
ovary during the menstrual cycle. After meno-
pause, when a woman’s ovaries stop making 
these hormones, these cells and glands produce 
less mucus, often leading to dryness in the vagina, 
where mucus normally acts as a lubricant.  

16.2.3     Vagina and Vulva 

 Both the vagina and the external female genitalia 
(vulva) are affected by shifting levels of hor-
mones (especially estrogen) during menopausal 
transition. Before menopause, when the vagina is 
well supplied with estrogen, its lining is thicker 
and has more folds, allowing it to stretch with 
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intercourse and childbirth [ 9 ]. After menopause, 
when levels of estrogen are low, the vaginal lin-
ing gets thinner with fewer folds, which makes it 
less elastic or fl exible. Concomitantly, the vagi-
nal walls become atrophic, more easily irritated, 
and drier, as vaginal secretions are reduced, 
resulting in decreased lubrication [ 7 ]. Reduced 
levels of estrogen also result in an increase in 
vaginal pH, which makes the vagina less acidic, 
just as it was before puberty. 

 Along with vaginal atrophy, the tissues of the 
vulva become thinner and drier as well leading to 
a condition known as “vulvovaginal atrophy.” 
Following menopause, pubic hair grays and 
becomes sparse, the labia majora loses subcuta-
neous fat, and the labia minora, vestibule, and 
vaginal epithelium atrophy [ 10 ,  11 ]. At the cyto-
logical level, estrogen-induced parakeratosis of 
vulvar stratum corneum is highest in the third 
decade of life, but rarely seen by the eighth 
decade [ 12 ]. At the same time, pubic muscles can 
lose tone resulting in the vagina,   uterus    , or uri-
nary bladder falling out of their position (uterine 
prolapse, cystocele, rectocele).   

16.3     Gynecological Problems at 
Menopause 

 Genital heath during menopause is directly 
related to aging changes of the female reproduc-
tive system beginning on the late reproductive 
stage, proceeding through the menopausal tran-
sition, and ending to late postmenopause. 
Despite the universality of “the change of life” 
during menopause, each woman’s response to 
menopause may be different; as a result, man-
agement must be individualized to each wom-
an’s needs. A multiplicity of symptoms has been 
attributed to menopause. According to literature, 
at least 60 % of ladies suffer from mild symp-
toms and 20 % suffer severe symptoms and 20 % 
from no symptoms [ 8 ]. 

 However, little distinction has been made 
between symptoms that result from a loss of 
ovarian function from the aging process or from 
the socioenvironmental stresses of the midlife 
years. It is particularly diffi cult to distinguish the 

effects of aging from those of the menopause. 
McKinlay has proposed a model requiring pro-
spective observations (a cohort study) on a large 
number of subjects followed during the pre-, 
peri-, and postmenopausal periods to estimate the 
shape of the curve of data points on the variable 
of interest in order to distinguish better between 
the effects of aging and those of the menopause 
[ 13 ]. Another possibility is that cross-sectional 
studies include large numbers of women aged 
45–55 in order to distinguish the differences in 
symptom frequency by menopausal status, while 
controlling for age. 

 Among the general symptoms commonly seen 
in menopause, those related to female genital 
health include menstrual cycle irregularity, vagi-
nal dryness, recurrent vaginal infections, urine 
leakage and painful sexual intercourse, decreased 
interest in sex, and possibly decreased response 
to sexual stimulation. 

16.3.1     Abnormal Bleeding 

 Menstrual irregularity occurs in more than one- 
half of all women during menopausal transition 
[ 14 ]. Uterine bleeding can be irregular, heavy, or 
prolonged. In most cases, this bleeding is related 
to anovulatory cycles. This disruption of normal 
menstrual fl ow has been attributed to a gradual 
decrease in the number of normally functioning 
follicles and is refl ected by a gradual increase in 
early follicular-phase FSH levels [ 15 ]. The cessa-
tion of menstruation indicates that the amount of 
estrogen produced by the ovaries is no longer 
enough to promote endometrial proliferation and 
the absence of cyclic progesterone production is 
accompanied by the absence of withdrawal 
bleeding [ 16 ]. 

 Although anovulation is one of the more com-
mon causes of abnormal uterine bleeding, preg-
nancy must always be considered. There are 
numerous reports of pregnancies in women in their 
late 40s who did not consider themselves fertile. In 
these women, abnormal bleeding may be the fi rst 
indicator of an unexpected pregnancy [ 17 ]. 

 Endometrial cancer should be suspected in any 
perimenopausal women with abnormal uterine 
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bleeding. After menopause, the overall incidence 
of endometrial cancer is approximately 0.1 % of 
women per year, but in women with abnormal 
uterine bleeding, it is about 10 % [ 18 ,  19 ]. 
Malignant precursors such as complex endome-
trial hyperplasia become more common during 
the menopausal transition. Other causes that 
should be considered when a woman experiences 
abnormal uterine bleeding include cervical can-
cer, polyps, or leiomyomata. 

 With the advent of newer diagnostic modali-
ties, vaginal ultrasonography has become an 
established fi rst step in the evaluation of peri-
menopausal bleeding. An endometrial stripe 
<5 mm thick has been shown to be associated 
with an extremely low risk of endometrial 
hyperplasia or cancer [ 20 – 22 ]. A thickened or 
asymmetric endometrial lining or an obvious 
intrauterine lesion is an indication for more 
thorough evaluation [ 20 ]. 

 Because early diagnosis is the most effective 
way to improve a woman’s prognosis, perimeno-
pausal women with abnormal uterine bleeding 
should undergo an endometrial biopsy to exclude 
a malignant condition. Although vaginal ultraso-
nography has changed the way patients with 
abnormal uterine bleeding are evaluated, endo-
metrial biopsy continues to be the most accurate 
screening method available for these patients. 
Dilation and curettage in the operating room with 
adequate anesthesia should be reserved for 
patients with abnormal endometrial biopsies or 
for conditions that preclude performing an offi ce 
biopsy, such as cervical stenosis. The addition of 
hysteroscopy to uterine curettage has greatly 
improved diagnostic accuracy in the evaluation 
of focal intrauterine lesions [ 23 ,  24 ]. It allows for 
visual inspection of the endometrial cavity and 
gives the physician the opportunity to perform 
directed biopsies [ 24 ]. Endometrial polyps or 
submucosal leiomyomas that are commonly seen 
in perimenopause can easily be identifi ed by 
hysteroscopy. 

 Alternatively, in the absence of uterine pathol-
ogy, intermittent doses of progestogen may be 
helpful for women who are having intermittent 
bleeding and who are not ovulating, while some 
women fi nd it helpful to take nonsteroidal 

 anti- infl ammatory pain relievers such as ibupro-
fen and naproxen [ 25 ]. An intrauterine device, 
which secretes a low dose of the progestogen, 
levonorgestrel, can help control excess or unpre-
dictable bleeding caused by irregular ovulation or 
hormonal problems.  

16.3.2     Ovarian Masses During 
Menopause 

 With the increased use of imaging and the rec-
ognition by primary care doctors that ovarian 
cancers present with subtle symptoms, more 
ovarian masses are being detected in postmeno-
pausal women. In screening studies, 5–20 % of 
women over the age of 50 with no other symp-
toms will have an ovarian mass detected on 
ultrasound [ 26 ]. However, only a percentage of 
these will prove to be ovarian cancer after sur-
gery. Thus, it is important to distinguish ovarian 
cysts that can be monitored with repeat ultra-
sound studies from masses that need to be surgi-
cally evaluated due to their elevated risk of early 
ovarian cancer. 

 Transabdominal and transvaginal ultrasound 
have become a mainstay for the evaluation of 
 pelvic masses due to their low cost and minimal 
invasiveness [ 27 ]. When reviewing ultrasound 
reports, there are fi ve characteristics that are 
important in differentiating ovarian cysts with a 
low likelihood of harboring an ovarian cancer 
from masses with a higher risk. These character-
istics are the size, the complexity of the cyst, the 
presence of solid areas, projections into the fl uid 
called papillations, and the ovarian blood fl ow as 
measured by color Doppler assessment. 

 In postmenopausal women with simple ovar-
ian cysts less than 5 cm, the risk of an ovarian 
cancer is very small (0–1 %) [ 28 ]. The risk for 
developing ovarian cancer in women with simple 
ovarian cysts less than 10 cm in diameter is 
extremely low. However, 10–40 % of complex 
cysts with solid areas and papillations will harbor 
a malignancy. 

 CA125 is a blood test that can be performed 
to help the physician to determine the risk of 
ovarian cancer [ 29 ]. The higher the level of 
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CA125, the more it is likely that an ovarian 
mass is malignant. However, CA125 is elevated 
above normal in only 50 % of patients with 
Stage 1 ovarian cancer and may miss half of the 
patients with a localized tumor. On the other 
hand, an elevated CA125 is nonspecifi c and can 
be elevated in the face of many common benign 
fi ndings. 

 A magnetic resonance imaging (MRI) of the 
ovary is not diagnostic for cancer; however, it is 
very sensitive for benign ovarian masses such as 
dermoids or uterine fi broids that can be confused 
with ovarian masses. Thus, MRIs should be 
reserved for patients with indeterminate ultra-
sound fi ndings who cannot have surgery because 
of the costs, the need for intravenous dye, and 
claustrophobia of the machine. 

 Treatment of ovarian cysts has been made 
more convenient with the introduction of laparos-
copy in the 1980s. Simple cysts less than 5 cm in 
diameter without concerning features can safely 
be followed with repeated ultrasounds. Other 
ovarian masses should be referred to gynecologic 
oncologists for appropriate surgery, which may 
include laparoscopic removal of the ovaries with 
staging procedure if necessary.  

16.3.3     Screening for Cervical Cancer 
During Menopause 

 Although a woman no longer has menstrual peri-
ods after menopause, it is still important for her 
to visit a gynecological specialist regularly, 
because an exam that includes a Papanicolaou 
smear can still detect many possible problems 
after menopause. In this test, a doctor obtains a 
tissue sample from the surface of the cervix. A 
Papanicolaou test can detect cervical cancer, 
which is the ninth leading cause of cancer deaths 
for American women and is more often diag-
nosed at a later stage in older women. This type 
of cancer is almost always caused by the human 
papillomavirus. 

 Other conditions that may be detected with a 
cervical exam include the presence of benign 
growths called polyps or other problems that can 
cause cervical bleeding.  

16.3.4     Vulvovaginal Atrophy 

 Vaginal tissue and the tissues of the urethra and 
bladder base are known to be estrogen sensitive. 
Within 4–5 years after menopause, approxi-
mately one-third up to 50 % of postmenopausal 
women who are not taking hormone therapy 
experience symptoms of vaginal atrophy, a con-
dition called postmenopausal atrophic vulvovagi-
nitis [ 30 ]. When “-itis” is added to a word, it 
generally means infl ammation. Infl ammation of 
the vagina after menopause in a woman who is 
not using hormone therapy is called “atrophic 
vaginitis.” This condition can include redness of 
the vagina and vaginal discharge. The symptoms 
of atrophic vulvovaginitis range in severity from 
mildly annoying to debilitating and include dry-
ness, irritation, itching, burning, and dyspareunia 
(both with and outside of sexual activity) [ 31 ]. 

 It is well known that the cells lining the cervix 
change the way they interact with each other 
after menopause, allowing less fl uid from the 
underlying tissues to enter the cervical canal, 
further contributing to dryness in the vagina. 
Vaginal dryness can cause discomfort when it is 
severe, including a sensation of burning or itchi-
ness or pain during sexual intercourse. As vagi-
nal secretions decrease, reducing lubrication 
leads to increased coital discomfort. Thinned tis-
sue is irritated more easily and may be more sus-
ceptible to infection. Atrophic vaginitis is 
associated with a rise in vaginal pH, which can 
lead to an increase in the prevalence of coloniza-
tion by enteric organisms associated with more 
frequent infections, urinary tract infections, and 
worsening, irritative symptoms [ 11 ]. In addition 
to these physiologically induced changes, cer-
tain vulvar dermatoses, such as lichen sclerosus, 
are most prevalent in peri- and postmenopausal 
women [ 32 ]. 

 When a woman does not have intercourse or 
other vaginal sexual activity on a regular basis 
following menopause, her vagina may also 
become shorter and narrower. Then when she 
does try to have intercourse, she is likely to expe-
rience pain, even if she uses a lubricant. That is 
because dry, fragile vulvovaginal tissues are sus-
ceptible to injury, tearing, and bleeding during 
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intercourse or any penetration of the vagina. The 
resulting discomfort can be so great that the 
woman avoids intercourse and the condition 
worsens. Sometimes, even women who are not 
sexually active are bothered by vaginal dryness 
and the irritation that may accompany it. 

 These menopause-related vulvovaginal symp-
toms may occur early in the menopause transi-
tion or not until after several years of reduced 
estrogen levels. Furthermore, not all women 
develop troublesome vulvovaginal symptoms 
around menopause. But those women who do 
experience vulvovaginal symptoms should not 
automatically assume that reduced estrogen lev-
els are the reason for these symptoms, as there 
are other possible causes. 

 Fortunately, the vast majority of the above 
symptoms are reversible with estrogen therapy 
[ 33 ]. The systemic dosage necessary for vaginal 
protection is somewhat higher than needed for 
bone protection, and thus, topical therapy by 
means of creams or vaginal rings may be advis-
able to limit systemic absorption. Unless sys-
temic estrogen therapy is required for vasomotor 
instability, local estrogen therapy applied directly 
to the vagina in the form of creams, rings, and 
tablets can be used effectively to treat urogenital 
atrophy [ 34 ]. Vaginal estrogen cream or tablets 
can be used daily for approximately 2–3 weeks 
and then twice weekly after initial symptoms 
have improved and vaginal vascularization have 
increased [ 35 ]. Treatment is usually long term, 
because symptoms tend to recur when estrogen is 
discontinued. The twice weekly estrogen regi-
men can be used without supplemental progestin 
without an increase in endometrial thickness. The 
dosage should be kept low, however, because the 
well-vascularized vagina is extremely effi cient in 
the absorption of steroids. The new low-dose 
vaginal ring may also be used without progestin 
protection of the endometrium. Vaginal estrogen 
frequently will improve symptoms of urinary fre-
quency, dysuria, urgency, and post-void dribbling 
as well. 

 Alternatives to estrogen include vaginal 
moisturizers and lubricants. There is no evi-
dence to support the use of agrimony, black 
cohosh, chaste tree, dong quai, witch hazel, or 

phytoestrogens for the treatment of atrophic 
vaginitis [ 34 ]. Additionally, regular sexual stim-
ulation can help keep the vagina healthy by 
maintaining its elasticity.  

16.3.5     Recurrent Urinary Tract 
Infections (UTI) 

 The incidence of urinary tract infection (UTI) is 
estimated to be 9 % in women older than 
50 years [ 35 ]. Recurrent UTIs in healthy post-
menopausal women are associated with urinary 
incontinence, cystocele, and increased post-void 
residual volumes. Other signifi cant risk factors 
include at least one episode of UTI prior to 
menopause, urogenital surgery, and reduced uri-
nary fl ow. From the Heart and Estrogen/
Progestin Replacement Study (HERS) of post-
menopausal women with coronary heart dis-
ease, additional risk factors included diabetes, 
vaginal itching, and vaginal dryness [ 36 ]. 
Changes in the vaginal environment after meno-
pause such as the absence of lactobacilli, ele-
vated vaginal pH, and increased rate of vaginal 
colonization with  Enterobacteriaceae  may also 
predispose to UTI. The intravaginal administra-
tion of estrogen has been shown to reduce the 
rate of recurrent UTI by normalizing the vaginal 
environment. Low-dose oral hormone therapy, 
with conjugated estrogen plus medroxyproges-
terone acetate (MPA), does not reduce the fre-
quency of UTIs in older women.  

16.3.6     Urinary Incontinence 

 The prevalence of urinary incontinence in post-
menopausal women is estimated to be in the 
range of 17–56 % [ 35 ]. Urinary incontinence is 
the eighth most prevalent chronic medical condi-
tion among women in the United States. 
Anatomic and physiologic alterations associated 
with aging and incontinence include thinning of 
the urethral mucosa, reversal of the proteoglycan-
to- collagen ratio in the paraurethral connective 
tissue, decrease in urethral closure pressure, and 
changes in the normal urethrovesical angle. Many 
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risk factors have been associated with inconti-
nence. Menopause often is considered to be one 
of these risk factors, especially because a preva-
lence peak in midlife has been reported by many 
authors [ 37 ]. Epidemiologic studies generally 
have not found an increase in the prevalence of 
urinary incontinence in the menopausal transi-
tion. Urethral shortening associated with post-
menopausal atrophic changes may result in 
urinary incontinence as well. Vaginal delivery is 
associated with transient postpartum inconti-
nence, as well as an increased risk of inconti-
nence later in life. Another risk factor for 
incontinence is an increased BMI, which is an 
especially important factor, because it is modifi -
able. Meta-analyses have found an association 
between hysterectomy and urinary incontinence, 
with an increase in incontinence of 60 % [ 38 ]. 
Considering that more than 600,000 hysterecto-
mies are performed yearly in the United States 
and that approximately 40 % of women have 
undergone hysterectomy by age 60, these results 
are quite relevant. Women should be counselled 
about this relationship prior to undergoing hys-
terectomy. Other signifi cant risk factors include 
history of UTI and depression. 

 Regarding the treatment, oral estrogen therapy 
has been shown to restore the genitourinary con-
nective tissues to that of premenopausal women, 
as well as it seems to have little short-term clini-
cal benefi t in regard to urinary incontinence. 
Estrogen therapy may improve or cure stress uri-
nary incontinence in more than 50 % of treated 
women, presumably by exerting a direct effect on 
urethral mucosa [ 39 ]. A trial of hormone therapy 
should be undertaken prior to a surgical approach 
in any woman with vaginal atrophy. Interestingly, 
oral estrogen therapy is associated consistently 
with an increased risk of incontinence in women 
aged 60 years and older in epidemiologic studies. 
This increase may refl ect that women with more 
severe symptoms seek medical care and estrogen 
therapy more often than asymptomatic women. It 
is also possible that the local levels of estrogen in 
these studies was too low to benefi t fully the uro-
genital system, given the data suggesting that 
higher systemic dosages may be needed for a 
vaginal effect.   

16.4     Sexual Activity in 
Menopause 

 Sexual feelings and activities are a natural part of 
life. Sexual problems during menopause go usu-
ally unreported, as most women do not discuss 
their sexual problems with their health care pro-
viders. In a survey of US women ages 57–85, 
only 22 % reported that they had discussed sex 
with a physician since they had turned 50 [ 40 ]. 

 Despite popular perceptions, many men 
remain sexually active well beyond midlife and 
into old age, and many women remain sexually 
active throughout menopause up to the late post-
menopausal years [ 41 ]. This may be related to a 
decrease in the number of available male partners 
in an aging population. A recent telephone survey 
of 5,045 US adults ages 50 or older showed that 
many women have a high frequency of sexual 
activity well beyond midlife [ 40 ]. In fact, sexual 
activity declines with age in women, which is 
also the case for men as well [ 1 ]. Many studies 
have shown that men are more likely than women 
to be sexually active after midlife, and this differ-
ence widens with increasing age [ 42 ]. In addi-
tion, a large survey of US adults ages 57–85 
found that more than one in three women (35 %) 
rated sex as “not at all important” to their lives, 
compared with only 13 % of men [ 40 ]. 

 Taken together, scientifi c studies suggest that 
between a third and a half of peri- and postmeno-
pausal women experience one or more sexual prob-
lems. The important question of how frequently 
these problems are bothersome to women has only 
recently been thoroughly examined, and studies 
often have varying fi ndings because of differences 
in the way they are conducted. However, it is clear 
that while all sexual problems are more common in 
older women (ages 65 and over), distress from these 
problems is more widespread in women at midlife 
(ages 45–64) and declines in later years [ 43 ]. 

16.4.1     Decreased Libido and 
Sexual Satisfaction 

 A major concern for some women is a decrease 
in libido or sexual satisfaction that may occur 
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with natural or surgical menopause. Vaginal 
changes associated with menopause may also 
contribute to decreased sexual satisfaction. 
Discomforts resulting from a lack of vaginal 
lubrication can lead to dyspareunia, bleeding, 
and decreased sexual comfort and pleasure, as 
described above. The role of androgens in libido 
before and after menopause is uncertain. 
Although testosterone levels have been reported 
to be lower in postmenopausal than in premeno-
pausal women, circulating concentrations do 
not change at menopause, and free testosterone 
levels might actually increase for several months 
before they decrease to levels lower than those 
of premenopausal women [ 44 ]. In contrast, 
there is a marked drop in androgen levels fol-
lowing oophorectomy. In men, the relationship 
of androgens to libido is well established. For 
this reason, some clinicians have advocated 
androgen therapy in women experiencing 
decreased libido [ 45 ]. In women, however, the 
decrease in circulating androgens following 
menopause has not been shown to consistently 
alter libido. Available evidence suggests that 
sexual satisfaction among postmenopausal 
women is not decreased over time, making treat-
ment with androgens controversial [ 46 ]. 

 Sexual desire decreases with age in both sexes, 
but each individual is different. Although some 
experience a signifi cant decline in desire, a few 
have increased interest, and others notice no 
change at all. Nevertheless, sexual problems are 
common for both women and men of all ages, 
with women being two to three times more likely 
than men to be affected by low desire. Low sex-
ual desire is especially common in relationships 
of long duration. A clinical evaluation can help to 
identify any underlying medical or psychological 
causes of low sexual desire, which can then be 
treated as appropriate for each individual woman. 

 Given that vaginal atrophy can be treated eas-
ily with oral or vaginal estrogen therapy while 
vaginal dryness is usually improved signifi cantly 
with the use of vaginal lubricants, this kind of 
treatment can considerably improve sexual satis-
faction and libido. Vaginal moisturizers are avail-
able without a prescription. These can help with 
vulvar discomfort due to the drying and thinning 

of the tissues. Topical estrogen applied inside the 
vagina may help maintain the structure of the vag-
inal tissues by thickening the tissues and increas-
ing moisture and sensitivity. At the same time it is 
very important to continue having regular vaginal 
sexual activity through menopause as it helps 
keep the vaginal tissues thick and moist and main-
tains the vagina’s length and width. This helps 
keep sexual activity pleasurable as well. Getting 
regular exercise, eating healthy foods, and staying 
involved in activities and with friends and loved 
ones can help the aging process go more smoothly.   

16.5     Summary 

 This chapter addresses several commonly 
encountered gynecologic issues in postmeno-
pausal women, with particular attention given to 
aspects that must be considered when caring for 
women in this age group. 

 Menstrual cycle irregularity, vaginal dryness, 
recurrent vaginal infections, urine leakage and 
painful sexual intercourse, decreased interest in 
sex, and possibly decreased response to sexual 
stimulation are the commonest genital problems 
encountered around menopause. 

 Genital symptoms, though well tolerated by 
some women, may be particularly troublesome in 
others. Severe symptoms compromise overall 
quality of life for those experiencing them. There 
is under-reporting of symptoms among women 
due to sociocultural factors. 

 A thorough, regular evaluation of vulvovagi-
nal health is recommended to all women at meno-
pause and beyond, regardless of whether or not 
they have symptoms or are sexually active, just as 
it is for women of reproductive age. This should 
be emphasized since older women often neglect 
early symptoms of gynecologic diseases, some of 
which are potentially lethal. 

 With this in mind, the health care provider 
must be cognizant of not only gynecological 
problems that affect all women but also those dis-
ease processes which are either specifi c to or 
more prevalent in an older population. Early rec-
ognition of symptoms can help in the reduction 
of discomfort and fears among women.     
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17.1            Introduction 

 The skin is a sophisticated and dynamic organ com-
prising about 16–17 % of the body’s weight [ 1 ]. It 
acts primarily as a barrier between the internal and 
external environment. However, the skin performs a 
wide variety of other functions, including: homeo-
static regulation; prevention of percutaneous loss of 
fl uid, electrolytes, and  proteins; temperature main-
tenance; sensory  perception; immune surveillance; 
and synthesis of vitamin D [ 2 ]. 

 Like all other organ systems, skin is affected 
by aging. Aging involves intrinsic and extrinsic 
processes occurring in parallel [ 3 ]. Intrinsic 
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aging proceeds in all organisms at genetically 
determined rates. It is caused primarily by the 
buildup of reactive oxygen species (ROS) as a 
by-product of cellular metabolism and by ROS-
induced damage to critical cellular components 
like membranes, enzymes, and DNA [ 4 ]. 
Extrinsic aging results from environmental 
insults to the skin. The most important of these is 
exposure to ultraviolet radiation (photodamage), 
but other factors such as physical and psycho-
logical stress, smoking, alcohol intake, and poor 
nutrition also contribute [ 4 ,  5 ]. 

 Normal changes that occur with aging can be 
complicated by the effects on the skin of urinary 
and fecal incontinence, conditions that affect a sig-
nifi cant portion of the elderly population. Effects of 
occlusion, moisture, and the irritating materials in 
urine and feces can cause serious damage to the 
skin made more fragile through aging. This chapter 
reviews age-related and postmenopausal changes 
that occur in the skin and mucosa. In addition, it will 
review the impact of incontinence on these tissues.  

17.2     Structural and 
Compositional Changes 
in Aging Skin 

 The skin is composed of three layers: epidermis, 
dermis, and hypodermis, or subcutaneous fat 
(Fig.  17.1 ). With aging, numerous changes have 
been described to the skin overall and to the indi-
vidual layers of the skin. These structural, cellu-
lar, and compositional changes have a signifi cant 
impact on its overall physiological functions.

17.2.1       Epidermis 

 This outer layer of the skin is composed primar-
ily of keratinocytes, which account for ~90 % of 
the cells [ 1 ]. Melanocytes, Langerhans cells, and 
Merkel cells are also found. Thickness varies 
according to the individual and the anatomic site 
and averages from 50 to 100 mm (as reviewed by 
Farage et al. [ 2 ]). The epidermis fulfi lls two main 

Epidermis

Age spot

Dermis

Younger skin

Subcutaneous
fat layer

Older skin

  Fig. 17.1    Differences in structure between young and aged skin (Reproduced with permission from Farage [ 6 ])       
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functions: protecting the skin from external insult 
and maintaining hydration of internal tissues. 
Both functions are accomplished primarily by the 
outermost layer of the epidermis, the stratum cor-
neum (SC). In healthy adults, water content of 
the viable portion of the epidermis is maintained 
at about 70 % [ 7 ]. 

 Keratinocytes originate in a single layer of 
cells at the basement membrane (the layer 
between the dermis and the epidermis) and move 
upward. As they ascend and mature, they pro-
duce keratin and lipids, and the morphology 
alters. By the time they reach the SC, they are 
fl attened cell bodies of keratinocytes, now called 
corneocytes. The SC averages 15 layers over 
most of the body but varies widely depending on 
body site. One body site with the fewest number 
of layers is the genital skin (6 ± 2), followed by 
the face (9 ± 2), neck (10 ± 2), scalp (12 ± 2), trunk 
(13 ± 4), and extremities (15 ± 4) [ 8 ]. In the thick 
palmoplantar skin of the palms and sole, the SC 
is in excess of 50 layers [ 8 ]. 

 Corneocytes of the SC are covered by a highly 
cross-linked and cornifi ed envelope, with 
strongly adhering lipids, i.e., ceramides, long-
chain free fatty acids, and cholesterol [ 9 ]. These 
intercellular lipids, as well as sebum, natural 
moisturizing factor (NMF), organic acids, and 
inorganic ions, impart the water-holding capacity 
of the SC. The SC is comprised of about 50–60 % 
structural proteins, 20–25 % water, and 15–20 % 
lipids [ 10 ]. When the barrier function and water-
retaining capacity of the SC are compromised, 
pathologic skin dryness can develop [ 11 ]. The 
skin is considered clinically dry when the mois-
ture content of the SC falls below 10 % [ 12 ]. Dry 
skin is less fl exible and is subject to cracking or 
fi ssuring. 

17.2.1.1     Overall Structural Changes 
 Changes that occur to the epidermis with aging 
are summarized in Table  17.1 . An important over-
all change is a thinning of the epidermis. Starting 
at about age 30, the epidermis decreases in thick-
ness at about 6.4 % per decade [ 15 ]. Changes 
in epidermal thickness are most  pronounced in 

exposed areas, such as the face, neck, upper part 
of the chest, and the extensor surface of the hands 
and forearms [ 34 ]. One contributor to the overall 
thinning of aged skin is a fl attening of the der-
mal–epidermal junction due to a retraction of the 
rete pegs [ 15 ]. As a consequence of the reduced 
interdigitation between the dermis and epider-
mis, the skin becomes less resistant to shear-
ing forces and more vulnerable to insult [ 20 ]. 
Furthermore, fl attening of the dermal–epidermal 
junction results in a smaller contiguous surface 
between the two layers and reduces the supply of 
nutrients and oxygen to the epidermis [ 16 ]. This 
fl attening also may limit basal cell proliferation, 
affect percutaneous absorption [ 15 ], and contrib-
ute to wrinkle formation [ 20 ].

17.2.1.2        Cellular Changes 
 With aging, epidermal cell numbers and the epi-
dermal turnover rate decrease. The capacity for re-
epithelialization diminishes [ 35 ]. Characteristic 
changes occur in each of the cell types in the epi-
dermis (see Table  17.1 ). Basal layer cells, kerati-
nocytes, and corneocytes decrease in number and 
become less uniform in size. A decrease in enzy-
matically active melanocytes results in uneven 
pigmentation in elderly skin, and a decrease in 
Langerhans cells leads to impairment of cutane-
ous immunity.  

17.2.1.3     Compositional Changes 
 Water content of the SC decreases progressively 
with age and eventually falls below the level nec-
essary for effective desquamation. This causes 
corneocytes to pile up and adhere to the skin sur-
face, which accounts for the roughness, scaliness, 
and fl aking that accompanies xerosis in aged 
skin. 

 Integrity of the SC barrier is dependent on an 
orderly arrangement of critical lipids [ 36 ]. The 
total lipid content of the aged skin decreases dra-
matically, and this alteration in the lipid barrier 
results in dryer skin [ 37 ]. Age-related changes in 
the amino acid composition [ 12 ] reduce the 
amount of cutaneous NMF, thereby decreasing 
the skin’s water-binding capacity [ 11 ].   
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17.2.2     Dermis 

 The dermis is a dense and irregular layer of con-
nective tissue 2–3 mm thick that comprises most 
of the skin’s thickness (see Fig.  17.1 ) [ 30 ]. The 
three major extracellular components of the der-
mis are collagen (which provides tensile 
strength), elastin (which provides elasticity and 
resilience), and hyaluronic acid (which provides 
water-holding capacity). Approximately 80 % of 
the dry weight of adult skin consists of collagen, 
and about 5 % of the dermis consists of elastin 

[ 30 ]. The dermis also contains much of the 
skin’s vasculature, nerve fi bers, and sensory 
receptors. 

17.2.2.1     Overall Structural Changes 
 As with the epidermis, overall dermal thickness 
decreases with age at the same rate in both gen-
ders [ 12 ] (see Table  17.1 ). Loss of dermal colla-
gen and elastin makes up most of the reduction in 
total skin thickness in elderly adults. The number 
of functional sweat glands and blood vessels 
decreases with aging.  

      Table 17.1    Structural and compositional changes that occur in aging skin   

 Observed effect of aging  References 

  Epidermis  
 Overall structural changes  Decrease in overall thickness  [ 13 ] 

 Dermal–epidermal junction fl attens  [ 14 ] 
 Retraction of rete pegs  [ 15 ] 
 Dermal papillae decrease in number and size  [ 16 ] 

 Cellular changes  Epidermal cell numbers decrease  [ 17 ] 
 Epidermal turnover rate decreases and morphology is less homogeneous  [ 18 ] 
 Cells of the basal layer become less uniform in size  [ 19 ] 
 Keratinocytes become shorter and fatter  [ 17 ] 
 Corneocytes are fewer and larger  [ 20 – 23 ] 
 Enzymatically active melanocytes decrease in number  [ 24 ] 
 Langerhans cells in the epidermis decrease in number and display a more 
heterogeneous appearance 

 [ 18 ,  25 ] 

 Compositional changes  Water content of aged skin is lower than that of younger skin  [ 11 – 13 ] 
 The total lipid content decreases, particularly: ceramide 1 linoleate, 
ceramide 3, triglycerides, and the sterol ester fraction 

 [ 26 ,  27 ] 

 Reduced amount of cutaneous NMF  [ 11 ] 
  Dermis  
 Overall structural changes  Decrease in overall thickness  [ 15 ] 

 Structure of sweat glands becomes distorted, number of functional sweat 
glands decreases 

 [ 27 ] 

 Number of blood vessels decreases  [ 28 ] 
 Cellular changes  Fibroblasts decrease in number  [ 28 ] 

 Mast cells decrease in number  [ 28 ] 
 Number of nerve endings is reduced  [ 4 ] 
 Pacinian and Meissner’s corpuscles degenerate  [ 29 ] 

 Compositional changes  Collagen synthesis decreases, and fi bers and bundles are altered  [ 18 ,  30 ] 
 Elastic fi bers degrade  [ 12 ] 
 Hyaluronic acid and glycosaminoglycans are depleted, reducing 
water-holding capacity 

 [ 16 ,  31 ] 

 Interfi brillary ground substance decreases  [ 32 ] 
  Hypodermis  

 Overall volume decreases  [ 28 ] 
 Distribution of subcutaneous fat changes  [ 33 ] 

  Adapted from Farage et al. [ 2 ]  

M.A. Farage et al.
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17.2.2.2     Cellular Changes 
 Cellularity of the dermis generally decreases 
with aging as the number of fi broblasts and mast 
cells decreases. Perception of pressure and touch 
also decreases in aged skin as the number of 
Pacinian and Meissner’s corpuscles degenerates.  

17.2.2.3     Compositional Changes 
 All three major extracellular components of the 
dermis (collagen, elastin, and hyaluronic acid) 
are depleted in older skin. Collagen content 
decreases at about 2 % per year [ 18 ], due to both 
a decrease in collagen synthesis [ 28 ] and an 
increase in the degradation of collagen [ 38 ]. The 
relative proportions of collagen types are also 
disrupted in aged skin. The proportion of type I 
collagen to type III collagen in young skin is 
approximately 6:1, a ratio which drops signifi -
cantly over the lifespan as type I collagen is 
selectively lost [ 39 ] and type III synthesis 
increases [ 40 ]. Collagen fi bers become thicker 
and collagen bundles more disorganized than in 
younger skin [ 18 ]. Collagen cross-links stabilize 
resulting in a loss of elasticity. 

 Functional elastin declines in the dermis with 
age. Elastin becomes calcifi ed, elastin fi bers 
degrade [ 34 ], and turnover declines [ 28 ]. The 
amount of glycosaminoglycans (GAGs), an 
important contributor to the structure and water- 
holding capacity of the dermis, declines with age, 
as does the amount of hyaluronic acid produced 
by fi broblasts [ 16 ]. 

 Loss of structural integrity of the dermis leads 
to increased rigidity and diminished elasticity 
[ 31 ], with a concomitant increase in vulnerability 
to shear force injuries [ 20 ]. These properties 
erode faster in women than in men [ 30 ]. The 
impact of these changes is dramatic: for example, 
when the skin is mechanically depressed, recov-
ery occurs in minutes in young skin but takes 
over 24 h in skin of aged individuals [ 18 ].   

17.2.3     Hypodermis 

 Hypodermis is a layer of loose connective tissue 
below the dermis (see Fig.  17.1 ). It contains the 
larger blood vessels of the skin, subcutaneous fat 

(for energy storage and cushioning), and areolar 
connective tissue. The hypodermis provides 
cushioning, insulation, and thermoregulation, 
and it stabilizes the skin by connecting the dermis 
to the internal organs. 

 Hypodermis loses much of its fatty cushion 
with age (see Table  17.1 ). The basement mem-
brane, a very small fraction of the total skin 
thickness, actually increases in thickness with 
age [ 41 ]. Overall volume of subcutaneous fat 
typically diminishes with age, although the over-
all proportion of subcutaneous fat throughout the 
body increases until approximately age 70. Fat 
distribution changes as well, that is, in the face, 
hands, and feet, decrease, while a relative increase 
is observed in the thighs, waist, and abdomen. 
Physiological signifi cance may be to increase 
thermoregulatory function by further insulating 
internal organs.   

17.3     Functional and Physiological 
Changes in the Skin 
with Aging 

 Physiological changes that occur in aged skin are 
summarized in Table  17.2  and include changes in 
barrier function and permeability, vascularization 
and thermoregulation, irritant response, regener-
ative capacity and response to injury, immune 
response, biochemical changes, and neurosen-
sory perception.

17.3.1       Barrier Function 
and Permeability 

 Baseline transepidermal water loss (TEWL), a 
measure of the functional capacity of the SC to 
maintain the moisture content of the skin, is 
lower in older patients compared to younger indi-
cating a reduced capacity of the SC to maintain 
the moisture content of the skin [ 13 ,  48 ]. 
Recovery of baseline TEWL values after occlu-
sion is also impaired in older skin [ 42 ]. 

 Permeability of the skin is altered with aging. 
Penetration of permeants through the skin involves 
(1) absorption to the stratum corneum; (2) diffusion 
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through the stratum corneum,  epidermis, and papil-
lary dermis; and (3) removal by microcirculation 
[ 13 ]. The fi rst two steps depend on the integrity and 
hydration of the stratum corneum, which in turn is 
a function of the level and composition of intracel-
lular lipids [ 13 ]. The fi nal step depends on the 
integrity of the microcirculation [ 13 ]. Studies on 
percutaneous absorption in the aged have produced 
confl icting results (as reviewed in Farage et al. [ 2 ]) 
that may refl ect compound- and body-site differ-
ences in the rates of percutaneous absorption. 

Epidermal penetration of a substance is strongly 
associated with its hydrophobicity relative to the 
lipid content of the skin. Because aged skin is drier 
and has a lower lipid content than younger skin, it 
may be less amenable to penetration by hydrophilic 
moieties [ 43 ]. Diffusion to the dermis may be com-
promised by the fl attening of the dermal–epidermal 
junctions. Reduced vascularization in older skin 
would impact the removal of penetrants by the 
microcirculation. 

 Permeability barrier of aged skin is more vul-
nerable to disruption. In a study in which loss of 
barrier integrity was achieved by tape-stripping, 
adults over 80 required only 18 strippings as 
compared to 31 strippings in young and middle- 
aged adults [ 53 ]. In the aged subjects, the time 
for recovery of barrier function was also dramati-
cally increased. At 24 h, only 15 % of the older 
subjects had returned to baseline TEWL com-
pared to 50 % of the younger group. Artifi cially 
induced water gradients produced by occlusion 
dissipated more slowly in older skin [ 42 ]. 

17.3.1.1     Vascularization 
and Thermoregulation 

 Overall, vascularity is lost in aged skin. 
Capillaries and small blood vessels regress and 
become more disorganized [ 20 ], blood vessel 
density diminishes [ 15 ], and a 30 % reduction in 
the number of venular cross sections per unit area 
of the skin surface occurs in non-exposed areas 
of the skin [ 20 ]. Capillaroscopic measurements 
using fl uorescein angiography and native micros-
copy suggest a decrease in dermal papillary 
loops, which house the capillary network [ 15 ]. 
Although the pattern of blood fl ow through indi-
vidual capillaries remains unchanged [ 45 ], the 
maximum level of blood fl ow diminishes as func-
tional capillary plexi are lost. 

 A signifi cant time delay in autonomic vaso-
constriction in the aged (e.g., after postural 
changes, cold arm challenge, inspiratory gasp, 
body cooling) [ 13 ,  15 ] is well documented; this 
phenomenon is due primarily to declining func-
tion of the autonomic nervous system [ 13 ]. 

 Eccrine sweating markedly decreased with 
age. Spontaneous sweating in response to dry 
heat was 70 % lower in healthy older subjects 
compared to young controls, due primarily to 
decreased output per gland [ 46 ].  

    Table 17.2    Functional and physiological changes that 
occur in aging skin   

 Observed effect of aging  References 
  Barrier function and permeability  
 Lower baseline TEWL  [ 42 ] 
 Altered percutaneous absorption  [ 43 ] 
 Decreased vascularization  [ 44 ] 
 Decreased chemical clearance  [ 18 ] 
 Decreased sebum production  [ 18 ] 
 Increased vulnerability to mechanical 
trauma 

 [ 18 ] 

  Vascularization and thermoregulation  
 Loss of vascularization  [ 15 ,  20 ] 
 Maximum level of blood fl ow diminished  [ 45 ] 
 Autonomic vasoconstriction delayed  [ 13 ,  15 ] 
 Decreased sweat production  [ 46 ] 
  Irritant response and regenerative capacity  
 Lower infl ammatory response (erythema 
and edema) 

 [ 47 ] 

 Altered response to irritants that elicit 
infl ammation by different mechanisms 

 [ 13 ,  14 ,  20 , 
 48 ,  49 ] 

 Attenuated response to sunburn  [ 20 ] 
 Decrease in infl ammatory cells  [ 20 ] 
 Renewal time of stratum corneum 
increased by 50 % 

 [ 18 ] 

 Decreased wound healing  [ 18 ] 
 Reduced reepithelialization  [ 18 ] 
  Immune response  
 Decreased number of Langerhans cells  [ 20 ] 
 Decreased number of circulating 
thymus-derived lymphocytes 

 [ 20 ] 

 Decreased risk and intensity of delayed 
hypersensitivity reactions 

 [ 50 ] 

  Biochemical changes  
 Increase in pH after about age 70  [ 15 ] 
 Decreased vitamin D production  [ 51 ] 
 Reduced elasticity  [ 31 ] 
  Sensory and pain perception  
 Increased itching  [ 52 ] 
 Loss in sensitivity, especially after age 50  [ 20 ] 

  Adapted from Farage et al. [ 2 ]  
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17.3.1.2     Irritant Response 
and Regenerative Capacity 

 Infl ammatory response to exogenous agents 
declines in people over 70 years old [ 13 ,  48 ]. It is 
slower and less intense, and some clinical signs 
of skin damage are absent [ 13 ,  47 ]. A compre-
hensive review of clinical assessments of the 
 erythematous response in older people suggests 
that susceptibility to skin irritation generally 
decreases with age [ 54 ]. For example, a compila-
tion of results of skin patch tests conducted 
among older people over a period of 4 years dem-
onstrated a trend toward lower reactivity to four 
common irritants with age [ 55 ]. Specifi cally, 
older people exhibited signifi cantly lower reac-
tivity to two strong irritants (20 % sodium 
dodecyl sulfate and 100 % octanoic acid) and 
directionally lower reactivity (approaching statis-
tical signifi cance) to two milder irritants (100 % 
decanol and 10 % acetic acid). Elderly adults 
were less reactive to a range of skin irritants that 
elicit infl ammation by clearly different mecha-
nisms (references provided in Table  17.2 ). In 
addition, people aged 65–84 years were less reac-
tive to stinging caused by 5 % sodium lauryl sul-
fate (SLS) than people aged 18–25 years [ 56 ]. 

 Pretreatment with 0.25 % SLS also had less 
effect on skin barrier function in elderly people 
(mean age, 74.6 years) compared to younger adults 
(mean age, 25.9 years) [ 57 ]. Analysis of changes in 
TEWL after sodium lauryl sulfate (SLS) applica-
tion to the skin confi rmed that in aged skin, the 
irritation reaction is slower in postmenopausal 
women compared to premenopausal women [ 58 ]. 
Moreover, although blistering caused by ammo-
nium hydroxide exposure is elicited more rapidly 
in older people, the time required to attain a full 
response is much longer than in younger ones [ 13 ]. 

 Barrier function requires twice as long to 
restore in the aged as compared to younger indi-
viduals [ 59 ]. Repair of an impaired barrier 
requires the presence of the three main lipids in 
appropriate proportions, i.e., ceramides, choles-
terol, and free fatty acids [ 60 ], as well as stratum 
corneum turnover; both of which are suboptimal 
in older subjects. In healthy skin, about one 
layer of corneocytes desquamates every day, so 
that the whole stratum corneum replaces itself 
about every 2 weeks [ 9 ]. In contrast, elderly 
stratum corneum may take twice as long [ 61 ]. 

 Injury repair diminishes with age. Wound 
healing events begin later and proceed more 
slowly. For example, a wound area of 40 cm 2 , 
which in 20-year-old subjects took 40 days to 
heal, required almost twice as long – 76 days – in 
those over 80 [ 18 ]. The risk of postoperative 
wound reopening increased 600 % in people in 
their mid-80s compared to those in their mid-30s 
[ 18 ]. Tensile strength of healing wounds 
decreased after the age of 70. Repair processes 
like collagen remodeling, cellular proliferation, 
and wound metabolism are all delayed in the 
aged. The rate at which fi broblasts initiated 
migration in vitro following wound initiation was 
closely related to the age of the cell lines [ 18 ].  

17.3.1.3    Immune Response 
 The immune response of aged skin is generally 
diminished. Numbers of Langerhans cells in 
the epidermis decrease by about 50 % between 
the age of 25 and the age of 70 [ 18 ]. Total 
number of circulating lymphocytes decreases, 
as does the number of T cells and B cells [ 18 ], 
both of which lose functional capacity with 
age [ 62 ]. 

 Delayed hypersensitivity reactions decrease 
with age: numerous reports have demonstrated a 
decrease in the capacity for allergic response [ 18 , 
 50 ]. For example, healthy older subjects did not 
develop sensitivity to some known sensitizers 
and exhibited a lower frequency of positive reac-
tions to standard test antigens compared to young 
adult controls [ 18 ].  

17.3.1.4    Biochemical Changes 
 The surface pH of normal adult skin averages pH 
5.5. This cutaneous acidity discourages bacterial 
colonization and contributes to the skin’s moisture 
barrier as amino acids, salts, and other  substances 
in the acid mantle absorb water [ 63 ]. The pH of 
the skin is relatively constant from childhood to 
approximately age 70 [ 15 ] then rises signifi cantly. 
This rise is especially pronounced in lower limbs, 
possibly due to impaired circulation. 

 Vitamin D content of aged skin declines: 
 synthesis of this compound slows because the 
dermis and epidermis have signifi cantly reduced 
levels of its immediate biosynthetic precursor 
(7- dehydrocholesterol), which limits formation 
of the fi nal product [ 51 ].  
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17.3.1.5    Neurosensory Perception 
 Itching is reported more frequently by older adults. 
However, pain perception declines and is delayed 
after age 50 [ 20 ]. Consequently, the risk of tissue 
injury rises, as the most obvious warning signals – 
pain, erythema, and edema – appear more slowly 
[ 20 ]. This, coupled with longer wound repair 
times, results in higher morbidity in the aged.    

17.4     Skin Sensitivity and Aging 

 Based on objective assessments in patch tests and 
sting tests, as reviewed in a previous section, the 
infl ammatory response to exogenous agents 
declines in the elderly. However, “sensitive skin” 
is subjective in nature. It is a condition of cutane-
ous hyper-reactivity that can result in exaggerated 
reactions to physical factors (e.g., weather 
extremes), chemical factors (e.g., cosmetics and 
other consumer products), and/or psychological 
or hormonal factors (e.g., stress or menstrual 
cycles) [ 64 ,  65 ]. It is commonly perceived as itch-
ing, burning, stinging, tingling, or a tight sensa-
tion. Often, there is no outward sign of irritation. 

 Prevalence of subjective, or self-assessed, sen-
sitive skin in the general population has been the 
subject of a number of recent investigations using 
questionnaire-based surveys. Reported preva-
lence varies depending on the specifi c study pop-
ulation and the precise nature of the questions 
posed to the participants. Generally, the reported 
prevalence is about 40–60 % in the US and in 
European populations [ 65 – 70 ]. In two recent 

studies in China, the reported incidence was 
15–20 % [ 71 ,  72 ]. One investigator suggested 
that the lower reported rates in China may be 
related in part to an unfamiliarity with the term 
and concept of “sensitive skin” among the 
Chinese population [ 72 ]. 

 We previously reported the perceptions of skin 
sensitivity overall and at specifi c body sites among 
different age groups and genders through a ques-
tionnaire-based survey of 1,039 people in 2006 in 
Midwestern USA [ 67 ,  73 – 76 ]. Sixty- eight percent 
of the study population described themselves as 
having overall sensitive skin to some degree 
(Table  17.3 ): 77 % perceived their facial skin to be 
sensitive, 61 % perceived their body area to be 
sensitive, and 56 % perceived their genital area to 
be sensitive. Adverse reactions to products result-
ing in either visual signs (e.g., redness or swell-
ing) or unpleasant sensations (e.g., burning, 
stinging, or itching) were cited as the reason for 
the perception of sensitive skin in about half of the 
responders. Extreme weather conditions were 
cited by about a third of the responders.

   Other investigators reported on differences in 
the prevalence of sensitive skin among different 
age groups. Guinot et al. (2006) reported a decline 
in the reported incidence of sensitive skin in older 
subjects [ 69 ]. In a recent study conducted in China, 
the prevalence of “sensitive” and “very sensitive” 
skin decreased with age [ 72 ]. Misery et al. reported 
no signifi cant difference between age groups and 
the proportion of the subjects claiming sensitive 
skin [ 65 ]. In our investigation, we found no age-
related trends among subgroups of responding 

   Table 17.3    Perceptions of sensitive skin   

 Question: Some people have skin 
that is more sensitive than others. 
How would you describe your skin? 

 Question: Please rate your skin in each 
of the following areas: 

 Overall rating of skin sensitivity  Facial area  Body area  Genital area 
  Sensitive (any degree)    711 (68 %)    799 (77 %)    628 (61 %)    580 (56 %)  
 Very sensitive  51 (5 %)  111 (11 %)  19 (2 %)  88 (9 %) 
 Moderately sensitive  239 (23 %)  245 (24 %)  189 (18 %)  140 (14 %) 
 Slightly sensitive  421 (41 %)  443 (43 %)  420 (41 %)  352 (34 %) 
 Not sensitive  328 (32 %)  234 (23 %)  407 (39 %)  451 (44 %) 
 Total number of subjects responding  1,039  1,033  1,035  1,031 

  Adapted from Farage [ 76 ] 
 Participants were questioned about how they would describe their skin; very sensitive, moderately sensitive, slightly 
sensitive, not sensitive. On a subsequent page of the questionnaire, participants were asked to rate the skin of three 
anatomical sites: facial area, body area, and genital area. Responses are shown above for the overall rating (number 
followed by percentage) and for the ratings at the three anatomical sites76  

M.A. Farage et al.
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d = <30 group lower than >50 group (p=0.02).
e = 31–39 group lower than >50 group (p=0.04). 

  Fig. 17.2    Age group differences in perceptions of sensi-
tive skin. The percentage of participants who claimed 
some degree of sensitivity overall ( a ) or sensitivity of the 
facial, body, or genital areas ( b – d ). Correlations between 
perceptions of sensitive skin and age were assessed by 
MH Chi-square. Paired age group comparisons were per-
formed by Chi-square analysis. ( a ) On the bar of  a  – 
40–49 group signifi cantly lower than ≥50 group ( p  = 0.04). 

( b ) On the bar of  b  – 31–39 group signifi cantly higher 
than 40–49 group ( p  = 0.03). ( c ) On the bar of  b  – 40–49 
group signifi cantly lower than ≥50 group ( p  = 0.02). ( d ) 
On the bar of  d  – ≤30 group signifi cantly lower than ≥50 
group ( p  = 0.02). ( e ) On the bar of  d  – 31–39 group signifi -
cantly lower than ≥50 group ( p  = 0.04) (Adapted from 
Farage [ 76 ])       

subjects in the perception of sensitive skin overall 
or sensitive skin at the specifi c sites of the face or 
body area (Fig.  17.2  a–c) [ 76 ]. However, age-
related differences were apparent when asked 
about sensitivity of the skin of the genital area. 
The perception of sensitive genital skin rose direc-
tionally with age. Among the older subgroup of 
subjects (aged 50 or older), sensitivity of the skin 

of the genital area was signifi cantly more likely to 
be reported compared to subjects in the <30 or 
31–39 age subgroups (see Fig.  17.2d ).

   In several investigations, the prevalence of 
perceived sensitive skin is higher for women 
compared to men. Generally, the prevalence has 
been reported as 50–60 % for women and 
30–40 % for men [ 65 ,  66 ,  69 ,  70 ]. We evaluated 
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gender differences (Table  17.4 ) and found that 
the number of women who reported some degree 
of skin sensitivity overall (69.0 %) was higher 
than the number of men (64.4 %), but this 
 difference did not reach signifi cance ( p  = 0.310) 
[ 67 ]. In addition, we found no gender differ-
ences in the prevalence of perceived sensitive 
skin of the face or body ( p  = 0.474,  p  = 0.360, 
respectively). However, a signifi cantly higher 
proportion of women specifi cally perceived their 
genital skin to be sensitive (58.1 % of females 
and 44.2 % of males) ( p  < 0.030). An analysis 
was conducted to determine if there was a sig-
nifi cant association between age and perceived 
sensitive skin. No association was signifi cant 
with the exception of sensitive skin of the genital 
area among women ( p  = 0.012). The association 
of age and perceived genital skin sensitivity was 
not  signifi cant for men ( p  = 0.173).

17.5        The Skin and Menopause 

 Menopause, and the effects of postmenopausal 
estrogen defi ciency, can have profound effects on 
the skin. Estrogens affect several skin functions 
including hair growth, pigmentation, vascularity, 
elasticity, and water-holding capacity (as 
reviewed by Verdier-Sevrain et al. [ 77 ]). There is 
a strong correlation between skin collagen loss 
and estrogen defi ciency due to menopause [ 30 ]. 
It has been demonstrated that the postmenopausal 
women have decreased amounts of types I and III 
collagen and a decreased type III/I ratio in 
 comparison with premenopausal women [ 77 ]. 
Women with a premature menopause have 
 accelerated degenerative changes in dermal elas-
tic fi bers [ 30 ]. In addition, decreased estrogens 
after  menopause also affect the water-holding 

   Table 17.4    Perceptions of sensitive skin by age and gender subgroups   

 Responders with sensitive skin (%) 

 General  Face 

 Females  Males   p  value  Females  Males   p  value 

 All responders  Females,  n  = 869  69.0 %  64.4 %  0.310  78.6 %  68.1 %  0.474 
 Males  n  = 163 

 ≤30  Females,  n  = 261  66.7 %  73.3 %  0.461  77.8 %  66.7 %  0.173 
 Males  n  = 30 

 31–39  Females,  n  = 421  70.1 %  65.7 %  0.464  79.8 %  70.0 %  0.065 
 Males  n  = 70 

 40–49  Females,  n  = 83  62.7 %  59.1 %  0.695  72.3 %  63.6 %  0.315 
 Males  n  = 44) 

 ≥50  Females,  n  = 84  78.6 %  52.9 %  0.036  84.5 %  76.5 %  0.478 
 Males  n  = 17 

 Association between age 
and sensitive skin 

  p  value  0.160  0.110  0.377  0.647 

  Body area    Genital area  
  Females    Males    p   value    Females    Males    p   value  

 All responders  Females,  n  = 869  60.2 %  62.0 %  0.360  58.1 %  44.2 %  0.030 
 Males,  n  = 163 

 ≤30  Females,  n  = 261  57.1 %  60.0 %  0.760  55.2 %  36.7 %  0.054 
 Males,  n  = 30 

 31–39  Females,  n  = 421  62.0 %  62.9 %  0.891  57.2 %  41.4 %  0.014 
 Males,  n  = 70 

 40–49  Females,  n  = 83  55.4 %  61.4 %  0.519  61.4 %  52.3 %  0.319 
 Males,  n  = 44) 

 ≥50  Females,  n  = 84  65.5 %  58.8 %  0.602  70.2 %  47.1 %  0.065 
 Males,  n  = 17 

 Association between age 
and sensitive skin 

  p  value  0.263  0.926  0.012  0.173 

  Responses were divided into age groups and gender comparisons were conducted using Chi-square analysis. In  addition, 
data were evaluated for an association between age and sensitive skin using MH Chi-square  
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capacity of the skin. Estrogens clearly have a key 
role in skin aging, and menopause may accelerate 
the decline in skin appearance and function.  

17.6     Structural and Functional 
Changes in Female Genital 
Mucosa with Aging 

 A constellation of symptoms emerges during the 
perimenopause (the transition period to meno-
pause). Among these are changes to the genital 
mucosa (as reviewed in Ref. [ 78 ]). The vulva and 
vagina exhibit atrophy, with a reduction of subcu-
taneous fat in the labia majora and the labia 
minora, and vestibule and vaginal mucosa atro-
phy [ 79 ,  80 ]. At the cytological level, estrogen- 
induced parakeratosis of the vulvar stratum 
corneum is highest in the third decade of life, but 
rarely seen in the eighth decade [ 81 ]. 

 It is commonly assumed that aged skin is 
intrinsically less hydrated, less elastic, more per-
meable, and more susceptible to irritation. 
However, assessments of the vulvar skin of pre- 
and postmenopausal women, using bioengineer-
ing techniques, did not reveal large age-related 
changes in these characteristics. The impact of the 
menopause on the water barrier function and fric-
tion coeffi cient of vulvar skin was negligible [ 82 ]. 
Vulvar skin is more permeable to hydrocortisone 
than forearm skin, but comparable testosterone 
penetration rates have been measured at both sites. 
In postmenopausal women, skin permeability to 
hydrocortisone drops on the forearm but not on 
the vulva, and no age-related differences in testos-
terone penetration were found at either site [ 83 ]. 

 Exposed forearm skin was more susceptible 
than vulvar skin to the model irritant, aqueous SLS 
(1 % w/v). This agent caused more intense ery-
thema on the forearms of premenopausal women 
but no visually discernible response on the vulva 
in either pre- or postmenopausal women [ 84 ].  

17.7     Aging and Incontinence 

 As part of the aging process, the bladder becomes 
more irritable, holds less, and empties less effi -
ciently [ 85 ]. These normal changes can produce 
incontinence, especially when accompanied by 

concomitant illnesses or medications, obstetrical 
injury, dementia, or changes in nutrition or hor-
monal status. Reported prevalence rates vary 
widely and tend to increase with age [ 86 ]. A com-
munity-based study of American women over 50 
found that 48.4 % experienced urinary inconti-
nence, 15.2 % suffered from fecal incontinence, 
and 9.4 % experienced both [ 87 ]. Studies have 
reported the prevalence of fecal incontinence in 
nursing homes to be as high as 50 % [ 88 ]. 
Incontinence can produce a host of adverse skin 
effects with dermatological complications. 

17.7.1     Effects of Incontinence 
on the Skin 

 Urinary incontinence results in two conditions 
that can affect the skin in a number of ways, i.e., 
exposure to moisture and occlusion resulting 
from the use of incontinence pads or other con-
tainment devices. The skin effects of moisture 
and occlusion are summarized in Table  17.5 . 
Both conditions contribute to increased skin 
pH. The pH of normal healthy skin ranges from 
4.0 to 6.8, with an average of approximately 5.5 
[ 106 ]. With exposure to excess moisture, pH can 
increase to as much as 7.5. With exposure to 
urine, pH can reach 8.0 [ 107 ]. Disruption of the 
normal acid mantle interferes with the production 
of lipids and enzymes critical for barrier integrity 
and with keratinization critical to the repair of 
damaged SC [ 107 ]. The acid mantle of the skin 
also provides signifi cant resistance against dehy-
dration and bacterial invasion [ 63 ]. Disruption of 
the acid mantle by incontinence allows for sec-
ondary infection [ 92 ] by organisms such as 
 Staphylococcus , which is indigenous to perineal 
skin, and  Candida albicans , which is a common 
resident of the gastrointestinal (GI) tract [ 107 ]. If 
fecal incontinence is also present, skin problems 
are further compounded. An increased pH pro-
motes increased activity by fecal enzymes, i.e., 
lipases and proteases, which can directly decom-
pose the skin constituents [ 108 ].

   Moisture and occlusion both contribute to dis-
ruption in the function and integrity of the 
SC. Barrier permeability is effected [ 101 ]. Moist 
skin has a higher coeffi cient of friction, which 
can lead to an increased susceptibility to abrasion 
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when skin is exposed to shear forces [ 108 ]. 
Occluded SC is more susceptible to erosion [ 91 ]. 
Visible changes indicative of increased infl am-
mation have also been described. 

 Incontinence can develop into a cycle of skin 
damage resulting in incontinence-associated der-
matitis (IAD). Among adults suffering from 
incontinence, the reported prevalence of IAD 
varies widely. In a recent review of the literature, 
the reported prevalence of IAD within adult pop-
ulations in acute or long-term care facilities 
ranged from 5.7 to 27 % [ 109 ]. IAD has a multi-
factorial etiology [ 106 ]. It is initiated by the 
changes that can result from occlusion and expo-
sure to moisture and feces (Fig.  17.3 ), leading to 
skin hydration, an increased pH, mechanical 
trauma to the SC, and a compromise of the skin 

barrier function. Further, skin damage is caused 
by chemical irritation from urine and feces, enzy-
matic degradation from fecal enzymes, and 
opportunistic colonization by pathogens. Without 
appropriate interventions, such as better control 
of moisture levels, the use of barrier creams, and 
medical treatment, the cycle continues and the 
condition of the skin can worsen progressively.

17.7.1.1       Urinary Incontinence 
and Sensitive Skin 

 A questionnaire-based study was conducted to 
determine the effect of incontinence on the per-
ception of sensitive skin among 29 women aged 
50 and older who experienced urinary inconti-
nence [ 73 ,  76 ]. The participants completed a 
questionnaire probing perceptions of sensitive 

   Table 17.5    Dermatologic effects of occlusion and moisture   

 Parameter  Infl uence of occlusion  References  Infl uence of water  References 

 pH  Increases pH  [ 89 ]  Increase in pH  [ 90 ] 
 Bacterial 
counts 

 Increased  [ 91 ]  Increases susceptibility to 
bacterial colonization 

 [ 92 ,  93 ] 

 Function 
and integrity 
of stratum 
corneum 

 Increases TEWL and prevents recovery 
of elevated TEWL 

 [ 94 ]  Increases TEWL  [ 95 ,  96 ] 

 Increases permeability, especially to 
nonpolar lipids 

 [ 89 ,  97 ]  Increases permeability to 
low-molecular-weight irritants 

 [ 93 ] 

 Increases hydration of stratum 
corneum 

 [ 98 ]  Increases frictional coeffi cient, 
causing increased susceptibility 
to trauma 

 [ 92 ,  93 ] 

 Inhibits barrier restoration  [ 99 ]  Increases risk of pressure ulcers  [ 63 ] 
 Disrupts lipid organization and 
metabolism 

 [ 89 ]  Tends to increased cutaneous 
blood fl ow 

 [ 95 ,  96 ] 

 Prevents expected increase in 
epidermal lipid synthesis 

 [ 94 ]  Increases risk of loss of skin 
integrity 

 [ 63 ,  93 ] 

 Visible 
changes 

 Deepens skin furrows  [ 98 ]  Increases erythema  [ 95 ,  96 ] 
 Increases infl ammation  [ 100 ]  Increases irritation  [ 101 ] 
 Increases frequency of hydration 
dermatitis 

 [ 102 ] 

 Cellular 
function 

 Carbon dioxide emission rate increased  [ 91 ] 
 Decreases mitotic activity  [ 103 ] 
 Inhibits DNA synthesis  [ 104 ] 
 Induces intercellular adhesion 
molecule 1 

 [ 100 ] 

 Increases CD3 + epidermal 
lymphocytes 

 [ 100 ] 

 Inhibits increase in epidermal cell 
proliferation 

 [ 105 ] 

 Reduces epidermal pool of IL-1∝  [ 102 ] 
 Increases skin surface temperature  [ 101 ] 

  Adapted from Farage et al. [ 106 ]  
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skin at various body sites. Responses were 
 compared to 42 age- and gender-matched con-
trols. Those who experienced urinary inconti-
nence were signifi cantly more likely to perceive 
their skin to be sensitive in general (Table  17.6 ). 
Surprisingly, these individuals were not more 
likely to report skin sensitivity of the genital area 
(the expected site to be affected) or of the face or 
other body sites.

17.7.2         Minimizing the Skin Effects 
of Incontinence 

 Without appropriate interventions, the cycle of 
skin damage that often accompanies urinary and/
or fecal incontinence worsens. Since aged skin is 
more susceptible to damage and slower to repair 
than younger skin, breaking the cycle of IAD can 
be even more challenging. The management of 
incontinence requires a multifaceting approach 
that includes the use of absorptive or containment 
products and a consistent skin care regimen of 
gentle perineal cleansing, moisturization, and the 
application of a skin protectant or moisture bar-
rier [ 109 ]. 

17.7.2.1     Absorptive or Containment 
Products 

 Minimizing contact with moisture in incontinent 
individuals is key to maintaining healthy skin. 

Modern, “superabsorbent” polymers have been 
developed that effectively sequester moisture 
away from the skin producing a dryer environ-
ment [ 108 ]. Current advances are focused on 
developing improved designs to minimize the 
occlusive nature of incontinence control products 
incorporating breathable topsheet materials [ 110 ] 
and side panels [ 111 ], shaped absorbent pads to 
minimize exposure to the buttocks [ 112 ], and 
absorbent products with skin protectants [ 113 ].  

17.7.2.2    Cleansing 
 Frequent cleansing is essential for individuals 
suffering from incontinence, but if done improp-
erly, vigorous cleansing can have further detri-
mental effects on perineal skin. Too much friction 
can cause mechanical damage to already fragile 
skin. Gentle approach with a soft cloth is the best 
method. Perineal skin cleansing should be done 
with a product whose pH range refl ects the acid 
mantle of healthy skin (pH between 5.4 and 5.9). 
No-rinse skin cleansers have been demonstrated 
to be an effective, gentle, and consistent means of 
perineal cleaning [ 109 ,  114 ].  

17.7.2.3     Moisturization and Skin 
Protectants 

 Moisturizers contain a variety of different combi-
nation of substances that can have different effects 
on the skin [ 115 ]. Lipid-based emollients, such as 
petrolatum, lanolin, and dimethicone, can improve 

Healthy skin
Moisture control
Barrier creams
Medical treatment

Moisture
Occlusion
Increased pH
Fecal enzymes

No intervention

Incontinence
associated
dermatitis

Compromised skin
Loss of barrier integrity

Mechanical irritation
Chemical irritation

Microbial infection

  Fig. 17.3    Cycle of skin 
damage in incontinence-
associated dermatitis 
(Adapted from Runeman 
[ 108 ])       
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barrier function [ 109 ] while at the same time pre-
venting friction from diapers and bed  linens. 
Topical administration of a petrolatum-based skin 
protectant has been demonstrated to improve skin 
condition and reduce diaper rash in babies [ 113 ]. 
The inclusion of protectants such as zinc oxide 
resulted in further improvement [ 116 ]. Humectants, 
such as glycerin, alpha-hydroxy acids, urea, and 
propylene glycol, are substances with water-
attracting properties. Since one of the conse-
quences of incontinence can be skin  hydration, 
humectants are generally contra-indicated [ 109 ].  

17.7.2.4     Medical Treatment 
for Infection 

 Interventions, such as the application of topical 
antibiotics, antimicrobials, and antifungals, 
should not be used routinely in treating IAD but 
should be employed only when an infection is 
actually present [ 109 ].   

17.7.3     Incontinence 
and the Quality of Life 

 Incontinence of either urine or feces is a devas-
tating development for older adults, carrying 
signifi cant emotional, fi nancial, and physical 
burden [ 117 ]. Urinary incontinence is associ-
ated with reduced social and personal interac-
tion and a decrease in overall quality of life 
[ 118 ]. Incontinent elders commonly verbalize 
feelings of worthlessness and helplessness 
[ 119 ]. Patient coping strategies, in particular the 
avoidance of social activities due to the poten-
tial for embarrassment, can further compromise 
health [ 120 ]. Loss of bowel continence in the 
presence of essentially normal cognitive func-
tion is devastating, emotionally and often fi nan-
cially, for both patients and their families [ 88 ]. 
Incontinence often limits physical activity [ 118 ] 
and has been associated with depression and 
anxiety [ 121 ], a decline in social function [ 122 ], 
and compromised sexual function [ 123 ]. The 
issue of incontinence is often the deciding factor 
in the loss of independence for an older adult 
and is a common reason for nursing home 
admissions [ 119 ]. Incontinence is consistently 

associated with an increased risk of a debilitat-
ing, even fatal, fall in the elderly individual 
[ 124 ]. Thus, the effects of incontinence on emo-
tional health, body image, social activity, and 
physical well-being are profound. Appropriate 
clinical management of incontinence is critical, 
not only to avoid the cutaneous sequelae of 
incontinence but to help seniors continue to lead 
vital active lives.   

17.8     Summary 

 Over the last two centuries, medical progress has 
dramatically extended the human lifespan, more 
than doubling life expectancy across the world. 
Average global life expectancy has risen from 
about 25 (for both sexes) to 65 for men and 70 for 
women [ 46 ]. Women, whose average life expec-
tancies exceed those of men, can now expect to 
spend more than one-third of their lifetimes in 
postmenopause [ 31 ]. More than 40 million post-
menopausal women live in the USA today, com-
prising 17 % of the total population [ 36 ]. Many 
profound changes occur over a skin’s lifetime; 
the human integument remains relatively func-
tional when protected from excessive environ-
mental insult. However, the skin of older adults is 
compromised in many ways. Structural changes 
lead to decreased elasticity and resilience as well 
as undesirable visible characteristics. Decreases 
in neurosensory capacity increase the risk of 
unrecognized injury. The intrinsic drying of the 
skin makes the skin itchy and increasingly 
uncomfortable. The decrease in the skin’s ability 
to repair itself slows wound repair and re- 
epithelialization dramatically. Incontinence can 
further compromise older skin. The effects of 
occlusion and exposure to moisture and fecal 
material can disrupt the function and integrity of 
the skin. Left untreated, this can develop into a 
cycle of skin damage resulting in IAD and oppor-
tunistic colonization by pathogens. As the pro-
portion of older adults in the industrialized world 
increases, understanding and caring for the prob-
lems of aged skin will improve the quality of life 
in those later years of life gained by medical 
advances.     
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18.1            Introduction 

 Vulvovaginal atrophy is estimated to affect 
10–40 % of postmenopausal women, but only 
25 % of symptomatic women seek medical atten-
tion. Although this condition can have a large 
impact on quality of life and sexual function, it is 
frequently underdiagnosed and undertreated. The 
symptoms of vulvovaginal atrophy include vagi-
nal dryness, irritation, itching, dysuria, and dyspa-
reunia. These symptoms are usually progressive 
and less likely to resolve without effective treat-
ment [ 1 ,  2 ]. Treatment approaches for vulvo-
vaginal atrophy focus on symptom reduction and 
hormonal restoration of affected tissues, often in 
conjunction with application of over-the-counter 
moisturizes and lubricants. Among the estrogen 
restoration treatments are local estrogen, selective 
estrogen receptor modulators (SERMs), tissue- 
selective estrogen complexes (TSECs), local 
androgens, dehydroepiandrosterone (DHEA), 
oxytocin, phytoestrogens, as well as nonhor-
monal options [ 1 ,  3 ,  4 ]. The aim of this chapter 
is to review current treatments for vulvovaginal 
atrophy and explore emerging strategies for care.  

18.2     Estrogen and Vulvovaginal 
Atrophy 

 The symptoms of vulvovaginal atrophy are 
caused by loss of estrogen production with meno-
pause [ 1 ]. After menopause, serum estrogen 
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 levels fall from about 120 to about 20 pg ml −1 . 
Decreased estrogen levels lead to transformation 
of the vulvovaginal epithelium from a thick 
appearance to one that is pale, thin, prone to 
infl ammation, and increased friability [ 4 ,  5 ]. A 
large number of estrogen receptors are found in 
the vulvovaginal area, which indicates the impor-
tant role of estrogen to maintain the structure and 
function of this area [ 6 ]. The decreased levels of 
estrogen that accompany menopause cause atro-
phy of the vulva and vagina. Concurrently, the 
vagina shortens, narrows, and becomes less elas-
tic. Blood fl ow to the vagina decreases which 
causes it to become pale and thin, which results 
in decreased vaginal secretions and increased 
susceptibility to vaginal pain and trauma [ 4 ,  7 ]. 
The degree of vaginal dryness increases in sever-
ity as time after menopause progresses [ 7 ].  

18.3     Local Estrogens 

 For women with vulvovaginal atrophy who lack 
other postmenopausal symptoms, local estrogen 
therapy is the treatment of choice [ 3 ]. Exogenous 
estrogen promotes the revascularization and 
thickening of the vaginal epithelium, resulting in 
increased lubrication and elasticity [ 5 ,  8 ,  9 ]. 
Moreover, local estrogen preparations have been 
shown to decrease symptoms of atrophy, includ-
ing vaginal dryness, irritation, pruritus, and dys-
pareunia [ 1 ,  10 ,  11 ]. These treatments may also 
improve sexual desire, arousal, and orgasmic 
function through increased blood fl ow and lubri-
cation [ 7 ]. Since the vulva is also affected, treat-
ment of vulvovaginal atrophy should ideally 
involve both the vagina and the vulva [ 12 ]. 
Nevertheless, most treatments thus far have 
focused on the vagina. 

 Two estrogens, estradiol and conjugated 
estrogens, are currently approved in the United 
States for treatment of vaginal atrophy, vaginal 
dryness, and dyspareunia. The various formula-
tions for vaginal use include creams, tablets, and 
hormone- releasing rings. Although all of these 
formulations are equally effective, some women 
prefer the 3-month vaginal ring due to increased 
comfort, satisfaction, and ease of use [ 13 ]. In 
addition, estriol, a lower potency estrogen, has 

recently been investigated for the treatment 
of vulvovaginal atrophy. A double-blind and 
placebo- controlled study in 167 women evalu-
ated the effi cacy and safety of 0.005 % estriol 
vaginal gel when used daily for 3 weeks and 
then twice weekly for up to 12 weeks. The estriol 
treatment group showed positive changes in vagi-
nal maturation index (VMI), vaginal pH, vaginal 
dryness, and a global symptom score, whereas 
treatment-related adverse events were similar 
among groups [ 14 ]. For long-term local estro-
gen therapy, it is recommended that the smallest 
effective dose is utilized, with the goal of even-
tually tapering local estrogen to maintenance 
dosing once urogenital function has improved. 
Although it may be acceptable to continue treat-
ment indefi nitely, safety data for local estrogen 
beyond 1 year is currently not available [ 1 ,  15 ]. 

 Endometrial hyperplasia is the main con-
cern with the use of unopposed estrogen by 
woman with an intact uterus. Local low-dose 
estrogen formulations, however, have not been 
shown to increase the incidence of prolifera-
tive endometrium when compared with placebo 
[ 15 ]. Furthermore, in the opinion of the North 
American Menopause Society, endometrial 
surveillance and progestin therapy are not indi-
cated in asymptomatic, low-risk women receiv-
ing low- dose vaginal estrogen [ 1 ]. Nevertheless, 
although local estrogen therapies may not sig-
nifi cantly stimulate the endometrium, all cases 
of postmenopausal bleeding should be evaluated 
by ultrasound of endometrial thickness and endo-
metrial sampling [ 16 ].  

18.4     Systemic Estrogens 

 Systemic estrogen therapy is indicated for vulvo-
vaginal atrophy if menopausal vasomotor symp-
toms are also experienced. In this case, a progestin 
is used to reduce the risk of endometrial cancer 
associated with unopposed systemic estrogen for 
patients with an intact uterus [ 15 ]. Despite reduced 
vasomotor-related discomfort, 40 % of women 
who use systemic hormone therapy still experience 
persistent vulvovaginal dryness [ 17 ]. Consequently, 
local estrogen may frequently be needed in con-
junction with systemic treatment [ 3 ,  4 ].  
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18.5     Selective Estrogen Receptor 
Modulators 

 Certain selective estrogen receptor modulators 
(SERMs), which act as estrogen agonists/antago-
nists, are promising future treatments for vulvo-
vaginal atrophy. Raloxifene and tamoxifen, 
commonly used in the setting of breast cancer 
and osteoporosis, are of the most well-known 
SERMs; however, they are not optimal for the 
treatment of vulvovaginal atrophy [ 18 ]. Instead, 
SERMs ospemifene (Osphena) and lasofoxifene 
(Oporia) are preferred due to their positive effects 
on vaginal epithelium and the progression of 
atrophy and symptoms, as demonstrated in 
placebo- controlled clinical trials [ 19 ,  20 ]. 

 Ospemifene, which was initially developed as 
a treatment for postmenopausal osteoporosis, 
was found to have favorable estrogenic effects on 
the vaginal epithelium in phase I and II clinical 
trials. This SERM was approved by the US Food 
and Drug Administration (FDA) in early 2013 for 
the treatment of moderate to severe dyspareunia 
after completing a 12-week phase III trial in 826 
postmenopausal women between the ages of 40 
and 80 with vulvovaginal atrophy randomized to 
receive ospemifene 30 mg/day, 60 mg/day, or 
placebo orally [ 19 ]. Participants receiving 30 and 
60 mg of ospemifene showed statistically signifi -
cant improvement in VMI, vaginal pH, and vagi-
nal dryness, while benefi ts for dyspareunia were 
only seen in the 60 mg/day group. The most fre-
quently reported adverse event was hot fl ushes; 
no proliferative effects on endometrial tissue 
were observed [ 21 ]. In addition, ospemifene’s 
antiestrogenic activity in several preclinical mod-
els of breast cancer makes this SERM a potential 
candidate for the treatment of women with breast 
cancer suffering from vulvovaginal atrophy [ 19 ]. 
Another SERM, lasofoxifene, shows promising 
results for treatment of vulvovaginal atrophy. A 
series of large multicenter studies with lasofoxi-
fene (PEARL) evaluated the effi cacy and safety 
of this medication for osteoporosis and vulvo-
vaginal atrophy symptoms in postmenopausal 
women [ 22 ,  23 ]. Lasofoxifene signifi cantly 
reduced the symptoms of moderate to severe vul-
vovaginal atrophy while improving VMI and 
vaginal pH over a 12-week treatment period [ 24 ]. 

Additional studies have supported these fi ndings 
and have also revealed decrease in dyspareunia in 
postmenopausal women treated with lasofoxi-
fene [ 25 ]. Whereas in those studies that did not 
reveal an elevated risk of endometrial cancer, fi ve 
women developed endometrial hyperplasia, and 
an increased risk of both venous thromboembo-
lism and pulmonary embolism was observed 
[ 23 ]. Lasofoxifene is currently not approved for 
use in the United States.  

18.6     Tissue-Selective Estrogen 
Complexes 

 Tissue-selective estrogen complexes (TSECs) 
pair a SERM with estrogen(s) aiming to relieve 
hot fl ushes, treat vulvovaginal atrophy, and pre-
vent bone loss, while protecting the endometrium 
and breasts [ 25 ,  26 ]. 

 The SERM bazedoxifene paired with conju-
gated estrogens was evaluated in a multicenter, 
randomized double-blind, placebo- and active- 
controlled phase III study in 3,397 postmeno-
pausal women with intact uteruses aged 
40–75 years [ 27 ]. This study revealed that baze-
doxifene combined with conjugated estrogens 
signifi cantly reduced the frequency and severity 
of hot fl ushes at 3 months and improved vaginal 
atrophy with reduced incidence of dyspareunia at 
24 months as compared to placebo, while the 
incidences of adverse events were similar. 
Another study in postmenopausal women dem-
onstrated that the combination of bazedoxifene 
with conjugated estrogens was associated with 
less than 1 % rate of endometrial hyperplasia 
over 2 years with no difference in endometrial 
thickness between the bazedoxifene/conjugated 
estrogens and placebo groups [ 28 ]. 

 The primary objective of a further trial was to 
compare the safety and effi cacy of multiple doses 
of bazedoxifene/conjugated estrogens for the 
treatment of moderate to severe vulvovaginal 
atrophy associated with menopause [ 29 ]. In this 
trial with 625 postmenopausal women aged 
40–65, vaginal pH and vulvovaginal atrophy 
symptoms signifi cantly improved as compared 
with placebo in the group treated with the higher 
dose of bazedoxifene/conjugated estrogens for 
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12 weeks. Although the treatment groups did not 
report increased adverse events, there was a sig-
nifi cantly higher incidence of vaginitis in the 
groups receiving bazedoxifene/conjugated estro-
gens as compared with placebo.  

18.7     Local Androgens 

 Although the vagina has previously not been con-
sidered an androgen-dependent organ, studies 
suggest that androgens may have a direct effect on 
vaginal structure and function, independent from 
estradiol. Androgen receptors and aromatase have 
been identifi ed in the vaginal epithelium, suggest-
ing both direct and indirect effects of testosterone 
on vaginal tissue [ 30 ,  31 ]. In addition, less andro-
gen receptor mRNA and proteins are expressed 
in the vaginal epithelium with increasing age and 
postmenopausal status. Furthermore, testosterone 
administration was shown to increase androgen 
receptor protein expression in both the vaginal 
mucosa and stroma [ 32 ]. 

 An exploratory study examined the impact of 
vaginal testosterone alone on vaginal atrophy in 
21 postmenopausal women with breast cancer on 
long-term aromatase inhibitor therapy [ 33 ]. After 
treatment with a vaginal testosterone cream daily 
for 28 days, the vaginal atrophy symptoms, 
including dryness and dyspareunia, improved 
signifi cantly, and this improvement persisted 
after cessation of treatment. Since estradiol levels 
remained suppressed after the treatment, the 
authors concluded that a 4-week regimen with 
vaginal testosterone improved vaginal atrophy 
without the potential risks associated with ele-
vated systemic estradiol levels. 

18.7.1     Dehydroepiandrosterone 

 Dehydroepiandrosterone (DHEA) is an androgen 
that can be converted into many biologically 
active sex steroids, including estradiol and testos-
terone. Like estrogen and testosterone, levels of 
DHEA decline with age. Although a recent trial 
did not show a benefi t of oral DHEA therapy for 
women, advantages of intravaginal DHEA on 
sexual function are emerging [ 25 ]. 

 In postmenopausal women, intravaginal DHEA 
improved VMI scores and decreased vaginal pH 
after a few days, without signifi cantly elevating 
circulating levels of estrogen [ 34 ]. Intravaginal 
DHEA was found to act on all three layers of the 
vagina, inducing mucifi cation of the epithelium, 
increasing density of collagen fi bers in the vaginal 
wall, and stimulating the muscle layer. Therefore, 
it may be speculated that intravaginal DHEA may 
be superior to intravaginal estradiol, which acts 
mainly on the superfi cial epithelial layer. 

 In a prospective phase III clinical trial with 126 
postmenopausal women with moderate to severe 
vaginal atrophy in order to evaluate effects on 
sexual dysfunction, intravaginal DHEA applied 
daily for 12 weeks improved sexual desire/inter-
est, arousal, orgasm, and pain with sexual activity 
[ 35 ]. In a follow-up study, 114 postmenopausal 
women with dyspareunia as the most bothersome 
symptom of vaginal atrophy were identifi ed [ 36 ]. 
After 12 weeks of treatment with varied doses of 
intravaginal DHEA, VMI and pain severity score 
during sexual activity improved, whereas DHEA 
levels remained within normal postmenopausal 
ranges. This study suggests benefi cial local effects 
of intravaginal DHEA without signifi cant sys-
temic absorption.  

18.8     Oxytocin 

 Due to safety concerns related to estrogen ther-
apy, alternative treatments including oxytocin are 
being explored to address vulvovaginal atrophy. 
Oxytocin, a peptide hormone well known for its 
role in female reproduction, has been shown to 
increase wound healing, mucosal blood fl ood, 
and secretion of several growth factors. 

 In a pilot study with 20 postmenopausal 
women with vaginal atrophy symptoms, the 
group receiving intravaginal oxytocin showed a 
signifi cant improvement upon colposcopic exam-
ination [ 36 ]. Although 70 % of the treatment 
group demonstrated decreased vaginal atrophy 
and reported relief of symptoms, this result was 
not as signifi cantly different from the placebo 
group. Larger studies are currently in progress to 
further evaluate oxytocin for the treatment for 
vaginal atrophy.  
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18.9     Phytoestrogens 

 Phytoestrogens, plant-derived xenoestrogens or 
dietary estrogens, are being explored as a possi-
ble alternative to hormonal therapy. Isofl avones, 
in particularly genistein and daidzein found in 
soybeans, are the most studied of the phytoestro-
gens. Whereas oral phytoestrogens do not have 
an effect on vaginal epithelium, intravaginal 
application seems to provide some benefi t [ 37 ]. 
Signifi cant improvement in genital symptoms, 
colposcopy scores, and VMI after 90 days of 
daily intravaginal administration of genistein was 
demonstrated in a randomized-control study with 
62 postmenopausal women [ 38 ]. However, this 
improvement was also seen in the control group 
with a hyaluronic acid formulation. 

 A recent double-blind, randomized placebo- 
controlled study compared the effi cacy of isofl a-
vone vaginal gel to conjugated equine estrogen 
and placebo in treating vulvovaginal atrophy 
[ 39 ]. In this study, 90 postmenopausal women 
were treated for 12 weeks with either isofl avone 
vaginal gel 4 % (1 g/day), conjugated equine 
estrogen cream (0.3 mg/day), or placebo gel. 
Women treated with isofl avone gel showed a sim-
ilar improvement compared to the estrogen group 
for vaginal dryness and dyspareunia; both dif-
fered signifi cantly from the placebo group. 
Additionally, there was also a signifi cant increase 
in VMI with isofl avone gel treatment. No changes 
in endometrial thickness or estradiol levels were 
observed in any of the study groups. Accordingly, 
the isofl avone vaginal gel might be an effective 
alternative in the treatment of vaginal atrophy 
and maybe be particularly benefi cial to women 
who have contraindications or decline hormone 
therapy.   

18.10     Nonhormonal Treatment 
Options 

 Women with vaginal dryness and sexual pain 
frequently seek relief with nonhormonal, over-
the- counter vaginal lubricants and moisturizers 
[ 40 ,  41 ]. More specifi cally, vaginal lubricants 
are designed to reduce friction associated with 
sexual activity, whereas vaginal moisturizers 

are utilized to hydrate and replace normal vagi-
nal secretions. 

 A few small prospective studies analyzed the 
effi cacy of a commonly used  polycarbophil- based 
vaginal moisturizer. This product was shown to 
improve vaginal moisture and elasticity, reducing 
the symptoms of itching, irritation, and dyspareu-
nia [ 42 ,  43 ]. In addition, cytological studies indi-
cated a positive effect on maturation of the 
vaginal epithelium [ 44 ]. 

 In a multicenter, parallel-group clinical trial, 
144 postmenopausal women with vaginal dry-
ness were randomized to receive either a hyal-
uronic acid vaginal gel or estriol cream [ 45 ]. 
After a total of ten applications over 30 days, 
both the hyaluronic acid vaginal gel and estriol 
cream groups showed signifi cant improvement in 
vaginal dryness, itching, burning, and dyspareu-
nia. However, in contrast to the estrogen control 
group, there was no improvement in vaginal pH 
for women using hyaluronic acid. 

 Widely available vaginal pH-balanced gels, 
which contain lactic acid to promote lower vagi-
nal pH, have also been studied as a nonhormonal 
alternative for the treatment of vaginal atrophy. A 
placebo-controlled study in 86 chemotherapy or 
endocrine-therapy-induced menopausal breast 
cancer survivors revealed a signifi cant improve-
ment in vaginal dryness, dyspareunia, pH, and 
VMI in the group receiving a pH-balanced vagi-
nal gel as compared to the placebo group after 
12 weeks. The most common side effects of the 
pH-balanced gels were vaginal irritation and 
burning sensation. 

 Protein and peptide growth factor products 
may be a promising, nonhormonal treatment 
alternative for vulvovaginal atrophy. A double- 
blind and randomized controlled clinical study 
revealed that vulvar cream developed specifi cally 
for the local treatment of women with vestibulo-
dynia was more effective in reducing dyspareu-
nia and erythema than the vehicle control [ 46 ]. 
Recent evidence suggests that vestibulodynia in 
women taking oral contraceptive pills can be 
associated with a thinned and fragile vulvar epi-
thelia resulting from diminished estrogen and 
testosterone, which is clinically comparable to 
the vulvar epithelia in postmenopausal women 
[ 47 ]. Given these fi ndings, protein and peptide 
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growth factor products may also be helpful for 
postmenopausal women with vulvovaginal atro-
phy. This is currently being investigated in an 
exploratory study. 

 Consequently, many of the currently available 
nonhormonal treatment options may be viable 
alternatives to help with relief of the symptoms 
associated with vulvovaginal atrophy, in particu-
lar, for women contraindicated to estrogen use.  

18.11     Summary 

 As women are living longer and healthier lives, 
the importance of vulvovaginal health and main-
tenance of intimacy is being highlighted in the 
popular media, is discussed on the Internet, and is 
fi nally making its way into the doctor’s offi ce. 
Therefore, as patients present to clinicians, it is 
essential for practitioners to be able to identify 
vulvovaginal atrophy, differentiate this condition 
from vulvar dermatoses, and subsequently pro-
vide acceptable treatment options based upon 
risk profi le. 

 Treatment of vulvovaginal atrophy was once 
limited to either vaginal lubricants and moistur-
izers or estrogen-containing regimens, which 
many clinicians felt uncomfortable recommend-
ing due to safety concerns addressed in the 
Women’s Health Initiative trials. Today, however, 
practitioners are becoming better equipped to 
offer a wider range of treatment options due to 
increased reassurance of safety for existing thera-
pies and advances in novel treatment options.     
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19.1            Introduction: What Makes 
Skin Sensitive? 

 Sensitive skin syndrome can be defi ned as symp-
tomatic epidermal reactivity to common environ-
mental insults that normally would not cause a 
recognized reaction [ 1 ]. This disorder refl ects 
provoked or unprovoked sensations of itching, 
burning, or pain, typically with little or no visible 
skin changes. Interestingly, the defi nition for the 
dermatologic concept of sensitive skin also 
matches the gynecologic concepts of vulvodynia 
and vestibulitis. For the dermatologist, a common 
site of concern is the face with exposure to cos-
metics, but other body sites have been investi-
gated [ 2 ]. The gynecologic research has focused 
exclusively on vulvar sensitivity and pain. Age, 
ethnicity, hormone status, atopic tendency, and a 
wide range of environmental factors infl uence 
skin sensitivity at all body sites [ 3 ]. 

 The individual with sensitive skin may com-
plain after environmental exposures that are 
generally tolerated without annoyance by most 
other individuals. An understanding of derma-
topathology and skin physiology has placed 
the dermatologists at an advantage in efforts to 
determine the causes for sensitive skin. Although 
continued investigation is warranted, sensi-
tive skin syndrome has been reasonably well 
defi ned by dermatologists as a valid disorder, 
often with meaningful therapeutic implications. 
Dermatopathology can be a helpful guide in many 
cases. The gynecologic concepts of vulvodynia 
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and vestibulitis are reasonably well defi ned, but 
the pathophysiology remains poorly understood, 
and treatment attempts are often unsatisfactory. 
Dermatopathology has traditionally not been uti-
lized by gynecologists in the evaluation of vulvar 
pain and sensitivity [ 4 ]. 

 The concept of sensitive skin is generally 
related to the additive effect of several skin 
defects rather than to a specifi c dermatologic 
problem, as follows. (1) The skin barrier may be 
compromised. Persistent rubbing or abrasion can 
cause mechanical disruption of the barrier. 
Chemical irritants may cause epidermal injury, 
with each chemical irritant having its own char-
acteristic form of insult. A rise in epidermal pH is 
associated with a compromise in barrier function 
[ 5 ,  6 ]. (2) Dermatitis, whether visible or not, 
increases skin sensitivity [ 7 ]. The most common 
pathologic manifestation of skin reactivity is 
spongiotic dermatitis. (3) The skin barrier may be 
normal, without evident dermatologic disease, 
but nerve sensitivity may be increased. 
Presumably, this may be a congenital matter, or it 
may be due to some recognized or postulated 
nerve trauma (allodynia). In some cases, pathol-
ogy may disclose increased or elongated nerve 
endings. Therapy for sensitive skin syndrome 
requires recognition of the specifi c elements that 
apply in the individual case.  

19.2     How Common Is 
Sensitive Skin?  

 A perception of sensitive skin may be the most 
prevalent dermatologic complaint. In a recent 
survey, 68.4 % reported sensitive skin generally 
[ 8 ,  9 ]. In this review, approximately three- 
quarters of participants described sensitive facial 
skin, and around one-half of participants noted 
sensitive genital skin. Common complaints 
included intolerance of cosmetics, medicated 
creams, abrasive clothing and undergarments, 
and menstrual or incontinence pads. Women with 
clinically diagnosed atopic dermatitis are signifi -
cantly more likely to report skin sensitivity gen-
erally and in the genital area [ 10 ]. A familial 
tendency for sensitive skin is also evident [ 8 ].  

19.3     Vulvar Characteristics That 
Predispose to Sensitivity 

 Normal conditions in the vulvar area contribute 
to a high risk for dermatitis related to an irritant 
or allergic reaction [ 11 ]. The high level of epithe-
lial hydration, as refl ected by increased vulvar 
transepidermal water loss, increases susceptibil-
ity to hydrophilic irritants [ 12 ]. Lipid content and 
degree of keratinization, as well as any tendency 
for maceration, infl uence epidermal hydration. 
Vulvar epithelium tends toward maceration. 
Vulvar epithelium demonstrates a 35 % higher 
friction coeffi cient in comparison with the fore-
arm, which is considered the baseline site for 
many skin physiology studies [ 13 ]. The high fric-
tion coeffi cient refl ects an increased risk for 
mechanical damage from rubbing, abrasive cloth-
ing, toilet paper, and from activities like running 
and bicycle riding. In contrast, the fi ngerprint on 
the palms of the hand and similar patterns on the 
soles of the feet demonstrate good fl exibility with 
a low friction coeffi cient, appropriate to the 
expected rubbing and abrasion at those sites [ 14 ]. 
Vulvar skin is not well confi gured to tolerate rub-
bing from modern exposures to tight fi tting syn-
thetic garments, harsh toilet paper, and poorly 
manufactured feminine hygiene pads. The acid 
mantle of the skin, around a pH of 4–5.5, is 
important for proper skin barrier function. The 
normal vaginal pH of 4.5 refl ects an ideal pH for 
optimal epithelial barrier function. Common vag-
inal infections, such as bacterial vaginosis or 
trichomonas, may result in a local rise in 
pH. Changes in vaginal barrier function associ-
ated with a rise in pH may have a secondary 
effect on the adjacent vulvar epithelium [ 15 ]. For 
incontinent women, continuous exposure to urine 
similarly may adversely affect the vulvovaginal 
epithelial surface pH. 

 Thus, the vulvar epithelium is naturally at 
high risk for development of dermatitis. A genetic 
tendency for fragile skin and a harsh vulvovagi-
nal environment are determining factors. A der-
matologic diagnosis is based largely upon pattern 
recognition. Unfortunately, early vulvar disease 
may be highly symptomatic, but may not demon-
strate a characteristic rash. A medical history 
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may help. Vulvar pruritus with a history of 
asthma, hay fever, eczema, or sinusitis may sug-
gest a diagnosis of vulvar allergic dermatitis, 
often secondarily resulting in recurrent yeast or 
bacterial infection. Typically with little or no 
associated visual change, spongiotic dermatitis is 
the most commonly detected vulvar dermatopa-
thology in women with sensitive skin [ 4 ]. When 
vulvar dermatopathology develops, the compro-
mised skin barrier results in vulvar sensations of 
dry skin and increased sensitivity to adverse envi-
ronmental factors. With a signifi cant local source 
of genitorectal pathogens, vulvar dermatopathol-
ogy is often secondarily infected, resulting in fur-
ther enhanced barrier loss and sensitivity. See 
Table  19.1 .

19.4        Recognizing the Vulvar 
Sensitive Skin Syndrome 

 The vulva is potentially sensitive to a wider range 
of irritants and allergens than other skin sites 
[ 16 ]. Sensitive skin syndrome on a woman’s face 
may only refl ect a transient reaction to cosmetics. 
In contrast, vulvar sensitivity is generally an 
ongoing, uninterrupted reaction to urine, abra-
sion from clothing or contact with tight fi tting 
clothing, hard water, harsh toilet paper, pads or 
panty liners, and various medicated creams and 
lubricants. Unfortunately, these adverse vulvar 
insults are generally persistent and unavoidable, 
in contrast to the occasional use of cosmetics on 
the face. Adverse cosmetics on the face can be 
discontinued. Thus, the dermatologic concept of 
sensitive skin syndrome may actually have more 
signifi cant application to the vulva than to other 

body sites. Considering the unfortunate disability 
associated with the resulting vulvar pain, the rea-
sonably well-defi ned concepts that describe the 
dermatologic sensitive skin syndrome have great 
importance when applied to vulvar care. It is clin-
ically signifi cant and scientifi cally instructive to 
view vulvar itching, burning, and pain within the 
domain of the sensitive skin syndrome. As 
acknowledgment of the unique sensitivity of the 
vulva, it would be appropriate at least to recog-
nize a dermatologic subcategory of  vulvar  sensi-
tive skin syndrome. A specifi c vulvar sensitive 
skin syndrome is not currently identifi ed by der-
matologists or by gynecologists as a unique diag-
nosis. Dermatologists graciously accept the 
gynecologist’s vulvodynia work as a separate 
entity, and gynecologists generally may not be 
aware of the sensitive skin syndrome in the der-
matologist’s realm. With this overlap in concepts, 
it is appropriate to view the dermatologist’s sen-
sitive skin syndrome as the equal counterpart to 
the gynecologist’s vestibulitis and vulvodynia. 
Gynecologists have made some progress in refi n-
ing the defi nitions of the vulvodynia and vestibu-
litis concepts, but a physical explanation and an 
adequate treatment remain evasive in the gyne-
cology world. Fortunately, with the application of 
dermatopathology and a solid understanding of 
skin physiology, dermatologists are achieving 
signifi cant progress in the area of sensitive skin 
research. If the concepts of vulvodynia and ves-
tibulitis had never been established, it is likely 
that a dermatologic concept of vulvar sensitive 
skin syndrome would adequately address these 
gynecologic needs. 

 Organized research in vulvar sensitive and 
painful skin started in 1976 [ 17 ] for gynecolo-
gists, and sensitive skin research independently 
began prior to that same era for dermatologists. 
Defi nitions can be a challenge in both categories. 
Causation that may be diffi cult to confi rm occa-
sionally must be presumed, such as allodynia 
(neuropathic pain). Typical of the clinical chal-
lenge of sensitive skin diagnosis, allodynia is a 
diagnosis of exclusion. In rare cases, a direct 
clinical cause for neuropathic pain, such as 
trauma, is evident. A biopsy of sensitive skin is 
useful. Vulvar skin sensitivity that would be 

   Table 19.1    Special risk factors for vulvar sensitive skin 
syndrome   

 1. Normally high vulvar transepidermal water loss 
 2. Normally high vulvar friction coeffi cient 
 3. Naturally high vulvar skin hydration 
 4.  Persistent exposure to environmental irritants, 

rubbing, etc 
 5. Tendency for spongiotic dermatitis 
 6.  Further barrier compromise with secondary yeast 

infection 
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attributed otherwise to the generic concepts of 
vulvodynia or vestibulitis often shows dermato-
logic disease if evaluated by a dermatopatholo-
gist, rather than a surgical pathologist [ 4 ]. 
Advances in vulvodynia and vestibulitis have 
been handicapped by omission of dermatopathol-
ogy. Vulvar biopsy may not be the fi rst step for 
diagnosis, but it becomes helpful if therapy for 
the presumed clinical diagnosis fails. For cancer 
surveillance, it is important to biopsy any persis-
tent vulvar ulcer, erosion, or white patch.  

19.5     Vulvar Spongiotic Dermatitis 
and Yeast Infection 

 Toilet paper, rubbing of clothing, various medi-
cated creams and spermicides, etc., can be con-
stant, essentially unavoidable irritants to the 
vulvar epithelium. Considering the persistent 
exposure to potential irritants and the fragile 
nature of the vulvar epithelium, a high preva-
lence of spongiotic dermatitis would be expected. 
Actually, spongiotic dermatitis is a common fi nd-
ing throughout the lower female genital tract. A 
“reactive change” reported on a pap smear refl ects 
spongiotic change on the cervix if a biopsy is 
obtained [ 18 ,  19 ]. This fi nding refers to fl akes 

of epithelium in the Pap smear sample, associ-
ated with the spongiotic change. Small fl akes of 
epithelium are a common asymptomatic fi nding 
in the vaginal saline wet preparation (Fig.  19.1 ), 
often numerous and thick in women with sensitive 
skin [ 20 ] (Fig.  19.2 ). It would be expected that all 
women will experience some degree of spongi-
otic vulvar dermatitis at one time or another. For 
some women with moderately fragile vulvar epi-
thelium, this would be a common problem. For 
others it can be a persistent and severe problem, 
depending upon relative innate factors that infl u-
ence fragile skin as well as the relative harshness 
of the environmental conditions. Flakes of des-
quamated epithelium in the vaginal saline wet 
preparation can be viewed as a marker for spon-
giotic change in the female genital area. Flaking 
skin compromises the vulvovaginal skin barrier, 
facilitates microbe adhesion, and further increases 
sensitivity to environmental irritants.

    More than 40 antimicrobial substances have 
been identifi ed that are actively produced by the 
skin. These antimicrobial peptides are present 
and active in the stratum corneum [ 21 ]. For the 
vulva, these peptides likely have a signifi cant role 
in the prevention of infection from fecal contami-
nation. Human beta defensin-2 and human beta 
defensin-3 are antimicrobial peptides in this 

  Fig. 19.1    High-power view 
of small skin fl akes in an 
asymptomatic vaginal saline 
wet preparation       
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 category that demonstrate signifi cant anti-yeast 
inhibitory action [ 22 ]. The production of these 
antimicrobial peptides is linked with the normal 
cell-mediated immune response. Thus, a compro-
mise of cell-mediated immunity can contribute to 
increased skin colonization with yeast, related to 
a defi ciency of these important skin peptides. As 
would be expected, there is downregulation of 
human beta defensin-2 and human beta defensin-
 3 in spongiotic dermatitis [ 23 ]. This decline is a 
likely cofactor for the development of a genital 
yeast infection for women with vulvar spongiotic 
dermatitis. Similarly, a strong association 
between Th2 cytokines in the vulvovaginal area 
and a risk for yeast infection has been well docu-
mented [ 24 ]. A rise in estrogen increases the rate 
of allergy in women after puberty and, to a greater 
extent, during pregnancy [ 25 ]. Histamine release 
associated with allergy can cause prostaglandin 
E2 production which downregulates the local 
Th1 response, increasing the risk for yeast infec-
tion [ 24 ,  26 ]. Allergic dermatitis further inhibits 
Langerhans cell Th1 function. The clustering of 
Langerhans cells in spongiotic dermatitis that 
causes the characteristic microvesicles refl ects a 
shift of vulvar epithelial Langerhans cells away 
from Th1 response. This decline in Th1 response 
signifi cantly increases the risk for vulvovaginal 

yeast infection. Thus, just as all women are likely 
to experience vulvar spongiotic dermatitis at least 
once, all women should expect to have a vulvo-
vaginal yeast infection at least occasionally. 
Some women suffer constantly from vulvar spon-
giotic dermatitis and remain at constant risk for 
yeast infection. Factors related to spongiotic der-
matitis are possibly the most frequent cause for 
recurrent vulvar yeast or bacterial infection. 

 Chronic epithelial infl ammation can result in 
an increased population of epithelial nerve end-
ings and elongated nerve endings, likely resulting 
in progressively increasing skin sensitivity. This 
increase in nerve sensitivity has been linked to 
neurotropic substances that are activated as part 
of the normal infl ammatory response. Nerve 
growth factor has a well-studied role in this 
regard [ 27 ]. This progressive increase in elon-
gated epithelial nerve endings has been described 
in spongiotic dermatitis [ 28 ]. Similarly, gyneco-
logic research has shown increased nerve endings 
in biopsy samples from cases of vulvodynia and 
vestibulitis [ 29 ,  30 ]. Unfortunately, the gyneco-
logic samples were not investigated for spongi-
otic change in these reported nerve sensitivity 
studies. It is highly likely that chronic vulvar 
spongiotic dermatitis progressively increases 
nerve ending-mediated vulvar skin sensitivity.  

  Fig. 19.2    Low-power view 
of numerous thick skin fl akes 
in a vaginal saline wet prepa-
ration characteristic of symp-
tomatic spongiotic dermatitis       
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19.6     Vulvar Sensitivity Changes 
After Menopause 

 After menopause, the vulva remains vulnerable 
to rubbing, with a persisting high friction coeffi -
cient [ 13 ]. For the postmenopausal vulva, estro-
gen defi ciency and chronological aging are the 
main detrimental factors. The associated decline 
in barrier function and the loss of immune reac-
tivity combine to infl uence the sensitivity of post-
menopausal vulvar skin. The decline in barrier 
function provides a new opportunity for irritants 
to harm the increasingly fragile epithelium. The 
concurrent loss of immune reactivity may 
decrease the ability of the vulvar epithelium to 
register a symptomatic reaction. Thus, the rela-
tive awareness of vulvar sensitivity after meno-
pause results from the interplay of multiple 
predictable factors that will be somewhat unique 
to the individual. With the lack of estrogen stimu-
lation, vulvar skin would be expected to heal and 
recover more slowly after any insult. 

 The infl uence of aging upon skin is well doc-
umented [ 5 ,  6 ]. With aging, there is a signifi cant 
decline in lipid production. Epidermal cells pro-
duce the lipids that fi ll the intercellular space. 
Lipid production consists of a fi xed ratio of cho-
lesterol, ceramides, and free fatty acids. Both 
chronological aging and loss of estrogen play a 
role in the loss of intercellular lipids. The age- 
related loss of the normal calcium gradient in 
the skin is one factor that adversely infl uences 
lipid production. The normal mixture of polar 
and nonpolar lipids in the stratum corneum con-
tributes signifi cantly to the epidermal barrier 
[ 31 ]. The normal composition of intercellular 
lipids is important for normal skin hydration. 
The degree of estrogen-associated keratiniza-
tion of the stratum corneum is also important to 
maintain normal skin hydration. With aging and 
estrogen defi ciency, intercellular lipid produc-
tion is not adequately upregulated after injury. 
Yet, this signifi cant defect in postmenopausal 
vulvar stratum corneum composition may still 
remain asymptomatic in the absence of mechan-
ical or chemical damage. Considering the per-
sistent exposure to environmental irritants, the 

potential for postmenopausal vulvar skin barrier 
problems may be greater than other body sites. 

 Estrogen loss and chronological aging lead to 
an adverse rise in vulvar skin pH after menopause 
[ 5 ,  6 ]. The normal skin pH of 4–5.5 maintains 
limited skin permeability, promotes skin cell 
cohesion, and regulates desquamation [ 32 ,  33 ]. A 
rise in the vulvar skin pH adversely affects these 
elements of normal skin physiology. The integ-
rity of vulvar epithelium is profoundly compro-
mised by a rise in pH. The rise in pH is directly 
associated with defi cient intercellular lipid con-
tent. Loss of intercellular lipids, disruption of cell 
cohesion, and abnormal desquamation facilitate 
entry of microbial pathogens as well as environ-
mental irritants into the epithelium. Traditionally, 
some degree of antimicrobial action is attributed 
to the normally low stratum corneum pH. This 
surface antimicrobial action is lost with aging. 
This combination of defects results in a possibil-
ity of higher rates of vulvar epithelial microbe 
colonization or infection as well as a greater 
potential for irritant reaction. 

 Bone marrow–derived Langerhans cells are 
distributed unevenly throughout the body. The 
highest concentration of Langerhans cells in the 
female genital tract is found in normal vulvar 
skin [ 34 ]. The greatest prevalence of Langerhans 
cells in vulvar epithelium is found during the 
reproductive years [ 35 ]. With aging, there is a 
signifi cant decline in Langerhans cell function, as 
well as a fall in Langerhans cell count by approx-
imately 50 % [ 36 ]. With aging, there is a signifi -
cant decline in cytokine response that is linked to 
the decline in Langerhans cell function [ 37 ]. 
Thus, Langerhans cell-mediated immune 
response can be signifi cantly blunted in older 
persons. 

 There is a clinically important decline in cell- 
mediated immunity with aging. For women, 
estrogen defi ciency plays a primary role in this 
immune shift. Prior to puberty, the rate of asthma 
is the same for young boys and girls [ 25 ]. After 
puberty, under the infl uence of onset of estrogen 
production, asthma and a tendency for allergy 
increase for young girls. This immune shift 
toward allergy is potentiated with the further rise 
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in estrogen levels during pregnancy. Then, after 
menopause, there is a decline in asthma and aller-
gic response in older women [ 25 ]. The tendency 
for asthma is restored with hormone replacement 
therapy after menopause [ 38 ]. Thus, the ability of 
the vulvar immune system to produce a spongi-
otic reaction to environmental allergens is blunted 
after menopause. After menopause, dermatologic 
conditions such as lichen sclerosus would be 
expected to persist, but there is a decline in rela-
tive prevalence of vulvar spongiotic dermatitis. 
There is also a lower rate of allergy-associated 
vulvovaginal yeast infection unless immune 
responsiveness is restored by topical application 
of estrogen. After menopause, the rate of vulvo-
vaginal yeast infection is signifi cantly lower [ 39 ]. 

 Early-stage vulvar squamous cell carcinoma 
can be misinterpreted as sensitive skin or vulvo-
dynia. Langerhans cells also have a signifi cant 
role in cancer surveillance. The postmenopausal 
risk for vulvar carcinoma increases with the 
decline in Langerhans cell function. Defense 
against squamous cancer-associated human pap-
illomavirus rests in the phagocytic action of 
Langerhans cells. Half of vulvar carcinomas are 
attributed to HPV infection, and half relate alone 
to poor malignant cell surveillance by Langerhans 
cells [ 40 ]. 

 In summary, the fi nal status of relative vul-
var sensitivity after menopause refl ects an inter-
play of many independent factors. Atrophic 
vulvovaginitis may be the most universal risk 
for vulvovaginal burning after menopause. 
Postmenopausal barrier compromise increases 
susceptibility to irritants, allergens, and microbes. 
Decreased skin reactivity, refl ected by decline in 
cell-mediated immunity, lowers the chance for 
symptomatic vulvitis. The rate of yeast infec-
tion is lower after menopause, unless estrogen is 
restored to the vulvar epithelium. If vulvar ves-
tibulitis and vulvodynia are viewed as surrogates 
for vulvar sensitive skin syndrome, it is not sur-
prising that surveys of postmenopausal women 
have not revealed a signifi cant rise in vulvodynia 
after menopause [ 41 ,  42 ]. Interestingly, in these 
vulvodynia studies, the populations report-
ing vulvar symptoms differ before and after 

menopause. In contrast, a sensitive skin survey 
reported an increasing rate of self-reported geni-
tal skin sensitivity with aging, with little or no 
corresponding increase at other body sites [ 9 ]. 
Approximately 70 % of postmenopausal women 
reported somewhat sensitive genital skin, con-
trasting with 50–60 % of premenopausal women. 
Hot weather and abrasive clothing were the fac-
tors most signifi cantly associated with reported 
sensitive skin after menopause. Others have 
actually reported a general decrease in skin sen-
sitivity with age [ 43 ]. Thus, menopausal effects 
on skin sensitivity must be multifactorial with 
several concurrent changes where there may be 
actually elements that compensate for develop-
ing defects. Vulvar sensitivity factors prior to 
menopause differ somewhat from sensitive skin 
factors after menopause. Which women with 
sensitive skin prior to menopause continue to 
suffer after menopause depends upon which fac-
tors dominate. Vulvar sensitivity to mechanical 
abrasion may decline after menopause, but can 
recur after estrogen replacement therapy [ 44 ]. 
The barrier compromise due to lichen sclerosus 
is likely to persist. If spongiotic dermatitis is the 
prominent factor, then menopause may provide 
some relief unless topical estrogen is applied. 
Postmenopausal estrogen defi ciency alone 
introduces elements of barrier compromise that 
increase susceptibility, especially to hydrophilic 
irritants. See Table  19.2 .

19.7        Some Vulvar Sensitive Skin 
Treatment Concepts 

 Irritant avoidance is the mainstay of vulvar sensi-
tive skin therapy. For some postmenopausal 
women with urinary incontinence, the increased 

   Table 19.2    Factors that increase or decrease the ten-
dency for vulvar skin sensitivity after menopause   

 1.  Loss of barrier function with decreased intercellular 
lipids 

 2. Loss of barrier function with elevated pH 
 3.  Decline in immune reactivity of the skin, less ability 

of skin to have spongiotic reaction 
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vulvar exposure to ammonia and oxalate is a sig-
nifi cant issue [ 45 ]. After voiding, rinsing off with 
a squirt bottle instead of wiping with abrasive toi-
let paper can avoid two irritants. In the base of 
medicated creams, a hydrophilic irritant such as 
propylene glycol is a greater concern than hydro-
phobic irritants like sodium lauryl sulfate [ 46 ]. 
Propylene glycol is unfortunately a constituent of 
most commercial vulvovaginal creams and lubri-
cants. Propylene glycol is added to most topical 
gynecologic products as a humectant that 
increases absorption of the medication by humid-
ifying the skin barrier. For the postmenopausal 
vulva, it is particularly important to avoid dam-
age from aggressive cleansing, topical agents, 
and abrasion by clothing, panty liners, or inconti-
nence pads which contribute to postmenopausal 
skin barrier compromise [ 11 ]. Most commercial 
topical gynecologic products can cause burning 
when applied to the sensitive pre- or postmeno-
pausal vulvar skin. Ointments generally are bet-
ter tolerated than creams. A compounding 
pharmacist typically can fi nd a nonirritating base 
to compound products equivalent to commercial 
creams. 

 Although the ideal product to repair or estab-
lish a good skin barrier has not been developed 
yet, moisturizing oils can help to restore com-
promised skin. Daily application of solid veg-
etable oil can be helpful. Vegetable oil consists 
largely of linoleic acid, a ceramide fatty acid 
which should be skin friendly. Estradiol, com-
pounded in a nonirritating base, can reverse 
estrogen defi ciency, with the recognition that 
vulvar application of estrogen increases the 
risk of vulvovaginal yeast infection for the 
postmenopausal woman [ 47 ]. The compound-
ing pharmacist can provide a 0.1 mg estradiol 
per gram product that is equivalent to the com-
mercial cream. This can be compounded in a 
nonirritating base such as solid vegetable oil 
or some Vaseline-based cream for twice-daily 
application until atrophy symptoms resolve. 
The frequency of use can then be decreased, 
according to personal need. Unfortunately, 
estrogen cannot effectively reverse the effects 

of chronological aging. Continued topical 
application of estrogen can help to restore nor-
mal Langerhans cell function [ 48 ]. Oral estro-
gen replacement is less effective than topical 
application since oral doses are directed more 
toward control of hot fl ashes and maintenance 
of bone mass. 

 A prolonged course of a topical steroid 
such as 1 % hydrocortisone may be necessary 
for control of spongiotic dermatitis or lichen 
sclerosus. Anti-infl ammatory therapy may also 
slow the progression of nerve ending prolif-
eration in some chronic vulvar pain conditions 
[ 49 ]. Hydrocortisone suppresses keratinocyte 
release of nerve growth factor [ 50 ]. Transdermal 
absorption of the corticosteroid may be sub-
stantially greater after vulvar application in 
comparison with other body sites where barrier 
function is more favorable. Adrenal suppression 
becomes a possibility with vulvar topical appli-
cation of a high-potency steroid such as clobeta-
sol. In severe cases, the use of a high-potency 
steroid is justifi ed. It is important to switch to a 
less potent agent when possible. Naturally, the 
potential risk of adverse cosmetic or systemic 
effects from the topical steroid must be bal-
anced against the severity of the patient’s vulvar 
symptoms. 

 Offi ce microscopy is a helpful diagnostic 
adjunct. Inspection of vaginal secretions to iden-
tify microbial pathogens is the main focus of the 
wet prep. The cellular component of the sample 
is of equal importance in the evaluation of a 
woman with sensitive vulvar skin. Parabasal 
squamous cells may refl ect either a lack of estro-
gen or an intense infl ammatory response with 
rapid skin turnover (Fig.  19.3 ). Skin fl akes sup-
port a diagnosis of spongiotic dermatitis or lichen 
sclerosus. Vaginal bacterial cultures are generally 
not useful since the standard culture swab only 
supports growth of a few of the numerous 
microbes that are present in the normal vaginal 
fl uid. Microbes that grow in the swab sample 
may actually be minor participants in the vaginal 
microfl ora, falsely promoted by the nature of the 
culture medium. See Table  19.3 .
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19.8         Summary 

 Aging and estrogen defi ciency compromise the 
skin barrier’s defense mechanisms. Susceptibility 
to mechanical injury and chemical irritation 
increases. Menopause blunts the cell-mediated 
immune response to microbes and allergens. 
Healing after an insult is delayed. Skin disorders 
such as lichen sclerosus or allergic dermatitis 
may not be clinically obvious. A biopsy inter-
preted by a dermatopathologist is often helpful. 
Some conditions require the long-term use of 
topical steroid or estrogen ointments, as well as 

antimicrobial therapy. A compounding pharma-
cist may be necessary to fi nd a base for the topi-
cal cream that does not irritate. Moisturizing the 
vulva with a nonirritating oil-based product is 
important in every case.     
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20.1            Structure of Normal Vulva 

 The vulva consists of the labia majora, labia 
minora, mons pubis, clitoris, perineum and the 
vestibule. From puberty the mons and lateral 
parts of the labia majora are covered in strong 
coarse hair and are distended with subcutaneous 
fat. In addition to hair follicles, they contain 
sebaceous, apocrine and eccrine (sweat) glands. 
The labia minora lie medially and are non-hair- 
bearing but contain multiple sebaceous glands. 
They extend from the frenulum of the clitoris to 
the perineum, varying considerably in shape and 
size but may become modifi ed posteriorly with 
obstetric trauma or episiotomy scarring. Previous 
pregnancy may alter the course of vulval venous 
drainage, often in the interlabial sulcus between 
labia majora and minora, and the veins become 
tortuous in later life. The labia minora have a rich 
vascular supply such that in sexual response they 
become distended and engorged to pout apart to 
facilitate coital entry; when not distended they 
will fold together to protect the vestibule with 
urethral and vaginal orifi ces. The clitoris is 
attached to the pubo-ischial ramus and mostly 
covered by a prepuce such that only the tip or 
glans is visible. 

 The vulvovaginal vestibule is the cleft between 
the labia minora. It is covered by non-keratinised 
squamous epithelium extending down from the 
hymen or its remnants to the keratinised skin. 
The vestibule contains the entrance to the vagina, 
the urethral meatus and the ducts of the greater 
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(Bartholin’s), lesser and paraurethral (Skene’s) 
glands. Following childbirth (vaginal delivery) 
the vestibule and introitus may be altered in 
appearance, with scar tissue visible. Gaping of 
the introitus may be exaggerated with vaginal 
wall descent or prolapse. 

 The vagina, while a separate anatomical entity 
to the vulva, infl uences vulval function. It is lined 
by a stratifi ed squamous epithelium that is rich in 
glycogen stores during the reproductive years, 
but not in prepubertal or postmenopausal women. 
The normal bacterial fl ora is usually dominated 
by lactobacilli, which alter the glycogen to lactic 
acid to maintain an acidic environment and 
reduce the proliferation of many organisms. 
Engorgement and transudation of the vagina are 
important components of normal sexual response; 
the loss of ‘wetness’ may become important after 
the menopause. 

 The normal histology and histopathology of 
skin lesions require an understanding that the 
vulval skin is an epidermis with different strata or 
layers (basal, parabasal, prickle cell, granular and 
cornifi ed layers) and an underlying dermis with 
rete ridges or pegs at the epidermal–dermal inter-
face compared with the mucosal epithelium and 
underlying stroma of the vagina.  

20.2     Vulval Changes 
Due to the Menopause or 
Estrogen Withdrawal 

 It is widely known in gynaecology that the vagina 
‘suffers’ atrophic changes due to estrogen 
absence or defi ciency [ 1 ], but scientifi c under-
standing of what happens to vulval appearances 
and function in the perimenopause is limited [ 2 ]. 
Defi nitions of the ‘perimenopause’ are inconsis-
tent, but broadly refer to the time of a woman’s 
life when she is no longer producing estrogens in 
a regular, cyclical and physiological way. The 
periods are starting to become less regular or may 
be absent for 2–3 months at a time. There are 
vasomotor symptoms of night sweating and 
 daytime fl ushes or fl ashes. In some publications, 
e.g. MacBride et al. [ 3 ], the changes are described 
as ‘vulvovaginal atrophy’, but almost all the 
descriptions are of vaginal changes, e.g. dryness, 

irritation, soreness, pain and bleeding with 
 intercourse, change in pH and alteration of 
 vaginal microbiological fl ora (microfl ora). Pallor, 
erythema, ecchymoses and architectural changes 
of labia minora and majora are more likely to 
represent some of the lesions described below 
and are unlikely to respond to replacement estro-
gens. Certainly that publication [ 3 ] includes a 
table of differential diagnoses for symptoms of 
vulvovaginal atrophy (lichen sclerosus, lichen 
planus, lichen simplex chronicus, contact derma-
titis, vulval intraepithelial neoplasia, vulval can-
cer and extramammary Paget’s disease), and all 
of these vulval conditions are discussed in the 
appropriate sections below. 

 The effects of estrogens are mediated via 
estrogen receptors. These have been demon-
strated immunohistochemically in epidermal 
keratinocytes and dermal fi broblasts of hair- 
bearing and non-hair-bearing skin of the vulva 
and perineum, but at much lower frequency than 
in the vagina [ 4 ,  5 ]. More recent analysis has 
identifi ed that ER (estrogen receptors) have alpha 
and beta confi gurations or isoforms and these are 
expressed in different structures, e.g. the nuclei 
of smooth muscle in the fi bromuscular layer of 
the vulva express ERα but not ERβ [ 6 ]. That 
study included women with postmenopausal vag-
inal changes but concentrated on vulval lichen 
sclerosus (LS) and squamous hyperplasia. Nieves 
et al. [ 7 ] examined ER isoform expression in 
estrogen-defi cient patients, but these were 
2–9-year-old girls with labial fusion, and the 
fi ndings may be different in women once they 
have been exposed to physiological levels of 
estrogens before they enter the menopause. The 
many body organs, tissues and cell types that 
contain estrogen receptors are listed in Table 1 of 
Farage et al. [ 8 ]. 

 Changes in postmenopausal sexual function 
are often due to vaginal changes, such as reduced 
vaginal transudation, cervical mucus, stromal 
elasticity and epithelial thickness, which all fol-
low estrogen defi ciency some time after the 
menopause, i.e. not concurring with the last 
 menstrual period but up to 4–5 years after the 
menopause [ 1 ]. Cumming et al. [ 9 ] describe post-
menopausal sexual dysfunction and the factors 
that might cause low desire, low arousal and 
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anorgasmia. Kao et al. [ 10 ] have reported the 
 biopsychosocial factors associated with post-
menopausal sexual diffi culty and found hormone 
levels were not consistent predictors of pain 
severity. 

 Although the clitoris, labia minora, vestibule 
and lower vagina have awakened new interests in 
functional importance [ 11 ], there is still limited 
information about postmenopausal changes to 
innervation. Martin-Alguacil et al. [ 12 ] reviewed 
the role of vulva epithelium in sexual arousal, 
including how this is infl uenced by estrogen. 
Based mainly on animal studies, the authors 
relate this to changes in mechanical properties 
of the vulva, which can alter the way sensory 
nerve endings are stimulated; estrogen-receptor- 
mediated endothelial activity and the infl uence 
on central and peripheral neurotransmission. 
They cite experiments on rats [ 13 ,  14 ] in which 
estradiol was shown to widen touch receptor 
zones supplied by the pudendal nerve. In humans, 
Romanzi et al. [ 15 ] measured lower sensitivity to 
pressure and touch in women who were hypoes-
trogenic, had vulvovaginal atrophy or were post-
menopausal, in particular those not on hormone 
replacement therapy. Connell et al. [ 16 ] found 
that increasing age and the menopause were 
associated with diminished vulval sensitivity, as 
represented by an increased threshold to vibra-
tory sensation. It has also been demonstrated that 
topical estrogen replacement increases sensitivity 
of the vulval vestibule to mechanical stimuli [ 17 ]. 
Though the direct effect of estrogen on sensory 
receptors is unclear, the authors imply the indi-
rect infl uence of improved blood fl ow and skin 
quality. Nevertheless, patients still respond to the 
pain of hypodermal needling and local anaes-
thetic infi ltration. Post-operative pain still occurs 
as in any premenopausal patient. However, gen-
eralised unprovoked vulvodynia, with symptoms 
of burning, soreness, rawness and pain, occurs 
more frequently in postmenopausal women (see 
later). 

 Changes of the skin infl uenced by hormonal 
changes in postmenopausal women have been 
well reviewed. It is readily recognised that loss of 
estrogen in the menopausal years causes exposed 
skin to become thinner, dryer, less elastic and 
more wrinkled [ 18 ]. These changes can be 

reversed or improved, to a degree, with estrogen 
replacement [ 19 ]. However, there are few details 
or studies specifi c for vulval skin. Histologically, 
the epithelial and keratin layers of vulval skin are 
thickest during the reproductive years, when lev-
els of circulating estrogen are highest, and 
become thinner after the menopause [ 20 ]. A 
series of studies found that vulval skin is intrinsi-
cally different in property to exposed skin [ 21 , 
 22 ]. These studies described the use of bioengi-
neering techniques to study water barrier func-
tion, skin hydration and friction coeffi cient in 
comparing vulval and forearm skin; the fi ndings 
were that vulval skin is more capable of retaining 
water and has a higher friction coeffi cient. The 
differences between pre- and postmenopausal 
values were not signifi cant, suggesting that vul-
val epithelium does not undergo the same age- 
related changes as the general skin. Farage [ 23 ] 
discusses how these factors cause vulval skin to 
react differently to irritants compared to skin 
elsewhere. 

 Some time after the last menstrual period, 
there is loss of subcutaneous fat from the labia 
majora and mons pubis so that the vulva becomes 
fl atter and the introitus may gape. The loss of 
ligamentous support causes descent of the uterus 
and vaginal wall, with greater or lesser degrees of 
genital prolapse [ 24 ]. However, clinical observa-
tion is that the mons pubis may become more 
protuberant, either because of remodelling of the 
pubic symphysis or gradual descent of the fat of 
the lower abdominal wall. The inguinal nodes 
which are easily palpated in a younger woman 
are more diffi cult to defi ne. The loss of labial 
bulk and skin tension means that surgical closure 
is more likely to be achieved without tension or 
need to reconstruct excised skin defects with 
advancement or rotational fl aps. 

 There is reduction in hair density and colour 
but also hair coarseness, i.e. it becomes fi ner. 
Eventually it may become wispy and scanty, 
though there remains much variation (perhaps 
compounded by ethnic variations in the shape of 
the escutcheon). 

 It is suggested that there is a reduced number 
of capillaries and changes in the arteriolar wall 
of vessels after the menopause [ 25 ]. Estrogens 
promote blood fl ow to the skin. It does so in part 
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by acting on vascular endothelium to stimulate 
release of vasodilatory chemical mediators, 
such as nitric oxide and prostacyclin. Arora 
et al. [ 26 ] showed that cutaneous perfusion was 
increased during the high estrogen mid-cycle 
phase in premenopausal women, as well as in 
postmenopausal women on estrogen replace-
ment. The increase in blood fl ow was both 
endothelium- mediated and endothelium-inde-
pendent, suggesting the effect of estrogen on 
vascular smooth muscle. Increase in blood fl ow 
to the vulva leads to clitoral engorgement, which 
contributes importantly to sensitivity and sexual 
arousal [ 27 ]. Certainly the postmenopausal 
vulva is more likely to contain capillary angio-
mata (de Morgan’s spots) (Fig.  20.1 ) and vari-
cosities that require care when planning 
biopsies. Any reduction in blood supply may 
still cause wound complications with haema-
toma formation, but perhaps because of the 
wider use of aspirin in postmenopausal women. 
Surprisingly, wound closure with advancement 
or rotational fl aps does not appear to be compro-
mised with ischemic edges or corners, suggest-
ing that skin vascularisation remains functionally 
adequate.

20.3        Vulval Infection 

 One of the more common reasons for women 
between puberty and the menopause to have vul-
val symptoms is infection and in particular due to 
the yeast  Candida albicans . This occurs during 
pregnancy, while using oral contraceptives and 

following prolonged courses of broad-spectrum 
antibiotics. 

 It is commonly stated that the postmenopausal 
vulva is more vulnerable to infection, but on the 
basis of alterations within the vagina. Studies 
using swab and culture methods are now being 
replaced by molecular techniques for ‘microbial 
communities’, but little is available for descrip-
tion of what happens after the menopause [ 28 ]. 

 It is most unlikely that postmenopausal 
women will have symptoms, e.g. chronic itch, 
vaginal discharge and dyspareunia due to vaginal 
yeasts, unless they are taking topical or systemic 
estrogen therapy [ 29 ] or are diabetic (Fig.  20.2 ). 
Before ascribing vulval symptoms in any post-
menopausal women to yeasts, a low vaginal swab 
should be taken (by the woman when she is 
symptomatic or by her doctor) and examined for 
confi rmation. Symptoms thought to be due to 
yeasts but associated with a negative swab require 
closer examination (as per the next section). 
Those women who have  confi rmed yeasts and are 
not on estrogen therapy should be screened/tested 
for diabetes mellitus.

   The reasons for younger women being more 
susceptible to  Candida  species remain unclear, 
but include promotional changes in pH, direct 
effect of estrogens on adherence of yeasts to 
 vaginal mucosa, effects of menstruation and tam-
pon/menstrual pad use on vaginal microfl ora 
[ 30 ], an estrogen effect on vaginal immunity [ 31 ] 
and the availability of antifungal therapies as 
over-the- counter sales without an examination or 
prescription from their doctor [ 32 ]. 

  Fig. 20.2    Maceration due to  Candida albicans  in a 
poorly controlled diabetic       

  Fig. 20.1    Vulval angiomata       
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 The impact of bacterial vaginosis and 
 chlamydial or gonococcal bartholinitis is less 
likely in postmenopausal women. Viral 
changes associated with human papilloma 
virus will be discussed later. Herpes simplex 
lesions may still occur or reactivate in post-
menopausal women. Rarely herpes zoster, due 
to varicella-zoster virus, can be seen involv-
ing part of the vulval area, i.e. unilateral 
involvement of thoracolumbar T12/L1 or 
sacral S2, S3 or S4 dermatomes (Fig.  20.3 ). 
 Molluscum contagiosum  has been seen in 
immune-competent postmenopausal women 
although more commonly seen in young 
adults (Fig.  20.4 ).

    Superfi cial skin infections due to staphylococ-
cal or streptococcal species are less frequently 
seen than in premenopausal women (partly asso-
ciated with hair removal by waxing or shaving), 
but may follow skin damage from urinary or fae-
cal incontinence (see section below on vulval 
dermatitis). 

 Deeper infections, e.g.  Hidradenitis suppura-
tiva  (Fig.  20.5 ), do occur in perimenopausal 
women but usually settle after the menopause 
[ 33 ]. Skin infection complicating vulval surgery 
can complicate healing in any age group, particu-
larly if obese, diabetic or immune-compromised. 
Necrotizing fasciitis or Fournier’s gangrene is 
reported but extremely uncommon [ 34 ].

  Fig. 20.3    Herpes zoster unilaterally involving the perineum 
and buttock       

  Fig. 20.4    Molluscum contagiosum       

a b

  Fig. 20.5    Hidradenitis suppurativa. ( a ) Changes in the perianal area. ( b ) More extensive and with previous surgical 
changes       
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20.4        Vulval Patients 

 The majority of patients who attend a gynae-
cology, dermatology or genitourinary clinic 
do so because they are symptomatic. For most, 
they will complain of itch or scratching (pruri-
tus), while a minority will have pain, burning, 
soreness or rawness. Some will attend because 
of splitting, discomfort or sexual diffi culty. 
However, some patients will be referred because 
abnormal, unusual or altered appearances will 
be noted when the patient attends for something 
else, e.g. to have a smear taken, or a gynaecologi-
cal examination for other reasons. 

 While clinical appearances may allow the 
medical or nursing practitioner to make a diagno-
sis, more frequently it will require an appropriate 
history and to use correct examination techniques 
and biopsy procedures. History should include 
past history, e.g. fl exural eczema or asthma, and 
family history, e.g. psoriasis and LS both having 
familial clustering. Other autoimmune disorders 
may be relevant. Careful documentation of all 
treatments previously used including topical 
applications is important to recognise that the 
appearances may have been modifi ed, to avoid 
prescribing something that has not worked previ-
ously, and to identify possible contact allergens 
or irritants including soaps, perfumes, preserva-
tives and components of sanitary pads. 

 Examination should include the fi ngernails 
(Fig.  20.6 ) and skin of the hands, wrists, elbows, 
scalp and face; the oral cavity (Fig.  20.7 ), gums 
and tongue; the trunk and the lower limbs. 

Examination of the vulva requires exposure of 
the pudendum from pubes and inguinal areas to 
the natal cleft and cannot be done easily with the 
patient lying fl at on a couch; the dorsal position 
gives some viewing but the patient then needs 
turning on her side, sometimes with straightening 
of the upper leg, to get complete viewing. 
Adequate lighting is paramount. Colposcopy is 
not essential, but a colposcopy chair provides 
good positioning, and the associated light of the 
colposcope allows viewing without the examin-
er’s head or hair obscuring the light source. Areas 
of colour change are noted and examined at 
higher magnifi cation (a hand-held looking glass 
is an alternative to a colposcope and may now 
come with an in-built light source) for change in 
surface contour – exophytic or ulcerative. Red 
areas may represent altered capillary dilatation, 
but angiogenesis should be considered. White 
areas with abnormally thickened keratin may be 
the result of scratch damage but may represent 
more signifi cant pathology.

    Applications of 5 % acetic acid or 1 % tolu-
idine blue solutions are not performed for every 
patient but certainly for anyone who has previ-
ously had an abnormal smear. Acetic acid pene-
trates mucosa quickly but not keratinised skin; it 
precipitates nucleoprotein so that neoplastic areas 
become visible (as for colposcopy of the cervix 
[ 35 ]), but it will take longer, the acetowhite 
 epithelium may not be as obvious as on the cervix, 
and little information can be obtained if  scratching 
has produced thickening of the keratin (hyperker-
atosis or lichenifi cation). Acetowhite epithelium 

a b

  Fig. 20.6    ( a ) Vulval psoriasis and ( b ) nails showing pitting       
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does not equate to VIN or to HPV presence [ 36 ], 
and biopsy is required of the area. Toluidine blue 
stains the nuclei of cells (as haematoxylin does in 
histopathology). Surface squames consist mainly 
of cytoplasm with small pyknotic nuclei and 
therefore take up minimal blue staining. Where 
squamous differentiation and maturation is abnor-
mal (as for VIN, usual type) the nuclei are larger, 
or if the surface cells have been scratched or 
scraped away, blue areas of staining will be 
defi ned, and these should be biopsied. 

 Biopsy is not necessary for every diagnosis. 
Some lesions, e.g. dermatitis/eczema, will be 
characteristic in their distribution, e.g. interlabial 
folds or perianal skin. Other lesions may have 
non-specifi c appearances as described above, and 
biopsy will be the only way to characterise the 
lesion (see classifi cation below). Local anaesthe-
sia, e.g. 2 % lignocaine with adrenaline as a vaso-
constrictor, is infi ltrated via a 27-gauge needle 
adjacent to but not into the lesion, and the biopsy 
is taken with a 4 mm biopsy (e.g. Stiefel) punch. 
Haemostasis is obtained with silver nitrate or 

Monsel’s solution and pressure for a few min-
utes. If the patient is taking aspirin or warfarin, or 
multiple sites need to be biopsied to map out the 
extent of the lesion, e.g. Paget’s or VIN, the biop-
sies are better taken in the theatre, often with a 
short general anaesthetic and the biopsy sites 
undersewn with sutures for haemostasis [ 37 ]. 

20.4.1     Classifi cation (ISSVD 2006) 
of Vulval Dermatoses 

•     Spongiotic pattern: atopic dermatitis, allergic 
contact dermatitis, irritant contact dermatitis  

•   Acanthotic pattern (formerly squamous cell 
hyperplasia): psoriasis, lichen simplex chroni-
cus, primary (idiopathic), secondary (super-
imposed on LS, lichen planus or other vulval 
disease)  

•   Lichenoid pattern: LS, lichen planus  
•   Dermal homogenisation/sclerosis pattern: LS  
•   Vesiculobullous pattern: pemphigoid (cicatri-

cial type), linear immunoglobulin A disease  

a
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  Fig. 20.7    ( a ) Pharyngeal and ( b ) vulval ulceration with Behcet’s disease. ( c ) Appearance of tongue with oral lichen 
planus       
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•   Acantholytic pattern: Hailey–Hailey disease, 
Darier’s disease, papular genitocrural 
acantholysis  

•   Granulomatous pattern: Crohn’s disease, 
Melkersson–Rosenthal syndrome  

•   Vasculopathic pattern: aphthous ulcers, 
Behcet’s disease, plasma cell vulvitis [ 38 ].      

20.5     Vulval Dermatitis/Eczema/
Lichenifi cation/Lichen 
Simplex Chronicus/Contact 
and Irritant Dermatitis 

 Contact dermatitis occurs as an allergic response 
to various allergens including topical antibiotics, 
anaesthetic and antihistamine creams, deodorants 
and perfumes (e.g. Balsam of Peru as used in 
various haemorrhoid creams), lanolin, azodyes in 
nylons, biological washing powders, etc. An 
increasing number of referrals to vulval clinics 
are being seen because of the current trend to 
remove vulval hair. Some women have applied 
depilatory creams or waxes with subsequent irri-
tant reaction, while others have infl icted skin 
damage by shaving. 

 An increasing challenge in the elderly 
is  control of bladder and bowel function. 
Sometimes the vulval skin will be irritated by 
the constant wearing of pads or incontinence 
devices, but also by the effect of urine or fae-
cal material in contact with the skin. Such events 
do not necessarily relate to the menopause, 
although researchers have highlighted the role 
estrogen plays in maintaining function of the 
lower urinary tract which in turn preserves uri-
nary continence. As well as the genital tract, the 
urethra, bladder and pelvic fl oor also have estro-
gen receptors. Postmenopausal low levels of 
estrogen lead to urogenital atrophy and are asso-
ciated with lower urinary tract symptoms, such 
as frequency, urgency, incontinence and nocturia 
[ 39 ]. The diminished action of estrogen reduces 
sensitivity of the urethral smooth muscle, which 
predisposes to incontinence. The prevalence 
of urge incontinence, in particular, increases 
with the menopause [ 40 ]. Elderly women 
have increased susceptibility to the so-termed 

incontinence  dermatitis when the perineal skin 
is subject to urinary moisture under occlusion. 
The skin becomes infl amed and its barrier func-
tion is damaged by friction, rise in pH and faecal 
enzymes; this damage is perpetuated by chronic 
incontinence [ 41 ]. 

 The clinical appearance of dermatitis 
(Fig.  20.8 ) is diffuse but sometimes focal  erythema 
and oedema with superimposed infection or 
lichenifi cation (Fig.  20.9 ). The terms ‘lichen’ and 
‘lichenifi cation’ cause confusion because of their 
similarity. Lichenifi cation describes the patch-
work covering of the rocks of the West of Scotland 
(and elsewhere) and is best illustrated by the 
appearance of the skin over the elbows and knuck-
les (metacarpophalangeal joints) where the shin is 
thickened and patterned unlike skin elsewhere. 
Biopsy is usually not required unless there is no 
response to treatment; then other diagnoses should 
be considered.

    Patch testing may identify the allergen to 
allow removal or avoidance of the factor, and 
moisturising cream or mild steroids should pro-
vide local control. Haverhoek et al. [ 42 ] reported 
that 81 % of the patients that they saw with vulval 
pruritus had at least one contact allergen detected 
on patch `testing. 

 Some topical preparations will cause irrita-
tion over time (i.e. in a chronic fashion). The 
vulval appearances will be less obvious, with 
minimal erythema but with pallor or pigmenta-
tion and with dryness, thickening and crack-
ing – lichenifi cation or lichen simplex chronicus. 
Lichen simplex chronicus (previously known as 

  Fig. 20.8    Dermatitis caused by perfumed soap       
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‘neurodermatitis’) occurs in normal skin which 
becomes thick and fi ssured in response to the 
trauma of constant scratching. These lesions are 
not usually symmetrical and occur in vulval areas 
accessible to scratching. 

 Treatment consists of the use of emollients 
or topical corticosteroids of low-to-moderate 
potency. Sometimes, sedation at night is useful to 
stop nocturnal scratching. Once control is gained, 
assessment for an underlying cause or lesion is 
often necessary.  

20.6     Lichen Sclerosus 

 Lichen sclerosus represents approximately one 
quarter of the patients attending our vulval 
clinic, and the majority of them will be post-
menopausal [ 43 ]. It is found once in every 800 
prepubertal girls [ 44 ] and increases with age to 
be reported as frequent as 1 in 30 elderly women 
in residential care [ 45 ]. It is an infl ammatory 
dermatosis and is frequently symptomatic, caus-
ing pruritus, sleeplessness, dyspareunia and 
constipation. It may produce major architectural 
changes and alterations in vulval appearance 
and function and has a small but important risk 
of cancer; in the UK 60–70 % of vulval squa-
mous cell carcinomas occur against a back-
ground of LS [ 46 ]. 

 Lichen sclerosus involves the pudendum 
either partially or completely as a ‘fi gure of 
eight’, encircling the vulva and anus and altering 
the clitoris and its prepuce, the labia minora and 
inner aspects of the labia majora and the four-
chette and perineum. It is usually symmetrical, 
bilateral and central, but may involve more lateral 
structures including the genitofemoral creases 
and the natal cleft. It involves the skin, but does 
not involve the mucosa of the vestibule, vagina or 
anus (although ‘overlap’ with erosive lichen pla-
nus is recognised). The lesions consist of thin, 
pearly, ivory or porcelain white crinkly plaques. 
Sometimes there is shrinkage and absorption of 
the labia minora, but sometimes they coapt ante-
riorly to cause clitoral phimosis and narrowing of 
the introitus to make intercourse impossible and 
to impede micturition. Scratching may result in 
epidermal thickening (lichenifi cation) but some-
times erosion and superfi cial ulceration (the 
 previous term used by clinicians and endorsed by 
the ISSVD was ‘lichen sclerosus et atrophicus’). 
Areas of ecchymoses and later haemosiderin 
 pigmentation are common. LS may involve the 
trunk and limbs in up to 20 % of patients [ 47 ] 
(Fig.  20.10 ).

   The histological features of LS include 
 epidermal atrophy, dermal oedema, hyalinisation 
of the superfi cial dermal collagen and subder-
mal chronic infl ammatory infi ltrate. However, 

a b

  Fig. 20.9    ( a ,  b ) The appearance of lichenifi cation       
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 occasionally the clinical features will resemble 
typical LS, and yet the biopsy shows minimal 
features. Sometimes the terms ‘early’ and ‘late’ 
are used to indicate the level of the infl ammatory 
process, and these must not be misinterpreted as 
recent compared to longer duration. 

 The cause(s) of LS must consider the increased 
frequency in women (c.f., men) and with increas-
ing age. It may show clustering within families, 
and a link with HLA DQ7 has been reported [ 48 ]. 
The association with autoimmunity has been 
widely reported. In the last decade Howard et al. 
[ 49 ] have found circulating basement membrane 
zone antibody in the serum of patients with LS, 
and Oyama et al. [ 50 ] describe an antibody to 

extracellular matrix protein 1. Farrell et al. [ 51 ] 
described the presence of interferon-gamma and 
other infl ammatory cytokines within lesional 
 epidermis, underlying dermis and within the 
infl ammatory areas. 

 Explanation is required why LS is frequently 
seen in the UK, Europe, and especially 
Scandinavia, North and South America, Oceania 
and Southern Africa and yet is infrequent in 
Northern Africa, Arabia, Pakistan, India, 
Malaysia, Thailand, Singapore, Philippines and 
Hong Kong. The authors’ observations are offset 
by data that a quarter of the women attending 
vulval clinic were born outside the UK, including 
countries within the areas listed above. It is rare 

a b
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  Fig. 20.10    ( a ) Lichen sclerosus. ( b ) Lichen sclerosus with phimosis. ( c ) Extragenital lichen sclerosus, involving the 
neck       
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to diagnose LS in women newly arrived in 
London, but prolonged domicile may be impor-
tant. The authors are currently researching the 
possible role of vitamin D defi ciency in causing 
LS. Vitamin D is generated from sun exposure to 
the head, arms and body and from oily fi sh and 
egg yolks within the diet. Data gathered to date 
include many older women do not leave the UK 
for holidays in the sun, and avoid sun exposure or 
use high factor sun block (some of the patients 
have developed skin cancers in exposed areas and 
have been warned by their dermatologists to keep 
out of the sun, plus our latitude of 56 north; pig-
mented skin in some patients and more protective 
clothing in some ethnic and religious groups 
reduce the effect of the sun in producing vitamin 
D in the skin); avoid eggs because of their con-
current cardiovascular morbidity and therapy to 
lower cholesterol levels; and have little enthusi-
asm for eating certain fi sh (or are vegetarian). A 
few women take cod liver oil or vitamin supple-
ments, e.g. with calcium, to protect their bones as 
the current literature discourages the use of hor-
mone replacement therapy. Serum levels of vita-
min D are abnormally low in some of our patients, 
but we are comparing these with control patients 
because many older people in London, including 
those who arrive from other countries, may have 
chronically low vitamin D levels. Certainly vita-
min D defi ciency, with rickets and osteomalacia, 
is being reported from British studies. Vitamin D 
defi ciency has been linked with autoimmune dis-
eases and certain cancers. Dietary supplementa-
tion may become an easier option than sending 
every postmenopausal woman for a holiday in 
the sun. 

 The treatment of LS usually requires the 
super-potent topical corticosteroid clobetasol 
propionate and following the protocols described 
by the British Association of Dermatologists 
[ 52 ]. A fi ngertip or ‘pea-sized’ amount of clo-
betasol ointment (Dermovate) is applied at night 
for 4 weeks, alternate nights for 4 weeks and then 
twice a week for 4 weeks before review. The 
pharmacokinetics of clobetasol suggests one 
application per 24 h is adequate. Many patients 
require reassurance that the potent steroid will 
not damage their skin when used according to 
instructions and to use applications on a regular 

basis because stopping treatment will frequently 
cause a rebound of symptoms. A 30 g tube should 
last for at least 12 weeks, and most patients with 
ongoing symptoms require 30–60 g of clobetasol 
per year. Emollients are used during the day and 
a soap alternative while washing. Testosterone 
cream no longer has any role in treating women. 
Alternative treatment use must be done with 
careful vigilance because of the increased risk of 
malignancy in patients who do not respond to 
clobetasol. 

20.6.1     The Relationship Between 
LS and Vulval Cancer 

 This relationship continues to be an area of 
debate, and the positive side of the argument has 
been presented elsewhere [ 46 ]. Several authors 
have reported a prevalence of carcinoma of 
2.5–5 % in women who present with LS [ 47 ,  53 , 
 54 ]. It is unlikely that the development of malig-
nancy led to the appearance of LS, although 
many of these women denied having had symp-
toms for any duration. 

 Nevertheless, there are individual cases or 
series of cases that document carcinoma occur-
ring some time after a clinical diagnosis of LS, in 
spite of the use of appropriate clobetasol therapy. 
Jones et al. [ 55 ] reported that women who 
develop cancer with LS are more likely to show 
clinical evidence of squamous hyperplasia and 
are more likely to have been symptomatic for 
5 years or more [ 56 ]. Cooper et al. [ 57 ] reported 
that six women developed carcinoma in spite of 
treatment in their series. Renaud-Vilmer et al. 
[ 58 ] reported that among eight women who 
developed cancer, one had discontinued treat-
ment 3 years earlier, and a second patient had 
used treatment irregularly. 

 In my own unpublished vulval clinic data up 
until 2010, there were 655 patients with a diag-
nosis of LS made at their fi rst visit, and 19 of 
them had concurrent squamous cell carcinoma 
of the vulva (2.9 %) and 5 with recurrent carci-
noma within residual areas of LS. In subsequent 
 follow- up, fi ve further patients developed carci-
noma; the fi rst after 2 years was probably inad-
equately applying her treatment, the second 
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(and only premenopausal patient of these fi ve) 
after 4 years was optimally treated but fre-
quently was symptomatic, the third had her 
 cancer recognised 8 years after starting treat-
ment with steroid but then being changed to a 
calcineurin inhibitor (see below), the fourth 
after 10 years of good symptom control was 
changed to systemic steroid to manage her fi bro-
myalgia and the fi fth after 12 years of super-
vised treatment became symptomatic when the 
national supply of difl ucortolone valerate 
(another super-potent steroid available in the 
UK) stopped temporarily. 

 There are concerns that certain treatments 
may increase the risk of cancer. There have 
been publications advocating the application of 
 tacrolimus or pimecrolimus as alternatives to 
 steroids, but following reports of apparently rapid 
progression to cancer, the US Food and Drug 
Administration released a warning advising 
 caution with their use [ 59 ]. 

 There is now increasing awareness of the 
appearance of histological changes within LS 
that seem to predispose to a risk of progression to 
carcinoma. Many authors have commented previ-
ously on the fi nding of basal cell atypia (e.g. 
Leibovitz et al. [ 60 ]), and the latest terminology 
for vulval intraepithelial neoplasia (VIN) includes 
differentiated VIN as the preferred term [ 61 ]. 
Initial response to this term was that it was only 
found with specimens of invasive cancer, but it is 
now an important biopsy fi nding for a patient 
who remains symptomatic without a diagnosis of 
cancer (see below). 

 Many vulval cancers which have LS in the 
adjacent skin have been studied for various 
molecular alterations including changes in 
tumour suppressor gene activity and increased 
expression of mutant p53 [ 62 ,  63 ] and allelic 
imbalance with loss of heterozygosity or allelic 
gain [ 64 ]. The authors’ group has identifi ed a 
mutation in codon 136 of exon 5 for p53 found in 
the areas of invasion and also in the adjacent LS 
[ 65 ]. Several patients with LS plus hyperplasia 
have progressed to carcinoma, and it is suggested 
that immunohistochemical staining of increased 
expression of p53 and Ki-67 may be a useful pre-
dictor of progression before invasion occurs [ 66 ]. 

 Other factors that might place patients at 
increased risk of developing cancer include blood 
group; we found that 72 % of our patients with 
LS plus cancer were blood group A, compared 
with 38 % in a control population [ 67 ]. Similar 
associations with blood group A and the risk of 
gastric cancer suggest that the anti A antibody 
might be protective, or a link with particular 
polymorphisms increases susceptibility, e.g. to 
 Helicobacter  infection for gastric cancer [ 68 ]. 
After all this time of speculation, could another 
spirochaete, e.g.  Borrelia burgdorferi , be linked 
with the risk of developing vulval cancer 
(Fig.  20.11 )?

   Recommendations for the specialist follow-up 
of women with LS:
    1.    Women in whom diffi culty exists with symp-

tom control. This includes women who require 
potent topical corticosteroid application three 
or more times a week or greater than 30 g of 
ointment per 6 months for symptom control.   

   2.    Women previously treated for usual- or 
differentiated- type VIN and/or squamous cell 
carcinoma of the vulva. Differentiated VIN 
requires excision.   

   3.    Women with clinical evidence of localised 
skin thickening/hyperkeratosis require biop-
sies. If the skin thickening contains carcinoma 
or precancerous changes, or the thickening is 
unresponsive to topical steroids, they should 
be referred.   

   4.    Biopsies where the pathologist expresses 
‘concern’ but cannot make a defi nite diagno-
sis of differentiated VIN should be referred. In 
this setting the clinician can choose between a 
limited period of intensive medical therapy 
with follow-up biopsies and excision at the 
outset [ 69 ].     
 The following mnemonic may be helpful 

when assessing LS:
   L = labial changes (e.g. reduction or fusion)  
  I = introital changes (e.g. narrowing)  
  C = clitoral changes including phimosis  
  H = hyperkeratosis  
  E = elevated or eroded areas  
  N =  neoplastic or suspicious area with hyperkera-

tosis or contour changes   
   S = symptom control  
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  C =  colour, usually with pallor but also ecchymo-
ses and haemosiderin  

  L = localisation, usually central and symmetrical  
  E =  extension posteriorly, causing anal symptoms 

and constipation  
  R = rest of the body; involvement elsewhere  
  O =  other autoimmune conditions or associated 

symptoms  
  S = sexual diffi culties  
  U = urinary diffi culties  
  S = steroid use and misuse [ 70 ]      

20.7     Lichen Planus 

 The lesions of lichen planus may be seen on 
mucous membranes or on cutaneous surfaces. 
Involvement of the vulva is usually with white 

patterned areas that are sometimes elevated and 
thickened (hypertrophic lichen planus) or may 
appear red and raw with features of erosion. 
Changes in the mouth are often seen. The vulval 
lesions may extend into the vagina where scar-
ring, stenosis and adhesions make intercourse 
painful or impossible. In a small number of cases, 
‘crossover’ from LS (involving the vulval skin) 
to lichen planus (involving the vestibule and vag-
inal mucosa) occurs (Fig.  20.12 ).

   Histology will show liquefactive degeneration 
of the basal epidermal layer, long and pointed 
rete ridges, with parakeratosis, acanthosis and a 
dense dermal infi ltrate of lymphocytes close to 
the dermal epidermal margin. 

 When the condition is severe, treatment 
can be diffi cult, requiring systemic steroids, 
 azathioprine, hydroxychloroquine or other 
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  Fig. 20.11    ( a – d ) Examples of vulval cancer occurring in a background of lichen sclerosus       
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 immune- modifying or chemotherapy agents 
such as methotrexate or mycophenolate mofetil. 
Lesser symptoms, particularly those externally 
on the vulva, can be managed with the applica-
tion of topical corticosteroids; vaginal lesions 
can be managed with Colifoam (hydrocortisone) 
or Predfoam (prednisolone). 

 Rarely, vulval cancer will arise in association 
with hypertrophic lichen planus [ 71 ,  72 ].  

20.8     Vulval Intraepithelial 
Neoplasia 

 Although this term sounds closely similar to 
 cervical intraepithelial neoplasia, there are some 
striking differences. Cervical neoplasia occurs 
in the transformation zone in association with 
 squamous and columnar epithelium. The cervix 
has an epithelium where depth of changes can 

be judged: the vulva is the skin (epidermis) and, 
in addition to a basal layer which may be convo-
luted with deep rete ridges, also has a spinous or 
prickle cell layer, a granular layer and a superfi -
cial cornifi ed or keratinised layer. Thus, divid-
ing VIN into VIN 1, VIN 2 and VIN 3 is not easy 
or reproducible. While CIN 1 is a common 
biopsy fi nding and is part of a spectrum with 
possible progression to CIN 3, VIN 1 is uncom-
mon and does not appear to have neoplastic 
potential. 

 The ISSVD Vulval Oncology Subcommittee 
has made recommendations about the terminol-
ogy of VIN [ 61 ]. They argue that intraepithelial 
neoplasia of the vulva should be divided into two 
types: the fi rst, known as VIN of usual (some-
times classic) type, encompasses what was previ-
ously VIN 2 and VIN 3 and is almost always 
associated with oncogenic HPV. These lesions 
may be pigmented (brown), white ( hyperkeratotic) 
or red in appearance, and the histological features 
are described as warty, basaloid or mixed – the 
distinction may not have any prognostic signifi -
cance, and warty and basaloid features may be 
seen concurrently in multifocal disease or seen 
over different examinations. The second is called 
differentiated VIN, usually seen in older women 
with LS or squamous cell hyperplasia and not 
associated with HPV (see above in association 
with LS) (Fig.  20.13 ).

   Patients with CIN are usually identifi ed by 
abnormal cervical cytology, whereas women 
with VIN present with symptoms, including itch-
ing, irritation, discomfort or splitting with inter-
course in more than 80 %. 

 We know that when loop excision of the cer-
vix is performed to treat CIN, less than 1 % of 
specimens will be found with microinvasive 
 carcinoma. However, the chances of fi nding inva-
sive cancer within the lesions of usual-type VIN 
range between 15 and 22 %, as summarised by 
MacLean [ 54 ] from data from fi ve publications. 
Nugent et al. [ 73 ] have reported that postmeno-
pausal women with VIN were more likely than 
premenopausal women to have related carci-
noma. The diffi culty with recognising invasion is 
partly because keratinised lesions will not show 
colposcopically visible features of vessel atypia/

  Fig. 20.12    Lichen planus with marked erosion of muco-
sal areas and loss of architecture       
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abnormality (angiogenesis) as it does for the 
 cervix. The signifi cance of invasion, even as little 
as 1 mm below the epidermo-dermal junction of 
the nearest dermal junction of the nearest papilla, 
is the increased chance of lymph node metasta-
ses; this risk only becomes signifi cant with mea-
surements of more than 3–5 mm from the nearest 
basement membrane of CIN. 

 It has been diffi cult to recruit a large series of 
patients with VIN who have not been treated, 
because VIN is usually symptomatic (>80 %) and 
most patients will accept treatment to control 
itching, irritation, splitting with coitus, etc. 

 Jones and Rowan [ 74 ] recorded that of 105 
women with VIN treated, four developed cancer. 

However, of eight women left untreated, seven 
developed cancer within 8 years. 

 van Seters et al. [ 75 ] reviewed data on 3,322 
patients with VIN recorded in the published 
 literature and could fi nd 88 untreated patients, of 
whom 8 (9 %) progressed to invasive cancer. 
Jones and MacLean [ 76 ] have challenged this 
assumed low risk, partly because the vast major-
ity of reported patients have been treated, partly 
because the follow-up interval is brief (mean = 
33 months) and fi nally because if seven of the 
eight untreated patients came from Jones and 
Rowan [ 74 ], one further case of progression 
occurred in the other 80 untreated patients – this 
seems an underestimate. There is concern that 
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  Fig. 20.13    ( a – c ) Examples of vulval intraepithelial neoplasia       
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nontreatment or undertreatment of VIN will pose 
a signifi cant threat to those women who are older 
than 30 or who have other risk factors including 
smoking, multicentric disease, immunosuppres-
sion (transplant or HIV-positive patients) or have 
a lesion encroaching into the anal canal. We 
acknowledge that regression of VIN can occur in 
young women. Jones et al. [ 77 ] reported 
 regression in 47 women, aged 15–45 (mean 24.6) 
years with 83 % 30 years or less. Twenty-seven 
were Polynesian; the lesions were small and pap-
ular and mainly multifocal. The median interval 
for regression was 9.5 months. 

 There is a growing number of reports that the 
diagnosis of VIN is increasing [ 78 ,  79 ] with tre-
bling of the incidence reported in some countries. 
This is partly because of the spread of oncogenic 
HPV, but also because many young women have 
been or are still smokers. It is an increasing prob-
lem among immunosuppressed women, whether 
iatrogenic, e.g. with transplant patients, or the use 
of immunosuppressant therapy for other reasons, 
or among women infected with human immuno-
defi ciency virus. We are seeing older patients 
who had treatment to their CIN 20–30 years ago 
presenting with vulval symptoms and having 
VIN. Perhaps all postmenopausal women coming 
for their smears (women in the UK over the age 
of 50 are offered 5 yearly screening until 65, 
unless recent smears have been abnormal when 
screening should continue) should be asked if 
they have any vulval symptoms; that would use 
the opportunity to examine without any addi-
tional embarrassment for the woman. 

 The treatment of VIN is complicated because 
the risk of underlying cancer, the risks of pro-
gression to cancer if untreated or undertreated 
and the associated symptoms must be balanced 
by every effort being made to preserve form and 
urinary, coital and anal functions. Several recent 
studies have warned of the implications of the 
diagnosis and treatment on the patients’ psycho-
sexual health, with increasing age being associ-
ated with worsening emotional health and sexual 
dysfunction [ 80 ]. Surgical excision (knife, Light 
Amplifi cation for the Stimulated Emission of 
Radiation, diathermy) plus ablation remain the 
mainstay of treatment. Most patients express 

high levels of satisfaction following conservation 
surgery [ 81 ]. However, up to 50 % of patients 
will need at least one further treatment, and the 
risk of subsequent invasion is 4 % [ 77 ]. The 
immunomodifi er imiquimod may have a role in 
shrinking the lesion’s size to allow more com-
plete excision with primary closure.  

20.9     Paget’s Disease of the Vulva 

 This is an uncommon lesion with uncertain 
malignant potential. Its appearance is of an ecze-
matoid lesion with a scaly surface but vague mar-
gins, or it may be sharply bordered with a red and 
velvety texture, with areas or islands of hyper-
keratosis. Histology classically shows large 
round atypical cells with oval nuclei and pale 
cytoplasm, singly or within clusters among the 
basal cells of the epidermis. These cells stain 
positively with cytokeratin 7, PAS and CEA and 
are regarded by many as carcinoma in situ. Their 
origin is uncertain; some believe they have 
migrated from deeper glandular structures, and 
others believe they are of Toker cell origin. Their 
similarity to Paget’s cells seen in the nipple of the 
breast, usually with an underlying breast carci-
noma, questions their association with cancers. 
Studies of a large number of vulval Paget’s cases 
report that less than 10 % of cases will have an 
underlying adenocarcinoma of the vulva arising 
from an adnexal structure and another 20 % or 
more will have a carcinoma arising from adjacent 
viscera including the recto-colon, endocervix or 
endometrium, ovary, urinary tract or breast. 
Wilkinson and Brown [ 82 ] have proposed a clas-
sifi cation that separates the lesions into those 
where Paget’s lesion is in situ without any associ-
ated cancer, those with an underlying adenocarci-
noma of a skin appendage or a subcutaneous 
gland and those that are secondary to an underly-
ing anorectal adenocarcinoma, an urothelial can-
cer or an adenocarcinoma arising from elsewhere 
(this latter group may be suspected by fi nding 
cytokeratin 20 expression in Paget’s lesion). A 
number of cases appear to progress from in situ 
to invasive adenocarcinomas if left un- or 
undertreated. 
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 Treatment by surgery is complicated with 
 diffi culty with primary closure, and plastic and 
reconstructive surgical techniques will be 
required. Achieving clear excision margins is 
 diffi cult, and even when frozen section or defi ni-
tive histology suggests clearance, recurrence in 
50 % or more will occur. Currently there is some 
enthusiasm for using topical imiquimod, although 
series are small and follow-up is short [ 70 ,  83 ] 
(Fig.  20.14 ).

20.10        Vulval Cancer 

 As women get older there is an increasing risk of 
developing cancer and a variety of precancers, 
e.g. gynaecological cancers of the cervix, endo-
metrium and ovary. In the UK vulval cancer is 
regarded as a rare cancer and is ranked 20th as 
the cause of cancer deaths in females (although it 
still causes more than one death each day), 
between cancers of the oral cavity (18th), bone 
and connective tissue (19th), mesothelioma 
(21st), gallbladder (22nd) and thyroid (23rd). In 
2008 there were 1,157 new cases of vulval can-
cer diagnosed in the UK [ 84 ]. What is worrying 
is that vulval cancer rates are increasing, 
20–25 % over the last 25 years. A similar upward 
trend, with an increasing incidence of vulval 
(vulvar) cancer of 2.4 % per year, is reported 
from the USA [ 85 ]. We now have one of the 
highest age- standardised incidences (2.5 per 
100,000 female populations) in the world [ 84 , 
 86 ]. There is little understanding why some 

 populations with very high incidence of cervical 
cancer have reduced incidence of vulval cancer 
(some fi ve- to tenfold variation in age-stan-
dardised incidence rates [ 86 ]), except it might 
refl ect considerable variation in LS and its 
 malignant potential. 

 These lesions are not unique to the meno-
pause: vulval cancer in under 50 year olds was 
only 6 % in 1975, but accounted for 14 % in 
2006–2008. However, much of the increase has 
been in postmenopausal women. 

 Delays in diagnosis continue to occur, due to 
patient embarrassment or reluctance to present, 
delays in referral from primary care and delays in 
taking an appropriate biopsy once the patient 
reaches the gynaecology department. 

20.10.1     Symptoms and Signs 

 Cancer Research UK lists the symptoms and 
signs of vulval cancer as:
    1.    A lasting itch   
   2.    Pain or soreness   
   3.    Thickened, raised red, white or dark patches   
   4.    An open sore or growth visible   
   5.    Burning pain on passing urine   
   6.    Vaginal discharge or bleeding   
   7.    A spot that changes shape or colour   
   8.    A lump or swelling     

 Unfortunately this list is not specifi c and 
includes symptoms and signs relevant to all 
 (neoplastic and benign) vulval diseases and most 
gynaecological diseases in general. Among 

a b

  Fig. 20.14    ( a ,  b ) Two examples of Paget’s disease of the vulva       
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1,000 women referred to a specialist vulval clinic 
with the above symptoms, only 26 had vulval 
cancer [ 43 ].
    1.    A lasting itch. The majority of women who 

come to vulval clinic have this symptom, 
although some will use this symptom to 
include irritation, soreness and rawness. Most 
women who attend vulval clinics have already 
used antifungals without benefi t, hence a 
‘lasting itch’. There are many causes of itch or 
pruritus, and they have been discussed above.   

   2.    Pain or soreness. Vulval cancer is not always 
painful. Figure  20.15  shows an example of an 
advanced cancer where the patient denied pain. 
Vulval pain/vulvodynia is described below.

       3.    Thickened, raised red, white or dark patches. 
The colour of vulval lesions does not always 
give a clue to their nature. However, vulval 

cancer arises in a background of LS, which is 
associated with white lesions, or vulval 
intraepithelial neoplasia, which may be white, 
red or pigmented. These lesions are described 
in greater detail above. 

 Many vulval lesions will become thick-
ened as the result of scratching (lichenifi ca-
tion) and is seen with dermatitis/eczema, 
lichen simplex chronicus and psoriasis. 
However there are changes seen with LS and 
hypertrophic lichen planus with histological 
confi rmation of hyperkeratosis and/or differ-
entiated vulval intraepithelial neoplasia that 
have neoplastic potential.   

   4.    An open sore or growth. When cancer devel-
ops the initial cellular growth is down into the 
dermis, initiating various events including 
angiogenic establishment of new vascular 
supply. As the tumour grows deeper and later-
ally, its volume increases until the contour of 
the epidermal surface is elevated and the 
lesion becomes exophytic. Later, when the 
tumour outgrows its vascular supply, the cen-
tre becomes necrotic and cavitation or ulcer-
ation is noted.    
  There are many benign reasons for epidermal 

‘growths’ including condylomata acuminata, ker-
atoacanthoma and basal cell papilloma, while the 
vulval contour may be altered by sebaceous cysts, 
inclusion cysts and soft tissue tumours including 
fi broepithelial stromal polyps, fi bromas, lipomas, 
granular cell tumours, cellular angiofi bromas, 
angiomyofi broblastomas and aggressive angio-
myxomas [ 70 ,  87 ]. 

 Cancer is not the only pathology that produces 
ulceration. Ulcers may occur commonly, as in the 
mouth, and are ‘aphthae’; they may be seen with 
herpes simplex viral infection and syphilis, part of 
the linear or knifelike cuts seen with vulval Crohn’s 
disease or the cavities associated with hidradenitis 
suppurativa and may be manifestations of Stevens–
Johnson syndrome (Fig.  20.16 ) or Behcet’s dis-
ease (Fig.  20.7 ) (include clinical photographs) or 
consequences of bullous eruptions. 

 The symptoms of burning with micturition, 
vaginal discharge or bleeding, a vulval spot that 
changes shape or colour or a lump or swelling are 

  Fig. 20.15    An advanced vulval cancer and fungating 
inguinofemoral nodal areas diagnosed when patient trans-
ferred from a nursing home for transfusion and investiga-
tion of anaemia       
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even more non-specifi c. If urine is in contact 
with any vulval lesion or abraded vulval skin, 
 discomfort can be expected. Vaginal discharge or 
bleeding may be manifestations of many genital 
tract pathologies or infections, but may be 
 features of erosive lichen planus or desquamative 
infl ammatory vaginitis. A spot that changes shape 
or colour might be a melanoma, but the vulval 
skin is normally hyperpigmented, and alteration 
(increase or decrease in pigment) may follow 
many conditions. A lump or swelling could range 
from a Bartholin’s duct cyst or abscess, Gartner’s 
duct cyst, encysted hydrocele of the canal of 
Nuck or any of the soft tissue swellings include 
above (Fig.  20.16 ).

   Vulval cancer remains an uncommon cancer, 
but it should neither be forgotten nor ignored. 
There is no screening test to detect its precursors 

other than recognising LS, awareness of a past 
history of HPV and CIN and the importance of 
immune suppression. Careful examination and 
biopsy of suspicious lesions facilitate early 
 diagnosis. However, women must be encouraged 
to present with and not ignore symptoms, and 
doctors must be willing to examine.  

20.10.2     Vulvodynia 

 Vulval pain may be acute or chronic, defi ned as 
lasting for more than 3 months [ 88 ]. It is esti-
mated that up to 16 % of women will have, or 
have had, vulval pain at some stage in their life-
time [ 89 ]. 

 A task force of ISSVD members was formed in 
1982 to survey the society’s membership of their 

a
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  Fig. 20.16    Examples of lesions that might be confused with cancer. ( a ) Stevens–Johnson syndrome. ( b ) Hidradenitis. 
( c ) Crohn’s disease involving the vulva       
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clinical, laboratory and therapeutic  impressions 
of the ‘burning vulva syndrome’, and their report 
contained the following defi nitions [ 90 ]:

  Vulvodynia – chronic vulvar discomfort, espe-
cially that characterized by the patient’s complaint 
of burning (and sometimes stinging, irritation or 
rawness). Vulvodynia should be differentiated 
from pruritus vulvae, which is associated with 
chronic itching. Vulvodynia can have multiple eti-
ologies, and use of this term for a patient’s problem 
should prompt a thorough diagnostic evaluation. 
 Burning vulva syndrome (BVS) – vulvodynia of 
which no physical cause can be found or that per-
sists despite appropriate treatment for associated 
physical fi ndings. This diagnostic term implies an 
‘end-stage’ condition, recalcitrant to a variety of 
treatments. Psychogenic factors have been strongly 
implicated but are not well defi ned. 

   Some of the differences between vulvodynia 
and pruritus vulvae were described in two articles 
by Marilynne McKay [ 91 ,  92 ], and the term 
‘essential vulvodynia’ appears:

  typically occurs in elderly or postmenopausal 
patients who complain of diffuse and unremitting 
genital burning without evidence of vestibulitis or 
cutaneous changes. These patients describe pain 
patterns similar to post herpetic neuralgia (post 
zoster neuralgia) and ‘glossodynia’ (burning 
tongue) which suggests a problem with cutaneous 
perception either centrally or at the nerve root. 

   Thus, the terminology evolved, and the next 
report of the ISSVD committee on vulvodynia 
[ 93 ] used a division into subsets:
   Vulval vestibulitis  
  Vestibular papillomatosis (thought to be caused 

by HPV changes but now recognised as nor-
mal microanatomy)  

  Cyclic vulvitis  
  Essential vulvodynia  
  Idiopathic vulvodynia    

 The most recent terminology and classifi ca-
tion from ISSVD [ 94 ] is as follows:
    (A)    Vulval pain related to a specifi c disorder:

    1.    Infectious: candidiasis, herpes infection, etc.   
   2.    Infl ammatory: lichen planus, Crohn’s 

disease, etc.   
   3.    Neoplastic: cancer, intraepithelial neo-

plasia, etc.   
   4.    Neurological: herpes neuralgia, spinal 

nerve compression, etc.       

   (B)    Vulvodynia:
    1.    Generalised:

    (a)    Provoked: sexual, non-sexual or both   
   (b)    Unprovoked   
   (c)    Mixed: provoked and unprovoked       

   2.    Localised: vestibulodynia, clitorodynia, 
hemivulvodynia, etc.:
    (a)    Provoked: sexual, non-sexual or both   
   (b)    Unprovoked   
   (c)    Mixed: provoked and unprovoked            

  This classifi cation includes the following 
footnote:

  Vulvodynia is defi ned as vulval discomfort, most 
often described as burning pain, occurring in the 
absence of relevant visible fi ndings or a specifi c, 
clinically identifi able neurological disorder. 
Specifi cally, a peripheral neuropathy (e.g., related 
to herpes zoster or simplex) should be excluded 
based on the list of associated symptoms, such as 
sphincter dysfunction, weakness in the lower limbs 
or sensory changes such as hypoaesthesia or anaes-
thesia involving the areas of discomfort. 
Vulvodynia is represented under the term vulval 
pain syndrome in the classifi cation of the 
International Society for the Study of Pain. 
‘Relevant visible fi ndings’ takes into account the 
following considerations: 1. diffuse and periductal 
vestibular erythema (bilateral, usually symmetrical 
erythema localised around the openings of 
Bartholin’s glands and minute epithelial depres-
sions) is a normal fi nding and is therefore not 
responsible for vulval discomfort. 2. Such disor-
ders as genital warts, naevi, cysts etc. may be pres-
ent on the vulva but not be relevant (i.e., not 
necessarily responsible for vulval discomfort). 
‘Generalised’ specifi es involvement of the whole 
vulva, and ‘localised’ specifi es involvement of a 
portion of the vulva such as the vestibule, clitoris, 
hemivulva etc. ‘Unprovoked’ means that the dis-
comfort occurs spontaneously without a specifi c 
physical trigger; ‘provoked’ means that the dis-
comfort is triggered by physical contact. 

   The latest ISSVD classifi cation has attempted 
to differentiate those patients with pain due to 
infection, infl ammation, neoplasia and neurolog-
ical reasons and those with vulvodynia. It is 
therefore important that appropriate examination, 
and if necessary biopsy, is made to exclude other 
pathologies, e.g. lichen planus. Details of clinical 
fi ndings are described in the relevant sections 
above [ 95 ]. 

 Women with generalised vulvodynia usually 
have no clinical vulval fi ndings. 
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 Women with dysaesthesia vulvodynia were 
more likely to have altered tonic, phasic and 
endurance of pelvic fl oor muscle contractions 
when tested with pelvic fl oor electromyography 
compared with asymptomatic women [ 96 ,  97 ]. 

 The cause of generalised unprovoked vulvo-
dynia remains uncertain and elusive. It shows 
features of complex regional pain syndromes and 
neuropathy. It may tend to be unilateral and fol-
low pudendal nerve distribution, and investiga-
tion with MRI will exclude neurological damage 
to nerve roots or of the nerve as it courses through 
the pelvis. Nerve damage may reduce the bulk of 
the pelvic fl oor muscles on the affected side. 
Some of these patients are unable to sit comfort-
ably during consultation and pace around the 
room: presumably sitting increases stretching or 
stimulus of the pudendal nerve(s). 

 The nature of the symptoms, i.e. burning, 
soreness and rawness, shows similarity to post- 
zoster neuralgia or trigeminal neuralgia. Terms 
such as dysaesthesia, allodynia and hyperaesthe-
sia have been applied. Some patients will blame 
previous infection, believed to be inadequately 
treated, or gynaecological surgery for precipitat-
ing their problem. Some patients may be taking 
medication with peripheral neuropathy as a side 
effect, and several patients have commented that 
their symptoms were caused by ingestion of alco-
hol. Attempts to map out the neurological 
changes are often inconsistent, but may reward 
the patient in the thoroughness of an examination 
not usually performed in the gynaecology clinic. 

 Many of the patients who attend vulval clinics 
and are found to have ‘vulvodynia’ express dis-
may and frustration at the number of doctors they 
have seen before a diagnosis is offered, the many 
treatments attempted without apparent improve-
ment and an inevitability of ‘suffering pain’ for 
always. It is not surprising that they exhibit psy-
chological and psychosexual features, but it is 
uncertain as to whether this is the result or the 
cause of their vulvodynia. 

 Wylie et al. [ 98 ] reported that levels of psy-
chological distress were signifi cantly higher 
within the domains of somatisation; obsessive–
compulsive, anxiety and phobic symptoms; 
 interpersonal sensitivity; hostility; and paranoia 

among 82 British women with vulvodynia 
 compared with 82 British women in a control 
group with general dermatology conditions. 
Women with vulvodynia are found to have worse 
levels of mental health-related quality of life. 
Schmidt et al. [ 99 ] examined 53 women with vul-
val dermatoses and vulval pain using quality of 
life, psychological profi les and general health rat-
ing scales including the Skindex questionnaire, 
Brief Symptom Inventory and a General Severity 
Index. On average, patients with dysaesthetic vul-
vodynia had higher scores on all quality of life 
scales than patients with vestibulitis and dermato-
ses. The authors commented that chronic pain in 
an intimate female organ is likely to affect a broad 
range of emotional functional dimensions of life. 
Sargeant and O’Callaghan [ 100 ] sent question-
naires to 51 women with vulval pain and 46 with-
out and reported signifi cantly worse levels of 
mental health-related quality of life among the 
women with pain. Masheb et al. [ 101 ] assessed 
53 women with vulvodynia and found 9 (17 %) 
with current major depressive disorders (MDD) 
and 24 (45 %) with lifetime prevalence. Women 
with current major depressive disorder reported 
greater pain severity and worse functioning and 
quality of life. Among women with lifetime 
depressive disorder, the majority had their fi rst 
episode before the onset of vulvodynia. Rates of 
current depression seemed lower than rates of 
depression in other women with chronic pain. 

 Management includes reassurance that more 
sinister causes of pain have been excluded and 
advice on bathing and the use of soap substitutes, 
emollients and sometimes local anaesthetic gel (a 
test patch applied and viewed on the fl exor aspect 
of the wrist excludes stinging from a contact der-
matitis or hypersensitivity). Assessment by a 
physiotherapist (physical therapist in the US) and 
the use of biofeedback will help a group of 
patients. Pain-modifying agents such as from the 
tricyclic group of antidepressants, e.g. amitripty-
line, starting at 10 mg/night and gradually 
increasing to 50 mg, may reduce pain but 
 sometimes at the expense of anticholinergic 
side effects, e.g. dry mouth, constipation and 
sleepiness. Better alternatives include gabapen-
tin, starting at 300 mg per day and slowly and 

20 Vulval Disease in Postmenopausal Women



270

incrementally increasing to 2.7 g/day (more 
 common side effects include altered propriocep-
tion, e.g. unable to walk to the toilet at night in 
the dark and palpitations due to heart block) or 
pregabalin which is currently more expensive but 
some claim to be more effective. There have been 
several patients who have had complete relief 
after psychosexual or cognitive behavioural ther-
apies, but most patients benefi t from a session(s) 
of listening by their clinician or psychologist 
(access to clinical psychologists are more diffi -
cult and yet for certain women will be hugely 
benefi cial). 

 Reviews of treatments and results are pro-
vided by Nunns [ 102 ], Glazer and Ledger [ 103 ], 
Smart and MacLean [ 104 ], Bachmann et al. 
[ 105 ], Petersen et al. [ 106 ] and Danby and 
Margesson [ 88 ]. Unfortunately, there is no 
proven therapy that will be effective for all. The 
frequent requirement for combinations of therapy 
identifi es the need for properly conducted clini-
cal trials.   

20.11     Summary 

 Women of all ages present with vulval symp-
toms. The menopause has a profound effect on 
the vagina but much less is known about changes 
in the vulva. However, it is no longer acceptable 
to treat a postmenopausal woman with itching for 
yeast infection or ‘atrophy’. With increasing age 
the chance of signifi cant pathology increases, and 
therefore all postmenopausal women must be 
examined. Lichen sclerosus is the most likely 
diagnosis among our population, but neoplasia 
must be considered. If the clinician is unable to 
examine or biopsy adequately, referral to a spe-
cialist clinic or consultant must be considered.     
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21.1            Introduction 

 Vulvodynia is a chronic pain condition impacting 
women’s psychosexual well-being, self-esteem, 
and quality of life. Vulvodynia is frequently 
underdiagnosed and therefore inadequately 
 managed. Despite research efforts, the patho-
physiology remains unclear, and there are no 
evidence-based treatment guidelines. A multifac-
eted treatment of vulvodynia is therefore advo-
cated, including pharmacological, physical, and 
psychosocial measures. Even less information is 
available for vulvodynia in menopausal women, 
who have considerable physiologic, anatomic, 
and functional differences compared to premeno-
pausal women. This chapter will review vulvo-
dynia with special consideration for the 
menopausal population.  
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21.2     Defi nition 

 The International Society for the Study of 
Vulvovaginal Disease (ISSVD) defi nes  vulvo-
dynia  as vulvar discomfort, most often described 
as burning pain, occurring in the absence of rele-
vant visible fi ndings (either infectious, infl amma-
tory, or neoplastic) or of a specifi c clinically 
identifi able neurologic disorder. The pain is 
chronic, and women often see many health-care 
providers prior to proper diagnosis and the 
 initiation of appropriate treatment. 

 Vulvodynia is classifi ed as (1) localized or 
generalized and (2) provoked, unprovoked, or 
both (Table  21.1 ) [ 1 ,  2 ]. In localized vulvodynia, 
the pain occurs in a specifi c location on the vulva, 
most frequently the vestibule, at the entrance to 
the vagina (vestibulodynia). More rarely, the pain 
is confi ned to the clitoris or to other parts of the 
vulva such as labia majora or minora. In general-
ized vulvodynia, the pain affects the entire vulvar 
region. The discomfort of both localized and gen-
eralized vulvodynia is further subdivided as 
either provoked, unprovoked, or both [ 1 ,  3 ]. 
Provoked pain is caused by contact with the 
affected area (e.g., sexual intercourse, tampon 
insertion, tight clothing), whereas unprovoked 
pain is present commonly without any direct 
 contact. Provoked  vestibulodynia  is the most 
common subset of vulvodynia. Generalized 

unprovoked vulvodynia and other subsets are less 
frequently encountered [ 4 ].

   While the earliest accounts describing 
 symptoms of vulvodynia were found even in the 
fi rst century [ 5 ], the term “vulvodynia” was sug-
gested by Tovell and Young in 1978 [ 6 ]. Later in 
1987, Dr. Edward Friedrich coined the term “vul-
var vestibulitis” along with the diagnostic criteria 
known as Friedrich’s criteria. These criteria 
include (1) severe pain in the vulvar vestibule 
upon touch or attempted vaginal entry, (2) tender-
ness to pressure localized within the vulvar 
 vestibule, and (3) vulvar erythema of various 
degrees [ 7 ]. From 1987 to 2003, different defi ni-
tions and classifi cations of vulvodynia were dis-
cussed, including vulvar dermatoses, vulvitis 
(cyclic  candidiasis), vulvar papillomatosis, essen-
tial  vulvodynia, dysesthetic vulvodynia, and 
 vulvar vestibulitis syndrome (VVS) [ 8 ]. The con-
fusion was the result of disagreement as to 
whether vulvodynia was a symptom (secondary to 
infection, infl ammation, neoplasm, etc.) or a pri-
mary disorder. The 17th Congress of the ISSVD 
established the current defi nition and classifi ca-
tion system of vulvodynia 2003, published in 
2004 [ 1 ]. This classifi cation separated chronic 
vulvar pain into two categories: (1) vulvar pain 
due to identifi able medical causes and (2) vulvar 
pain in the absence of any known medical cause.  

21.3     Epidemiology 

 Estimates of the prevalence of vulvodynia range 
from 4 to 16 % over a woman’s lifetime [ 9 ,  10 ]. 
In response to a self-administered questionnaire 
sent to ethnically diverse women in Boston, 16 % 
of respondents reported a history of burning vul-
var pain for at least 3 months, and 7 % had the 
pain at the time of the survey [ 9 ]. A population- 
based survey in southeastern Michigan reported 
that 8.5 % of women over the age of 18 years 
were currently suffering with vulvodynia [ 10 ], 
and a New Jersey study found a 9.9 % lifetime 
prevalence with 3.8 % of respondents reporting 
current pain [ 11 ]. 

   Table 21.1    Classifi cation of vulvodynia   

 Defi nition  Generalized a   Localized b  

 Provoked  Present only 
with contact, 
sexual or 
nonsexual 

 ✓  ✓ 

 Unprovoked  Present 
without 
contact 

 ✓  ✓ 

 Mixed  Provoked & 
unprovoked 

 ✓  ✓ 

   a Involvement of the entire vulva 
  b Involvement of a portion of the vulva, such as the 
vestibule 
 Adapted from Moyal-Barracco and Lynch [ 1 ]  
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 The occurrence of vulvodynia may be 
 underestimated because of frequent misdiagno-
sis. Both physicians and affected women are 
 frequently not aware of this condition; they either 
persistently or even desperately look for an 
organic cause to the symptoms or dismiss it as a 
psychological “all in the head” issue. In the 
Boston survey, 40 % of symptomatic women 
chose to not seek treatment, and those who did 
often saw three or four physicians without a cor-
rect diagnosis [ 9 ]. 

 Vulvodynia affects both reproductive and 
nonreproductive- aged women; however, statis-
tics of vulvodynia in postmenopausal women are 
lacking. In a large population-based sample 
( N  = 12,435), Harlow showed that 64 % of 
patients with vulvodynia were aged between 18 
and 35, 22 % between 45 and 54, and 14 % 
between 55 and 64 [ 12 ]. Most of the patients with 
provoked vestibulodynia (the most frequent pat-
tern of vulvodynia) are premenopausal, the mean 
age being 27.8 years old in a recent study [ 13 ]. 
Unprovoked vulvodynia is more likely to occur 
in postmenopausal women; in a series of 159 
patients with unprovoked, most frequently gener-
alized, vulvodynia, the mean age was 56 (Moyal- 
Barracco M, unpublished data). 

 Menopausal women with chronic vulvar pain 
are frequently diagnosed with vulvovaginal atro-
phy (VVA). A 2013 Internet-based survey of 
postmenopausal women designed to assess the 
effects of VVA found 44 % of respondents expe-
rienced dyspareunia and 37 % experienced vul-
var irritation ( N  = 3046). Although the most 
common symptom was vaginal dryness (55 %), 
the study suggests a defi nite need for evaluation 
and treatment of postmenopausal women with 
vulvovaginal symptoms [ 14 ]. Genital atrophy 
due to loss of estrogen is not the only cause of 
vulvar discomfort in menopausal women, and 
likely evaluation of women with these complaints 
will also uncover other etiologies such as vulvo-
dynia. Though the onset of vulvodynia is usually 
during reproductive years, it may persist or even 
start in the postmenopausal years. Postmenopausal 
women complaining of persisting discomfort in 

the absence of visible fi ndings, despite treatment 
with hormonal replacement therapy either local 
or systemic or both, should be considered to pos-
sibly suffer from vulvodynia [ 15 ].  

21.4     Vulvodynia and Menopause: 
Physiological Considerations 

 The age-related morphological and physiological 
changes of the vulva and vagina over a lifetime 
are well established, as is the hormonal media-
tion of these events [ 16 ]. At birth, the vulva and 
vagina exhibit the effects of residual maternal 
estrogens which dissipate by the fourth postnatal 
week [ 17 ,  18 ]. During puberty, adrenal and 
gonadal steroid hormones induce maturation of 
these tissues [ 19 ], which continue to undergo 
changes during the reproductive years, linked to 
the menstrual cycle and pregnancy [ 20 ]. At 
menopause, there is a dramatic loss of estrogen, 
which leads to vulvar and vaginal atrophy. Pubic 
hair becomes sparse, the labia majora loses sub-
cutaneous fat, and the skin of the vulva thins. The 
vaginal mucosa loses glycogen, with a subse-
quent rise in the vaginal pH and decrease of vagi-
nal secretions. Decreased vaginal blood fl ow and 
pelvic fl oor muscle tone also occurs [ 21 – 23 ]. 
Symptoms are variable among women, but may 
include dyspareunia, irritation, burning, or itch-
ing [ 24 ]. As such, the symptoms of VVA may 
mimic those of vulvodynia. 

 Perimenopause, the transition period to meno-
pause, usually begins at the median age of 
45 years and lasts for about 4 years. Perimenopause 
is characterized by menstrual cycle irregularity, 
with an increase in the number of anovulatory 
cycles. The symptoms vary and include cramps, 
bloating, and breast tenderness as well as hot 
fl ashes, migraine, and vaginal dryness [ 25 ]. 
Menopause is established 1 year after the last 
menstrual period [ 26 ]. 

 Estrogens also affect many levels of the pain 
pathway, including the tissue infl ammatory 
response, sensory neurons and dorsal root ganglia, 
spinal cord, supraspinal centers such as  opioidergic/
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serotonergic pain modulation systems, limbic 
 circuits for affective states, and stress responses 
[ 27 ]. Estrogen receptors present in the central and 
peripheral nervous systems are known to infl uence 
all aspects of neural activity from membrane per-
meability to gene regulation. The transition into 
menopause, with the accompanying change in sys-
temic estrogen concentration, may therefore affect 
chronic pain [ 22 ].  

21.5     Diagnosis 

 The evaluation of postmenopausal women with 
vulvar pain includes a detailed history and a tar-
geted physical exam. Vulvodynia should always 
be considered in the differential diagnosis. The 
history should document the nature of the pain, 
onset, severity, and effect on everyday life and/or 
sexual function. In addition to dyspareunia and 
pain provoked by any local contact, women with 
provoked vulvodynia may report constant or 
intermittent spontaneous discomfort such burn-
ing, aching, rawness, or irritation [ 28 ]. Vaginal 
symptoms including discharge, bleeding, should 
be sought. Nongenital menopausal symptoms, all 
medications, and all vulvar contacts (soaps, deter-
gents, over-the-counter products) should be 
reviewed. Recent research has shown increasing 
evidence for comorbidity of vulvodynia and other 
chronic pain conditions such as fi bromyalgia, 
interstitial cystitis, temporomandibular joint and 

muscle disorder (TMD), and irritable bowel syn-
drome [ 29 ] (Figs.  21.1  and  21.2 ). As such, patients 
with vulvar pain should be asked about symptoms 
related to these pain disorders as their presence 
may heighten the concern for vulvodynia.

    A careful inspection of the vulva and vagina 
should be undertaken aiming at ruling out an 
infl ammatory, infectious, or neoplastic cause of 
the pain and to sustain the diagnosis of provoked 
vulvodynia through the cotton swab test. For 
instance, the pain of provoked vestibulodynia is 
elicited by lightly touching the vestibule with a 
moistened cotton swab. 

 The presence of vulvar lesions does not 
exclude the diagnosis of vulvodynia. For exam-
ple, the presence of psoriasis or warts on one 
labium majus cannot be held responsible for a 
spontaneous diffuse chronic burning vulvar pain 
or for an introital dyspareunia. Indeed vulvo-
dynia may be associated with other nonrelevant 
conditions. In addition, anatomic variants such as 
vestibular papillae, Fordyce’s granules, or ves-
tibular erythema should not be misinterpreted as 
causes of vulvar pain. As opposed to abnormal 
vestibular erythemas, physiological vestibular 
erythemas are macular (not raised), focal (poste-
rior part of the vestibule, particularly around the 
openings of the Bartholin’s gland), symmetrical, 
and have ill-defi ned borders. 

 Pelvic exams should include palpation of the 
levator muscles to assess muscle spasm, bladder, 
and urethra for tenderness and bimanual exam 
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  Fig. 21.1    Distribution of the eight 
comorbid conditions in each of the 
three types of vulvodynia (generalized, 
local, and both) in 1,457 women with 
self-reported vulvodynia.  TMD  
temporomandibular joint, and muscle 
disorder (Source of data is Ref. [ 29 ])       
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to exclude pelvic pathology. Neurologic exam 
includes a search for sphincter disturbances 
 (urinary, anal) by history taking and search for 
objective neurologic abnormalities such as 
 anesthesia or hypoesthesia and perineal refl ex 
abolition such as the “anal wink;” that is, scratch-
ing the perianal area gently with the sharp end of 
a cotton swab and observing the contracture of 
the external anal sphincter. 

 In the absence of any visible vulvar lesions or 
skin changes, a biopsy is not indicated and would 
not aid in the diagnosis of vulvodynia. In a meno-
pausal woman, vulvovaginal atrophy is one of the 
possible causes of provoked vulvar pain, and signs 
such as loss of pubic hair, labial fl attening or 
fusion, loss of vaginal rugae, or an elevated pH 
should be documented. In VVA, a vaginal wet prep 
would show an increase in vaginal parabasal cells 
and white blood cells without evidence of any 
pathogens such as yeast or bacterial vaginosis. 
Addition of a drop of Wright’s stain to the wet prep 
will more clearly defi ne the presence of parabasal 
cells. Vaginal cultures should be sent if evidence of 
infection is present. Vaginal specimens should be 
systematically taken to look for infection either 
responsible for or associated with the pain. 

 In menopausal women complaining from 
 dyspareunia, a trial of topical estrogen (in the 
absence of contraindications) should be the fi rst-
line treatment especially if there is evidence of 
VVA on exam. If symptoms do not resolve with 

these measures, treatments for vulvodynia should 
be initiated. Spontaneous diffuse vulvar burning 
is not a manifestation of VVA and, in the absence 
of relevant fi ndings, is more likely related to 
vulvodynia.  

21.6     Treatment 

 There is no “one size fi ts all” treatment of vulvo-
dynia. Experts agree that a multifaceted treatment 
is the best approach to this condition [ 30 ,  31 ]. 
Choices will depend on the patient, her partner, 
the local health-care system, and the costs. Vulvar 
care measures, pharmacological treatments (both 
topical and oral); physical therapy; and personal, 
couple, or sexual counseling, are all possible 
components of successful treatment. 

 The National Vulvodynia Association (NVA) 
is an excellent source for educational materials 
which actively promotes support for these 
patients (  www.nva.org    ). 

21.6.1     Vulvar Care Measures 

 Gentle genital hygiene is important to prevent 
irritation which may aggravate vulvodynia. The 
vulva should be washed with plain warm water 
only or with a gentle, unscented soap and then 
patted dry. Vulvar irritants such as bath salts or 
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over-the-counter feminine hygiene products, 
such as douches, sprays, and scented wipes, 
should be avoided. Ice packs (easily made by 
freezing water in a 16 oz. plastic soda or water 
bottle) can be applied through clothing for tem-
porary relief. Adequate lubrication during inter-
course and vaginal moisturizers for noncoital 
lubrication should be encouraged [ 33 ] 
(Table  21.2 ).

21.6.2        Topical Medications 

 Lidocaine anesthetic ointment can be used both 
for symptomatic relief and to reduce coital pain 
in women with localized vestibulodynia. 
Lidocaine gel 5 % applied externally 10–20 min 
prior to intercourse aids in reducing pain with 
penetration with minimal effect on overall sexual 
sensation in many women. Direct application to 
the clitoris should be avoided. One study showed 
that daily applications of topical lidocaine were 

equally effective as biofeedback in relieving 
symptoms at 12 months [ 34 ], whereas in another 
double-blind, placebo-controlled study, lidocaine 
failed to improve vulvodynia symptoms more 
than placebo when applied four times a day for 
12 weeks [ 35 ]. Many topical medications have 
been used anecdotally or shown to be effective in 
small studies or case series. These include 2–6 % 
gabapentin formulation [ 36 ], compounded topi-
cal estradiol 0.03 % with testosterone 0.1 % [ 37 ], 
capsaicin [ 38 ], amitriptyline 2 % cream (some-
times combined with baclofen 2 %) [ 39 ], or nife-
dipine cream [ 40 ]. None of these treatments are 
evidence based, and all of these treatments are 
off-label for the treatment of vulvodynia. 

 Intolerance to topical treatments is common. 
Although contact dermatitis has been docu-
mented [ 41 ], discomfort (mostly burning) fol-
lowing topical applications is related neither to 
an allergy nor to an irritation. Diluting topical 
preparations with tolerated substances, such as 
lubricating gels, estrogen creams, and mineral or 
vegetable oils, may be helpful.  

21.6.3     Oral Medications 

 Oral medications for vulvodynia are aimed at the 
treatment of neurogenic pain. The most fre-
quently prescribed treatment is the tricyclic anti-
depressants, amitriptyline, desipramine, or 
nortriptyline. The latter two have a more favor-
able side effect profi le with less sedation and 
anticholinergic effects. Documentation of a nor-
mal electrocardiogram (ECG) is recommended 
by some in patients over the age of 50. Dosage is 
started low, usually at 10 mg at night and slowly 
titrated upward by 10 mg every 1–2 weeks until 
relief is achieved. Generally, if there is no relief 
at a dosage of 75 mg, then treatment is discontin-
ued. Patients must not stop tricyclics abruptly. 

 Gabapentin has been shown in small stud-
ies to provide relief for vulvodynia with fewer 
side effects than the tricyclic antidepressants. 
Gabapentin 100 mg at bedtime increased by 
100 mg every 2–7 days to a maximum of 
3,600 mg/day in divided doses is one  treatment 

   Table 21.2    Treatment guidelines for vulvodynia in 
menopause   

 Comorbidity  Vulvovaginal atrophy should be 
adequately treated prior to and during 
vulvodynia treatment 

 Multiple 
treatments 

 Only one treatment should be 
introduced at a time 

 Dosage  Medications should be started at the 
lowest dose and titrated upwards 
slowly. In older women, a longer 
interval between advancing doses can 
be considered 

 Documentation  Patient pain diaries and examinations 
with specifi c pain location and 
severity recorded in the patients chart 
will help document response and 
guide treatment 

 Adjunct 
therapy 

 Physical therapy is a helpful adjunct 
to medical therapy 

 Counseling 
options 

 Counseling should be offered 
(individual, couple, sexual) as 
appropriate 

 Surgery  Surgery should be reserved for 
localized vestibulodynia only after 
failure of medical therapy and careful 
evaluation of risks and benefi ts 

  Adapted from Phillips and Bachman [ 28 ]  
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regimen. Side effects include nausea and seda-
tion. Gabapentin was put on the Food and 
Drug Administration (FDA) MedWatch list for 
rare reports of rhabdomyolysis (2011) [ 42 ]. 
Patients should be informed to call with any 
muscle aches or pains or new-onset dark urine 
for evaluation. A randomized controlled trial 
is currently ongoing [ 43 ]. 

 Other medications used in the treatment of 
vulvodynia include pregabalin (titrated slowly to 
a maximal dose of 600 mg daily in divided 
doses), venlafaxine (37.5 mg initially to a maxi-
mum daily dose of 375 mg), and duloxetine 
 (20–60 mg daily). None of these treatments 
have an evidence-based effi cacy [ 44 ], and a high 
and potentially serious side effect profi le limits 
their use.  

21.6.4     Botox 

 Botulinum neurotoxin type A (Botox) injections 
into the vestibule seems to be a safe and effective 
treatment of provoked vestibulodynia [ 45 ,  46 ]. 
This treatment has been used in small numbers of 
women in two randomized trials. Botox is postu-
lated to relieve both the muscular hyperactivity of 
the perineum and to reduce the pain through a 
blockage of the release of neuropeptides and neu-
rotransmitters. Cost may prove to be a limiting 
factor of this treatment.  

21.6.5     Physical Therapy 

 Patients with provoked vestibulodynia, compared 
to non-affected women, have pelvic fl oor muscle 
hypertonicity (i.e., increased tension) [ 47 ], which 
may exacerbate or propagate the condition. 
Pelvic fl oor physical therapy has been shown to 
provide vulvovaginal pain relief and improve 
sexual functioning. Patients report a physical, 
emotional, and sexual improvement with physi-
cal therapy, especially if it is part of a multifac-
eted treatment approach [ 48 – 50 ]. Pelvic fl oor 
physiotherapists utilize internal and external soft 
tissue mobilization and massage, release of 

 trigger points, biofeedback, and postural 
 exercises. Patients are provided with at-home 
exercises which help shorten the course of treat-
ment. Medical professionals can provide instruc-
tional exams for patients, demonstrating muscle 
relaxation and contraction and/or advice vaginal 
dilators for women in addition to physical ther-
apy or for those women who cannot or choose not 
to use physical therapy. No study has been car-
ried out to evaluate the effi cacy of physiotherapy 
in unprovoked vulvodynia. Spinal cord stimula-
tion and transcutaneous electrical nerve stimula-
tion are less frequently used to treat vulvodynia 
[ 51 ,  52 ].  

21.6.6     Counseling 

 Psychological, sexual, and relationship distur-
bances are frequently encountered in patients 
with vulvodynia. Often these conditions are 
 secondary to the ongoing pain, and therapy is 
part of the multifaceted management of vulvo-
dynia, either provoked or unprovoked [ 30 – 32 ]. 
Cognitive behavioral therapy that involves learn-
ing and practice of specifi c pain-relevant coping 
and self-management skills was shown to yield 
better outcomes and greater patient satisfaction 
in patients with vulvodynia than a less directive 
approach [ 53 ,  54 ]. Additionally, cognitive behav-
ioral therapy (CBT) was shown to result in simi-
lar outcomes as electromyographic biofeedback 
and vestibulectomy), including signifi cantly 
reduced pain and improved psychological 
 adjustment and sexual function [ 55 ]. Individual, 
couple, or sexual counseling should be recom-
mended as appropriate. Again, the National 
Vulvodynia Association (NVA) is an excellent 
source for educational materials for these patients 
(  www.nva.org    ).  

21.6.7     Additional Treatment Options 

 The effect of acupuncture and other alternative 
therapies on pain and psychosexual adjustment 
requires further investigation [ 56 ]. Local or 
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regional nerve blocks have been shown in small 
studies to be effective in the treatment of vulvo-
dynia [ 57 ]. Combinations of anesthetics (lido-
caine, bupivacaine) and steroids (triamcinolone 
acetonide, methylprednisolone) are infi ltrated 
locally, via a pudendal nerve block or via caudal 
epidural injections. Repetitive treatments may be 
necessary.   

21.7     Surgery 

 Surgical management of vulvodynia has been 
advocated only for provoked vestibulodynia, and 
all experts agree that surgery should never be the 
fi rst-line treatment [ 58 ]. Many experts however 
do not recommend this treatment at all. Although 
a wide variety of surgical procedures have been 
advocated [ 59 – 64 ], randomized trials with appro-
priate short- and long-term outcome measures 
are lacking. Complete improvement of dyspareu-
nia occurred globally in 60 % of the published 
studies with rates varying from 0 to 100 % [ 65 ]. 
A recent meta-analysis of surgical outcomes for 
vestibulodynia estimated a 31–100 % effect rate 
with a median of 79 % who reported partial to 
complete relief [ 66 ]. There is no data looking at 
surgical outcomes in postmenopausal women.  

21.8     Special Consideration 
of the Menopausal Woman 

 All treatments for vulvodynia are off-label. In 
older women, there are potentially more risks in 
treatment than in their younger counterparts. 
Older patients are more likely to have chronic 
medical conditions, to be on one or more medica-
tions, or to be more affected by side effects such 
as sedation or dry mouth or eyes. Slower upward 
titrations of medications or more frequent moni-
toring may be necessary. Primary care or special-
ist consultation should be sought as needed, 
especially prior to initiation of medications. 

 Vulvovaginal atrophy is a condition secondary 
to the lack of estrogen, present in a large percent-
age of postmenopausal women. Local estrogen or 
nonhormonal moisturizers should be used to 

 correct the vulvovaginal atrophy which could be 
the only cause of introital dyspareunia or an 
aggravating factor in a patient suffering from pro-
voked vestibulodynia. Estrogen therapy should 
be continued throughout vulvodynia treatment. 
Estrogen topical creams, vaginal inserts, or rings 
can be used.  

21.9     Summary 

 Vulvodynia is a chronic and potentially debilitat-
ing pain condition. Though vulvodynia is more 
common during the reproductive years, there is 
clear evidence that this condition may affect 
menopausal women. The etiology of vulvodynia 
remains unknown, and evidence-based treatment 
options are not available. Little data exists on 
vulvodynia in menopausal women; however, evi-
dence suggests that menopausal changes may 
have an effect on chronic pain conditions. The 
management of vulvodynia in menopause should 
include a multifaceted approach with special 
attention to the correction of estrogen defi ciency 
and to the specifi c psychosexual and social con-
text of menopause.     
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22.1            Introduction 

 The aim of this chapter is to provide an overview 
of the vulvar skin conditions commonly found in 
the aging female. These disorders are underre-
ported and may be undertreated. These condi-
tions most commonly present with pruritus or 
pain [ 1 ]. Other symptoms include diffi culty uri-
nating, defecating, walking, and/or interrupted, 
painful relations. Skin discoloration or rash can 
be present. Diagnosis may be delayed due to the 
woman’s embarrassment in presenting for gyne-
cological care of these lesions and/or discussing 
the symptoms with her clinician. Many may 
accept these distressing symptoms as signs of 
aging to be expected with menopause. 

 Vulvar skin disorders present the practitioner 
with a diagnostic challenge. Although biopsy is 
not always required to make a diagnosis, it should 
be performed when lesions are present that cannot 
be adequately characterized. If conservative man-
agement is elected, biopsy should be performed if 
initial treatment fails. Treatment should also 
include education regarding vulvar hygiene, with 
removal of contact irritants when identifi ed and 
topical steroid creams. Despite treatment, symp-
toms are often chronic and persistent, interfering 
with sexuality, activity level, and overall quality 
of life and may involve continuous active man-
agement to achieve partial relief of distress for the 
aging woman. Our objective is to provide the 
practitioner with a simple diagnostic framework 
and treatment plan for vulvar skin dysplasias.  
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22.2     The Role of the Women’s 
Health Provider 

 Women may not report symptoms of vulvar itch-
ing and pain at their annual visit. Many fi nd the 
complaint embarrassing. Practitioners are often 
more comfortable discussing chronic medical 
conditions rather than sexual health complaints. 
Thus, the health-care provider with a focus or 
interest in women’s health plays an important 
role in diagnosis and treatment of vulvar dyspla-
sias. This includes gynecologists, mid-level pro-
viders in women’s health, and primary care 
providers; although dermatologists and gyneco-
logic oncologists have a key referral role when 
there is a refractory case, a lesion suspicious for 
and/or a biopsy-confi rmed malignancy. 

 The American Cancer Society recommends 
that women have a full-body skin examination 
annually beginning at age 40 [ 2 ,  3 ]. In a survey of 
201 female veterans, 68.7 % reported that they did 
not regularly undergo full-body skin exam (FBSE) 
[ 4 ]. Primary care physicians (PCP) are often the 
gatekeepers, responsible for referral within man-
aged care organizations, and trusted with the ini-
tial medical opinion in many conditions. Those 
who work in the fi eld of obstetrics and gynecol-
ogy play a key role in a woman’s primary health 
care. A cross-sectional survey of patients from 
primary care and dermatology clinics found that 
patients have a high level of confi dence in their 
PCP’s ability to treat their skin conditions [ 5 ]. 
Although previous reviews found primary care 
providers not as likely to do be as thorough as der-
matologists in the diagnosis of lesions, electronic 
age offers the ability to bridge the diagnostic gap 
that may be created by lack of access to special-
ists. With electronic medical records, digital 
images may be inserted to document the lesion. In 
remote areas without access to specialists, tele-
medicine offers the ability to guide diagnostic and 
treatment options for dermatologic conditions.  

22.3     Vulvar Skin Screening 

 The role of the women’s health-care provider in 
screening for vulvar skin disorders is not limited 
to skin cancer screening. 

 The majority of vulvar skin disorders diag-
nosed either on exam, or when a woman presents 
with vulvar pruritus or pain, are not malignant. 
See Table  22.1  for common differential diagno-
ses of vulvar pruritus or pain.

   As a woman ages, and particularly after meno-
pause and its resultant hypo-estrogenism, vulvar 
skin and vaginal mucosa undergo progressive 
physical changes. Estrogen plays a key role in cel-
lular remodeling, angiogenesis, and response to 
oxidative stressors [ 6 ]; therefore, decreasing estro-
gen levels affect the macro- and microstructure 
of the perineum. Estrogen receptors are located 
in the vagina, the vulva (to a lesser degree), and 
the urethra [ 7 ]. Withdrawal of estrogen leads to 
decreased cell turnover, blood supply, and vaginal 
mucosal and vulvar sebaceous gland secretions. 
The vaginal mucosa atrophies and becomes more 
alkaline. The vulvar skin thins and pigmentation 
decreases uniformly. The labia become less full, 
refl ecting a loss of both fat and collagen. Turgor 
decreases as a result of decreased glycosamino-
glycan [ 8 ]. The result is vulvovaginal atrophy, 
also called atrophic vaginitis, as it is believed to 
account for vulvovaginal pain and dryness in up 
to 50 % of postmenopausal women. Bothersome 
local symptoms may be present even in 10–25 % 
of women using systemic hormone therapy [ 1 ,  9 ]. 

 Vulvovaginal atrophy affects both the struc-
ture and function of the vulvar skin. Thinning, 

   Table 22.1    Differential diagnosis of vulvar pruritus or pain   

 Acute 
  Bacterial or fungal infections 
  Contact dermatitis 
 Chronic 
  Dermatoses 
   Lichen sclerosus 
   Lichen simplex chronicus/squamous cell 
hyperplasia 
   Other dermatoses 
  Vulvovaginal atrophy 
  Neoplasia or preneoplastic lesions 
  Vulvodynia 
  Infection 
   Human papillomavirus infection 
  Vulvar manifestations of systemic illnesses 
   Crohn’s disease, Bechet’s 
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more friable skin, with the loss of the hair barrier 
and increased vulvar permeability, becomes 
more susceptible to damage from local irritants. 
Micro vasculature changes contribute to dysfunc-
tional response to infection. Increased vaginal 
pH can result in colonization with pathologic 
organisms. 

 Immune function is also a contributing factor 
to the development of vulvar dermatoses. In 
recent years, research has focused on the estro-
gen effects of the immune system. Aging skin 
has been noted to show a decrease in Toll-like 
receptors, which serve a primary role in cutane-
ous host defense [ 10 ]. Proinfl ammatory cyto-
kines contribute to decreasing collagen and 
infl ammation [ 11 ]. Thus, not only does the 
hypo-estrogenic vulva have a diminished bar-
rier, but it also has a limited ability to protect 
against infectious microorganisms and topical 
irritants. Furthermore, it has a decreased 
response to healing after insult.  

22.4     ISSD Classifi cation 
of Disorders 

 Many nonmalignant vulvar skin disorders pres-
ent with the same symptoms as premalignant or 
malignant vulvar conditions. A skin biopsy will 
result in a defi nitive diagnosis via histopathol-
ogy; however, it requires technical skill and may 
result in scarring. The original classifi cation sys-
tem of nonneoplastic dermatologic conditions of 
the vulva by the International Society for the 
Study of Vulvovaginal Disease (ISSVD) was 
based on gross description and histopathology 
(Table  22.2 ). However, in 2011, the ISSVD pre-
sented a stepwise diagnostic approach that aims 
to help providers make a diagnosis based on clin-
ical presentation. The classifi cation was based on 
pathophysiology, etiology, and commonalities 
among clinical presentation. The goal of the 
ISSVD was to simplify the terminology in order 
to arrive at a differential diagnosis. In contrast to 
the original classifi cation of vulvovaginal skin 
diseases, the most recent classifi cation aims to 
diagnose without a biopsy. However, if a biopsy 
is necessary, it should be performed by a health- 
care provider trained in the procedure and ideally 

interpreted by a dermatopathologist (pathologist 
with specialty training in dermatological disor-
ders) whenever possible.

   The classifi cation of vulvar disorders is shown 
in Table  22.2 .  

22.5     Clinical History 

 All women, especially postmenopausal women, 
should be asked about symptoms related to vul-
vovaginal atrophy and vulvar skin conditions. 
These symptoms include vulvar itching, burn-
ing, bleeding, changes in pigmentation, sores, 
lumps, ulcers, or pain with intercourse. When 
present, symptom duration, intensity, and modi-
fying factors should be assessed. All vulvovagi-
nal contacts should be reviewed, including 
over-the-counter remedies, soaps, shampoos, 
and sanitary products. These topical irritants 
should be eliminated. See Table  22.3  for a list of 
common irritants and possible suggestions for 
their removal.

   For intermittent symptoms, contact/symptom 
diaries can be recommended. Skin conditions 
elsewhere, such as oral lesions or eczema should 
be documented. Systemic disease and all medica-
tions should be reviewed.  

    Table 22.2    Nomenclature for vulvar disease   

 1. Nonneoplastic epithelial disorders of skin and 
mucosa 
  (a) Lichen sclerosis 
  (b) Squamous hyperplasia, not otherwise specifi ed 
(formerly “hyperplastic dystrophy without atypia”) 
  (c) Other dermatoses 
 2. Mixed nonneoplastic and neoplastic epithelial 
disorders 
 3. Intraepithelial neoplasia 
  (a) Squamous intraepithelial neoplasia (formerly 
“dystrophies with atypia”) 
  (b) VIN, usual type 
  (c) VIN, differentiated type 
  (d) Nonsquamous intraepithelial neoplasia 
  (e) Paget’s disease 
  (f) Tumors of melanocytes, noninvasive 
 4. Invasive tumors 
  (a) VIN, Vulvar intraepithelial neoplasia 
  (b) Paget disease 

  Adapted from Lynch et al. [ 12 ]  
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22.6     Physical Exam 

 The ISVVD 2012 publication’s diagnostic 
approach to vulvar disorders represents a philo-
sophical return to the physical exam. Table  22.4  
offers descriptive terms useful for universal doc-
umentation of vulvar lesions and clear communi-
cation with specialists.

   Physical exam of the vulva begins with visual 
inspection. Optimal patient positioning is in dor-
sal lithotomy position in gynecological stirrups, 
although a frog-legged position on a non-gyn 

examination table also may be used. Lighting 
should be adequate. A magnifying glass can aid 
visualization, but is not always necessary. Acetic 
acid application is not recommended because its 
accuracy in enhancing vulvar lesions has not 
been validated. 

 Visual inspection should include assessment of 
aging changes in the vulvovaginal area. Loss of 
hair, thinning skin, increase or loss of pigmenta-
tion should be noted. Ulcerations, excoriations, or 
any lesions should be noted and documented as 
specifi cally as possible in the patient chart. 
Localization, symmetry, and number and distribu-
tion of abnormal areas should be recorded. Border 
asymmetry, color, and size are also key elements 
to note. A cotton swab can be used to diagnose 
provoked vestibulodynia (through elicitation of 
pain with point contact through the vestibule). 

 The surface appearance of a lesion provides clin-
ically helpful information. If the surface is rough, 
it may be due to either a crust or a scale. A crust 
commonly appears yellow or hemosiderin colored, 
and its presence implies a lesion that has involved 
excoriation, erosion, or any type of  disruption of 

   Table 22.3    Tips for removing common vulvar skin 
irritants   

 Avoid scented bath products, detergents, lotions, or 
powders 
 Wear natural-fi ber undergarments without dyes 
 At night, consider going without undergarments 
 Avoid tightly fi tting leggings, pants or nylons 
 Do not scrub the vulvar area during bathing; avoid all 
soap to the area 
 Avoid activities that put tremendous pressure on the 
perineal area, such as biking or spin class 

   Table 22.4    Descriptive terminology useful for describing vulvar lesions   

 Blister  A compartmentalized fl uid-fi lled elevation of the skin or mucosa 
 Bulla (pl. 
bullae) 

 A large (>0.5 cm) fl uid-fi lled blister; the fl uid is clear 

 Cyst  A closed cavity lined by epithelium that contains fl uid or semisolid material 
 Edema  A poorly marginated area of swelling due to the abnormal accumulation of fl uid in the dermis and/

or subcutaneous tissue; edema may be skin colored, pink, or red 
 Erosion  Shallow defect in the skin surface; absence of some, or all, of the epidermis down to the basement 

membrane; the dermis is intact 
 Excoriation  An erosion or ulcer caused by scratching; excoriations are often linear or angular in confi guration 
 Fissure  A thin linear erosion of the skin surface 
 Lesion  A visible or palpable abnormality 
 Macule  A  macule  is a fl at, distinct, colored area of skin that is less than 1 cm in diameter 
 Nodule  A large (>1.0 cm) papule; often hemispherical or poorly marginated; it may be located on the 

surface, within or below the skin; nodules may be cystic or solid 
 Papule  A  papule  is a circumscribed, solid elevation of skin with no visible fl uid, varying in size from a 

pinhead to 1 cm 
 Patch  Large (>1.0 cm) area of color change; no elevation and no substance on palpation 
 Plaque  Large (>1.0 cm) elevated, palpable, and fl at-topped lesion 
 Pustule  Pus-fi lled blister; the fl uid is white or yellow 
 Rash  Numerous or diffuse abnormalities (it is preferable to describe the specifi c abnormalities using the 

other terms in this list) 
 Ulcer  Deeper defect; absence of the epidermis and some, or all, of the dermis 
 Vesicle  Small blister beneath the skin 

  Adapted from Lynch et al. [ 13 ]  

C.D. Lynch and N. Phillips



289

the epithelial layer. A scale is characterized by 
reactive keratinization, such as in eczema. 

 Lichenifi cation refers to the process of cutane-
ous thickening that occurs secondary to chronic 
itching or rubbing contact. As a dermatological 
description, it lacks specifi city for the naked eye 
or magnifying glass. The skin may be erythema-
tous (red), white, or skin colored. It may or may 
not have excoriations. Histologically, lichenifi ca-
tion appears as a thickened epidermal layer. 

 Properties that may indicate an allergic reac-
tion include red plaques and evidence of itching, 
such as excoriations. A clinical history of sensi-
tive skin, seasonal allergies, and/or asthma sug-
gests a person with “atopy.” Atopic or contact 
dermatitis may be causing or contributing to the 
chronic itching. 

 Infl ammation typically includes the appear-
ance of excoriations and erythema (representing 
reactive microvasculature). Eczematous condi-
tions are related to atopic dermatitis but typically 
occur without contact irritants. 

 Differentiating a premalignant condition from 
vulvar carcinoma is diffi cult based on appearance 
alone. A biopsy is recommended in cases of non-
healing erosions, ulcerative lesions, hyperpig-
mented lesions, or any vulvar lesion demonstrating 
lack of response to treatment. 

 A trained health-care provider can perform a 
vulvar punch biopsy in the offi ce. The site is 
prepped with an antibacterial solution, and 1 or 
2 % lidocaine is injected subcutaneously. A punch 
biopsy instrument is pressed against the skin in a 
circular fashion to penetrate the dermis. The biopsy 
site should include the most abnormal appearing 
skin lesion as well as an adjacent potion of normal 
appearing skin (the very edge of the lesion). 
Multiple biopsy sites may be needed. Forceps and 
scissors are used to remove the sample. Direct pres-
sure, Monsel solution, silver nitrate, or suture may 
be utilized for hemostasis. Post-biopsy care 
includes keeping the area clean and dry, although a 
topical antibiotic ointment may be prescribed. 

 General principles of therapy include the 
removal of topical irritants, focus on skin hygiene, 
and anti-infl ammatory therapy, usually in the 
form of topical steroid cream. Systemic treatment 
for vulvar dysplasias or dermatoses is prescribed 

for severe, recurrent or resistant disease, or in an 
immunocompromised individual. 

 Additionally, in a patient with concomitant 
vulvovaginal atrophy, the addition of local estro-
gen therapy, in the absence of contraindications, 
should be considered as an adjunct to any specifi c 
therapies. Vaginal creams, rings, or tablets may be 
used. If VIN or cancer is present on biopsy, refer-
ral to a gynecologic oncologist is recommended.  

22.7     The Dermatoses 

 Nonneoplastic epithelial lesions fall into one of 
the following three categories: (1) lichen sclero-
sis, (2) squamous cell hyperplasia/lichen simplex 
chronicus, and (3) other dermatoses. 

22.7.1     Lichen Sclerosus 

 Lichen sclerosus has many synonyms. 
Pathologists may still use “lichen sclerosus et 
atrophicus” or “lichen albus,” which refer to atro-
phy and whitened appearance. However, the 
ISSVD promotes use of the term lichen sclerosus 
to describe a histologically confi rmed condition 
that typically presents with the patient complain-
ing of pruritus in the anogenital area. 

 The exact incidence of lichen sclerosus is not 
objectively known, largely because it is believed 
to be underreported. In a gynecology clinic, rates 
are estimated to be 1.7 % [ 14 ,  15 ]. Patients are 
most often postmenopausal and Caucasian. 

 Lichen sclerosis likely has a multitude of 
mechanisms. Investigators have found a 30 % 
correlation between lichen sclerosus and autoim-
mune diseases [ 16 ]. A genetic cause has been 
suggested, but not confi rmed [ 17 ]. The tendency 
of patients to be postmenopausal at presentation 
suggests a contribution of biological skin aging. 
The etiology is likely multifactorial, with changes 
in aging skin being critical. 

 Although lichen sclerosis may be asymptom-
atic, most women report dyspareunia, chronic 
itching, discomfort, or dysuria. It is thought that 
the infl ammation affects terminal nerve fi bers 
leading to chronic itching [ 15 ]. 
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 As the Latin alternative name, lichen albus, 
suggests, the skin typically has a whitish appear-
ance. It forms a porcelain-white plaque in a 
fi gure- of-eight pattern around the clitoris and 
anus. Excoriations and skin thickening from 
chronic itching may be present. Initially, there is a 
loss of vulvar skin structure. Over time, the archi-
tecture is disturbed leading to retraction of the cli-
toris, labial adhesions, and narrowing of the 
introitus. This loss of architecture is a key differ-
ing feature from vitiligo, which is also character-
ized by depigmentation. Secondary complications 
due to the stenotic introitus include urethral 
obstruction, chronic or recurrent UTIs, and anor-
gasmia. The genital mucosa and cervix are spared. 
Diagnosis is based on histopathology to exclude 
premalignant or malignant lesions. 

 Lichen sclerosis has a controversial association 
with squamous cell carcinoma of the vulva. Vulvar 
cancer affects 4 % of women per year. Vulvar can-
cer in older women is typically not related to HPV, 
as it is in younger women [ 18 ]. Frequent surveil-
lance for squamous cell carcinoma is recommended 
in all women with lichen sclerosis, with biopsy rec-
ommended for new or indeterminate lesions. 

 Histopathology demonstrates thickened epi-
dermis and lymphocytic infi ltrate. Nuclear 
 abnormalities on histology may be present, repre-
senting a possible continuum from lichen sclero-
sus to squamous cell carcinoma [ 19 ]. 

 Ultra-potent topical corticosteroids are the pri-
mary intervention for lichen sclerosis. Clobetasol 
propionate 0.05 % is most often prescribed. 
Clobetasol is available as a cream, gel, and oint-
ment. Ointments are formulated to provide a bar-
rier, are typically less irritating, and provide longer 
medication exposure following application. 
Recommended dosing is 0.05 % clobetasol propi-
onate once nightly for 4 weeks, every other night 
for 4 weeks then by twice a week for 4 weeks [ 20 ]. 
The dosage regimen should be titrated to response. 
There is no agreement on the frequency of clobeta-
sol application for maintenance. Switching to less 
potent corticosteroids such as hydrocortisone 1 % 
for maintenance is recommended. 

 Skin atrophy, as has been demonstrated in 
other parts of the body after prolonged topical ste-
roid use, is rare in the vulvar. Although  short- term 

overuse of potent topical corticosteroids may 
induce local atrophy, long-term atrophic changes 
have not been demonstrated. The modifi ed 
mucous membranes of the labia and clitoris are 
relatively resistant to these changes [ 21 ,  22 ]. 
Risks of developing Cushing syndrome from pro-
longed topical steroid use are largely theoretical. 

 Testosterone and progesterone topical prepa-
rations are not recommended as multiple studies 
have found clobetasol propionate superior to both 
[ 23 ]. Studies evaluating tacrolimus, photody-
namic therapy, topical retinoids, and local injec-
tion of corticosteroids were largely underpowered 
to determine effi cacy [ 14 ,  20 ]. 

 Once an adequate treatment regimen is 
established, reexamination is necessary every 
4–6 months. These exams are intended to both 
monitor response and to observe for skin 
changes that may suggest progression to squa-
mous cell carcinoma.  

22.7.2     Lichen Simplex Chronicus 

 Lichen simplex chronicus (squamous cell hyper-
plasia) is a chronic eczematous condition charac-
terized by a repetitive “itch-scratch” cycle. 
Lichen simplex chronicus can occur in any age 
group, including children, but is most common in 
older women. Women with lichen simplex chron-
icus experience intense itching, often with dis-
ruption of both daily activity and sleep. Clinically, 
the skin is erythematous and thickened (licheni-
fi ed) with excoriations. The affected vulvar area 
may appear reddened, grayish, or whitish. There 
may be moderate infl ammation. The affected 
skin area is typically symmetric. 

 The cornerstone of treatment for lichen sclero-
sis is to break the “itch-scratch” cycle. Identifying 
and removing chemical or environmental irritants 
achieve this goal. This includes evaluation for 
underlying yeast vulvovaginitis, with treatment if 
present. Mid- to high-potency topical steroids pre-
scribed for daily use will decrease infl ammation. 
Antihistamines will aid in reduction of the intense 
pruritus. Antihistamines with sedating properties, 
such as hydroxyzine or doxepin, will decrease 
nocturnal scratching and improve disrupted sleep 
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patterns, whereas those with nonsedating proper-
ties can be used during the day. Topical steroids 
should be weaned as the condition improves. A 
biopsy is recommended initially, if the diagnosis is 
uncertain or if there is a poor response to treat-
ment. Histologically, the lesions will show irregu-
lar thickening of the epidermis with a prominent 
nucleated keratin layer. Rete ridges, downward 
projections of epidermis into the dermis, will be 
thickened. Although biopsy results may be non-
specifi c, the absence of malignant or premalignant 
changes is documented. In refractory, biopsy-con-
fi rmed cases, systemic steroids may be used.  

22.7.3     Other Dermatoses 

 According to the 2006 ISSVD Classifi cation, the 
“other dermatoses” include (1) infl ammatory der-
matoses, (2) bullous dermatoses, and (3) ulcer-
ative dermatoses. There are similarities within the 
subdivisions, suggesting a continuum of illness. 

22.7.3.1     Infl ammatory Dermatoses: 
Allergic 

 Allergic dermatitis is diagnosed in up to 54 % of 
patients presenting with vulvar pruritus [ 24 ]. 
Allergic dermatitis may be exogenous, attributed 
to irritants, which causes immediate symptoms, 
or endogenous, an underlying atopy/allergic 
reaction which is typically more gradual in onset. 
See Table  22.5  for tips differentiating the two 
conditions. Clinically, the two are diffi cult to dif-
ferentiate, although evaluation and treatment are 
similar. These infl ammatory dermatoses may be 
the vulvar manifestation of eczema and appear as 
poorly defi ned, patchy, erythematous lesions.

   Allergic dermatitis can be diagnosed by elicit-
ing a history of atopy or allergies or identifi ca-
tion of an offending allergen or irritant. Patients 
may have extra-genital manifestations of eczema. 
Vulvovaginal candidiasis must be ruled out. 
Biopsy is generally not required, but if performed 
will show nonspecifi c changes, such as infl am-
mation, spongiosis, or parakeratosis. Treatment is 
a multifaceted and includes removal of irritants, 
skin hydration with emollients, and the applica-
tion of mid-high-potency topical  corticosteroids. 

In refractory cases, systemic steroids or immune 
modulators may be required. 

 Infl ammatory dermatoses may represent vulvar 
manifestation of psoriasis. Similar to atopic 
eczema, psoriasis is defi ned by the presence of 
specifi c lesions and usually a history of nongenital 
psoriasis. Psoriatic lesions are thick erythematous 
plaques with silvery scales Successful treatment of 
psoriasis may require systemic therapy with one of 
the several FDA-approved immunomodulating 
biologic agents such as infl iximab, adalimumab, 
etanercept, alefacept, and ustekinumab [ 25 ]. For 
local relief, high-potency corticosteroids are often 
prescribed. Referral to a dermatologist or health-
care professional with experience in treating pso-
riasis is recommended. 

 Intertrigo is an infl ammatory condition com-
monly associated with obesity. Intertrigo is charac-
terized by an erythematous rash that often presents 
in the genitocrural folds. Candida (yeast) is the 
most common organism that presents in conjunc-
tion with intertrigo. Treatment is aimed at keeping 
skin folds clean and dry. Antifungal powder has 
both a moisture-wicking quality and antifungal 
properties. If infl ammation is present, a topical cor-
ticosteroid may be used, although treatment of the 
fungal infection is fi rst-line treatment. Diaper rash 
creams can also be useful as a protective barrier.  

22.7.3.2     Infl ammatory Disorders: 
Lichen Planus 

 Lichen planus is a mucocutaneous infl ammatory 
disorder thought to be caused by a disturbance in 
the cell-mediated immune system. A genetic 

   Table 22.5    Differentiating allergic and irritant contact 
dermatitis   

 Condition 
 Allergic contact 
dermatitis 

 Irritant contact 
dermatitis 

 Signs/symptoms  Delayed-onset 
pruritus, edema, 
vesicles or bullae 

 Immediate 
burning and 
stinging 

 Diagnosis  Patch testing by 
allergist 

 History of 
irritant use 

 Treatment  Remove 
offending 
agent(s), topical 
hydrocortisone, 
sitz baths 

 Remove 
offending 
agent(s), topical 
hydrocortisone, 
sitz baths 
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 component of the genital form has been postu-
lated. Lichen planus commonly presents in women 
aged 50–60 and can affect the hair, nails, mouth, 
and/or genital area. The exact incidence of lichen 
planus is not clearly documented. Lichen planus 
has three genital manifestations – erosive, papulo-
squamous, and hypertrophic. The erosive type is 
the most common form. 

 The appearance of erosive lichen planus is 
variable, including white epithelium or red or 
purple papules. The classic presentation found on 
mucous membranes is of white, lacy, or fern-like 
striae, called “Wickham’s striae.” In the erosive 
form, vaginal ulcerations may be present. 
Commonly, the six Ps (planar [fl at], purple, 
polygonal, pruritic, papules, plaques) are cited as 
common signs [ 26 ]. Unlike lichen sclerosis or 
lichen simplex chronicus, itching is not the most 
common presenting symptom. More commonly, 
patients present with burning and dyspareunia. 

 Vulvovaginal-gingival syndrome occurs when 
lichen planus also involves the oral mucosa. 
Typically, the vulva is spared in lichen planus, 
whereas, lichen sclerosus involves the labia majors 
but does not include the vagina. In long- standing 
disease, vulvar and vaginal architecture may be dis-
rupted. Vaginal discharge is a common complaint in 
addition to burning and dyspareunia, due to the des-
quamation of surface (parabasal) cells. Lichen pla-
nus is especially diffi cult to treat in the menopausal 
woman as the skin changes that are typically seen 
with menopause may be associated with decreased 
immune response as well as delayed healing. 

 Despite the potential of delayed healing, a 
biopsy is recommended for diagnosis of lichen 
planus. Histologically a band-like lymphocytic 
infi ltrate and colloid bodies in the basal layer of 
the epidermis will be seen [ 27 ]. 

 Papulosquamous and hypertrophic lichen 
sclerosis are less common than erosive lichen 
planus. Papulosquamous lichen sclerosis is char-
acterized by pruritic papules. Thickened (hyper-
trophic) plaques are common in the hypertrophic 
form, which may appear similar to squamous cell 
carcinoma. 

 Once diagnosis is established, treatment focuses 
on symptom control. Initial treatment is with 
 high-potency steroids topically, although systemic 

steroids may be needed. Vaginal suppositories of 
25 mg of hydrocortisone are usually effective for 
vaginal manifestations. They are dosed in a taper-
ing fashion starting at twice a day over several 
months. Vaginal stenosis or other architectural 
changes from long-standing disease cannot be 
reversed. Oral pharmacotherapy with immuno-
modulators or biologic agents is initiated in persis-
tent or refractory cases. Lichen planus is a chronic 
condition for which management rather than cure 
is the goal of treatment.  

22.7.3.3     Infl ammatory Disorders: 
Other Conditions 

 Other conditions that can have both oral and gen-
ital manifestations, like lichen planus, include 
aphthous ulcers and Bechet’s disease. 

 Aphthous ulcers, or “canker sores,” are more 
common in women than men. These ulcers are 
likely related to immunodefi ciency, although no 
direct cause has been identifi ed. Nutritional defi -
ciencies have been associated with their develop-
ment, namely, B12, iron, thiamine, and zinc [ 28 ]. 
However, vitamin supplementation is not successful 
in prevention or treatment of vaginal aphthous 
ulcers. Recurrent or severe apthous ulcers have been 
associated with CMV, HIV, mycoplasma, EBV, or 
infl ammatory bowel disease. A short course of oral 
or topical corticosteroids can be effective, but col-
chicine, dapsone, cyclosporine, or thalidomide may 
be required in diffi cult to treat cases [ 29 ]. 

 Bechet’s disease may present with aphthous – 
appearing ulcers in the genital, oral, and ocular 
mucosa. Typically presenting in Asian or Middle 
Eastern females in the third or fourth decade of life, 
this systemic illness may be persistent and progres-
sive. Bechet’s disease involves systemic vasculitis 
that affects the GI tract, brain, joints, lungs, and 
large vessels as well as microvasculature. Topical 
steroids are recommended for treatment of vaginal 
lesions. Control of systemic symptoms is necessary 
to prevent further erosion. If Bechet’s disease is sus-
pected, a rheumatologist referral is recommended. 

 Hidradenitis suppurativa is a chronic condition 
affecting apocrine glands. The glands become 
blocked, an infl ammatory process ensues and 
superinfection leads to abscess formation. The pro-
cess is recurrent and leads to scarring and  formation 
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of sinus tracts. The most commonly affected sites 
are the axillae, inguinal, perianal, perineal, infra-
mammary, and retro-auricular regions. 

 Both genetic and environmental factors are 
thought to play a role in the pathophysiology of 
hidradenitis. A hormonal cause is postulated, likely 
in relation to androgens, as disease is generally 
from puberty until age 40. Other factors for disease 
development include obesity, diabetes and a likely 
familial predisposition. Population studies in post-
menopausal women are scarce, but since androgen 
levels decrease in this population, the incidence of 
hidradenitis may be lower than in younger women. 

 Diagnosis is by history and physical exam. 
Treatment is challenging and aimed at prevention. 
Incision and drainage is useful for symptom relief, 
but frequent recurrence necessitates wide local 
excision of most severely affected areas. Topical 
clindamycin or intralesional triamcinolone is 
effective for treatment of local infection [ 30 ]. 

 Medical treatments options include systemic 
steroids, antibiotics, antiandrogens, cyclosporine, 
or infl iximab. Antiandrogens are largely not looked 
favorably upon as treatment in the aging female as 
testosterone levels are low in this population.  

22.7.3.4     Pigmented and Depigmented 
Lesions 

 Vitiligo is a rare skin condition. The exact preva-
lence is unknown, but is thought to be 0.38 % in 
the USA [ 31 ]. Vitiligo is characterized by depig-
mented skin, which, histopathologically, is due to 
a loss of melanocytes in the epidermis. The peri-
neal and perianal skin may be affected, with a 
generally symmetric distribution. 

 The pathophysiology of vitiligo is unknown. 
Familial patterns of vitiligo suggest a genetic 
contribution [ 32 ]. There may also be an associa-
tion with autoimmune disorders. Unlike lichen 
sclerosis, vitiligo has no risk of progression to 
squamous cell carcinoma and does not cause pro-
gressive scarring. Vitiligo may however, co-exist 
with lichen sclerosis. Vitiligo has equal preva-
lence among different ethnicities. It is, however, 
more noticeable and possibly more disfi guring in 
individuals of darker skin tone. 

 Treatment, when desired by the patient, includes 
UVB phototherapy and topical  immunomodulators. 

The most important aspect of treatment may be 
ruling out other conditions such a lichen sclerosis, 
which can produce a depigmentation but with loss 
of vulvar architecture. Vitiligo is not associated 
with pruritus or dyspareunia. 

 Hyperpigmentation of vulva is commonly 
associated with nevi. Common names include 
moles or skin tags. In the vulvar area, nevi should 
be closely monitored for progression, just as they 
should in any part of the body. Melanoma is the 
second most common vulvar malignancy after 
squamous cell carcinoma although both are rare 
primary vulvar diseases. 

 As with skin lesions, the ABCDs should be 
closely monitored on an annual basis at the 
minimum:
    A.     Asymmetry   
   B.     Border (irregular)   
   C.     Color (a change in color or blackish/bluish 

appearance)   
   D.     Diameter (greater than 6 mm)     

 With electronic medical records, the feasibil-
ity of including a digital image of the lesion is 
increased and recommended. When a lesion 
changes appearance, has bleeding, pruritus, or 
surface skin breaks, a biopsy is recommended. 
The biopsy follows the same technique as previ-
ously described if it is a fl at lesion. A raised 
lesion can be excised in the offi ce after infi ltra-
tion of local anesthetic. A dermatopathologist is 
optimal when available, as they usually offer the 
highest level of interpretation. After excision and 
healing of a benign lesion, there is no exact rec-
ommendation of ongoing surveillance. Yearly 
clinical exams are warranted, but may be biyearly 
in a high-risk patient, such as one with a history 
of a melanoma in a nonperineal location.    

22.8     Systemic Diseases 

 Anogenital involvement in Crohn’s disease is 
common, affecting up to 80 % of patients with 
bowel disease, depending on the defi nition of peri-
anal involvement [ 33 ]. Although t he disease is 
usually diagnosed in younger women, 80 % of 
cases are diagnosed before age 40 [ 3 ]. External 
lesions secondary to Crohn’s are typically ulcers, 
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so called “knife-cut” ulcers that appear to be stab 
wounds. The interlabial and genitocrural folds are 
especially prone to external manifestations of 
Crohn’s. Fistulas may develop over time, which 
require surgical management. Treatment of the 
lesions is with topical corticosteroids. Control of 
the primary illness is paramount. 

 Acanthosis nigricans is a skin manifestation 
of hyperinsulinemia. The development of skin 
lesions is believed to be secondary to insulin-like 
growth factor stimulation of keratinocytes and 
dermal fi broblasts. Lesions are raised plaques 
with irregular contour, typically occurring in 
groups, most commonly located on the neck, 
axillae, and genitocrural folds. Patients diag-
nosed with acanthosis nigricans should be 
screened for insulin resistance and diabetes, if 
not previously diagnosed. Typically, the lesions 
regress when glucose levels are well controlled.  

22.9     Summary 

 The aging or postmenopausal female is prone to 
the development of vulvar dystrophies and derma-
toses. In addition to primary conditions, systemic 
illness also may have genital manifestations. 
Benign and premalignant or malignant lesions may 
present with similar symptoms or clinical appear-
ance. A biopsy is not always required but is strongly 
recommended, especially if the lesion cannot be 
characterized or is not responsive to treatment. 
Common treatment of vulvar dystrophies and der-
matoses includes high-potency topical steroids and 
removal of environmental irritants. Local estrogen 
therapy, in appropriate women without contraindi-
cations to its use, should be considered as an 
adjunct to other therapies. Frequent follow-up is 
recommended to monitor progress with treatment, 
and referral should be initiated as warranted.     
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23.1           Introduction 

 Life expectancy in human beings has increased 
dramatically in the last century [ 1 ] and is expected 
to continue to increase, hitting 100 years in the 
United States and other industrialized countries 
by about 2040 [ 2 ]. In the United States, life expec-
tancy has increased 10 % since 1970 from an 
average of 70.8 years to an average of 78.3 years 
[ 3 ]. Women, on average, currently live nearly 
3 years longer than men [ 2 ]. 

 The dramatic gains in life expectancy achieved 
have allowed for concomitant gains in an under-
standing of immune system aging, termed  immu-
nosenescence . Recent analyses of immune 
system aging have revealed that individual lon-
gevity is closely tied to the preservation of 
healthy immune function [ 4 ]. 

 The immunosenescence that occurs as humans 
age is therefore of increasing interest in medicine 
and deserving of research effort as life expec-
tancy, particularly in developed countries, is 
increasing at a more rapid rate than concomitant 
improvements in meeting the medical needs of 
the elderly [ 5 ]. This is particularly true in women, 
who at current life expectancies will spend more 
than a third of their lifetimes in menopause. 

 Menopause, a period of time defi ned by the 
cessation of menstruation, is an experience com-
mon to all aging females. Cessation of menses 
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results from a gradual deterioration in ovarian 
function, with declining production of follicles 
and falling levels of numerous endogenous hor-
mones. Estrogen produced in postmenopausal 
females, furthermore, is of a different form than 
that which is predominant during the reproduc-
tive years. Levels of the ovarian-derived 17β 
estradiol (E2), as ovarian follicles cease produc-
tion, plunge as menopause nears, and estrogen in 
the form of estrone (E1) becomes the predomi-
nant form. Estrone is produced by secretion of 
androstenedione by the ovarian stroma and the 
adrenal gland and is aromatized to estrone in the 
peripheral circulation. Conversion to estrone 
occurs primarily in adipose tissue, but also in the 
muscle, liver, bone, bone marrow, fi broblasts, and 
hair roots [ 6 ]. Postmenopausal defi cits in estro-
gen and progesterone, and the replacement of E2, 
the primary estrogen of the reproductive years, to 
E1 carry impact far beyond the immune system. 

 Estrogen, with receptors in nearly every tissue 
of the body, is a principal regulator of homeosta-
sis in the female body, with the hormonal tides 
characteristic of a woman’s reproductive years 
having demonstrable effects on nearly every 
body system. The sudden and dramatic removal 
of estrogen from the female body, particularly in 
the form of estradiol, is a veritable tsunami with 
signifi cant and largely negative effects on many 
body tissues, including a loss of skin integrity 
and tone, poorer muscle tone (affecting heart, 
vasculature, eye, and bladder function; declining 
brain function; and deterioration in bone 
strength). Estrogen levels, and particularly the 
estrogen withdrawal of menopause, undeniably 
impact autoimmunity in women as well. 

 Autoimmune disease as a category affects an 
estimated 50 million Americans [ 7 ] and is the top 
cause of morbidity in women in the United States 
[ 7 ]. The annual cost of only seven of the 100+ 
known autoimmune diseases (Crohn’s disease, 
ulcerative colitis, systemic lupus erythematosus 
[SLE], multiple sclerosis [MS], rheumatoid 
arthritis [RA], psoriasis, and scleroderma) is esti-
mated, through epidemiological studies, to total 
as much as $70 billion annually [ 7 ]. 

 The development of autoimmunity clearly 
involves genetic and environmental contributions to 

existing levels of endogenous estrogen, and the pre-
cise contributions of each are not fully  understood. 
Additional research, to focus on how autoimmune 
disease is impacted by the plummeting estrogen 
levels associated with menopause, is needed.  

23.2     Immunosenescence: How 
the Immune System Ages 

 The immune system undergoes constant physio-
logical changes over the human life span [ 8 ]. The 
infant has no immunity of its own at birth; 
immune function develops quickly over the fi rst 
few years and then builds to a complete matura-
tion by puberty [ 9 ]. In fertile women, immunity 
fl uctuates cyclically in sync with the menstrual 
cycle, dramatic changes occur during pregnancy, 
and as well as the postpartum period [ 9 ]. 

 Throughout life, homeostasis is preserved in 
all systems through tightly regulated interactions 
between numerous interdependent body tissues 
[ 8 ] (Fig.  23.1 ). Driven by inalterable genetic fac-
tors; environmental insults, such as ultraviolet 
(UV) light; and lifestyle factors like nutrition and 
nicotine use [ 10 ], body tissues, with age, experi-
ence a progressive deterioration of cellular and 
tissue functions, largely due to genetic decay and 
the by-products of metabolism [ 10 ]. The  s tudy of 
aging in the immune system has revealed that 
immunosenescence represents a substantial 
remodeling of major immune functions [ 8 ].

   Immunosenescence in both genders impacts 
cellular, humoral, and innate immunity [ 11 ]. 
Signifi cant consequences of aging include atro-
phy of the thymus, changes in both the total num-
bers and subsets of lymphocytes, changes in the 
function of both B and T cells, changes in the 
patterns of secretion of cytokines and growth fac-
tors, disruption of intracellular signaling, changes 
in the patterns of antibody production, loss of 
antibody repertoire, loss of response to antigens 
and mitogens, and disruption of immunological 
tolerance (Table  23.1 ). Gender-specifi c increases 
in some aspects of immunosenescence have been 
observed and will be discussed below.

   Although aging affects many immune cell 
types, the cumulative effects of aging on T-cell 
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function are the most consistently observed and 
most extensive [ 12 ]. The human thymus decreases 
in both size and cellularity in a process called 
thymic involution; thymus tissue is replaced with 
fat [ 13 ]. By age sixty, thymus-derived hormones 
are absent from the circulation. 

 Involution of the thymus in humans occurs in 
concert with a depletion of naïve T cells and a shift 
in the T cell population towards memory CD4+ 
cells [ 14 ]. In young adulthood, the CD4+ subset is 
characterized by roughly equivalent numbers of 
memory and naïve CD4+ cells but in older adults 
becomes predominantly memory CD4+ [ 15 ], a 
shift which reduces the potential antigenic reper-
toire [ 16 ]. The shift towards memory T cells with 
age is largely a consequence of the imbalance in 
T-cell maturation produced by thymus involution 
[ 17 ] paired with an age-related impairment of 
T-cell proliferation [ 18 ] in concert with clonal 
expansion of T cells activated by specifi c antigens 
[ 16 ]. The shift towards memory cells in the T-cell 
compartment affects cytokine production as well, 
with less interleukin (IL)-2 produced (primarily a 
product of naïve T cells) but more IL-4 (primarily 
a product of memory T cells) [ 19 ]. 

 The cumulative loss of T helper (Th) cells with 
age plays a profound role in immunosenescence, 
ultimately affecting both cellular and humoral 

immunity. Disruption of T-cell helper cells and 
alterations of cytokine levels which control B-cell 
functions compromise humoral immunity sub-
stantially, with decreased production of long-term 
immunoglobulin (Ig)-producing B cells as well as 
a reduction of Ig diversity [ 5 ]. Although B-cell 
numbers do not change signifi cantly, there is a 
signifi cant impairment of B-cell response to pri-
mary antigenic stimulation [ 16 ]; specifi c immu-
noglobulins produced become more random, and 
those produced have decreased affi nity for their 
specifi c antigen [ 16 ]. With age, therefore, the 
B-cell repertoire poised to respond to new anti-
genic challenge is limited, and the predominance 
of memory T cells seen with thymic involution is 
mirrored in the B-cell compartment [ 20 ]. IL-15, 
particularly, stimulates proliferation of memory T 
cells; IL-15 levels are nearly double in healthy 
adults 95 or older (3.05 pg/mL as compared to 
both older adults [aged 60–89] 1.94 pg/mL and 
midlife adults [aged 30–59] 1.73 pg/mL) [ 21 ]. 

 Immunosenescence is compounded by the 
presence in the aged of a chronic low-grade 
infl ammation characterized by increased proin-
fl ammatory cytokines such as Il-6 and tumor 
necrosis factor alpha (TNF-α), compounds that 
create oxidative stress and decrease cellular anti-
oxidant capacity [ 11 ]. These proinfl ammatory 

existing
immune
status

normal
estrogen (E2)

levels
(non-pregnancy)

Thp Th-1 pathway
IFN-γ

IFN-γ

IL-2

IL-12

genetic
push

towards
Th1 or TH2

dendritic cells

existing
genetic

risk factors
= DC1

= DC2 IL-4

IL-4
IL-5
IL-6
IL-13

Thp TH-2 pathway

high estrogen
(E2) levels

(pregnancy)

INCREASING AGE
involution of thymus and bone marrow
compensatory proliferation of autoreactive T-cells
loss of CD28+cells
resistance to apoptosis
loss of antigen recognition repertoire
decreased regulation of auto-reactive clones in spleen & liver
down-regulation of IL-2 and IFN-γ
upregulation of IL-4 and IL-10

increasing age
favors

  Fig. 23.1    Interaction between genetic factors, estrogen, 
and aging in the development of Th1/TH2 differentiation 
and subsequent autoimmune diseases in aging women 
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cytokines are positively associated with stress as 
well as salivary cortisol levels and may play a sig-
nifi cant role in creating the degenerative changes 
associated with aging [ 18 ]. Other body processes, 
most notably innate immunity [ 22 ] and interac-
tions of immunity with the neuroendocrine sys-
tem [ 23 ], also contribute to immune system aging. 

 Antigen-presenting cells (APCs) such as den-
dritic cells and macrophages serve as a bridge 
between the innate and the adaptive immune sys-

tems. APCs interact with foreign molecules and 
release pathogen-specifi c cytokines that drive the 
activation of naïve CD4 helper cells into either 
Th1 or T helper 2 (Th2) effector cells [ 24 ]. 

 Production of IL-12 and interferon gamma 
(IFN-γ) drives commitment of naïve T cells to the 
Th1 lineage. Th1 cells produce cytokines which 
favor a cell-mediated response (IL-2, lympho-
toxin, IFN-γ, tumor necrosis factor beta [TNFβ]), 
warding off intracellular pathogens, mounting 

   Table 23.1    Changes in immune function with age (both men and women)   

 Immune function  Change  Reference 

 B cell  Reduction in early progenitor B cells in the bone marrow  [ 110 ] 
 Increase in polyclonal response against diverse mitogens  [ 8 ] 
 Decrease of specifi c antigen response  [ 8 ] 
 Production of antibodies independent of T-cell activation  [ 5 ] 
 Oligoclonal expansion of B cells  [ 5 ] 
 Increase in B1 cell fraction of B cells  [ 49 ] 
 Maturation of B cells blocked (believed to be inability to rearrange Ig genes 
because of decrease in expression of RAG-1 and RAG-2 recombinases 

 [ 111 ] 

 Reduced output of naïve B cells  [ 110 ] 
 Accumulation of oligoclonally expanded, functionally incompetent memory 
lymphocytes 

 [ 110 ] 

 Decreased numbers of circulating B cells  [ 112 ] 
 CD20+ B cells decrease  [ 15 ] 
 Reduced antigen-recognition repertoire of B cells  [ 113 ] 
 Class switch alterations in immunoglobulins produced  [ 114 ] 
 Stimulated B cells show signifi cant alterations in cellular structures with role in 
signal transduction 

 [ 115 ] 

 Increase of IgA and several IgG subclasses  [ 116 ] 
 Lymphocytes  Reduction in total numbers  [ 59 ] 
 Molecular  Alterations in cell surface receptors (e.g., loss of co-stimulatory receptor 

CD28 expression in CD8+ cells) 
 [ 117 ] 

 Alterations in cytokine and cytokine receptor alterations in T cells  [ 118 ] 
 Alterations in effector molecules  [ 119 , 120 ] 
 Interleukin 6 levels increase  [ 121 ] 
 Alterations in transcriptional regulators  [ 119 ] 
 Diminished RAG expression as result of defective bone marrow 
microenvironment 

 [ 5 ] 

 Reduced activity of transcription factors like E2A and Pax-5  [ 5 ] 
 Systemic  Decline in humoral immunity  [ 119 ] 

 Increased levels of circulating proinfl ammatory cytokines IL-6 and TNF-α  [ 122 ] 
 Decreased microbicidal activity against  C. albicans  and  E. coli  with reduced 
reactive oxygen species produced during the respiratory burst 

 [ 123 ] 

 Decreased response of activated neutrophils to cytokines that suppress apoptosis  [ 124 ] 
 Frequency of monoclonal gammopathies increases with age (doubles from 2 % 
at age 50 to 4 % at age 70) 

 [ 125 ] 

 NK cells  Total cell numbers increase  [ 15 ] 
 NK cytotoxic function impaired  [ 5 ] 
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delayed-type hypersensitivity responses to viral 
and bacterial antigens, and eliminating tumor 
cells [ 16 ]. 

 Production of IL-4 and IL-10 drives commit-
ment to the Th2 subtypes [ 24 ]. Th2 cells release 
cytokines which produce an environment favor-
ing humoral immunity (IL-4, IL-5, IL-6, IL-10, 
and IL-13) by stimulating Th2-cell proliferation, 
differentiation, and participation in humoral 
immunity [ 16 ]. 

 In the aged, however, naïve cells are less 
likely to become effectors; in those that do, there 
is a documented shift towards a Th2 cytokine 
response [ 16 ]. 

 The molecular and cellular changes associ-
ated with aging have substantial clinical ramifi -

cations. The elderly have impaired ability to 
achieve immunization but much higher levels of 
circulating autoantibodies (due to the lack of 
naïve effectors), impaired response to viral 
infections, increased risk of bacterial infections, 
and increased risk of both neoplastic and auto-
immune disease [ 8 ].  

23.3     Gender and Immunity 

 Immunosenescence does not affect men and 
women equally [ 12 ]. The dysregulation in T-cell 
function, for example, that is associated with 
aging, occurs much more dramatically in women 
than in men [ 25 , 26 ]. 

Table 23.1 (continued)

 Immune function  Change  Reference 

 T-cell functions  Reduced diversity of T-cell repertoire  [ 119 ] 
 Decrease of T-helper (Th) cells  [ 8 ] 
 Decrease of T-suppressor cells  [ 8 ] 
 Decrease in expression of lymphocyte growth factors  [ 8 ] 
 Decrease in expression of specifi c lymphocyte receptors  [ 8 ] 
 Disruption of intracellular signaling  [ 126 ] 
 Reduced diversity of antigen recognition repertoire (about 10 8  in young adults 
to 10 6  in elderly) 

 [ 127 ] 

 Impaired proliferation in response to antigenic stimulation  [ 128 ] 
 Changes in cytokine profi les  [ 119 ] 
 Atrophy of the thymus with reduction of thymic production of T cells  [ 129 ] 
 Substantial reduction in numbers of naïve lymphocytes  [ 129 ] 
 Impaired helper function of naïve CD4+ T cells  [ 130 ] 
 Decline in CD3+ and CD5 +populations  [ 15 ] 
 Accumulation of CD 28- CD8+ circulating T cells  [ 119 ] 
 Loss of CD28 which abrogates normal T-cell elimination  [ 131 ] 
 Decrease in total numbers of CD4+ and CD8+ cells  [ 15 ] 
 Decrease in suppressor-inducer naïve T cells (CD4+CD45RA+) decrease  [ 15 ] 
 Increase in helper-inducer T cells (CD4CD29+)  [ 15 ] 
 Increase in CD4+/CD8+ ratio  [ 15 ] 
 Clonal expansion of CD8+ T cells  [ 132 ] 
 Impaired response of CD44 hi CD8+ cells to IL-15  [ 133 ] 
 Impaired maturation of naïve CD4+ cells into Th1 or Th2 cells  [ 134 ] 
 Decreased postactivation of Il-2  [ 135 ] 
 Alterations in several components of signaling complex in both memory and 
naïve T cells in aged mice 

 [ 126 ] 

 Naïve T cells defective, production of lower levels of Il-2, increased levels of 
Il-4, reduced proliferative capability, reduced capability of differentiation into 
effecter cells (much driven by Il-2 defi cit) 

 [ 16 ] 

   CD  cluster of differentiation,  E2A  estradiol,  Ig  immunoglobulin,  IL  interleukin,  NK  natural killer,  RAG  recombinase- 
activating gene,  Th  T-helper,  TNF  tumor necrosis factor  
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 Gender-specifi c differences in immunosenes-
cence are at least partly attributable to sex hor-
mones, evidenced by the fact that men and 
postmenopausal women have reduced T-cell 
immunity as compared to premenopausal women 
[ 27 ]. The fact that men live shorter lives, on aver-
age, than women is also partially attributed to the 
thymic involution produced by higher circulating 
levels of androgens in men [ 28 ], and a recent study 
has documented greater age-associated decline of 
less differentiated lymphocytes and increase of 
highly differentiated T cells in females [ 29 ]. 

 Much is known about the infl uence of sex hor-
mones on immunity in general. Androgens, 
estrogen, and progesterone all infl uence immune 
functions; estrogen in the form of 17β estradiol 
has been particularly associated with profound 
infl uences on the immune system (Table  23.2 ).

   Females, in general, have superior immune 
vigilance as compared to males, with both 

humoral and cell-mediated arms mounting more 
vigorous responses to immune stimulation [ 30 ]. 
Women maintain higher antibody levels than 
men, as well as higher levels of circulating IL-1, 
IL-4, and INF-γ [ 31 ]. Females reject grafts faster 
[ 32 ]. A general pattern is observed in which 
estrogen enhances humoral immunity, while 
androgens as well as progesterone tend to sup-
press it [ 33 ]. Women respond to antigenic stimu-
lation with a predominantly Th2 response, with 
increased antibody production [ 34 ]. Estrogen 
stimulates the Th2 response by stimulating Th 
lymphocytes to secrete type 2 cytokines which 
promote the synthesis of antibodies [ 35 ]. High 
estrogen levels associated with pregnancy also 
produce a shift towards Th2 response [ 36 ]. 

 Conversely, men respond to antigenic stimula-
tion primarily with a Th1 response [ 34 ]. Androgens 
stimulate Th cells to produce type 1 cytokines, 
which suppress Th2 activity and stimulate CD8 

   Table 23.2    Biological functions of estrogen   

 Immune function  Immune characteristic  Reference 

 B cell  Induction of antibody production  [ 38 ] 
 Produces higher overall immunoglobulin levels  [ 31 ] 
 Promotes antibody response to foreign antigens  [ 31 ] 
 Increases IgG and IgM levels  [ 35 ] 
 Produces polyclonal induction of B cells in vitro  [ 136 ] 

 Cytokines and effector 
molecules 

 Stimulates proinfl ammatory serum markers  [ 137 ] 
 Downregulates soluble cell adhesion molecules in women  [ 138 ] 
 Inhibits expression of monocyte chemoattractant protein-1  [ 139 ] 
 Stimulates interleukin production (IL-1, IL-4, IL-6, IL-10 in 
macrophages; IL-4, IL-5,IL-6; and 1-0 in Th2 cells 

 [ 38 ] 

 Stimulates cellular response to cytokines  [ 31 ] 
 Stimulates secretion of IL-4, IFN-γ, and IL-1  [ 31 ] 
 Stimulates production of anti-apoptosis protein Bcl-2  [ 140 ] 
 Inhibits IL-1-induced expression of cell adhesion molecules  [ 139 ] 
 Inhibits of TNF-α expression  [ 141 ] 
 Downregulates soluble TNF-α  [ 142 ] 

 T cell  Downregulates number of immature T lymphocytes  [ 143 ] 
 Systemic  Stimulates resistance to certain infections  [ 31 ] 

 Downregulates induction of tolerance  [ 31 ] 
 Stimulates graft rejection  [ 31 ] 

 T cell  Stimulates involution of the thymus  [ 143 ] 
 Stimulates production of regulatory T cells (Tregs)  [ 53 ] 
 Downregulates CD4 T cells  [ 31 ] 
 Stimulates an increase CD4/CD8 ratios  [ 31 ] 

   CD  cluster of differentiation,  IFN-γ  interferon gamma,  Ig  immunoglobulin,  IL  interleukin,  Th  T helper,  TNF-α  tumor 
necrosis factor alpha  
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cells [ 37 ], a process that produces infl ammation as 
the predominant immune response [ 34 ]. 

 The fact that estrogen favors a stronger overall 
immune response, particularly with regard to 
antibody response in women, is a mixed blessing. 
Although it produces a superior resistance to 
infection as compared to men, it also increases 
the risk in women of autoimmune disease [ 38 ].  

23.4     Aging and the Development 
of Autoimmunity 

 There are at least 70 documented autoimmune dis-
eases [ 38 ], and the prevalence of autoimmune dis-
ease is rapidly rising worldwide, for reasons not 
completely understood [ 39 ]. Although the disorders 
share a pathogenic immunity against the body’s 
own tissues that is the product of a progressive dis-
organization of immune function, the precise etiol-
ogy is unknown. Autoimmunity appears to be a 
multifactorial process in which genetic, environ-
mental, and biochemical processes all participate. 

 A genetic or familial predisposition to autoim-
munity clearly plays a role. Pairwise analyses 
examined discordant familiar risks for seven 
common autoimmune diseases using a large 
national databank that included the records of 
172,242 patients. Records examined demon-
strated a genetic pattern of inheritance for RA, 
SLE, type I diabetes, ankylosing spondylitis, 
Crohn’s disease, celiac disease, and ulcerative 
colitis. Incidence of each of the seven autoim-
mune diseases analyzed was associated addition-
ally with at least three of the others [ 40 ]. 

 Environmental factors such as pollution or 
occupational exposures or contact with viral, 
bacterial, or parasitic pathogens may trigger 
autoimmunity. Lifestyle differences like nutri-
tional choices, sleep patterns, medications, and 
stress may also trigger illness [ 38 ]. 

 Endogenous factors also play a role; for exam-
ple, sex hormones are a major infl uence [ 31 ]. The 
most striking gender-based difference in immune 
system function is the remarkable female pre-
dominance of autoimmune diseases [ 41 ]. An esti-
mated 78 % of those affected by autoimmune 
disease are women [ 34 ]. 

 Gender-specifi c patterns in the development 
of autoimmune diseases suggest a strong role of 
sex hormones, as predominance in the female sex 
changes with age at disease diagnosis, lending 
strong support [ 42 ]. Autoimmunity in males 
shows less age-dependent variation. Autoimmune 
diseases prevalent in males typically present 
before the sixth decade with the appearance of 
autoantibodies, acute infl ammation, and increase 
in the proinfl ammatory cytokines characteristic 
of a Th1 response. 

 Those that manifest primarily in females are 
more complicated. Autoimmune diseases that 
manifest early in life in females generally have a 
clear antibody-mediated pathology. Those with 
increased incidence in females that appear after 
the age of 50 (in menopause) tend to be charac-
terized by a more chronic disease course and 
fi brotic Th-mediated pathology. 

 A central role for sex hormones in autoimmune 
disease in women is also evidenced by the dramatic 
differences in prevalence during the different repro-
ductive periods of a woman’s life, which are them-
selves driven by profound modulation of circulating 
levels of sex steroids, particularly estrogen [ 31 ]. 
Many autoimmune diseases in which women pre-
dominate are exacerbated by the higher levels of 
female sex steroids in pregnancy (a period that is 
also characterized by a shift towards Th2 response), 
primarily estrogen, which worsens disease, while 
androgens produce benefi cial effect. 

 Strict correlation of autoimmunity with estro-
gen levels, however, is not observed. Other 
female-predominant autoimmune diseases, such 
as multiple sclerosis and rheumatoid arthritis, 
worsen during pregnancy [ 43 ] and improve in the 
postmenopausal period [ 44 ] (Table  23.3 ).

   The infl uence on autoimmune disease of the 
decreasing levels of estrogen associated with aging 
in women is essentially unascertained. The declin-
ing effi cacy of the immune system with age, in 
both genders, is accompanied by a characteristic 
increase in both the variety and level of circulating 
autoantibodies [ 8 ]. Antinuclear antibody (ANA) 
levels remain constant until about age 60 and then 
rise. About 5 % of healthy individuals of that age 
have high ANA titers (1:160), compared to 37 % 
of those over 70 years of age [ 45 ]. 
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 Although autoantibodies, found in the blood 
of all healthy humans, serve a useful function in 
a healthy adult, acting to clear away cellular 
debris produced by routine injury and infl amma-
tion [ 46 ], the number of different circulating 
autoantibodies has proven to be a good predictor 
of autoimmune disease. The risk of developing 
childhood diabetes within 5 years, for example, is 
only 10 % with the presence of one autoantibody 
specifi city, but increases to as much as 80 % if 
there are three [ 34 ]. Autoantibody levels are nor-
mally kept in check by immune tolerance pro-
cesses, but can (through age or overt disease) 
reach clinically signifi cant levels, at which point 
the binding of self-antigens activates the comple-
ment cascade and results in cytotoxicity or other 
immune pathology [ 34 ]. Rising levels of antibod-
ies, apart from the number of different specifi ci-
ties, are also associated with a generally increased 
risk of autoimmunity in old age [ 8 ]. 

 What specifi cally causes the documented 
increase in both autoantibodies and autoimmu-
nity in older adults is a matter of debate. With 
age, the normally tight orchestration of interde-
pendent immune functions begins to decay, with 

progressive perturbation of immune function that 
can eventually lead to autoimmune disease [ 8 ]. 
Increased autoimmunity appears to be primarily 
the result of the combined effects of the reduction 
in naïve T cells (produced by thymus involution) 
in concert with an activation of self-reactive 
memory B cells. 

 B-cell activation may result from a variety of 
antigenic stimuli [ 47 ]. Exposure to an infectious 
agent with molecular mimicry of a self-antigen 
may prompt a memory response [ 16 ]. Cumulative 
exposure to a variety of antibody specifi cities, in 
the presence of chronic infections, for example, 
may also produce hyperstimulation of B cells. In a 
study of the elderly in Cameroon (where multiple 
chronic infections are not uncommon), the pattern 
of autoantibodies observed in the elderly subjects 
was markedly different from that in industrialized 
countries, suggesting a role for long-term multiple 
antigen exposures [ 48 ]. Normal aging can also 
reduce the effi ciency of normal physical immune 
barriers, resulting in increased pathogen intrusion 
[ 49 ]. Innate immunity also deteriorates with age, 
which can contribute to chronic immune stimula-
tion. The persistence of high antigen levels can 

    Table 23.3    Preponderance of females affl icted with autoimmune diseases   

 Autoimmune 
disease 

 Target of 
autoantibodies 

 Percent 
female 

 F/M 
differential 

 Peak of 
prevalence  Pathway 

 Effect of 
menopause 

 Hashimoto’s 
thyroiditis 

 Thyroid gland  95 % a   37:1 b   40s in 
women, 50s 
in men 

 Th2  Associated with 
early 
menopause 

 Sjögren’s 
syndrome 

 Mucous 
membranes and 
salivary glands 

 94 % a   14:1 b   30–40s  Th2  Worsens 

 SLE  DNA (primarily 
double stranded) 

 89 % a   11:1 b   Late 20s, 
early 30s 

 Th2  Improves 

 Grave’s disease  Thyroid  88 % a   6:1 b   Late 40s to 
early 60s 

 Th2  Can precipitate 
premature 
menopause 

 Scleroderma  Connective tissue  92 % a   3.5:1 b   40s  Th2  Little affect 
 Diabetes mellitus  Pancreas  48 % a   5:1 b   20s  Th1  Worsens 
 Rheumatoid 
arthritis 

 Synovial joints  75 % a   2.5:1 b   60s  Th1  Worsens 

 Multiple sclerosis  Central nervous 
system 

 64 % a   Unknown  Late 20s  Th1  Worsens 

 Myasthenia gravis  Muscle tissue  73 % a   2.5:1 b   Early 30s  Unknown  Unknown 

   DNA  deoxyribonucleic acid,  F/M  female/male,  NA  not applicable,  SLE  systemic lupus erythematosus 
  a Source reference: Ackerman [ 144 ] 
  b Source reference: Papenfuss [ 30 ]  
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also make co-stimulatory T cells less susceptible 
to downregulation [ 49 ]. 

 Other sources of B-cell memory activation are 
neoantigens which are revealed by a progressive 
loss of tissue integrity and increased infl ammation 
as individuals age [ 50 ]. Inappropriate activation 
of lymphocytes can also result from defective 
clearance of cellular debris, resulting in prolonged 
exposure to autoantigens [ 49 ]. Self- antigens may 
also acquire alterations that increase immunoge-
nicity. For example, posttranslational modifi ca-
tion of proteins increases in immunosenescence; 
particular modifi cations, such as isoaspartyl for-
mation, can trigger an autoimmune response [ 49 ]. 

 Improper self-antigen recognition by dendritic 
cells (DC) and T cells initiates, through release of 
specifi c cytokines (as described above), destruc-
tive Th1 or Th2 responses. Rheumatoid arthritis, 
for example, is characterized by an exaggerated 
Th1 self-reactive immunity, SLE by an excessive 
Th2 [ 24 ]. Estrogens are known to drive physio-
logical selection of Th1 or Th2 pathways. 

 A perturbation in immune receptor signaling 
may underlie the increase in autoimmune phe-
nomena in the elderly, particularly those that con-
tribute to the regulation of immune tolerance. 
Optimal immune function necessitates a tight 
balance of the signaling pathways in both T- and 
B-cell compartments; these pathways are altered 
in both compartments in SLE and other autoim-
mune diseases [ 51 ]. 

 Other aspects of aging can increase immune 
dysfunction as well: stress, with associated 
increased cortisol levels; sleep dysregulation and 
associated effects on immunity; decrease in phys-
ical activity and negative effects on immunocom-
petence; and nutritional defi ciencies common in 
old age with a negative impact on immunocom-
petence [ 4 ].  

23.5     Specifi c Effects of Estrogen 
on Autoimmunity 

 In women, the cumulative physiological degenera-
tion associated with normal aging is augmented by 
a dramatic and systemic estrogen deprivation. 
Estrogens generally favor immune processes 

involving CD4+ Th2 cells and B cells [ 52 ], thereby 
promoting B-cell-mediated autoimmune diseases. 
Physiological levels of estrogen, however, also 
stimulate the expansion of CD4+ CD25+regulatory 
T cells (Treg cells), which help maintain tolerance 
to self-antigens and therefore ameliorate autoim-
mune disease, as well as the expression of the 
FOXP3 gene, a marker for Treg cell function [ 53 ]. 
Follicular helper T cells (Tfh cells), in contrast, 
appear to drive autoantibody production in the ger-
minal center and are associated with the develop-
ment of systemic autoimmunity [ 54 ]. 

 Androgens, on the other hand, encourage pro-
cesses involving CD4+Th1 cells and CD8+ cells, 
acting to suppress or ameliorate B-cell-mediated 
autoimmune diseases [ 31 ]. The infl uence of these 
hormones on the immune system, therefore, pro-
duces more autoimmune pathology in women in 
autoimmune disease mediated by Th2-dominant 
processes and more in men when Th1 processes 
are involved (see Table  23.3 ). 

 Hormonal manipulations can alter immune reac-
tivity and modulate disease expression [ 41 ]. 
Estrogens provoke involution of the thymus [ 38 ]; 
treatment of castrated animals with exogenous sex 
hormones causes massive atrophy of the thymus 
[ 55 ]. Thymus regeneration occurs following ovari-
ectomy [ 5 ], and thymus involution occurs during 
pregnancy, which reverts after lactation ceases [ 56 ]. 

 Estrogen-induced involution of the thymus is 
associated with a reduction in numbers of imma-
ture T lymphocytes [ 38 ]. Estrogen affects T-cell 
subset composition, as well as T-cell function and 
activation [ 12 ]. Oral estrogen replacement therapy 
has been shown to restore T-cell function [ 57 ]. 

 Estrogen drastically reduces not only the size 
of the thymus but also of the bone marrow cavity 
as well, the sites where most deletion of autoreac-
tive cells occurs. B cells developing at alternative 
sites (liver and spleen), where less stringent selec-
tion occurs, may escape normal controls [ 31 ]. 

 Estrogens, in fact, stimulate lymphopoiesis 
outside of the bone marrow [ 58 ]. Mice treated 
with exogenous estrogen develop impressive 
hemopoietic centers in the liver and spleens fi lled 
with antibody-producing cells [ 31 ]. 

 Estrogen depletion in women, characteristic 
of postmenopausal women, has been specifi cally 

23 The Effects of Menopause on Autoimmune Diseases



308

associated with reductions in B cells and T cells 
[ 59 ] and Th-derived cytokines [ 60 ] as well as an 
impaired immune response to viral infections 
[ 61 ]. In vitro, estrogen stimulates Th1 cytokine 
production by T cells [ 47 ]. 

 Estrogens diminish the number of monocytes, 
through apoptosis, as well as through a modulation 
of the cell cycle which delays mitosis [ 62 ]. 
Autoreactive B-cell apoptosis, particularly, is inhib-
ited [ 63 ]. Estrogen however simultaneously induces 
a rapid maturation of B lymphocytes [ 38 ] and stim-
ulates Th lymphocytes to secrete type 2 cytokines 
that promote antibody production [ 35 , 37 ].  

23.6     What Is Known About 
the Estrogen Defi ciency 
of Menopause and Specifi c 
Autoimmune Diseases 

 It is known that many natural, pathological, and 
therapeutic conditions can change serum estro-
gen levels, including the menstrual cycle, preg-
nancy, menopause, use of oral contraceptives, use 
of hormonal replacement treatment, and disease. 
The estrogen withdrawal of menopause, how-
ever, is a signifi cant hormonal transition and one 
with numerous physiological ramifi cations. The 
interrelationship of menopause and autoimmune 
diseases is complex and not yet fully understood. 
Recent literature has noted that autoimmune dis-
ease and/or autoimmune disease treatments can 
play a role in causing premature ovarian failure 
(POF) resulting in early menopause [ 64 , 65 ]. In 
addition, some symptoms and effects of autoim-
mune disease (e.g., increased cardiovascular risk, 
increased fracture risk, cognitive decline, urinary 
incontinence/irritable bladder, etc.) can be simi-
lar to those of normal aging, which increases the 
challenge of distinguishing the expected effects 
of menopause and aging from those of autoim-
mune disease [ 64 , 66 ]. These aspects of the rela-
tionship between menopause and autoimmune 
disease will not be discussed in this chapter, 
which shall rather concentrate on effects of 
menopause on selected autoimmune diseases. 

 The normal immunosenescence evidenced in 
both sexes may be modulated in some degree by 

changing levels and forms of endogenous estro-
gen. The production of cytokines Il-6, Il-1, and 
TNF-α increases after menopause, as does the 
physiological response to those cytokines [ 11 ]. 
There is a postmenopausal decrease in CD4 T and 
B lymphocytes, as well as decrease in the cyto-
toxic activity of natural killer (NK) cells [ 33 ]. 

 In vitro analysis of three different T-cell sig-
naling proteins (Janus kinase 2 [JAK2], Janus 
kinase 3 [JAK3], and CD3-zeta) found that post-
menopausal levels were substantially reduced as 
compared to premenopausal levels [ 12 ]. In addi-
tion, Jurkat T cells exposed to premenopausal 
levels of E2 also formed signifi cantly more IL-2 
producing colonies as compared to those exposed 
to postmenopausal levels (75.3 ± 2.2 vs 55.7 ± 2.1 
[ P  < 0.0001]) [ 12 ]. Studies suggest a 
 normalization of cellular response after hormone 
replacement therapy (HRT) [ 11 ]. 

23.6.1     Systemic Lupus 
Erythematosus 

 Systemic lupus erythematosus (SLE) is an auto-
immune disorder characterized by the production 
of pathogenic autoantibodies, primarily to 
nuclear antigens, as well as dysregulation of both 
T and B cells [ 67 ]. B cells display accelerated 
maturity [ 68 ]. SLE patients exhibit monocyte- 
derived dendritic cells (DCs) which display an 
activated, proinfl ammatory phenotype [ 68 ] .  

 SLE has a female preponderance of 9:1. 
Although there are X-chromosome abnormalities 
associated with SLE [ 69 ], estrogen itself is 
strongly implicated in SLE autoimmunity [ 11 ]. 
SLE is associated with a disrupted sex hormone 
balance characterized by lower amounts of 
androgens and dramatically higher levels of the 
estrogen metabolite, 16-hydroxyestrone [ 70 ]. 
Pregnancy worsens the disease [ 24 ]; incidence of 
SLE diminishes after menopause [ 38 , 44 , 71 ]. 
Administration of an estrogen receptor blocker 
(fulvestrant) to human female SLE patients pro-
duces clinical improvement [ 72 ] as does treat-
ment with testosterone [ 73 ], and long-term 
remission has been seen following abrupt 
medication- induced menopause [ 74 ]. 
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 Increased risk has been associated with higher 
lifetime levels of estrogen exposure. In a cohort 
of 238,308 adult women evaluated prospectively 
over 27 years, the 262 women diagnosed with 
SLE over the course of the study were analyzed 
for relative risk factors. Increased risk was asso-
ciated with early menarche (aged less than 10) 
(relative risk [RR] 2.1, 95 % confi dence interval 
[CI] 1.4–3.2) and oral contraceptive use (RR 1.5, 
95 % CI 1.1–2.1) [ 75 ]. Menstrual irregularity 
increased risk of SLE diagnosis in a Japanese 
case-control study [ 76 ]. Menstrual cycles of 
abnormal length (either long or short) increased 
risk as well [ 77 ]. Estradiol treatment of mouse 
lupus-prone strains produces disease onset, 
increases autoantibody production, and increases 
risk of mortality [ 24 ]. 

 Hormonal fl uctuations also appear to infl u-
ence the course of SLE. Dual studies evaluated 
the course of disease in early-onset SLE patients 
versus late-onset patients; later-onset patients 
(after the age of 50) had lower incidences of renal 
disease, arthritis, malar rash, and photosensitivity 
as compared to patients who were younger at 
diagnosis [ 78 ]. Younger patients had a more 
aggressive disease course as well, with time from 
symptom onset to diagnosis being 3 years as 
compared to 5 years in older patients [ 78 ]. Similar 
results were observed in a study of 125 Chinese 
SLE patients [ 79 ]. A pooled analysis which com-
pared 714 late-onset patients with 4,700 early- 
onset patients confi rmed earlier results, fi nding 
also a lower incidence of purpura, alopecia, and 
Raynaud’s in the late-onset group. The late-onset 
group, however, had a higher prevalence of rheu-
matoid factor, with antibodies to ribonucleopro-
tein (RNP) and sphingomyelin (SM) less 
frequently [ 80 ]. 

 SLE patients have also been evaluated for effect 
of previous hysterectomy (with and without con-
comitant oophorectomy). SLE patients ( N  = 3,389) 
who had undergone hysterectomy were less likely 
to develop nephritis or positive anti-double-
stranded deoxyribonucleic acid (dsDNA) antibod-
ies than age-matched SLE patients who had not 
(Odds ratio 6.66 [95 % CI = 3.09–14.38] in 
European patients and 2.74 [95 % CI = 1.43–5.25] 
in African-American patients). SLE patients with 

hysterectomy before disease onset had later onset 
of disease ( P  = 0.0001) [ 67 ]. 

 The role of estrogen, rather than age alone, 
was investigated by studies which utilized 
younger SLE patients who underwent ovarian 
failure produced by cyclophosphamide. 
Signifi cantly fewer fl ares were observed in the 
group with ovarian failure as compared to nor-
mally menstruating SLE women [ 81 ]. The cyclo-
phosphamide group, however, was signifi cantly 
older than the control group (37.9 years as com-
pared to 25.5 years). Other research, however, 
followed two groups of SLE patients, one early 
onset and one late, and concluded that the 
decrease in disease activity after menopause 
could not conclusively be determined to be 
related to hormonal status [ 82 ]. 

 Hormone replacement therapy (HRT) has 
documented benefi ts for women with regard to 
some aspects of aging and in some cases may be 
medically necessary [ 83 ]. Postmenopausal osteo-
porosis, for example, directly tied to estrogen 
defi ciency, may require hormonal intervention, 
shown to reduce the risk of hip fractures as much 
as 30 % [ 84 ]. HRT, however, in patients with 
SLE, which is induced or exacerbated by oral 
contraceptives, has the potential to produce dis-
ease fl ares. 

 Examination of the effects of HRT in post-
menopausal women found that in 351 post-
menopausal SLE patients, combined estrogen/
progesterone hormone replacement (0.625 mg 
conjugated estrogen daily, plus 5 mg medroxy-
progesterone for 12 days/month) given for 
12 months produced only a small increase in the 
risk of disease fl ares (0.64 probability in HRT 
patients vs 0.51 in placebo controls, with most 
fl ares mild or moderate [ p  = 0.01]). HRT use did 
not signifi cantly increase the risk of severe 
fl ares [ 83 ]. 

 An overall assessment of the consequences of 
SLE in postmenopausal patients looked at dam-
age accrual in SLE as part of the LUMINA 
(Lupus in Minorities: Nature vs Nurture) study 
and found that despite the drop in disease activity 
in the postmenopausal period (with a reduction in 
the risk of renal disease), overall damage scores 
were higher due to an increase in cardiovascular 
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disease. Whether higher damage accrual is 
related to the changing hormones of menopause 
or due simply to longer disease duration is as yet 
undetermined [ 85 ]. It is known that estrogen pro-
motes SLE through estrogen receptor-α (ER-α) 
by inducing IFN-γ [ 86 ]. Testosterone is most 
likely protective in SLE patients by driving the 
Th1 immune pathway [ 11 ]. 

 Although no differences are observed in SLE 
patients as compared to normal controls with 
regard to circulating estrogen levels 
(17β-estradiol), number of estrogen receptors, or 
binding affi nities of estrogen receptor to estro-
gen, and blocking of the estrogen receptors using 
fulvestrant in patients with moderately active 
SLE produced a signifi cant decrease in disease 
activity (as measured by the SLE disease activity 
index [SLEDAI] score) [ 72 ]. 

 Female SLE patients have abnormal metabo-
lism of sex hormones, with an increase in the pro-
duction of 16-hydroxyestrone and metabolites 
that may produce a chronic state of excessive 
estrogen [ 87 ]. Elevated aromatase activity (an 
enzyme found in all organ system and integral to 
sexual reproduction that converts androgens into 
estrogens) is also observed in SLE patients [ 38 ]. 

 The molecular mechanism leading to a gender 
preponderance in SLE appears to be demethyl-
ation of CD40 ligand on CD40+ T cells [ 88 ], 
which, appearing on an inactive X chromosome, 
results in overexpression of CD40 ligand on 
CD4+ cells [ 89 ]. SLE patients are typically char-
acterized by high titers of autoantibodies directed 
against nuclear antigens, antibodies which have 
been demonstrated to potentially arise from 
germline-coded polyreactive antibodies induced 
to class switch to IgG by a proinfl ammatory 
milieu [ 90 ].  

23.6.2     Rheumatoid Arthritis 

 Rheumatoid arthritis (RA) is an autoimmune dis-
ease in which multiple components of the 
immune system produce tissue damage and con-
tribute to systemic infl ammation. T cells, B cells, 
and macrophages infi ltrate into the infl amed 
synovial membrane whose resident cells prolifer-

ate and differentiate; macrophages and other acti-
vated tissue-resident cells begin to produce 
cytokines which induce B- and T-cell responses 
that act in concert to erode bone and cause 
destruction of cartilage. RA is associated with an 
altered sex hormone balance characterized by 
lower amounts of androgens and higher estro-
gens [ 70 ]. RA incidence increases with post-
menopause, suggesting that decreased E2 levels 
are involved in disease onset. The incidence of 
RA incidence peaks in the seventh decade [ 91 ]. 
Pregnancy ameliorates disease activity [ 92 ]; 
however, the postpartum period is a time of high 
risk for new-onset RA [ 93 ] .  Aromatase inhibitor, 
a compound that interferes with estrogen produc-
tion, triggers onset of rheumatoid arthritis or 
 produces arthritis fl ares in both premenopausal 
and postmenopausal women [ 94 ]. 

 Rheumatoid arthritis is characterized by a pro-
fi le of generalized immunosenescence typical 
with age. Early-onset RA may represent prema-
ture immunosenescence [ 95 ], loss of T-cell diver-
sity and T-cell reactivity, slide towards 
proliferative arrest, and signifi cant production of 
infl ammatory cytokines. Levels of autoantibodies 
increase as well [ 91 ] .  In addition, RA patients 
carry large, clonally expanded populations of 
CD4+ and CD8+ cells; C4+ clones are consis-
tently autoreactive [ 91 ]. 

 Menopause is associated with an increased risk 
of disease onset. In a cohort of nearly 32,000 
women in Iowa, those who reached menopause 
before age 45 had a higher risk of RA than women 
who reached menopause after age 51 [ 96 ]. Similar 
results were obtained in a study that evaluated 
18,326 Swedish women and compared those who 
entered menopause before 45 to those who 
reached menopause after 45 years of age [ 97 ]. 
Menopause before age 45 has also been shown to 
be associated with milder RA severity. A study of 
134 postmenopausal female RA patients with 
menopause before age 45 was signifi cantly more 
likely to experience mild/moderate rheumatoid 
factor-negative (RF-negative) RA, rather than 
severe RA or mild/moderate RF-positive RA [ 98 ]. 
The same study found no major difference in RA 
severity associated with oral contraceptive use or 
a history of breastfeeding. 
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 Another author followed RA patients over a 
6-year period; the 209 female patients evaluated 
were divided into premenopausal and postmeno-
pausal groups. Postmenopausal subjects had 
greater joint damage as measured radiographi-
cally as well as by health assessment question-
naires. In addition, comparison with both 
premenopausal women and men determined that 
estrogen deprivation of menopause was a signifi -
cant factor in the disparity of damage between 
men and women [ 99 ]. Although the use of HRT 
does not appear to infl uence the risk of develop-
ing RA [ 100 ], HRT improves both symptoms and 
progression of disease [ 101 ].  

23.6.3     Scleroderma 

 Scleroderma is an autoimmune disease of the 
connective tissues characterized by a buildup of 
collagen in body tissues. Typically involving pri-
marily the skin on the hands and face, sclero-
derma can affect many organ systems, including 
the heart, lungs, and kidneys. Scleroderma 
affects mostly women, with onset typically 
around the same time as menopause; early meno-
pause increases risk [ 102 ]. Scleroderma involves 
signifi cant vasculopathy which is accentuated by 
menopause-related loss of estrogen. A prospec-
tive Italian study found that the estrogen removal 
of the postmenopausal period was a risk factor 
for the development of pulmonary arterial hyper-
tension (PAH) in scleroderma patients, with rela-
tive risk due to postmenopausal state of 5.2 
( p  = 0.000) [ 103 ]. Twenty-three postmenopausal 
scleroderma patients were subsequently treated 
with HRT for a mean follow-up of 7.5 years. 
None of the HRT scleroderma patients devel-
oped PAH as compared to 19.5 % of those not on 
HRT [ 104 ].  

23.6.4     Sjögren’s Syndrome 

 Sjögren’s syndrome (SS) is an autoimmune dis-
order that affects mucous membranes as well as 
tear ducts and salivary glands but may also impact 
other organs such as the kidneys, stomach, intes-

tines, vasculature, lungs, liver, pancreas, and cen-
tral nervous system. The large majority of SS 
patients are women, with onset after the age of 
40. SS is associated with a T-cell infi ltration of 
the exocrine glands with associated autoantibod-
ies [ 105 ]. Estrogen suppresses disease develop-
ment, while ovariectomy leads to an SS-like 
condition with increased epithelial cell apoptosis 
[ 24 ]. Estrogen-defi cient mice develop an autoim-
mune exocrinopathy resembling SS [ 106 ]. It is 
believed that estrogen defi ciency may infl uence 
autoantigen cleavage in such a way that it results 
in autoimmune exocrinopathy in postmenopausal 
women [ 106 ].  

23.6.5     Multiple Sclerosis 

 Multiple sclerosis (MS) is an episodic autoim-
mune disease in which autoantibodies attack the 
central nervous system (CNS), particularly the 
myelin sheath; symptoms vary with the location 
of the attack. MS is typically diagnosed in 
young adulthood. As the target tissue of MS is 
the central nervous system, MS has debilitating 
and systemic effects. More women than men 
suffer from MS; estrogen infl uence is also sug-
gested by the fact that MS symptoms improve 
during pregnancy but worsen postpartum. MS 
pathogenesis is largely driven by antigen-spe-
cifi c CD4+ Th1 cells, specifi c for the central 
nervous system, which secrete proinfl ammatory 
cytokines such as IFN-γ, TNF- α, and IL-12. 
Active disease is well correlated with T-cell pro-
duction of proinfl ammatory cytokines [ 24 ]. 
Most (54 %) MS patients reported a worsening 
of symptoms after menopause; 75 % of those 
who had used HRT (at all stages of menopause) 
reported improvement [ 107 ].  

23.6.6     Autoimmune Hepatitis 

 Autoimmune hepatitis (AIH) is an autoantibody- 
induced infl ammation of the liver, although a 
variety of autoantibodies (directed against spe-
cifi c liver antigens as well as nuclear DNA, mito-
chondrial antigens, and smooth muscle antigens) 
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are involved. AIH also affects predominantly 
females, most often with onset in childhood but 
also postmenopause [ 47 ], although men may be 
affected more often than women in old age. 
Autoantibodies are directed against hepatocytes, 
the putative result of an insidious progressive 
destruction of the hepatic parenchyma [ 47 ]. AIH 
often ameliorates during pregnancy; many cases, 
however, are diagnosed in the postpartum period 
[ 108 , 109 ].   

23.7     Summary 

 Immunosenescence is a complex phenomenon, 
involving cellular, humoral, and innate immunity 
in a downward spiral of dysregulation of the 
tightly interdependent responses characteristic of 
young adulthood, with multiple effects on hema-
topoiesis, immune cell proliferation and differen-
tiation, and immune cell function. The eventual 
result is an immune system that is hyperactivated 
but defective, which sets the stage for a rise in 
autoantibodies and thus autoimmunity. 

 Unraveling the respective roles of genes, hor-
mones, lifestyle factors, and environment in 
autoimmunity in general and in postmenopausal 
women in particular has yet to be accomplished. 
Although the general understanding that estro-
gen skews immune responses towards Th2 path-
ways while androgens drive the Th1 pathway 
explains many of the gender discrepancies and 
age-related peaks of disease observed, it does 
not explain all. There are discrepancies, and it 
proves diffi cult to attach hormones to specifi c 
mechanisms. 

 Obviously other factors are at play. Genetic 
and epigenetic components need further investi-
gation. The major autoimmune diseases of the 
connective tissue all have a strong predominance 
in women, and tissue specifi city for Th1 or Th2 
responses may be a factor as well. 

 The specifi city of Ig subclass may infl uence 
autoimmunity as autoimmunity is characterized 
by a marked increase of IgM levels produced by 
B cells. The role of sex hormones in autoimmu-
nity and in the menopausal period is unmistak-
able but not easily understood. Estrogen, 

progesterone, and testosterone share the same 
precursor: cholesterol, as well as common inter-
mediate metabolites that are known to interact 
with the immune system. Levels of both estrogen 
and progesterone decline rapidly as menopause 
nears; progesterone levels drop more steeply than 
estrogen. Progesterone (Pg) may substantially 
impact autoimmune development, as Pg recep-
tors are ubiquitous in immune organs, tissues, 
and cells. Progesterone has different immuno-
modulatory effects from estrogen but shares 
interdependent signaling pathways. 

 The profound female predisposition to 
 autoimmunity as well as the fact that signifi cant 
immune derangement occurs during the estrogen- 
infused months of pregnancy suggests the likeli-
hood that, in general, lower physiological 
amounts of estrogen stimulate Th1 effects, 
whereas higher doses stimulate Th2. 

 The presence of at least two different types of 
estrogen receptors also allows for multiple levels 
of control, as does the fact that at menopause, the 
predominant circulating form of estrogen 
changes. In addition, the X chromosome, apart 
from female hormones, may contribute to the 
female predominance in autoimmune diseases. 
Racial differences have yet to be seriously 
explored; other factors implicated in autoimmu-
nity have lacked signifi cant research effort as 
well. For example, geographical differences in 
autoimmune disease prevalence have been noted, 
as has level of industrialization. Increased parity 
has also been associated with an increased risk in 
autoimmunity. 

 With steadily expanding life expectancy, 
immunosenescence in general, and autoimmu-
nity in old age in particular, should be given 
increased medical focus. The role of meno-
pause, with its attendant depletion of estrogen, 
in autoimmune disease should be an important 
part of that research effort, given the drastic 
dichotomy in incidence of autoimmune disease 
in women and men and the longer expected 
female life span. A better understanding of the 
interplay between genetic, hormonal, and envi-
ronmental factors that lead to autoimmunity in 
menopause is necessary to provide appropriate 
prevention and/or treatment options for older 
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patients,  preserving health into old age and pro-
viding an increased quality of life throughout 
those additional years.  

23.8     Expert Commentary 

 Estrogen rules a women’s body. With estrogen 
receptors in every organ system and nearly every 
tissue and organ, estrogen’s actions continue to 
be catalogued, but a comprehensive understand-
ing of its dominion over the physiology of the 
female has yet to be attained. Estrogen maintains 
female health, protecting a women’s cardiovas-
cular system, maintaining bone health, and pre-
serving neural health and brain function. It ferries 
her from childhood to motherhood yet eventually 
brings the curtain down on her fertility. Estrogen 
can also betray her, promoting cancers in the 
reproductive organs (breast, ovary, and uterus) 
and causing both mood swings and migraines. It 
also plays a role in autoimmune disease. 

 The dramatic preponderance of autoimmune 
disease in females makes a leading role for estro-
gen in autoimmune disease nearly certain. The 
specifi c contributions that estrogen makes to 
autoimmunity, however, have been diffi cult to 
tease out, due largely to the magnitude of estro-
gen’s infl uence in female physiology, with seem-
ingly infi nite possible actions in multiple 
biochemical processes. The fact that estrogen, 
over the life span of the human female, shape- 
shifts also complicates the picture. Estradiol 
(E2), the predominant form during the reproduc-
tive years, is complemented by estriol (E3) dur-
ing pregnancy and replaced as the dominant form 
by estrone (E1) after menopause. Another com-
plicating factor is the existence of dual forms of 
receptors which act to modulate how estrogen is 
expressed. Variations in the circulating level of 
the different forms of estrogen also modulate 
immune processes, particularly with regard to 
whether immune response is driven towards cel-
lular (Th1 pathway) or humoral (Th2 pathway) 
immune responses. A better understanding of the 
role of estrogen in immune processes is critical 
for elucidating the role that aging (and its associ-
ated estrogen withdrawal in women) plays in 

both the development and the course of autoim-
mune disease.  

23.9     Five-Year View 

 This review revealed a disturbing absence of data 
on the infl uence of menopause on autoimmune 
disease given its predominance in women and the 
fact that autoimmunity increases with age, an 
absence possibly related to an existing defi cit in 
the understanding of the physiological basis for 
autoimmune disease in general. A meaningful 
understanding of the physiology is a challenging 
goal because autoimmunity clearly has multifac-
torial origins: a genetic component clearly pro-
vides a foundation, estrogen plays a documented 
role, and prevalence shows a clear correlation 
with age. The infl uence of heredity on autoimmu-
nity is being rapidly unveiled now and will no 
doubt contribute greatly to the elucidation of the 
relative additional contributions of (1) epigenetic 
processes, (2) changes in hormone levels, and (3) 
immunosenescence on immune function. A better 
understanding of the processes by which molecu-
lar events, hormonal shifts, and immunosenes-
cence impact a healthy immune system will 
provide a physiological basis for better ways to 
treat both immunosenescence and autoimmunity, 
a critical goal as the world population, particu-
larly in the developed world, continues to age.  

23.10     Key Issues 

•     Life expectation worldwide continues to rise, 
as does the prevalence of autoimmune disease.  

•   Autoimmune diseases affect predominantly 
women.  

•   Data on the experience of autoimmunity in 
postmenopausal women are lacking.  

•   A genetic foundation for autoimmune risk 
clearly exists, with both numerous specifi c 
genes (including X linked) associated with 
autoimmunity as well as epigenetic processes 
that contribute to the development of disease.  

•   A progressive decay of immune system integ-
rity remodels immune function at a basic level. 
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Thymic atrophy, which substantially affects 
T-cell-dependent immune function, shifts 
immune response towards a humoral response.  

•   Estrogen has multiple actions in the immune 
system, creating clear gender-related differ-
ences in immune response in men and women.  

•   Estrogen clearly plays a role in the preponder-
ance of autoimmunity in females and acts to 
promote humoral immunity in females.  

•   Autoimmunity appears to be a multifactorial 
process in which genetic, environmental, and 
internal physiological effectors like estrogen 
participate.  

•   Estrogen’s specifi c effects on autoimmune 
disease are little understood.  

•   Autoimmunity appears to be a multifactorial 
process in which genetic, environmental, and 
biochemical processes all participate. As both 
autoimmunity and average life expectancy are 
on the rise, how these components specifi cally 
infl uence both the development and course of 
autoimmunity is critical to understand.        
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24.1            Introduction 

 The immune system prevents an immune 
response to the body’s own tissues, generating 
immune tolerance with regard to self-antigens 
during T-cell generation in the thymus and B-cell 
generation in the bone marrow. Mechanisms of 
tolerance to sequestered or otherwise aberrant 
self-antigens exist in the periphery as well [ 1 ]. 

 Autoimmune disease (AID), nonetheless, exists 
and is increasing in prevalence worldwide [ 2 ]. A 
group of at least 80 distinct syndromes, these are 
mostly of relatively rare complaints that together 
comprise a wide range of genetically complex 
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 diseases that affl ict as much as 10 % of the 
 population [ 3 ]. Autoimmune disorders are defi ned 
by a dysregulation of immune function that poten-
tiates a breakdown in immune tolerance. The 
breakdown in immune tolerance in turn permits an 
overexpression of autoantibodies and autoreactive 

T cells [ 3 ] that will, unchecked, eventually result 
in infl ammation and tissue destruction [ 4 ]. 
Autoimmune diseases target a variety of tissue 
types but share certain characteristics, foremost 
being the fact that they affect far more women than 
men (Tables  24.1a , Part 1 and  24.1b  Part 2).

    Table 24.1a    Part 1: selected gender infl uences implied or positively associated with specifi c autoimmune diseases   

 Autoimmune disease 

 Percent female 
patients (highest 
estimate)  X chromosome 

 MHC/HLA 
association 
(selected) 

 Non-MHC gene 
associations 

 Autoimmune hepatitis  Type I 9:1  NA  A1-88  IgA [ 5 ] 
 Type II: 3:1 [ 5 ]  DRB* 0301 

 DRB* 0401 
 DRB* 0404 [ 5 ] 

 Crohn’s disease a   58 % [ 6 ]  NA  HLA-DRB1*07 [ 7 ]  IL23R, NOD2 CARD9 
IL18RAP, CUL2, 
C1orf106, PTPN22, 
and MUC19 [ 8 ] 

 Hyperthyroidism/Graves’ 
disease 

 95 % [ 9 ]  (Skewed) 
inactivation [ 10 ] 

 DR3  CTLA4 [ 11 ] 
 DRB108 [ 12 ] 

 Multiple sclerosis  60 % [ 13 ]  NA  DR2  CTLA4 [ 14 ] 
 DR3 
 DRA 
 DRB1 [ 9 ] 

 Primary biliary cirrhosis  88 % [ 15 ]  NA [ 16 ]  DRB1*0801 [ 17 ]  IL12A and IL12RB2, 
CTLA4 [ 17 ] 

 Psoriasis  38 % [ 18 ]  NA  HLA-C [ 19 ]  IL12B 
 IL23A [ 19 ] 

 Rheumatoid arthritis  72 % [ 15 ]  Yes [ 20 ]  DRB1-0101, 
DRB1-0102, 
DRB1-0404, others 
[ 12 ] 

 PTPN22, STAT4 [ 21 ], 

 Scleroderma  84 % [ 15 ]  Yes [ 22 ]  HLA-DRB1*01 and 
HLA- DRB1*11 [ 23 ] 

 BANK1, C8orf13- 
BLK, IL-23R, IRF5, 
STAT4, TBX21, and 
TNFSF4 [ 24 ] 

 Sjögren’s syndrome  95 % [ 5 ]  Gene dosage [ 25 ]  –[ 26 ]  – 
 Systemic lupus 
erythematosus 

 90 % [ 13 ]  [ 27 ]  DR3, DR8, DR15 
[ 12 ] 

 STAT4, IRF5, ITGAM 
[ 28 ] 

 Type I diabetes  50 % [ 9 ]  NA  DR3  Lymphoid tyrosine 
phosphatase 
(PTPN22) and 
the cytotoxic 
T lymphocyte- 
associated antigen-4 
(CTLA-4) gene [ 29 ] 

 DR4 [ 12 ] 

 Ulcerative colitis  50 % [ 5 ]  NA  B27 b  [ 30 ]  ECM1, CDH1, HNF4a, 
and laminin B1 [ 30 ] 

   HLA  human leukocyte antigen,  IgA  immunoglobulin,  IL  interleukin,  MHC  major histocompatibility complex,  NA  not 
available 
  a Occupational exposures 
  b Common HLA associations selected from typically multiple possible examples; HLA displays ethnic variation  
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    The mechanisms which underlie this diverse 
group of diseases are still poorly understood. 
Many autoimmune diseases display both genetic 
predisposition and familial associations, fi rmly 
establishing a genetic foundation for their even-
tual development [ 2 , 41 ]. 

 Most also have obvious environmental trig-
gers as well; a wide variety of environmental 
insults including infectious agents, pharmaceuti-
cals, dietary factors, smoking, chemicals, and 
pollutants are shown to increase the risk [ 2 , 41 ]. 

 In addition, since autoimmune disease affects 
predominantly women (80 % of autoimmune 
disease sufferers are female) [ 13 ], with the 
activity of disease fl uctuating in parallel with 
estrogen levels, sex steroids are widely pro-
posed as a key component of autoimmune 
pathology [ 42 ]. 

 Finally, as both the levels of circulating of 
autoantibodies (in association with a general dys-
regulation of immune function) and the risk of 
autoimmune disease are observed to increase as 
humans age [ 43 ], it is probable that immunose-
nescence also plays a role. 

 Although the precise pathways through which 
a genetic predisposition to autoimmune disease 
becomes a full-blown autoimmune disease 
(through the infl uence of endogenous hormones, 
environmental insults, and the natural decay of 
the aging immune system) are still unknown [ 3 ], 
progress suggests that lifelong epigenetic changes 
to deoxyribonucleic acid (DNA) are a primary 
means to gene regulation. Because of this, auto-
immune diseases, potentially devastating condi-
tions with complex etiology and paradoxical 
nature, are better understood.  

     Table 24.1b    Part 2: selected gender infl uences implied or positively associated with specifi c autoimmune diseases   

 Autoimmune disease  MZ/DZ  Geo-epidemiology prevalence/100,000 
 Associated environmental 
exposures 

 Autoimmune hepatitis  NA  NA  Acne drug minocycline 
associated [ 31 ] statins 
particularly in patients 
genetically predisposed 
by HLA [ 32 ] 

 Crohn’s disease a   NA  Highest: North America (201) [ 9 ]  Tobacco smoke [ 33 ] 
 Lowest: Israel 2 b  [ 34 ] 

 Hyperthyroidism/Graves’ 
disease 

 31/4.7 % [ 35 ]  Highest: N. Europe, China (1200) [ 9 ]  Tobacco smoke [ 33 ] 
 Lowest: Africa (<10) [ 9 ]  Radiation [ 36 ] 

 Multiple sclerosis  31 %/5 % [ 35 ]  Highest: N. Europe (200)  Tobacco smoke [ 33 ] 
 Lowest: South and Central America and 
the Caribbean (<20) [ 9 ] 

 UV [ 37 ], EBV [ 38 ] 

 Primary biliary cirrhosis  62.5 %/0 [ 39 ]  NA  Tobacco smoke [ 33 ] 
 Psoriasis  67 %/15 % [ 35 ]  Highest: France (3058)  Periodontal disease [ 40 ] 

 Lowest: indigenous S. American: 0 [ 9 ] 
 Rheumatoid arthritis  15/3.5 % [ 35 ]  –  Tobacco smoke [ 33 ] 
 Scleroderma  –  –  Tobacco smoke [ 33 ] 
 Systemic lupus 
erythematosus 

 33 %/2 % [ 35 ]  –  EBV, silica, nail polish a , 
hair dye a  [ 36 ]; tobacco 
smoke [ 33 ] 

 Type I diabetes  70/13 % [ 35 ]  Highest: N. Europe (700)  – 
 Lowest: Central America (<20) [ 9 ] 

 Ulcerative colitis  18.7/3 % [ 35 ]  Highest: North America (300)  – 
 Lowest: Central and South America 
(<3) [ 9 ] 

   DZ  dizygotic,  EBV  Epstein-Barr virus,  HLA  human leukocyte antigen,  MZ  monozygotic,  NA  not available 
  a Occupational exposures 
  b Common HLA associations selected from typically multiple possible examples; HLA displays ethnic variation  
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24.2     The Genetic Underpinnings 
of Autoimmune Disease 

 The existence of a genetic platform that confers 
susceptibility to or protection against autoim-
mune disease has been long suspected. Only a 
handful of these diseases display strict Mendelian 
inheritance [ 44 ]. Certain autoimmune diseases, 
nonetheless, consistently occur at statistically 
improbable levels in certain families [ 45 ]. 

 Apart from Mendelian inheritance, familial 
aggregation is modest [ 44 ]. For example, despite 
the fact that a family history of systemic lupus 
erythematosus (SLE) increases the risk 25-fold, 
only 2 % of an AID patient’s close relatives actu-
ally develop the disease [ 46 ]. Thus, the manner in 
which the genome confers protection or suscepti-
bility through modulation of immune tolerance is 
not solidly identifi ed, and patients in which a 
genetic profi le has been fi rmly linked to the 
development of disease are a substantial minority 
[ 47 ]. This situation arises because many of the 
identifi ed genetic associations have odds ratios 
(typically 1.1–1.5) that are too small to meaning-
fully increase individual risk [ 44 ]. 

 The genetic contribution to autoimmunity is 
“extraordinarily complex” [ 44 ]. Refi nements in 
methodologies in molecular biology, however, 
are beginning to unlock the genetic basis of 
 autoimmunity. Culpable genes in the pathogene-
sis of autoimmune diseases were fi rst pursued 
through candidate gene association studies, then 

by linkage analysis in affected families, and then 
through genome-wide association scans [ 44 ] 
(Table  24.2 ). Genome-wide association studies, 
built on the completion of the Human Genome 
and the haplotype map (HapMap) projects, have 
particularly accelerated solid associations 
between disease and specifi c genes, courtesy of 
their ability to scan the entire genome for poly-
morphisms implicated in disease [ 44 ].

   More than 200 genetic loci have now been 
documented as contributing to various autoim-
mune diseases [ 4 ]. Some genetic variants, that is, 
human leukocyte antigens (HLAs), have been 
reliably associated with several different autoim-
mune diseases, including type I diabetes mellitus 
(T1DM), rheumatoid arthritis (RA), and SLE [ 3 ]; 
the signal transducer and activator of transcrip-
tion 4 (STAT4) (a transcription factor gene) hap-
lotype is associated with an increased risk of both 
RA and SLE [ 21 ]. Through these genetic tech-
niques, multiple potential pathways for the origin 
of autoimmunity have emerged. These are pri-
marily related to innate immunity, cytokine 
 signaling, or lymphocyte activation [ 3 ], and 
include molecules like intracellular tyrosine 
phosphatases, tumor necrosis factor(s), intracel-
lular pattern recognition receptors, nuclear factor 
kappa-light-chain-enhancer (NF-Кβ) and other 
transcription factors, cytokines (and their recep-
tors), cell-surface receptors, signaling molecules, 
enzymes, autoantigens, and major histocompati-
bility complex (MHC) profi les [ 44 ]. 

   Table 24.2    Ability to establish genetic foundation spurred by ongoing innovations in molecular methodology   

 Technique  Strength  Weakness 

 Approximate 
year of 
innovation  References 

 Linkage analysis  Solid identifi cation of AID 
with Mendelian 
inheritance 

 AIDs with strict Mendelian 
inheritance make up a small 
fraction of known AID 

 1953  [ 44 ] 

 Candidate gene 
studies 

 Useful for identifying 
gene associations in 
disease with more 
complex, non- Mendelian 
inheritance 

 Requires large sample sizes as well 
as an existing understanding of 
disease mechanisms with implied 
plausibility of specifi c gene. Also 
requires case/control matching 

 1986  [ 44 ] 

 Genome-wide 
association scans 

 Does not require prior 
plausibility for specifi c 
genes 

 Requires huge databases (Human 
Genome Project and HapMap 
project made those available) 

 2005  [ 44 ] 

   AID  autoimmune disease,  HapMap  haplotype map  
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 Intriguingly, the loci identifi ed are often shown 
to be common to a number of autoimmune dis-
eases [ 4 ], and the presence of an autoimmune dis-
ease in one individual increases the risk in close 
family members to a variety of others. For exam-
ple, analysis of variants of the protein tyrosine 
phosphatase (PTPN) gene in Swedish patients 
with autoimmune diseases such as RA, T1DM, or 
Crohn’s disease ( N  = 172,242) found that the rela-
tive risk of several autoimmune diseases increased 
in offspring when the parent suffered from an 
existing autoimmune disease [ 45 ] (Table  24.3 ). 
Pairwise analyses demonstrated a shared familial 
risk for RA, SLE, T1DM, ankylosing spondylitis 
(AS), Crohn’s disease, celiac disease, and ulcer-
ative colitis (UC) (see Table  24.3 ).

   A genome-wide association study looked at 
single-nucleotide polymorphisms (SNPs) outside 
the MHC and identifi ed a total of 107 SNPs that 
were associated with an increased risk for at least 
one of seven individual autoimmune diseases: 
celiac disease, Crohn’s disease, multiple sclerosis 
(MS), psoriasis, RA, SLE, and T1DM. Again, a 
substantial proportion (44 %) of the SNPs identi-
fi ed were also implicated in more than one dis-
ease [ 48 ]. The implicated SNPs clustered near 
deoxyribonucleic acid (DNA) sequences that 
encoded proteins also implicated in the same 
subsets of diseases [ 49 ]. 

 Such proteins, with genes located in proximity 
to genes implicated in the increased risk for mul-
tiple autoimmune diseases, may represent an 
underlying shared mechanism that constitutes the 
physiological basis for disease risk. This is a 

 theory supported by the observation that autoim-
mune patients frequently suffer from more than 
one autoimmune disorder at a time or from dif-
ferent autoimmune diseases during different 
stages of their lives [ 3 ]. 

 Genome-wide association studies ostensibly 
reveal a set of genes common to many autoim-
mune diseases which represent little increased 
risk on their own [ 44 ]. Multiple polymorphisms, 
however, each carry a slight risk on their own, but 
together create a lower threshold for the develop-
ment of an autoimmune event [ 3 ]. It is also pos-
sible that in rare instances, copy number [ 44 ] or 
somatic mutations de novo can create a genetic 
platform for autoimmune disease [ 50 , 51 ]. It is 
reported that somatic mutation can, in adults, 
generate B cells with autoreactive antigen recep-
tors [ 52 ]. 

 Concordance rates among monozygotic (MZ) 
twins, although consistently higher than those in 
dizygotic (DZ) twins, are low (see Table  24.1b , 
Part 2). This observation and the observation that 
in animal studies the gender bias characteristic of 
autoimmune disease was revealed to be strain 
specifi c suggest an interaction between sex chro-
mosomes and the background genes [ 36 ]. It 
makes it clear that AID requires more than just a 
genetic foundation. Despite the fact that genome- 
wide association studies have identifi ed multiple 
signifi cant associations with specifi c genetic loci, 
concordance rates for MZ twins are still below 
50 % (with a few exceptions), a statistic that sug-
gests additional complementary mechanisms in 
the genesis of AID [ 47 ].  

    Table 24.3    Familial clustering associated with high-risk gene variants in autoimmune disease (selected associations)   

 Disease diagnosed in 
parent 

 Relative risk (as standardized incidence ratio [SIR]) of disease in offspring 

 AS  CD  CE  RA  SLE  T1DM  UC 

 Ankylosing spondylitis  –  NIR  NIR  1.41  NIR  NIR  NIR 
 Celiac disease  NIR  1.61  –  1.31  2.72  1.91  1.27 
 Crohn’s disease  1.86  –  NIR  1.14  NIR  NIR  NIR 
 Systemic lupus 
erythematosus 

 NIR  NIR  NIR  1.77  –  NIR  NIR 

 Type I diabetes mellitus  1.44  NIR  NIR  1.72  1.87  –  NIR 
 Ulcerative colitis  1.72  2.55  NIR  1.15  NIR  1.29  – 

  The source of the data is Hemminki et al. [ 45 ] 
  AS  ankylosing spondylitis,  CD  Crohn’s disease,  CE  celiac disease,  NIR  no increased risk,  RA  rheumatoid arthritis,  SIR  
standardized incidence ratio,  SLE  systemic lupus erythematosus,  T1DM  type I diabetes mellitus,  UC  ulcerative colitis  
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24.3     Contributions of Gender 
to Autoimmune Disease 

 The most striking feature in the diverse group of 
disorders that make up AID, arguably, is their 
defi nitive predominance for females [ 53 ] (see 
Tables  24.1a , Part 1 and  24.1b  Part 2). Autoimmune 
disease is one of the top ten causes of death in 
women under the age of 65 [ 54 ], the second high-
est cause of chronic illness, and the top cause of 
morbidity in women in the United States [ 55 ]. 
Suspicion with regard to the physiological basis 
for the dramatic surfeit of female AID patients 
has rested primarily on the female sex hormone 
estrogen [ 56 ], with lots of evidence to support it 
[ 46 ]. The role of estrogen in immune function as 
well as autoimmune disease is  supported by a 
substantial body of evidence [ 42 ]. 

24.3.1     Estrogen 

 The immune response is heightened in women as 
compared to men [ 57 ]. Both cellular and humoral 
immune responses are more vigorous in women 
than men, making women more resistant to 
 infection, but also more subject to autoimmune 
 diseases [ 41 ]. Women typically respond to infec-
tion (natural and by vaccination) as well as trauma 
with the increased antibody production character-
istic of a T-helper 2 cell (Th2) immune response, 
while men respond with a T-helper 1 cell (Th1) 
response, characterized predominantly by infl am-
mation [ 58 ]. Estrogen’s effect on T-helper cells 
appears to be estrogen dependent. Low doses of 
estrogen stimulate Th1 response and higher doses, 
Th2 [ 59 ], a phenomenon also driven by increas-
ing levels of circulating estrogen of pregnancy. 
Such a shift is also observed during pregnancy 
[ 60 ]. The Th2 response, wherein estrogen stimu-
lates Th lymphocytes to secrete type II cytokines, 
thereby promotes synthesis of antibodies [ 61 ]. 

 Estrogen drastically reduces the size of the 
bone marrow cavity and induces signifi cant atro-
phy of the thymus, sites where deletions of auto-

reactive cells occur. Estrogens are known to 
stimulate lymphopoiesis outside of marrow (pro-
moting auto reactivity by bypassing the normal 
selection process) [ 62 ], so B cells may develop at 
alternative sites (liver and spleen) where less 
stringent selection is occurring. Mice treated with 
endogenous estrogen have extensive hemopoietic 
centers in the liver and spleen with B-cell activa-
tion including autoantibody-rousing cells in the 
spleen and liver [ 42 ]. 

 Estrogen, a principal regulator of proinfl am-
matory molecules [ 52 ], is known to exert numer-
ous effects on individual immune parameters 
(Table  24.4 ).

   Numerous intrinsic (e.g., pregnancy, meno-
pause, disease states) and extrinsic (e.g., oral 
contraceptives, hormone replacement therapy 
[HRT]) factors infl uence serum estrogen levels. 
The course of autoimmune diseases typically 
fl uctuates in parallel to changes in estrogen levels 
[ 46 ]; the role that sex hormones play is clearly 
evidenced by dramatic differences in prevalence 
related to circulating levels of estrogen over the 
female life span [ 42 ]. 

 Autoimmune hepatitis (AIH), for example, 
often ameliorates during pregnancy, with an 
increase in fi rst-time diagnoses in the postpartum 
period [ 75 , 76 ]. The severity of MS as well as RA 
decreases during pregnancy, particularly in the third 
trimester when hormone levels are highest [ 46 ]. 

 SLE varies over the course of the menstrual 
cycle, with fl ares much more likely during peak 
estrogen periods such as the high estrogen levels 
of pregnancy [ 52 ]. Similarly, in vitro fertilization 
procedures and drugs that induce ovulation also 
induce SLE fl ares or the onset of SLE symptoms 
[ 52 ]. New diagnoses and fl ares of existing SLE 
are rare in the postmenopausal period [ 52 ]. 

 Treatment of human peripheral blood mono-
nuclear cells (PBMCs) from SLE patients 
enhanced total immunoglobulin G (IgG) produc-
tion as well as anti-double-stranded DNA 
(dsDNA) autoantibody levels; PBMCs from 
healthy individuals, however, did not; the dispar-
ity proved to be interleukin (IL)-10 dependent 

M.A. Farage et al.



325

[ 77 ]. Testosterone signifi cantly inhibited IgM 
and IgG production by PBMC [ 78 ]. 

 Similar estrogen effects were observed in ani-
mal models [ 46 ]. Animal studies confi rm that 
hormonal manipulations can infl uence disease 

expression [ 53 ]. In a murine lupus model of 
experimental autoimmune encephalomyelitis 
(EAE) in which male mice were castrated, 
 castration produced SLE with disease parameters 
very similar to that in female mice, while 

   Table 24.4    Biological functions of estrogen in the immune system   

 Immune function  Immune characteristic  References 

 B cell  Induction of antibody production  [ 41 ] 
 Produces higher overall immunoglobulin levels  [ 42 ] 
 Promotes antibody response to foreign antigens  [ 42 ] 
 Increases IgG and IgM levels  [ 61 ] 
 Produces polyclonal induction of B cells in vitro  [ 63 ] 
 Alters existing thresholds for B-cell apoptosis as well as B-cell activation  [ 64 ] 
 Induces rapid maturation of B lymphocytes  [ 41 ] 

 T cell  Downregulates the number of immature T lymphocytes  [ 65 ] 
 Stimulates involution of thymus  [ 65 ] 
 Stimulates production of regulatory T cells (Tregs)  [ 66 ] 
 Downregulates CD4 T cells  [ 42 ] 
 Stimulates an increase CD4/CD8 ratios  [ 42 ] 
 Stimulates T-cell activation markers  [ 52 ] 
 Stimulates proliferation of T cells  [ 52 ] 

 Other cell types  Stimulate proliferation of macrophages  [ 52 ] 
 Decrease the number of monocytes  [ 67 ] 

 Cytokines and 
effector molecules 

 Stimulate proinfl ammatory serum markers  [ 68 ] 
 Downregulate soluble cell adhesion molecules in women  [ 69 ] 
 Inhibit expression of monocyte chemoattractant protein-1  [ 70 ] 
 Stimulate interleukin production (IL-1, IL-4, IL-6, and IL-10 in 
macrophages; IL-4, IL-5, IL-6, and 1-0 in Th2 cells 

 [ 41 ] 

 Stimulate cellular response to cytokines  [ 42 ] 
 Stimulate secretion of IL-4, IFN-γ and IL-1  [ 42 ] 
 Stimulate production of antiapoptosis protein Bcl-2  [ 71 ] 
 Inhibit IL-1-induced expression of cell adhesion molecules  [ 70 ] 
 Inhibit of TNF-α expression.  [ 72 ] 
 Downregulate soluble TNF-α  [ 73 ] 
 Suppress IL-2 secretion by T cells as well as receptor expression in 
activated peripheral blood T cells 

 [ 5 ] 

 Induce Th2 pathway cytokines, downregulate Th1  [ 52 ] 
 Infl ammatory chemokines (MCP-1, MCP-5 as well as NO synthase 
[iNOS4] and cyclooxygenase-2) 

 [ 74 ] 

 Systemic  Stimulates resistance to certain infections  [ 42 ] 
 Increases antibody- secreting cells (IgG and IgA)  [ 46 ] 
 Downregulates induction of tolerance  [ 42 ] 
 Stimulates graft rejection  [ 42 ] 
 Suppresses apoptosis  [ 52 ] 

   CD  cluster of differentiation,  IFN-γ  interferon gamma,  Ig  immunoglobulin,  IL  interleukin,  iNOS  inducible nitric oxide 
synthase,  MCP  monocyte chemoattractant protein,  Th  T helper,  TNF-α  tumor necrosis factor alpha  
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 ovariectomized females produced disease param-
eters similar to male mice of the same strain 
(NZBxNZW) F1 [ 46 ]. Estradiol protected the 
female mice from EAE. 

 In other animal studies, fi ve different genes, 
all regulated by either estradiol or dihydrotestos-
terone, contributed to autoimmunity (in vivo 
mouse model with lupus) [ 79 ]. 

 The importance of the hormonal component 
in autoimmunity was illuminated by an experi-
ment in mice, which isolated the chromosomal 
from the hormonal component by moving the 
testis-determining gene SRY from the Y chromo-
some to an autosomal chromosome [ 80 ]. This 
approach revealed that although the XY genotype 
alone stimulated autoantibody proliferation, 
androgens exerted an overriding suppressive 
effect [ 81 ]. Male sex hormones appear to mask 
the otherwise immunostimulatory infl uence of 
the XY genotype. 

 In contrast, however, estradiol increases sus-
ceptibility to experimental myasthenia gravis, 
experimental autoimmune uveoretinitis, and 
lupus [ 5 ]. The effects of estrogen on female- 
predominant AIDs, however, are not generaliz-
able—some are abrogated by testosterone and 
some are amplifi ed [ 82 ]. Gender differences in 
autoimmunity are at least partially mediated by 
regulation at the level of the estrogen receptor.  

24.3.2     Estrogen Receptors 

 Nuclear receptors are factors that bind to DNA 
and act to regulate gene expression at the tran-
scription level (thus known also as transcription 
factors) and include receptors for estrogens and 
androgens [ 52 ]. Estrogen (17-β estradiol), which 
is the principal estrogen in circulation during the 
reproductive years, acts as a ligand for two differ-
ent nuclear receptor proteins, thus forming two 
functionally distinct estrogen receptors, estrogen 
receptor alpha (ERα) and estrogen receptor beta 
(ERβ), which exist in both homo- and 
heterodimers. 

 Estrogen receptors translocate to the nucleus 
where they bind to estrogen-responsive elements 
(EREs) in gene promoters and thus act as an on/

off switch for gene transcription. The estrogen/
estrogen-receptor (E/ER) complex may also 
interact with other transcription factors such as 
NF-Κβ, which is capable of binding to non-ERE 
sites in other promoters [ 83 ]. 

 Both types of estrogen receptors are found all 
over the body, including the ovary, womb, breast, 
bone, and immune cells, T and B cells, dendritic 
cells, neutrophils, macrophages, natural killer 
(NK) cells, thymic stroma cells, bone marrow, 
and endothelial cells [ 83 ]. 

 Although both ERα and ERβ both act to mod-
ulate gene expression of estrogen-responsive 
genes, they modulate that expression in very dif-
ferent ways [ 52 ]. ERα defi ciency in a murine 
model of lupus, for example, resulted in disease 
abrogation and prolonged survival, while ERβ 
defi ciency had minimal effect [ 84 ]. 

 Estrogen receptors also occur in two places, 
with distinctive purposes. Membrane-associated 
ERs amplify signal transduction cascades, where 
nuclear ones induce gene transcription. Mature 
lymphocytes express membrane-associated ERs 
which are activated by estrogen to invoke increased 
calcium fl ex in antigen-activated cells [ 83 ]. 

 The effects of estrogen-receptor regulation of 
immunity and their implications for autoimmu-
nity are many. In one study, estrogen-receptor 
blockers blocked estrogen-receptor activation in 
lupus T cells but not in healthy controls [ 85 ]. 
Decreased ERα in macrophages resulted in the 
stimulation of a cluster of differentiation 4 (CD4) 
cells [ 82 ]. Estradiol (E2), acting via ERα, increased 
proinfl ammatory cytokine expression, enhanced 
proliferative and interferon alpha (INF-α) pro-
duction by CD4+T cells [ 82 ], and differential 
expression of ER-α and ER-β observed in SLE 
and RA [ 83 ]. 

 The presence of two ERs, occurring in two 
different places, adds another layer to hormonal 
regulation of immune processes since the same 
estrogen produces different effects at one recep-
tor versus another [ 41 ], giving the body the abil-
ity to fi ne-tune immune response. 

 Estrogen, then, is believed to be involved in 
the regulation of a wide variety of immune cells 
and a key player in the dysregulation of 
 immunity that leads to both autoimmune and 
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autoinfl ammatory diseases. Paradoxically, how-
ever, comparisons of estrogen levels in female 
patients with different autoimmune diseases 
(including AID patients) showed no difference 
between patients and healthy controls, an indi-
cation that estrogen is just part of a more com-
plex etiology [ 78 , 86 ]. In fact, estrogen is not the 
only component of female gender with the 
potential to contribute to autoimmunity.  

24.3.3     Microchimerism 

 Fetomaternal microchimerism is the presence, 
after pregnancy and delivery, of foreign fetal 
cells in the mother. These include hemapoietic 
progenitor cells with the capacity to induce auto-
immunity and which have been implicated in 
autoimmune disease, in particular, Graves’ dis-
ease [ 87 ]. It is known that fetal cells are found in 
peripheral blood of nearly all women during 
pregnancy, including hematopoietic progenitor 
cells with the potential to become both effectors 
and targets of immune processes, and that mater-
nal DNA can be detected by polymerase chain 
reaction (PCR) in a majority of cord blood sam-
ples [ 87 ]. 

 Female subjects with autoimmune thyroid dis-
ease (Graves and Hashimoto’s) are often shown 
to have microchimeric fetal cells in their thyroid 
glands [ 87 ]. In addition, women with autoim-
mune thyroid disease with sons had higher preva-
lence of male cells in their thyroid than women 
with sons but healthy thyroids [ 87 ]. 

 Sixty percent of women with Graves’ disease 
with onset during reproductive years developed 
the disease in the postpartum period [ 87 ]. Also 
supporting microchimerism as the etiological 
basis of Graves’ disease is a large study that 
found a signifi cant increase in thyroid peroxidase 
autoantibody (TPO) associated with increase in 
parity [ 88 ].  

24.3.4     X Chromosome 

 Interestingly, in a murine model in which the 
authors artifi cially produced XX, XY mice with-

out alteration of actual gonads, the XX genotype 
was associated with greater severity of EAE and 
pristane-induced lupus than XY [ 46 ], demon-
strating that the sex chromosomes beyond the 
infl uence of the sex hormones themselves, con-
tribute to autoimmunity. 

 The X chromosome itself is implicated in the 
genesis of autoimmunity, with the presence of 
two copies of the X chromosome in women 
held responsible for the observed female 
 predominance in AID. Aberrant, congenital 
X-chromosome doses, as in Klinefelter’s syn-
drome (XXY) in men, which greatly increases 
the risk for female-predominant autoimmune dis-
ease, underlines the X chromosome’s importance 
[ 15 ]. Gene expression in X and Y, however, is not 
well understood. The fact that the X chromosome 
itself contains 1,000 unique genes, including 
genes associated with systemic sclerosis, autoim-
mune thyroid disease, and SLE [ 89 ], in and of 
itself infers a substantial role of the X chromo-
some in the regulation of autoimmunity. 

 In women, one X chromosome is habitually 
but randomly inactivated to preserve equal gene 
expression in men and women. However, the 
inactivated X is not completely inactivated, 
meaning that some X-associated genes are over-
expressed in women [ 46 ] as compared to males. 
Partial inactivation of X, then, may contribute to 
gender disparity in AID. The mouse strain BXSB, 
with a translocation mutation in which part of the 
X chromosome has been transferred to the Y, 
develops lupus-like syndrome with high fre-
quency in males, shown to involve overexpres-
sion of Toll-like receptors (TLR)-7, shown to be 
a key player in lupus development [ 46 ]. 

 In addition, although the choice of which X 
chromosome to inactivate is random, certain cell 
types are preferentially inactivated or maintained, 
resulting in “skewed inactivation” that acts to 
modulate gene expression. A high percentage of 
women with systemic sclerosis display skewed X 
inactivation [ 46 ]; skewed X-chromosome inacti-
vation is also implicated in scleroderma in asso-
ciation with reduced regulatory T cell (T reg ) 
activity [ 83 ]. 

 Finally, there is sometimes spontaneous loss 
of the X chromosome with age, observed in 
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increasing frequency with age in blood cells of 
patients with systemic sclerosis and autoimmune 
thyroid disease [ 46 ]. The origin and the effect of 
this spontaneous loss are unclear. 

 Beyond issues of gender created by the gene 
complement of sex chromosomes and hormones 
that the complement stimulates, environmental 
interactions contribute to autoimmunity as well.   

24.4     The Contribution 
of Environmental Agents 
in Autoimmune Disease 

 The fact that monozygotic pairs of female twins 
(with identical genetic and hormonal constitu-
tions) can attribute only 20 % of their phenotypic 
variance to their shared genetic polymorphisms 
implicates environmental exposures in the devel-
opment of autoimmune disease [ 3 ]. These expo-
sures are numerous and contribute to a variety of 
autoimmune diseases. Geographic clusterings of 
specifi c diseases are observed, with wide dispari-
ties in prevalence in different parts of the world. 
Even in the confi nes of the US, multiple sclerosis 
has dramatic geographical specifi city, with a 

prevalence of 61/100,000 in the West, compared 
to only 3/100,000 in the South [ 33 ]. 

 Autoimmunity is associated with seemingly 
improbable environmental factors like season of 
birth or weather patterns [ 3 ]. 

 Many environmental factors, both intrinsic and 
extrinsic, are associated with the development of 
autoimmune disorders (Table  24.5 ). The internal 
biological environment (e.g., endogenous hormones 
and aging) obviously contributes to autoimmune 
disease; extrinsic insults, including environmental 
agents like ultraviolet (UV) light, chemical or other 
occupational exposures, pollutants, or health habits 
like smoking or alcohol consumption, are now rec-
ognized as important components of autoimmune 
disease as well. Environmental factors may initiate 
immunity through nonspecifi c activation of resting 
T cells, modifi cation or release of previously 
sequestered proteins, cross-reactivity between virus 
and self- protein (molecular mimicry), and modula-
tion of gene expression [ 5 ]. Viruses and other infec-
tious agents are also potential environmental 
inducers of AID as well, although, since viral infec-
tion can occur years before the actual onset of a par-
ticular AID, defi nitive associations are diffi cult to 
establish [ 5 ].

    Table 24.5    Environmental triggers for autoimmune disease and their epigenetic effects   

 Environmental exposures  Action  References 

 Methionine, 
S-adenosylmethionine 

 Cofactor involved in DNA methylation  [ 90 ] 

 Folic acid  Cofactor involved in DNA methylation  [ 91 ] 
 Choline  Source of methyl group in DNA methylation  [ 92 ] 
 Betaine  Methyl donor in DNA methylation  [ 92 ] 
 Resveratrol  Inhibits HDAC  [ 93 ] 
 Dietary fat  DNA methylation  [ 94 ] 
 Nickel  Inhibits DNA methyltransferase  [ 80 ] 
 Vinclozolin (fungicide)  DNA methylation in germ line  [ 95 ] 
 Methoxychlor (pesticide)  DNA methylation in germ line  [ 95 ] 
 Pollutants  DNA methylation  [ 96 ] 
 Asbestos  Increases methylation  [ 80 ] 
 Alcohol consumption  Hypermethylation of promoter for HERP gene  [ 80 ] 
 Tobacco  Hypermethylation of tumor-suppressor gene in lungs, 

methylation of other tissues 
 [ 80 ] 

 Marijuana  NA  [ 80 ,  97 ] 
 Stress (mice)  Increase methylation in brain-derived neurotrophic factor gene 

in hippocampus 
 [ 98 ] 

   DNA  deoxyribonucleic acid,  HDAC  histone deacetylase,  HERP  homocysteine-induced endoplasmic reticulum protein, 
 NA  not available  
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   Potential contributions to autoimmunity from 
the environment are virtually endless and differ 
widely with occupation, place of residence, hob-
bies, and medical history. Environmental interac-
tions, like diet, occupation, exposure to 
environmental chemicals, radiation, UV light, 
pathogenic organisms, and medications, can also 
differ by gender [ 36 ] and contribute to gender 
disparities in AID prevalence [ 99 ]. Interestingly, 
the lupus-like syndrome produced by the drug 
procainamide has a male to female ratio of 2:1, 
while in asymptomatic patients, the ratio is 5:1, 
implying an as yet unresolved interaction 
between gender determinants and susceptibility 
to an environmental exposure, procainamide, in 
the development of lupus [ 36 ]. 

 Environmental insults may increase with age, 
including cortisol levels, sleep dysregulation, 
decrease in physical activity, increase in oxida-
tive stress, or nutritional defi ciencies [ 100 ].  

24.5     Immunosenescence 
and Autoimmune Disease 

 The immune system undergoes extensive remod-
eling as humans age, characterized by a progres-
sive deterioration in the ability to mount an 
effective immune response. However, an unex-
plained paradox is a simultaneous increase in 
autoantibody production [ 43 ]. The clinical con-
sequences of this remodeling include a risk of 
neoplasia and infectious disease, as well as auto-
immune disease [ 43 ]. Immunosenescence is a 
subject of increasing interest in medicine, as life 
expectancy, especially in developed countries, 
increases without a parallel improvement in 
health in old age [ 101 ]. 

 The immune system, a complex and exqui-
sitely regulated collection of interdependent 
molecular pathways of both innate and adaptive 
defense, begins to undergo dysregulation of cell 
homeostasis. This causes multiple changes in 
immune function which increase susceptibility 
to the development of autoimmune diseases 
[ 43 ] (Table  24.6 ). Old age is characterized by 
the  rising incidence of autoimmunity [ 103 ] 
and an associated increase in both levels of 

 circulating antibodies and numbers of specifi c 
antibodies in circulation. Persistent high anti-
gen levels activate memory cells, and costimu-
latory T cells become less susceptible to 
downregulation [ 117 ].

   Although immunosenescence affects all cell 
types and results in deterioration of both humoral 
and cellular immunity and multiple cell types, 
age-associated cumulative effects on T-cell func-
tion are the most dramatic and most detrimental 
[ 118 ]. With age, there is a decrease in thymic epi-
thelial space and thymic cellularity, called thymic 
involution; in humans, the increase in perivascu-
lar thymic space is replaced progressively with 
fat [ 101 ]. Humoral immunity as well is severely 
compromised in the aged as a result of decreased 
production of long-term Ig-producing B cells and 
the loss of immunoglobulin diversity and affi ni-
ties [ 101 ]. 

 Although B-cell numbers do not change sig-
nifi cantly, B cells do exhibit a decreased response 
to primary antigenic stimulation [ 119 ]. B-cell 
response (immunoglobulins produced) becomes 
more random [ 119 ] with decreased affi nity of IgG 
produced for a given antigen [ 119 ], and IL-15 
stimulates proliferation of memory T cells. IL-15 
levels nearly double in healthy adults 95 years or 
older (3.05 pg/mL) as compared to both older 
adults (60–89, 1.94 pg/mL) and midlife adults 
(30–59, 1.73 pg/mL) [ 120 ]. With an increasing 
number of memory B cells, the number of autoan-
tibodies also increases with age [ 121 ]. 

 Antinuclear antibody (ANA) levels remain 
constant until age 60 and then increase rapidly. 
Over the age of 70, more than a third of otherwise 
healthy senior citizens exhibit high levels of cir-
culating antibody. 

 Autoantibodies rise because the effi ciency of 
physical barriers is reduced, with higher expo-
sure to pathogens and novel exposure to previ-
ously sequestered self-antigens [ 117 ]. Infections 
can trigger immune-mediated infl ammatory dis-
ease, either by cross-reactivity or by interfering 
with signaling processes regulating immune 
response [ 122 ]. Increasing autoantibodies in old 
age may also be the result of reactivation of self- 
reactive memory B cells originally generated in 
childhood but reactivated [ 119 ]. 
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 Defective clearance of cellular debris can also 
result in prolonged exposure to autoantigens in 
higher concentrations than normal with subse-
quent activation of lymphocytes [ 103 ]. An 
increased basal level of infl ammatory activity 
may result from increased production of proin-
fl ammatory cytokines such as IL6, tumor necro-
sis factor (TNF) alpha, and free radicals [ 123 ]. 

 A large percentage of older people have rela-
tively high titers of autoantibodies due to higher 
exposure to exogenous factors such as poly-
pharmia or multiple infections, with cumulative 
exposure to antibody specifi cities, supported by a 
study in Cameroonians 60 years and older [ 124 ]. 
Autoantibodies (AABs) were observed at a rate 
similar to US averages (49 %) but with a markedly 
different pattern which implied a strong contribu-
tion from extrinsic factors, putatively the wide-

spread presence of chronic infection [ 124 ]. In a 
US study which evaluated Medicare fi les for the 
prevalence of AIDs, the risk increased 41 % with a 
prior infection-related medical visit and by 90 % 
with a prior (pathogen-free) transfusion [ 125 ]. 

 Immunosenescence does not affect men and 
women equally. Men (and postmenopausal 
women), for example, have reduced T-cell 
 immunity as compared to premenopausal women 
[ 126 ]. Furthermore, different forms of estrogen 
are produced at different points of the female life 
span. During the reproductive years, the primary 
circulating form of estrogen is estradiol (E2), 
produced in the ovaries; after menopause, it is 
estrone (E1), which is produced primarily by 
adipose tissues. Estrone is the primary form of 
circulating estrogen in men at all ages. Estradiol 
binds both estrogen receptors (α and β) at equal 

   Table 24.6    Changes in immune function with age (both men and women)   

 Immune function  Change  References 

 B cell  Reduction in early progenitor B cells in bone marrow  [ 102 ] 
 Increase in polyclonal response against diverse mitogens  [ 43 ] 
 Decrease of specifi c-antigen response  [ 43 ] 
 Production of antibodies independent of T-cell activation  [ 101 ] 
 Oligoclonal expansion of B cells  [ 101 ] 
 Increase in B1 cell fraction of B cells  [ 103 ] 
 Maturation of B cells blocked (believed to have inability to rearrange Ig 
genes because of the decrease in expression of RAG-1 and RAG-2 
recombinases) 

 [ 104 ] 

 Reduced output of naïve B cells  [ 102 ] 
 Accumulation of oligoclonally expanded, functionally incompetent 
memory lymphocytes 

 [ 102 ] 

 Decreased numbers of circulating B cells  [ 105 ] 
 CD20+ B cells decrease  [ 106 ] 
 Reduced antigen-recognition repertoire of B cells  [ 107 ] 
 Class switch alterations in immunoglobulins produced  [ 108 ] 
 Stimulated B cells show signifi cant alterations in cellular structures with 
a role in signal transduction 

 [ 109 ] 

 Increase of IgA and several IgG subclasses  [ 110 ] 
 Lymphocytes  Reduction in total numbers  [ 111 ] 
 Molecular  Alterations in cell-surface receptors (e.g., loss of costimulatory receptor 

CD28 expression in CD8+ cells) 
 [ 112 ] 

 Alterations in cytokine and cytokine receptor alterations in T cells  [ 113 ] 
 Alterations in effector molecules  [ 114 ,  115 ] 
 Interleukin 6 levels increase  [ 116 ] 
 Alterations in transcriptional regulators  [ 114 ] 

   CD  cluster of differentiation,  Ig  immunoglobulin,  RAG  recombinase-activating gene  
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affi nity. Estrone however, has a fi vefold higher 
affi nity for ERα than for ERβ [ 127 ].  

24.6     Genes, Estrogen, 
Environment, and Aging: 
Hints of a Nexus in SLE 

 Human lupus is a systemic autoimmune disease 
which primarily affects women, characterized by 
the formation of autoantibodies to nuclear anti-
gens like DNA, with varied pathogenicity, for 
example, deposition of immune complexes in the 
kidneys or in the skin [ 128 ]. 

 SLE, one of the more common autoimmune 
diseases and therefore one of the most studied, is 
nonetheless a disease whose pathogenesis is still 
somewhat murky. Dysregulation of immune 
function seems to be global, as multiple genes 
appear to more or less simultaneously escape 
control [ 52 ]. In a study which analyzed SLE 
sera, 30 disparate proteins (cytokines, chemo-
kines, growth factors, and soluble receptors) 
were observed to be outside the range observed 
in normal controls [ 52 ], highlighting the multi-
factorial etiology of AIDs like SLE, a complex-
ity that has made defi nitive etiologies elusive. 
Over the last several years, however, the multi-
disciplinary profi le of SLE has come together 
that moves toward integration of the disparate 
infl uences on SLE for a more comprehensive 
understanding. 

24.6.1     The Genetic Foundation 
of SLE 

 SLE has solid evidence of a genetic foundation. 
Multiple genetic loci are identifi ed with risk 
[ 128 ]; HLA variant HLA DR3-DQ2.5-C4AQ0 is 
strongly associated with SLE (odds ratio [OR] 
2.8, 95 % confi dence interval [CI] 1.7–4.5) [ 129 ]. 
No single gene or group of structural gene 
defects, however, has emerged as a defi ning 
genetic factor [ 74 ]. In addition, there is minimal 
concordance between MZ twins, implying an 
existence for other complementary components 
as well [ 128 ].  

24.6.2     The Contribution 
of Estrogen to SLE 

 Estrogen is abnormally metabolized in SLE, with 
an increase in the production of 16-hydroxyestrone 
and estriol metabolites which putatively lead to a 
chronic hyperestrogenic state [ 41 ]. Estrogen is 
clearly an important component of disease 
course, which fl uctuates in close parallel to estro-
gen levels [ 130 ]. 

 In addition, when a cohort of 238,308 women 
was evaluated prospectively, risk factors for SLE 
showed a strongly positive association with 
cumulative estrogen exposure. Menarche earlier 
than age 10 (relative risk [RR] 2.1, 95 % CI 1.4–
3.2), the use of oral contraceptives (RR 1.5, 
95 % CI 1.1–2.1), and the use of HRT (RR 1.9, 
95 % CI 1.2–3.1) in menopause all raise the risk 
signifi cantly [ 131 ]. 

 Several etiological pathways have been 
implicated in estrogen’s effects. One strong can-
didate is the strong association of SLE with an 
observed demethylation of CD40 ligand on 
CD40+T cells [ 132 ]. This demethylation, when 
present on the inactive X chromosome, results 
in the overexpression of CD40 ligand on CD4+ 
cells, which in turn induces the production of 
autoantibodies [ 85 ]. 

 SLE is characterized by the largest number of 
detectable autoantibody specifi cities among the 
autoimmune diseases, which could result from 
T-cell escape from normal regulation [ 52 ]; auto-
antibody secretion could result from abnormal 
T-cell regulation. Estrogen-dependent T-cell 
stimulation, therefore, provides a specifi c path-
way between hormone activation of the T cell, 
increased T-cell interactions with B cells, and the 
subsequent overexpression of autoantibodies 
characteristic of SLE [ 52 ]. 

 Expression of the T-cell activator calcineurin 
is increased when estrogen is cultured with SLE 
T cells but not with T cells from normal women. 
This is an upregulation of T-cell function that 
appears to be estrogen driven since estradiol, 
bound to the ER, evokes a direct increase in cal-
cineurin expression in T cells from female lupus 
patients. This does not happen in males, implying 
a disease-related alteration of the ER specifi c to 
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women [ 133 ]. Estrogen stimulation of calcineu-
rin expression is dose dependent [ 130 ]. Thus, 
estrogen stimulation of calcineurin expression 
may be what upregulates T-cell regulation, add-
ing to the existing genetic-, environmental-, and 
immunosenescence-burdened threshold for 
disease. 

 ERα also plays a role in SLE disease activity. 
ERα promotes lupus by inducing interferon 
(IFN) and cytokines [ 134 ]. A defi cit in ERα 
attenuates lupus in NZB/NZW mice disruption of 
ERα in female NZB/NZW, delays onset of glo-
merulonephritis, increases survival, and delays 
the production of autoantibodies; ERα defi ciency 
in male mice increases survival and decreases 
anti-DNA antibodies [ 134 ]. 

 A decrease in SLE disease activity also corre-
lates with abrogation of interferon alpha/beta 
(INF-αβ) signaling, implicating INF receptors in 
SLE pathogenesis [ 135 ]. Increased levels of 
estradiol could seemingly be assumed to cause 
dose-dependent effects across the immune sys-
tem. Estrogen levels in autoimmune diseases like 
SLE, however, do not differ dramatically from 
normal controls. Clearly, then, estrogen does not 
act in a vacuum.  

24.6.3     The Role of Environment 
in SLE 

 SLE, in addition to strong evidence for both 
genetic and sex-hormone components to the dis-
ease state, is the autoimmune disease most 
strongly associated with a specifi c environmental 
component. Numerous lupus-like syndromes are 
widely recognized to result from exposure to 
over 100 different pharmaceuticals (most com-
monly procainamide and hydralazine). Drug- 
induced lupus syndromes, in fact, permitted the 
use of mouse models in targeted investigation 
into pathogenic mechanisms, for example, the 
realization that 5-azacytidine (known to inhibit 
DNA methylation) causes CD4+T cells to 
become autoreactive with the ability to respond 
to antigen-presenting cells (APCs) directly (with-
out exposure to antigen). Intriguingly, the effects 
were reversible when the drug was removed 

[ 128 ]. Bacterial and viral infections are also 
believed to be environmental triggers [ 136 ]. 
Ultraviolet light is also known to cause lupus 
fl ares [ 128 ].  

24.6.4     The Contribution 
of Immunosenescence to SLE 

 Defects in apoptosis mechanism as well as 
impaired clearance of apoptotic cells have also 
been implicated in SLE pathogenesis. Impaired 
clearance creates a progressive accumulation of 
autoantigens with an increasing likelihood of an 
autoimmune response [ 137 ]. Regulation of apop-
tosis is also deranged with increased age, with 
impaired clearance of cellular debris [ 138 ], a fac-
tor which could augment effects produced by 
estrogen. 

 As the pathogenic basis for SLE is further 
revealed, we begin to glimpse a variety of known, 
implicated, and potential mechanisms, from dis-
parate infl uences but which have plausible 
 interdependent actions with plausible ability to 
create a genesis of autoimmunity. The genetic 
platform of susceptibility is built upon, brick by 
brick, by the multiple potential infl uences of the 
immune dysregulation characteristic of increas-
ing age, the chromosomal and hormonal contri-
butions of gender, and a lifetime of environmental 
insults. Combined, they push the immune system 
gradually toward immunodysregulation until the 
threshold is crossed to overt SLE [ 139 ]. The 
question is how that happens.   

24.7     NF-КΒ: Insights from One 
Protein’s Role in Gene 
Regulation 

 NF-Кβ is a family of transcription factors ubiqui-
tous in the cytoplasm of immune cells, which 
clearly plays a fundamental role in immunoregu-
lation (Table  24.7 ). NF-Кβ proteins occur as 
dimers and its distribution can differ between tis-
sues. Nuclear factor-Кβ1 (aka p50) and RelA 
(aka p65) heterodimers are expressed ubiqui-
tously; nuclear factor-Кβ2 (aka p52), RelB, and 
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c-Rel are expressed only in lymphoid cells and 
tissues. The intercellular balance between differ-
ent nuclear factor-Кβ dimers determines which 
complex will bind target DNA sequences. NF-Кβ 
is activated by specifi c factors like lipopolysac-
charide (LPS), TNF-α, and IL-1 as well as by 
nonspecifi c factors like UV radiation or oxidative 
stress, which leads to dissociation of nuclear 
factor-Кβ from a binding protein inhibitory Кβ 
(IКβ), allowing NF-Кβ to enter the nucleus [ 1 ]. 
In some normal cells, such as B cells, some T 
cells, Sertoli cells, and some neurons, NF-Кβ is 
constitutively located in the nucleus [ 140 ].

   Nearly countless genes, many of which are 
implicated in pathways to AID (e.g., infl ammatory 
molecules, apoptosis inhibitors, growth factors, 
proteins for viral replication, and self-regulatory 
proteins for NF-Кβ actions) appear to either alter 
NF-Кβ regulation or to be altered by NF-Кβ 
(Table  24.8 ). Not surprisingly, NF-Кβ is often pro-
posed as an agent in the pathogenesis of autoim-
mune disease.

   NF-Кβ appears to encourage autoimmune dis-
ease in several ways. It increases tolerance to 
self-antigens by acting on APCs and thymocytes 
in such a way that negative selection is deranged, 
causing increased survival of autoreactive T cells 
in the peripheral circulation and an enhanced sus-
ceptibility to environmental insults with the 
potential to trigger autoimmune disease [ 1 ]. 

 NF-Кβ also initiates the infl ammatory response 
when activated by bacterial or viral interaction 
with TLRs on macrophages, dendritic cells, and 
other cells that effect innate immunity [ 1 ]. NF-Кβ, 
in turn, activates transcription for genes encoding 
infl ammation-related cytokines, chemokines, and 
other molecules required for the migration of 

infl ammatory and phagocytic cells into areas of 
infection or injury [ 1 ]. TLRs in the endoplasmic 
reticulum, endosomes, and lysosomes also recog-
nize bacterial and nuclear DNA and, through 

   Table 24.7    NF-Кβ family of proteins   

 NF-Кβ 
protein  Responsible gene  Protein also known as 

 NF-κβ1  NF κβ1  p50 
 NF-κβ2  NF κβ2  p52 
 RelA  RELA  p65 
 RelB  RELB  – 
 c-Rel  REL  – 

   NF-κβ  nuclear factor kappa-light-chain-enhancer, also 
sometimes NF-kappa B  

     Table 24.8    NF-Кβ pathways to autoimmunity: inducers 
of NF-Кβ, its target genes, and associated diseases   

 Inducers  Bacteria and their products 
 Chemicals 
 Disease 
 Environmental agents 
 Fungi and their products 
 Growth factors 
 Hormones 
 Mediators of apoptosis 
 Mitogens 
 Pharmaceuticals 
 Physiological stress 
 Proinfl ammatory cytokines 
 Radiation 
 Viruses and their products 

 Target genes  Acute-phase proteins 
 Antigen presentation proteins 
 Apoptosis regulation proteins 
 Cell adhesion molecules 
 Cell-surface receptors 
 Chemokines 
 Cytokines 
 Early response genes 
 Enzymes 
 Growth factors 
 Immune receptors 
 Stress response genes 
 Transcription factors 
 Virus particles 

 Associated 
immune diseases 

 Burkett’s lymphoma and 
Epstein-Barr virus (EBV) [ 141 ] 
 Cancer of the vulva [ 142 ] 
 Cervical cancer [ 143 ] 
 Crohn’s disease [ 144 ] 
 Hodgkin’s lymphoma [ 145 ] 
 Infl ammatory bowel disease 
(IBD) [ 146 ] 
 Multiple myeloma [ 147 ] 
 Multiple sclerosis (MS) [ 148 ] 
 Ovarian cancer [ 149 ] 
 Rheumatoid arthritis (RA) [ 150 ] 
 Systemic lupus erythematosus 
(SLE) [ 151 ] 
 Type I diabetes [ 152 ] 
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NF-Кβ, induce autoimmune reactions [ 153 ]. 
Infl ammation, in turn, causes tissue breakdown 
and the erosion of peripheral tolerance [ 1 ]. 

 NF-Кβ also promotes stimulation of an 
immune response in the absence of antigen due to 
dysregulation of apoptosis, as many of NF-Кβ 
target genes are also NF-Кβ inducers, creating a 
continual feedback loop that can drive an infl am-
matory response explosively even in the dearth or 
absence of antigenic stimuli [ 1 ]. Reduction of 
NF-Кβ activity, in fact, promotes the survival of a 
hyperactivated autoreactive T cells [ 13 ]. 

 Functional control of apoptosis is integral for 
both the development and selection of both T and 
B cells. NF-Кβ regulates apoptosis in many cell 
types; whether apoptosis is induced or suppressed 
depends on the specifi c type of cell, the specifi c 
inducer, and the relative level of intracellular lev-
els of subunits [ 1 ]. 

24.7.1     NF-Кβ and the Genetic 
Predilection for Autoimmune 
Disease 

 NF-Кβ builds upon genetically conferred risk by 
acting to inappropriately induce gene products. 
NF-Кβ, once activated, is able to enter the 
nucleus. There, it binds rapidly to DNA, stimulat-
ing the expression of target genes, including 
many cytokines, chemokines, and other factors 
involved in immune-cell signaling (see 
Table  24.8 ). Monocytes and B cells appear to 
produce express active NF-Кβ; T cells, however, 
require proteasome- dependent activation [ 13 ].  

24.7.2     NF-Кβ and Sex Hormones 

 Estrogens, interestingly, are known to regulate 
NF-Кβ activity. 17-β estradiol raises NF-Кβ lev-
els as well as the levels of TNF-α that it induces 
in a dose-dependent fashion, causing enough 
overexpression of relevant cytokines to poten-
tially cause autoimmune disease in the physio-
logical context [ 13 ]. High concentrations of E2 
modulates NF-КB signaling and affects T-cell 
survival [ 82 ]; estrogen regulates infl ammation 

[ 154 ]. Estrogen acts to regulate infl ammation 
through posttranslational modifi cation of STAT-1 
and NF-Кβ proteins [ 74 ]. 

 NF-Кβ interacts directly with estrogen, bind-
ing to both ERs, and forming both homo- and 
heterodimers. When bound, ERs translocate to 
the nucleus where they bind to EREs in gene pro-
moters, thereby directly controlling gene tran-
scription. The E/ER complex may also interact 
with other transcription factors such as additional 
NF-Кβ, capable of binding to transcription fac-
tors that are not estrogen related. 

 Estrogen interactions with NF-Кβ intriguingly 
also appear to drive gender specifi city of autoim-
mune disease. A recent report revealed that per-
oxisome proliferator-activated receptor (PPARα) 
mediates infl ammatory responses by activating 
NF-Кβ and thus inducing production of INF-γ 
and TNF downregulation of Th2 cytokines. Men 
are less prone to develop some autoimmune dis-
eases because CD4+T cells express higher levels 
of PPARα [ 155 ].  

24.7.3     NF-Кβ and Environment 
and Aging 

 Cigarette smoke, an environmental factor associ-
ated with numerous autoimmune diseases, is 
known to induce the release of TNF, TNF alpha 
receptors, IL-1, IL-6, IL-8, and granulocyte mac-
rophage colony-stimulating factors (GM-CSF) 
and decrease IL-10 and IFN-gamma [ 33 ]. Many 
of these cytokines and other factors are inducers 
of the NF-Кβ pathway. Numerous other chemical 
agents and environmental threats are implicated 
in the modulation of the actions (see Table  24.8 ). 

 The NF-Кβ functions are implicated in the 
processes of immunosenescence itself [ 156 ]. In 
another positive feedback loop, the progressive 
deterioration of immune functions regulated by 
multiple cytokines and other regulatory factors 
that are known inducers are targets of NF-Кβ 
actions, it is probable that immunosenescence 
augments NF-Κβ contributions to autoimmune 
disease. Suppression of NF-Кβ activity is a com-
mon denominator in at least T1DM, SLE, MS, 
Crohn’s disease, and RA. 
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 NF-Кβ, then, provides an example of a tran-
scription factor, one of many that provide a link 
between the genetic background of the individual 
and the infl uences of aging, estrogen, and envi-
ronmental interactions on that genetic predisposi-
tion, driving genetic risk toward the onset of 
autoimmune disease [ 1 ] (Table  24.9 ).

24.8         Epigenetics: The Missing 
Link in an Integrated Theory 
of Autoimmune Disease 

 Epigenetic actions are cell specifi c, and these 
actions represent stable changes to DNA that act 
to regulate gene expression, but do not cause 
mutation. Epigenetic changes do not alter DNA 
sequence, but instead control gene expression 
[ 47 ]. These epigenetic changes effect real-time 
control of homeostasis in the body and maintain 
the normal function of every cell and its 
metabolism. 

 Epigenetic mechanisms confer “phenotypic 
plasticity” to the genotypic platform by giving 
the body, at the cellular level, an ability to respond 
to both internal and external environmental cues 
[ 165 ]. Cells, for example, monitor inventories of 
necessary compounds and are able to modulate 
transcription of appropriate genes through epi-
genetic mechanisms [ 166 ]. Epigenetic modifi ca-
tions of DNA are abundant in every cell, changes 

which are stable because they are heritable dur-
ing cell division [ 165 ]. 

 Epigenetic changes are involved in normal 
development as well as in disease. Epigenetic 
variation over time depends on genotype, envi-
ronment, sex hormone interactions, and undoubt-
edly other undetermined stochastic factors [ 80 ]. 
Such epigenetic changes provide a ready expla-
nation for discordance in MZ twins with regard 
to epigenetic diseases that clearly have a strong 
genetic foundation [ 94 ], literally serving as the 
physiological link between the genome and the 
genesis of disease. Phenotypic differences in 
identical twins, caused by epigenetic changes, 
increase steadily with age (“epigenetic drift”), 
driven by regular environmental insult [ 47 ]. 

 Epigenetic changes are effected by three pri-
mary mechanisms as follows: (1) methylation or 
demethylation of DNA, particularly in promoter 
sequences of genes; (2) histone modifi cations, 
which effect steric changes to chromatin that act 
to regulate gene transcription; and (3) micro ribo-
nucleic acid (miRNA) particles, typically 22 
nucleotides in length, which bind to and degrade 
complementary messenger RNA (mRNA) after 
transcription, therefore preventing translation 
[ 47 ] (Table  24.10 ). Monozygotic twins, with age, 
show increasing variance in total DNA methyla-
tion as well as in acetylation of histone H3K9, 
with older sets of twins acquiring signifi cantly 
more epigenetic variance than younger sets [ 165 ].

   Table 24.9    Role of NF-Кβ in various autoimmune diseases   

 Disease  Affected genes  Effect on NF-Кβ  References 

 Crohn’s disease  NOD2  Decreased cell signaling  [ 13 ] 
 TNF  Suppresses activation  [ 157 ] 

 Diabetes mellitus type I 
(mouse) 

 LMP2  Prevents activation, which also suppresses 
LMP2 

 [ 158 ] 

 Diabetes mellitus type I 
(human) 

 SUMO4  Over ubiquitination prevents activation  [ 159 ] 

 Infl ammatory bowel disease  TNF  Suppresses (TNF suppressed also)  [ 160 ] 
 Multiple sclerosis  NF-Кβ family  Undefi ned, possibly related to NF-Кβ 

inhibitory protein I Кβ 
 [ 161 ] 

 Rheumatoid arthritis  NF-Кβ  Increased HDCA activity, promoter demethylation  [ 162 ] 
 Sjögren’s syndrome  LMP2  Suppresses activity, which also suppresses LMP2  [ 163 ] 
 Systemic lupus erythematosus  NF-Кβ  Decreased activity  [ 164 ] 

   LMP  latent membrane protein,  NF-Кβ  nuclear factor kappa-light-chain-enhancer,  NOD  nucleotide-binding 
oligomerization domain,  TNF  tumor necrosis factor,  SUMO  small ubiquitin-related modifi er  
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24.8.1       Mechanisms of Epigenetic 
Change 

24.8.1.1     DNA Methylation 
 Inherited patterns of DNA methylation are largely 
wiped away shortly after an embryo is fertilized, 
with a rapid eradication of the paternal genome 
patterns but only partial demethylation of mater-
nal DNA. Genome-wide remethylation occurs in 
the blastocyst stage and tissue-specifi c remethyl-
ation follows later [ 80 ]. DNA methylation 
enzymes DNMT1, DNMT3a, and DNMT3b 
enact these changes during fetal development; 
they reproduce epigenetic markings after cell 
division as well as maintain or copy methylation 
marks after DNA replication that remethylate in 
the blastocyte stage [ 80 ]. 

 DNA methylation occurs mainly in DNA 
sequences in which cytosine residues precede 
guanine residues to yield 5-methylcytosine 
(5-meC). This resulting dinucleotide is called 
C-phosphate-G (CpG). Many areas of the human 
genome are rich in CpGs; CpG-rich areas are 
known as CpG islands. CpG islands typically 
occur in gene promoter regions and are usually 
unmethylated in normal cells [ 80 ].  

24.8.1.2     Histone Modifi cations 
 Chromatin is made up of four core histones, 
wrapped in 147 base pairs (bp) of DNA. Four epi-
genetic modifi cations to DNA in conjunction 
with histones (typically what is called the “his-
tone tail,” a stretch of DNA that protrudes from 
the histone) are commonly observed: acetylation, 
methylation, phosphorylation, and ubiquitination 
[ 80 ]. Histone methylation is controlled by his-
tone methyltransferases and demethylases [ 166 ]. 

 DNA methylation and histone modifi cation are 
coupled through both DNA methyltransferases 

(DNMTs) and different families of methylated 
DNA binding proteins that associate with histone-
modifying enzymes in multiprotein complexes; 
both regulate transcription in the nucleus and 
affect nuclear architecture that also acts to regu-
late gene expression, therefore producing multi-
ple levels of regulation of gene expression [ 137 ]. 

 The third more recent epigenetic effectors are 
miRNAs, typically 22-nucleotide noncoding 
RNAs that control gene expression at the post-
transcriptional level by binding (through partial 
sequence homology) to the three prime untrans-
lated region (3′UTR) of RNAs, producing trans-
lation inhibition or degradation of miRNAs [ 74 ]. 

 MicroRNA acting posttranslationally provides 
a mechanism for quantitative regulation of genes 
(rather than off/on signals at the genome level) 
and acts to fi ne-tune cellular responses to environ-
mental infl uences [ 167 ], thereby regulating 
immune-cell development as well as maintaining 
immune homeostasis and immune tolerance [ 74 ].   

24.8.2     Epigenetic Contributions 
to Autoimmunity and Gender 

 ER function is regulated by epigenetic mecha-
nisms. ER occurs in nearly every immune-cell 
type and is distributed at the cellular membrane, 
cytoplasm, nucleus, and mitochondria [ 168 ]. 

 ER-α is epigenetically regulated; T cells from 
SLE patients have decreased total genomic meth-
ylation compared with age-matched controls [ 52 ]. 

 Nuclear ERs provide DNA-dependent regula-
tion of gene expression mediated through the his-
tone-acetylation enzyme histone acetyltransferase 
(HAT). The binding of HATs to the ER produces 
acetylation of local histones, which in turn cause 
steric changes that facilitate gene  transcription by 

   Table 24.10    Epigenetic mechanisms   

 Effector  Chemical action  Effect 

 Histone modifi cation  N-terminal histone tails are acetylated, deacetylated, 
methylated, or demethylated 

 Modifi es steric accessibility to 
target genes 

 DNA methylation  Methyl group added to cytosine residues in cytosine-
rich promoter regions 

 Generally silences affected gene 

 MicroRNA  Binds and degrades complementary miRNA  Blocks translation of target genes 

   DNA  deoxyribonucleic acid,  miRNA  microRNA,  RNA  ribonucleic acid  
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permitting transcription factor binding with pro-
moter regions of estrogen-responsive genes. 

 Dysregulated mRNA expression has also been 
observed to be estrogen driven in association 
with autoimmune disease [ 169 ]. 

 DNA methylation is also involved in genomic 
imprinting (the preferential gender-specifi c 
silencing of genetic material, for example, the 
paternal X chromosome in mammals) and 
X-chromosome inactivation [ 80 ]. 

 It is also reported that differentiation of 
T-helper cells in the direction of either the Th1 or 
Th2 pathways is epigenetically regulated—Th1 
cells have a demethylated IFN-γ promoter, with 
repressive epigenetic histone modifi cations at the 
IL-4 to IL-13 locus, while Th2 cells carry the 
opposite profi le [ 170 ]. 

24.8.2.1     Aging 
 Global DNA methylation decreases with age [ 80 ], 
simultaneously coupled with hypermethylation 
specifi c to CpG island gene promoters or ribo-
somal DNA clusters [ 80 ], changes that almost 
certainly contribute to immunosenescence [ 80 ]. 

 Several papers have reported age-associated 
changes in global and specifi c histone profi les, 
as well as in several histone-modifying 
enzymes [ 171 ]. 

 The biological basis of aging is a progressive 
decline in the ability to adapt to the environment 
due to loss of normal gene regulation precipitated 
by changes in gene promoters or gene silencing 
regions [ 165 ]. Age-associated changes to DNA 
methylation patterns or histones and their regula-
tory enzymes certainly increase the risk for dys-
regulation of gene expression, including the myriad 
of genes related to immunoregulatory molecules.  

24.8.2.2     Environment 
 An expansive list of environmental factors are now 
known to directly or indirectly induce epigenetic 
changes that, through changes in gene expression, 
modulate immune-cell function. Epigenetics then 
provides molecular mechanisms that explain the 
environmental effects on the development of 
 autoimmune disorders [ 3 ]. The fact that many 
autoimmune disease are striking greater numbers 
of individuals, in populations whose background 

of genetic, gender, and aging can be assumed to be 
relatively stable, is an indication of the importance 
of environmental interactions in autoimmune dis-
ease. Genetically identical laboratory animals 
raised under identical conditions similarly evi-
dence environmental importance and also evi-
dence epigenetic drift [ 80 ]. 

 One of the fi rst and most interesting examples 
of the power of epigenetics was the Dutch Hunger 
Winter. A severe famine at the end of World War 
II affecting a specifi c area of the Netherlands 
suggests that famine exposure at a critical period 
in utero can lead to adverse phenotypes. In this 
group, there was an increased risk of coronary 
artery disease (CAD) specifi c for exposure to 
famine early in gestation. A similar infl uence of 
the environment has been shown in agouti mice, 
in which epigenetic changes related to diet deter-
mine coat color; foods rich in methyl donors 
change the coat color in offspring, a modifi cation 
produced by altered DNA methylation [ 47 , 172 ]. 

 Many other environmental interactions effect 
epigenetic changes that contribute to disease (see 
Table  24.5 ).  

24.8.2.3     Systemic Lupus 
Erythematosus 

 Lupus, one of the most investigated of autoim-
mune diseases, is arguably also the most well char-
acterized in terms of epigenetic etiology [ 128 ]. 
DNA methylation patterns have been associated 
with immune dysregulation in SLE. A study which 
looked at genome-wide DNA methylation patterns 
in a cohort of MZ twins discordant for SLE found 
DNA methylation differences in genes relevant to 
SLE pathogenesis, with a decrease in total meth-
ylation content [ 173 ]. Human SLE patients have 
reduced total deoxymethylcytosine content and 
decreased levels of DNMT1, an enzyme which 
drives the methylation of cytosine residues; 
demethylated T cells stimulated antibody produc-
tion by autologous B cells [ 47 ]. Drug-induced 
lupus is predictably induced by procainamide and 
hydralazine (methylation inhibitors) [ 47 ] and is 
the mechanism found with other drugs as well. 

 Global acetylation of H3 and H4 histones was 
observed in active SLE CD4+ cells, a change 
negatively correlated with disease activity. 
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 Estrogen and the female chromosome com-
plement are known to contribute to female pre-
disposition to lupus (in a mouse model) through 
both hormonal infl uence and epigenetic effects 
on the X chromosome [ 174 ]. 

 Epigenetic processes contribute to dysregula-
tion of both B- and T-cell function [ 47 , 165 , 175 ]. 
Numerous associations of lupus with miRNA 
changes have been observed. In human patients, 
PBMC displayed abnormal miRNA expression 
patterns in PBMC as compared to controls [ 74 ], 
although the association of these abnormal pat-
terns with overt dysregulation was not consistent, 
a conundrum which may involve sex-hormone 
levels or other environmental infl uences [ 167 ]. 
Specifi c miRNAs have recently been identifi ed to 
infl uence T-cell sensitivity and selection [ 167 ] as 
well as the IFN-gamma pathway; the underex-
pression of miR-146a in lupus patients effects 
alterations in type I IFN pathways via key signal-
ing proteins. Models have also observed disrupted 
miRNA patterns in lupus-affected mice [ 74 ]. 

 Epigenetic changes are now being identifi ed as 
the root of nearly every autoimmune disease. The 
accumulation of epigenetic changes that disrupt 
immune function and contribute to a breakdown 
in immune tolerance through DNA methylation, 
histone modifi cation, and miRNA binding cre-
ates autoimmune disease through aberrant regu-
lation of gene expression. 

 Epigenetics is then the missing link in the 
chain of events that produces autoimmune dis-
ease from the starting point of modest genetic 
risk. That risk, acted on by a lifetime of hormone 
changes, environmental interactions, and inexo-
rable aging, eventually results in a full-blown 
autoimmune disease. Epigenetics, reversible but 
acting at the DNA level, defi nes mechanisms that 
can explain the environmental effects on the 
development of autoimmune disorders [ 3 ].    

24.9     Summary 

 Although autoimmunity is affected largely by 
autoantibodies, the development of autoimmune 
disease requires an aberrant yet sophisticated 
interplay of a multitude of immunoactive genes, 

resulting after years of random boosts in risk 
from genes, estrogen, environmental insults, and 
the inexorable process of aging, in a point at 
which immune tolerance and the onset of autoim-
mune disease occurs. Up until the last few years, 
the manner in which the process unfolds within 
the body, in which both set internal parameters 
and variable external risks act in concert to bring 
about disease, has been somewhat mysterious. 

 Epigenetics is a new frontier in understanding 
the etiology of complex disease, providing a fi rm 
footing for etiology theories by defi ning mecha-
nisms by which environmental conditions, both 
internal and external, are acted upon to create dis-
ease. Moreover, since epigenetic changes are 
reversible, they provide great potential for thera-
pies in autoimmune diseases. Further research 
will provide better understanding of epigenetic 
processes. With targeted intervention, a cure for 
autoimmune disease may be on the horizon.     
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25.1            Introduction 

 The aging body, and therefore the aging skin, is a 
constant concern in all civilizations. The most 
developed society has higher prevalence of dis-
eases associated with senescence. In industrial-
ized countries, birth rate decreases, and life 
expectancy increases making an aging society. 
Moreover, in modern societies, the worship given 
to physical appearance makes aging a transcen-
dent topic. Skin aging is defi ned as a series of 
changes occurring with age and that are deter-
mined by intrinsic and extrinsic factors. 
Chronological or intrinsic aging is a set of clini-
cal, physiological, biochemical, and histological 
changes, involving epidermal cell turnover, der-
mal substance clearance, thickness and cellular-
ity of the dermis, ability of thermoregulation, 
immune response, sensory perception, secretion 
of sebaceous and sweat glands, and vitamin D 
synthesis. Extrinsic factors not only accelerate 
the chronological process of skin aging but also 
may exaggerate and introduce qualitative changes 
in it. Among the extrinsic factors, the most 
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important is ultraviolet radiation (UV) exposure. 
The sun exposure is responsible for most of the 
cosmetic trouble (atrophy, spots, and wrinkles) 
and clinical complaints (telangiectasia, basal and 
squamous cell carcinoma, and melanoma) affect-
ing elderly people. Other well-defi ned extrinsic 
factor is pollution. All these factors act on the 
skin, causing changes at the morphological and 
functional level; therefore, the prevention or 
delay of its effects may preserve the skin improv-
ing the quality of life. For all these reasons, iden-
tifying biomarkers of aging in the skin is currently 
a topic of great interest.  

25.2     Morphological Alterations 

25.2.1     Epidermis 

 The gradual thinning of the skin and atrophy are 
changes that occur with aging. These phenom-
ena, which start at 30 and intensify between 40 
and 50, coinciding with menopause, are more 
pronounced in areas exposed to sunlight. At the 
microscopic level, this is described as a lack of 
basal-granular-squamous cell differentiation and 
loss of the architectural polarity.  

25.2.2     Dermis 

 The dermis is the physical support of a multitude 
of anatomical structures (capillaries, veins, 
receptors and nerve endings, glands). In aged 
skin, a decreased cellular thickness of the dermis 
and a fl attening and widening of the dermal papil-
lae are detected. 

 The main components of the dermis are col-
lagen, elastin, and fi broblasts. Collagen repre-
sents about 80 % dry weight of adult skin, having 
a high tensile strength that prevents the skin tear 
by elongation. Elastin, which represents nearly 
5 % of the dermis, is an elastic protein that 
 maintains skin tension. Finally, the fi broblast is 
the cell that synthesizes all matrix components – 
collagen, elastin, and ground substance. 

 There are at least eight different types of 
 collagen, and they are all composed of three 

polypeptide chains. The most abundant collagen 
is type I, which is the only type identifi ed in the 
bone and the predominating form in adult skin 
[ 1 ]. Type III is also common in the skin but in a 
lower concentration than type I. Type IV is the 
major structural component of basement mem-
branes and is responsible for their mechanical 
elasticity. 

 The hair and nails are constituted largely by 
keratin, which is hard and insoluble, whereas 
skin is almost pure collagen. The collagen’s 
fi brous protein has a high tensile strength capa-
ble of withstanding mechanical stresses. 
Collagen is found in the connective tissue of the 
skin, tendons, cartilage, bone matrix, and eye 
cornea [ 2 ,  3 ]. The genesis of human collagen 
type I requires the presence of fi broblasts. These 
cells synthesized procollagen I, which is subse-
quently transformed into collagen in the extra-
cellular space. Successively, the collagen fi bril 
must undergo a series of changes in the extra-
cellular space to improve its stability and tensile 
strength, becoming less soluble and more sta-
ble. Collagen has different catabolism in the 
diverse tissues with a higher renewal rate in the 
bone and muscle and lower turnover in the skin 
and tendons. Differences between tissues are 
due to the disparity in the solubility and cross-
links of the different collagens [ 4 ]. The glyco-
sylation of the collagen may be involved in the 
age-related formation cross-links of collagen. 
This is a key process for understanding skin 
aging. 

 Collagen synthesis and enzymes involved in 
posttranslational processing of the collagen in the 
skin are impaired in the process of aging [ 5 ]. 
Collagen stability increases with age because a 
majority of cross-links between collagen mole-
cules becomes non-reductible [ 6 ]. 

 Morphological and histochemical changes 
occurring in the collagen at the sunlight-exposed 
skin are similar to those that occur later and less 
sharply in unexposed skin during aging. Besides 
an age-related decrease in the number of fi bro-
blasts and mast cells in the dermis, a decrease in 
collagen content of the skin is also observed [ 7 ]. 
As a result of this change in collagen content, an 
increase in laxity and wrinkles can occur. 
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 There are certain chemical changes in the der-
mal collagen that are age related. Increased col-
lagen glycosylation associated with age maybe is 
key factor in the formation of cross-link collagen. 
The dermis also contains minor amounts of gly-
cosaminoglycans, which are closely associated 
with dermal collagen. Glycosaminoglycans have 
a high water binding capacity and are essential 
for normal skin hydration. A signifi cant decrease 
of glycosaminoglycans, especially hyaluronic 
acid, might explain the dehydrated, dry, and 
wrinkled appearance of aging skin. 

 Collagen is the element that allows skin to 
undergo changes throughout life. Collagen has 
been used in many studies as a marker of aging, 
and today it is considered that collagen defi cit is 
the main reason for skin aging. The skin thick-
ness is directly related to the quantity and quality 
of collagen. In the 1940s, Albright noted for the 
fi rst time the existence of marked skin atrophy in 
postmenopausal women with osteoporosis. Two 
decades later, McConkey suggested that skin 
thinning felt by these women was due mainly to a 
detriment in collagen type I and also that this 
type of skin was more vulnerable to external 
aggressions. In the late 1980s, Brincat [ 2 ] sup-
ports previous fi ndings highlighting the relation-
ship between the decrease in type I collagen 
content in the skin (declines by 2.1 % per year) 
and the thickness of the skin (decreases by 1.13 % 
per year). In the 1990s, using more precise meth-
ods, Castelo-Branco et al. [ 3 ] corroborated these 
initial data and its relation with bone mineral 
density.   

25.3     Function Alterations 

 Marked loss of elasticity that occurs with aging 
skin is a well-known fact. This is one of the 
parameters that best correlate with chronological 
age. Additionally, older people are less prone to 
skin sensitization and have fewer contact aller-
gies. This fact may be due to a decrease in the 
number of immunity cells. Besides, older humans 
sweat less and require a longer period of time to 
achieve thermal stimulation of the sweat glands. 
Additionally, there are fewer active glands, with 

lower secretion. In postmenopausal women, the 
production of the sebaceous glands is about half 
that of the previously observed and two times 
lower than that of men of the same age, but their 
ability to respond to hormonal stimuli and andro-
gens increases twofold their production.  

25.4     Aging, Menopause, 
and Changes in the Skin 
and Appendages 

 The skin undergoes regressive changes with age, 
although the intensity of these changes varies 
according to the genetic and environmental fac-
tors. In addition, studies with light and electron 
microscopy have corroborated that there is some 
hormonal dependence in the composition and 
preservation of the skin. For example, the impact 
of thyroid disorders on the skin and appendages 
is well known. And it has also shown some evo-
lutionary changes related to aging skin with ste-
roid hormones, especially in women as a result of 
the cessation of ovarian function.  

25.5     Estrogen and Skin 

 Postmenopausal estrogenic defi ciency has an 
intense infl uence on the skin [ 8 ], and, in fact, 
Black et al. in 1975 showed that skin fi broblasts 
express estrogen and androgen receptors. Skin, 
therefore, constitutes a larger female reproduc-
tive organ, on which presumably estrogen must 
have an overt action [ 9 ]. Fat and subcutaneous 
tissues present a signifi cant aromatase activity, 
which can convert intracellularly estrone and 
weak androgens to estradiol. The predominant 
estrogenic receptor in the skin is the beta [ 10 ] 
(reaching high prevalence in the hair follicle) and 
limited receptor alpha in dermal papilla cells. In 
sebaceous glands, alpha- and beta-receptors are 
expressed in similar proportion. 

 Regarding the action of estrogens on the skin, 
various in vitro studies have shown that physio-
logical concentrations stimulate the proliferation 
of keratinocytes and dermal fi broblasts and 
reduce the activity of matrix metalloproteinase 
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[ 11 ]. This activity is involved to some extent in 
some of the changes that occur in aging. All of 
the above justifi es the hypothesis that includes 
the skin between the organs that could undergo 
rapid deterioration. In this sense, Shuster and 
Black [ 12 ] and Castelo-Branco et al. [ 3 ,  5 ] 
described the curve of skin collagen content, 
which resembles the curve of evolution of bone 
mineral density in women suggesting an acceler-
ation in the loss during climacteric. Some studies 
have shown that such acceleration does not occur 
if a woman uses HRT5, and this suggests the pos-
sibility of maintaining better skin condition pro-
longing the life span of estrogenic exposure. 

 The effects of estrogen deprivation in the skin 
might include some impact on the apparition of 
wrinkles, dryness, skin atrophy, and conse-
quences such as increased laxity and/or fragility 
among others (Table  25.1 ).

   Several studies have reported increases in epi-
dermal thickness with only 3 months of use of 
HRT in postmenopausal women. And one large 
study, approximately 4,000 women, found that 
skin dryness was more frequent among women 
not using HRT13. Later studies with more sophis-
ticated techniques have confi rmed that there 
indeed is a lesser degree of skin hydration in 
women without estrogen and that there is a sig-
nifi cant improvement with HRT. Some authors 

have suggested that changes in the composition 
and proportion of sphingolipids that occur after 
estrogen defi ciency could be part of the mecha-
nism for this reduced hydration. Moreover, this 
reduced skin hydration as well as aesthetic issues 
could be related to an impairment of the barrier 
function of the skin. 

 Moreover, in the dermis, it has been reported 
that estrogen deprivation accelerates the reduc-
tion of glycosaminoglycan content, which also 
contributes to dehydration and seems to partici-
pate in the onset and progression of wrinkles. 

25.5.1     Effects on Nails 

 The nail is composed of a “dead” corneum prod-
uct, nail plate, and four specialized epithelia: 
proximal nail fold, matrix, nail bed, and 
hyponychium. 

 Nail system is affected during aging: The size 
of keratinocytes in the nail plate increases, the 
skin in the nail bed thickens, and elasticity and 
the number of blood vessels decrease. There are 
also changes in the chemical composition (Ca 
and Fe) [ 14 ]. Senile nails may appear pale, matte, 
and opaque, varying in color from white, yellow, 
black, or gray. Therefore, nail growth decreases 
by 0.5 % per year from age 25 to 100 years (aver-
age growth is 0.1 mm per day in hands and 
0.03 mm per day in feet) [ 15 ]. One study found 
that blood fl ow was reduced up to 30 % in the nail 
bed in postmenopausal women compared with 
those who were premenopausal or HRT users 
[ 16 ]. Another study reports that with aging there 
is a decrease of calcium content in the nails, 
while magnesium increases [ 17 ]. On the other 
hand, during pregnancy, the nails become brittle 
and fragile, with cases of onycholysis and leuk-
onychia due to the infl uence of the hormonal and 
immune burden [ 18 ].  

25.5.2     Effects on Pilosebaceous 
Follicles 

 Pilosebaceous follicles are formed by the associ-
ation of sebaceous glands and hair follicles. 
Isolated sebaceous glands are rare, being located 

   Table 25.1    Aspects of the skin and appendages infl u-
enced by estrogen directly or indirectly   

 Thickness and degree of 
hydration of the epidermis 

 Dunn et al. (1997) [ 13 ] 

 Composition and 
production of sphingolipids 

 Lucki and Sewer (2010) 
[ 53 ] 

 Content of 
glycosaminoglycans 

 Stevenson and Thornton 
(2007) [ 54 ] 

 Number and type of 
collagen in the skin 

 Brincat et al. (1983) [ 51 ] 

 Wrinkles  Castelo-Branco et al. 
(1998) [ 48 ] 

 Laxity  Castelo-Branco et al. 
(1998) [ 48 ] 

 Activity of sebaceous 
glands 

 Bensaleh et al. (2006) 
[ 50 ] 

 Synchronicity and hair 
follicle activity 

 Dao Jr. et al. (2007) [ 52 ] 

 Training and nail quality?  Haenggi et al. (1995) 
[ 16 ] 

 Scarring of wounds?  Gilliver et al. (2010) [ 49 ] 
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in the oral mucosa, eyelids, nipples, and the 
female labia. Hair follicles have an intrinsic 
rhythm alternating regeneration cycles with hair 
fall cycles. These cycles are called “anagen” 
(growth), “telogen” (idle), and “catagen” (involu-
tion), and its rate can be infl uenced by hormonal 
or nutritional factors. 

 During pregnancy, the proportion of follicles 
in anagen increase signifi cantly by the effect of 
higher estrogen concentrations, where as in the 
postpartum, with the drop in estrogen and 
changes in growth factors, greater follicle syn-
chronization in fall cycle is observed, being the 
hair loss clinically detectable. A possible protec-
tive effect of estrogen is also indirectly suggested 
by studies that reported thinner hair and a further 
decline by the use of tamoxifen [ 19 ] and more 
recently with the use of aromatase inhibitors. 

 Typically, the secretion of sebaceous glands 
increases in pregnant women by the action of 
estrogen and growth factors [ 18 ]. Besides, in 
hyperandrogenic states, hormones have also sig-
nifi cant impact on these glands, especially related 
to the amount and composition of phospholipids. 
Estrogens increase production of the sebaceous 
glands, and androgens increase this production in 
excess causing undesirable states (acne, hirsut-
ism, etc.).  

25.5.3     Effects on Eccrine Sweat 
Glands and Apocrine Glands 

 The eccrine sweat is a physiological mechanism 
for regulating body temperature. Eccrine secre-
tion contains water, electrolytes, metals, organic 
compounds, and macromolecules. Without 
sweating hyperthermia, exhaustion, heat stroke, 
and death might occur. 

 These glands are numerous in soles of the feet, 
hands, armpits, and forehead and less on the 
back. It is known that the control and regulation 
of these glands are by the sympathetic nervous 
system, which releases acetylcholine. However, 
there are data showing a modulating effect by sex 
hormones. Estrogens have the ability to increase 
potassium conductance in eccrine sweat gland 
cells by opening K/Ca channels [ 20 ]. In addition, 
estradiol 17-beta may control the intracellular 

calcium concentration [ 21 ], controlling the 
release of intracellular calcium stores. Several 
studies have found that during pregnancy there is 
an overactivity of the eccrine glands in different 
locations of the body except the hands [ 18 ]. 

 The apocrine glands are located mainly in the 
armpits and perineum. Its activity begins shortly 
before puberty, and thus its development is 
believed to be associated with hormonal changes 
that occur during this period. There is contro-
versy over whether or not the activity in these 
glands decreases during pregnancy.   

25.6     Physiology of Aging 

 The changes that occur in the skin as a conse-
quence of time defi ne aging skin (Table  25.2 ).

   The biological clock affects both the skin and 
internal organs in an identical way. However, 
there are numerous cosmetic techniques to 
improve the aging aspect, even only in the exter-
nal component [ 22 ]. 

 There are several theories to explain aging; 
some of them are based on genetic factors limit-
ing the ability of cell proliferation. Other theories 
are based on the infl uence of external environ-
mental agents such as exposure to wind, ultravio-
let radiation, sun, heat or pollution, toxic habits 

   Table 25.2     S kin functions that are altered with aging   

 Decrease of cell turnover  Donofrio (2000) [ 30 ] 
 Decreased barrier function  Breverman and Fonferko 

(1982) [ 37 ] 
 Decreased elimination of 
degradation chemical 
products 

 Yaar et al. (2003) [ 23 ] 

 Decreased sensory 
perception 

 Farage et al. (2009) [ 22 ] 

 Decreased mechanical 
protection 

 Breverman and Fonferko 
(1982) [ 37 ] 

 Delayed wound healing  Frippiat et al. (2001) [ 34 ] 
 Decreased sweat 
production, tallow, and 
vitamin D 

 Farage et al. (2009) [ 22 ] 

 Alteration of DNA repair  Allsopp et al. (1992) [ 24 ] 
 Alteration in the immune 
response 

 Arlt and Hewison (2004) 
[ 29 ] 

 Decreased hormone levels  Phillips et al. (2001) [ 28 ] 
 Alteration in the function 
of thermoregulation 

 Holowatz et al. (2010) 
[ 55 ] 
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(smoking or drinking), sleep disorders, defi cient 
nutrition, and muscle movements [ 23 ]. 

 The programmatic theory is based on telo-
mere shortening [ 24 ]. Telomeres are the terminal 
portions of the chromosomes that protect the 
genic data. During cell mitosis, DNA polymerase 
is unable to replicate all the terminal base pairs of 
each chromosome, which defi nes a progressive 
shortening with each cell division cycle. 
Telomerase reverse transcriptase has the ability 
to replicate these chromosomal ends. The num-
ber of telomerases shortens up to 30 % when a 
person ages, and this leads to DNA instability 
and interruption of cell cycle or apoptosis. 

 The reduced ability of cell division is called 
cell senescence; some authors believe that during 
the evolution of multicellular organisms, this 
phenomenon acts as a cancer-preventive mecha-
nism. The aged cells present very short telomeres 
with irreversible disruption of growth, resistance 
to apoptosis, and altered cell differentiation. 
Genes in senescence, involved in the G1 phase 
and aging cells, lose the ability to induce the 
genes necessary for advancing the G1 phase of 
the cell cycle, including c-Fos and certain tran-
scription factors [ 25 ]. Other senescence- 
associated genes that are overexpressed encode 
various protein products, such as fi bronectin and 
proteases (collagenase and stromelysin) that are 
involved in the regulation of matrix in the skin 
structure. This fact and the decreased level of tis-
sue inhibitors of metalloproteinase induce the 
weakness of skin matrix [ 26 ]. 

 During aging, there are decreased secretion and 
production of several hormones. The best known 
are estrogen, testosterone, dehydroepiandros-
terone (DHEA), and its sulfate (DHEAS) [ 27 ,  28 ]. 
Other hormones like melatonin, insulin, cortisol, 
thyroxin, and growth hormone production also 
decrease with age [ 29 ]. Additionally, many cyto-
kines alter its functionality with the decrease of 
receptor number and increasing senescence of dif-
ferent cells such as fi broblasts. All these changes 
induce gradually aberrant cellular response to 
environmental factors that ends in cell death [ 30 ]. 

 On the other hand, the stochastic theory is 
based on the assumption that oxygen consump-
tion is related to aging [ 31 ]. Oxygen, although 
necessary for life, may cause harmful effects 

such as peroxidation of fatty acid in cell mem-
branes, changes in bases of single-stranded DNA, 
chromatin change, breaks of DNA, cross-links 
between DNA proteins, modifi cations of the car-
boxyl, and loss of sulfhydryl groups leading to 
enzyme inactivation and increased proteolysis. 
Since the effi ciency of the antioxidant defense 
systems is not absolute, in the course of life, cells 
accumulate molecular oxidative injury that some-
times leads to apoptotic cell death. The immune 
system plays two special functions: defense 
against external aggression and internal immune 
surveillance. With aging, functional B and T 
lymphocytes alter their activity, and Langerhans 
cells decrease in number and with associate 
impaired immune response. These changes con-
tribute to the increased incidence of infections 
and malignancies in the elderly [ 32 ].  

25.7     Aging Pathophysiology 

 The skin aging process involves two pathophysi-
ologic routes: intrinsic aging caused by the 
decrease in the metabolic functions of the cells 
due to the time elapsed since birth and the extrin-
sic aging that is caused by factors out of the sub-
ject, i.e., chronic exposure to ultraviolet radiation 
and pollution (Table  25.3 ). The most widely 
accepted theory is that aging is a combination of 
both during the course of a lifetime.

25.8        Intrinsic Factors 

 Intrinsic aging affects all skin layers and all 
structures included in the skin as glands, vessels, 
nerves, and its different cells. To these changes, 
alterations caused by hormonal decline are 
summed. The sum of both will trigger not only 
aging but also precancerous and tumor cells. In 
Table  25.4  are summarized the different changes 
observed with aging in the skin structure.

25.8.1       Epidermis 

 A fl attening of the dermo-epidermal junction 
with effacement of the dermal papillae and ridge 
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interpapillae is observed [ 33 ]. In addition, a 
reduction close to the 50 % in the number of 
interdigitations is detected from the third to the 
ninth decade. Consequently, there is a smaller 
contact area between epidermis and dermis caus-
ing increased susceptibility to superfi cial abra-
sions and blisters after minimal trauma. In 
addition, aging is associated with a greater vari-
ability in thickness of the epidermis and with an 
increased size of the corneocytes [ 34 ]. The shape 
of the skin surface is lost with age, and the 

absorption of hydrophilic substances such as 
hydrocortisone or benzoic acid is impaired; how-
ever, the absorption of hydrophobic substances 
such as testosterone or estradiol remains unal-
tered. With aging, the recovery of the barrier 
function of the stratum corneum is also impaired 
due to a decrease in the amount of lipids in the 
lamellar bodies neoformed. 

 In old age, the skin tends to be dry and crum-
bly, especially in the lower limbs, which shows a 
signifi cant decrease in keratin fi laments and 
microfi brils causing an increase of peeling as 
occurs in ichthyosis vulgaris. 

 Another function of the epidermis is the pro-
duction of vitamin D. In the elderly, there is a 
decrease of production, which added to lower 
dairy intake, insuffi cient sun exposure, and sun-
screen use causes a decrease in the epidermal 
level of 7-dehydrocholesterol [ 22 ].  

25.8.2     Dermis 

 In the elderly, the decrease in dermal thickness 
is close to 20 %; although extreme thinning in 
sun protected areas occurs only after the eighth 
decade. At these ages, the skin is relatively 
acellular and avascular. Elastic fi bers are lost 
and wrinkles appear. The number of mast cells 
is reduced by 50 % with a decreased production 
of histamine and infl ammatory response fol-
lowing exposure to UV radiation. There is 
thickening of the vascular wall in the microvas-
culature with reduced perivascular membrane 
cells that contributes to the brittleness of the 
vessels. 

 The loss of vessels, especially the capillary 
loops in the papillary dermis, causes pallor, 
decreased temperature, and reduction of cutane-
ous fl ow up to 60 %. The reduction of vessels 
around the hair follicle and glands (eccrine, apo-
crine, sebaceous) contributes to the progressive 
atrophy and fi brosis of all these structures. The 
lower vascular activity also predisposes to poorer 
control of thermoregulation, which added to the 
reduction of body fat that promotes heat stroke or 
hypothermia. 

 The decrease in number and diameter of elas-
tic fi bers begins at 30, and in the elderly people 

   Table 25.3    Classifi cation of Glogau photoaging   

 Type 1: age 20–30 years 
  Slight changes in photoaging 
  Few changes in pigmentation 
  No actinic keratoses 
  No wrinkles or are minimal 
 Type 2: age 30–40 years 
  Moderate photoaging 
  Incipient senile lentigines 
  Actinic keratoses palpable but not visible 
  Following parallel wrinkles mouth corner 
 Type 3: age 50–60 years 
  Photoaging important 
  Dyschromias evident 
  Keratosis visible 
   Stable wrinkles on the forehead and perioral areas 

periorbicular 
 Type 4: age 60 years or more 
  Severe photoaging 
  Grayish-yellow skin 
  Keratosis becoming carcinomas 
  Normal skin thickened fi brous 
  Total wrinkles around the facial region 

   Table 25.4    Changes in skin structure with aging   

 Dermis  Epidermis  Appendages 

 Hair fl at dermal  Atrophy  Depigmented hair 
 Variable thickness  Fewer 

fi broblasts 
 Hair loss 

 Cells of variable 
size and shape 

 Fewer mast  Conversion of 
terminal hair to 
fuzz 

 Occasional 
nuclear atypia 

 Fewer vessels  Abnormal nails 

 Fewer 
melanocytes 

 Decreased 
capillary loops 

 Fewer glands 

 Fewer 
Langerhans cells 

 Abnormal 
nerve endings 
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these fi bers are often fragmented and associated 
with small gaps and cysts in the dermo-epidermal 
junction. 

 In general, the dermis with aging becomes 
progressively stiffer, lacks its elasticity, and grad-
ually loses its ability to experience changes in 
response to stress [ 35 – 37 ].  

25.8.3     Changes in Hair 

 In the fi fth decade, half of the population presents 
50 % of gray hair, and 100 % have some gray due 
to the loss of melanocytes in the hair follicle. 
Further more advanced age is accompanied by a 
reduction in the amount of hair follicles, partly 
due to atrophy and fi brosis, and an increase in the 
proportion of hair follicles (telogen). Baldness is 
caused by the androgen-dependent conversion of 
thick and dark terminal hairs in fuzzy, thin, short, 
and depigmented hairs similar to those present on 
the forearm [ 38 ]. The receding bitemporal hair-
line begins during adolescence in most women 
and virtually all men. The hair loss rate and the 
magnitude of this process vary largely and 
depend on hereditary factors that at present are 
unknown. Among women, baldness is a phenom-
enon less frequent and severe than in men because 
estrogen prolongs the growth phase (anagen) of 
the hair cycle. In postmenopausal women, hair 
loss may be due to a decrease in estrogen levels 
as well as to a diminished estrogen/androgen 
ratio. Over 50 % of women at age of 50 have 
some degree of diffuse alopecia, and over 60 up 
to 50 % of women have some degree of facial 
hirsutism.  

25.8.4     Cutaneous Nerves and Glands 

 In the elderly, the amount of eccrine glands 
decreases around 15 % in most regions of the 
body. The reduction of spontaneous sweating in 
response to dry heat is even higher (>70 % com-
pared to young individuals). This fact seems to be 
related to a decrease in excretion of each single 
gland. This phenomenon predisposes to heat 
stroke in older people. 

 A decrease in size and function of the apo-
crine glands is also observed in the elderly; the 

size and number of sebaceous glands do not 
change with age. The reduction of sebum produc-
tion by 23 % per decade after 20th in both men 
and women is due to the simultaneous reduction 
of gonadal and adrenal androgen production with 
aging. The clinical burden of this reduction in 
sebum is unknown and seems to be unrelated to 
xerosis or seborrheic dermatitis. 

 The density of Pacini and Meissner corpuscles 
gradually decreases to about one-third of the ini-
tial value between the second and ninth decade 
and present variations in structure and size [ 23 ]. 
Merkel discs and free nerve endings presented 
minor changes associated with aging. The decline 
in the sense perception linked to these changes 
includes touch, vibratory and corneal sensitivity, 
the ability to discriminate between two points, 
and spatial acuteness. The threshold for cutane-
ous pain perception increases in 20 % in the 
elderly. All these changes promote the develop-
ment of traumatic and irritating injuries in older 
skin.   

25.9     Extrinsic Factors 

25.9.1     Sun Exposure 

 One of the most typical lesions of sun-damaged 
skin is the elastoses (see Figs.  25.4  and  25.6 ). 
This process is characterized by the presence of 
tangled masses of degraded elastic fi bers that 
ends in an amorphous mass. Moreover, in dam-
aged areas by sun, an increase in ground sub-
stance and a decrease in the collagen content are 
observed. An increase in metalloproteinase activ-
ity and in the cytokine release may explain these 
changes. Unlike older skin protected from the 
sun where hypocellularity is common, in sun- 
damaged skin the presence of infl ammatory cells, 
including mast cells, histiocytes, and other mono-
nuclear cells, is frequent. In addition, the number 
of fi broblasts in photodamaged skin is greater 
than in older skin protected by the sun. 

 Sun-damaged skin is associated with acantho-
sis, skin atrophy with the loss of cell polarity and 
the presence of atypical cells, and reduced num-
ber and function of Langerhans cells. 

 Extrinsic aging develops due to several 
 factors: ionizing radiation, severe physical and 
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psychological stress, alcohol, malnutrition, obe-
sity, and pollution and UV exposure. Of them, 
UV radiation is the largest contributor to aging.  

25.9.2     Tobacco 

 Another environmental factor that signifi cantly 
contributes to premature skin aging is the tobacco 
consumption. The smoker’s face and body skin 
are typical with increased facial wrinkles and 
ashen-gray look of the skin. Both smoking and 
UV radiation cause thickening and fragmentation 
of elastic fi bers producing a yellow and thickened 
skin (elastoses). But while sun elastosis affects 
mainly the papillary dermis, in the smoker it 
affects both the papillary and the reticular der-
mis. Smoke increases the activity of neutrophil 
elastase, induces dermal chronic ischemia, 
decreases the levels of vitamin A, increases redox 
reactions, and reduces the ability to counteract 
free oxygen radicals and therefore to reverse the 
DNA lesions [ 39 ,  40 ]. Likewise, smoking induces 
the activation of MMPs (metalloproteinases) and 
reduces the hydration of the stratum corneum and 
accelerates the hydroxylation of estradiol which 
determines a reduction in the level of estrogen 
which would increase skin atrophy.  

25.9.3     Free Radicals 

 Free radicals are one of the key factors for under-
standing the human aging. Within the organism, 
they are generated intra- or extracellularly [ 41 ]. 
Among the extracellular causes is included the 
effect of the oxygen on the UV radiation, x-rays, 
ultrasound, ionizing radiation, photosensitive 
molecules, tobacco, chemical toxins, and the oxi-
dase system in the macrophage membrane. On 
the other hand, intracellular free radicals are pro-
duced by photochemical reaction from enzymes 
(i.e., xanthine oxidase) and complexes containing 
metals such as iron and copper. The human body 
has mechanisms to neutralize these substances, 
but under certain conditions an imbalance 
between production and neutralization may occur 
[ 42 ]. In these circumstances, free radicals acting 
on physiological pathways induce alterations in 
telomeres that set the internal clock of human 

metabolism for chronological aging. Free radi-
cals alter and cause a loss of functional activity in 
all skin and body structures. They act on carbo-
hydrates, lipids, and proteins; in cellular struc-
tures (DNA and lysosomal membrane); and 
directly on the skin cells: keratinocytes, melano-
cytes, and fi broblasts.   

25.10     Skin Diseases and Aging 

 Usually, skin diseases are classifi ed according to 
clinical characteristics (erythema, blistering, col-
oring, etc.) or in terms of etiology (infectious, 
genetic, immunological, etc.). However, skin dis-
eases can also be considered according to the 
period of life in which it most frequently occurs 
(i.e., pemphigoid increases its incidence gradu-
ally since 50). Additionally, some diseases hav-
ing not a specifi c age of debut (i.e., psoriasis, 
Fig.  25.1 ) may present distinctive characteristics 
that require specifi c management in the elderly, 
and others like neurofi bromatosis type I that are 

  Fig. 25.1    Psoriatic erythroderma       
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present throughout life magnify its manifesta-
tions or present new ones.

   The reduced ability to respond to infl amma-
tion in the aging skin facilitates conditions such 
as postherpetic neuralgia. Drug intake increases 
with age, and many adverse events are mani-
fested in the skin; therefore, health-care provid-
ers should pay attention to those skin disorders 
that appear in the elderly in relation to systemic 
diseases or its treatments, i.e., skin ulcers result-
ing from vascular insuffi ciency (Fig.  25.2 ) or 
drug reactions such as erythema multiforme 
(Fig.  25.3 ). However, the typical skin diseases in 
aged humans are skin tumors, both benign and 
malignant due to the immune senescence and the 
burden of the effects of external agents such as 
sun, tobacco, or pollution. Multiple actinic kera-
tosis is one of the most representative conditions 
(Fig.  25.4 ).

     In summary, the years elapsed since birth 
modify the signs, symptoms, and type of skin dis-
eases. In people over 65 years old, consultations 
to dermatologist increase by 60 % [ 43 ] being the 
main concerns itching, asteatosis, eczema, pem-
phigoid, herpes zoster, seborrheic and actinic 
keratosis, basal and squamous cell carcinoma 
(Figs.  25.4  and  25.5 ), and lentigo maligna [ 44 ]. 
Other authors include rosacea and elastoses 
(Fig.  25.6 ) to this list [ 45 ]. The physiological 
changes in skin structure and function, with 
impaired skin barrier, allow the progress of 
chronic infections (i.e., fungal), irritant dermati-
tis (i.e., eczema), and pressure ulcers. On the 
other hand, environmental infl uences (UV radia-

  Fig. 25.2    Skin ulcer and vasculitis       

  Fig. 25.3    Multiform erythema       
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tion, tobacco, etc.) accumulate its burden over the 
time promoting cellular alterations that can lead 
to the appearance of tumors.

25.11         Psychological Impact 

 Skin diseases of aging affect individuals at the 
fi nal stages of life when some of them have lost 
many psychological stimuli yet. On the other 
hand, to be healthy is strongly related to quality 
of life. The coincidence of disease and aging has 
a very high psychic and psychological impact. 
The implementation of health-related quality-of- 
life scales in clinical practice might improve this 
condition [ 46 ] since the detection of the psycho-
logical impact degree is the fi rst step to individu-
alize the approach to each patient [ 47 ].     

  Fig. 25.4    Multiple actinic keratoses and basocellular car-
cinoma on the nose. The subject also presents with senile 
elastoses       

  Fig. 25.5    Basocellular carcinoma       

a

b

  Fig. 25.6    Senile skin with sun elastoses       
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26.1            Introduction 

 Autoimmune diseases that affect the skin occur 
predominantly in women and are classifi ed as 
rheumatic diseases. Autoimmune diseases are the 
third most common category of disease in the 
United States after cardiovascular disease and 
cancer and estimated to affect around 5–8 % of 
the population [ 1 ]. Approximately 80 % of 
 individuals with autoimmune diseases are women 
[ 1 ,  2 ]. Autoimmune diseases are chronic infl am-
matory conditions where memory-specifi c T and 
B cells and antibodies are directed against self- 
antigens. Autoimmunity occurs frequently in 
undiseased individuals, but pathology or overt 
autoimmune disease only develops when multi-
ple autoantibodies are directed against a target 
tissue [ 2 ,  3 ]. For this reason, a component of the 
diagnostic criteria for most autoimmune diseases 
is based on the presence of particular autoanti-
bodies in the sera. Pathogenic immune complexes 
(ICs) form when autoantibodies bind self-antigen 
and activate the complement cascade. Deposition 
of ICs often damages host tissues by causing 
direct cytotoxicity to host cells and recruiting 
infl ammation to the damaged site [ 4 ,  5 ]. 

 Historically, rheumatoid factor (RF) has been 
considered as an autoantibody needed for the for-
mation of ICs [ 6 ]. RFs are autoantibodies directed 
against the Fc portion of IgM or IgG antibodies. 
The addition of RF to ICs increases their poten-
tial for deposition. Roles for RF include enhanc-
ing normal immune responses, particularly 
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against infections; promoting complement fi xa-
tion, antigen presentation, and the avidity of IgG; 
and improving clearance of ICs by macrophages 
[ 7 – 9 ]. These roles help clear infections but can 
also drive autoimmune disease. Several autoim-
mune diseases have been termed rheumatic dis-
eases because RF autoantibodies are frequently 
elevated in patients’ sera. Rheumatic diseases 
include systemic lupus erythematosus (SLE), 
rheumatoid arthritis (RA), (dermato) myositis 
(DM), Sjögren’s syndrome (SS), and scleroderma 
(Sc) (also called systemic sclerosis). RF occurs in 
70–90 % of RA, 60–80 % of SS, 30 % of SLE, 
20 % of myositis, and 20 % of systemic sclerosis 
patients [ 8 ,  9 ]. RF levels have been found to pre-
dict the severity of disease in RA and Sjögren’s 
patients suggesting that RF may contribute to the 
pathogenesis of disease indicating an important 
role for IC deposition in this process [ 8 ,  10 ]. 
Rheumatic autoimmune diseases occur more fre-
quently in women; SLE has an incidence of 9:1, 
Sjögren’s syndrome 9:1, systemic sclerosis 4:1, 
RA 2–3:1, and myositis 2:1 in women versus 
men [ 2 ,  11 ]. Interestingly, rheumatic diseases 
have prominent autoimmune skin and/or mucosal 
manifestations. This chapter will describe our 
current understanding of the role of sex hor-
mones, vitamin D, and menopause on the devel-
opment of autoimmune diseases that affect the 
skin.  

26.2     Sex Differences 
in the Immune Response 

 An unresolved question is why most autoimmune 
diseases occur more frequently in women than 
men. Hashimoto’s thyroiditis has an incidence as 
high as 20:1, Graves’ disease 7:1, and autoim-
mune hepatitis 6:1 in women versus men, for 
example [ 2 ,  11 – 14 ]. It is well known that immune 
responses to antigens differ between men and 
women. For example, women respond to infec-
tion, vaccination, and trauma with increased anti-
body production [ 15 – 18 ]. Although increased 
antibody levels protect women from infections, 
they also increase the risk of developing 
 autoimmune diseases. All researchers agree that 

estrogen activates B cells resulting in increased 
levels of antibodies and autoantibodies, while 
androgens decrease B-cell maturation, reduce 
B-cell synthesis of antibody, and suppress autoan-
tibody production in humans [ 19 – 21 ]. Microarray 
and other molecular tools have revealed in recent 
years how the immune response under normal and 
pathological conditions is extensively  regulated 
by sex hormones. Sex steroid hormone receptors 
such as estrogen receptor (ER)-α, ER-β, and 
androgen receptor are expressed on the cell sur-
face and intracellularly in immune cells. Likewise, 
cytokine receptors like interleukin (IL)-1 receptor 
(IL-1R) are found on classic hormone- producing 
tissues, indicating bidirectional regulation of the 
immune response [ 22 ]. 

 However, studies of sex hormone affects on 
immune function have been contradictory. In cell 
culture studies and animal models, estrogen has 
been shown to induce differentiation of dendritic 
cells (DCs), stimulate T-cell proliferation, and 
drive T cells to a T helper (Th) 1 and/or Th17- 
type adaptive immune response by activating the 
transcription factor NFκB [ 5 ,  19 ,  23 – 25 ]. In other 
studies, estrogen was found to increase Th2 
responses, regulatory T cells (Treg), IL-4-driven 
alternatively activated M2 macrophages, and the 
regulatory cytokines IL-4, IL-10, and transform-
ing growth factor (TGF)β [ 2 ,  19 ,  20 ,  26 – 33 ]. 
These fi ndings are contradictory because Th2 
responses transcriptionally downregulate Th1 
responses and vice versa. Why in some situations 
has estrogen been found to increase Th1 
responses while in others it increases Th2 
responses? One possible explanation lies in the 
fi nding that estrogen can inhibit innate Toll-like 
receptor (TLR) responses thereby reducing inter-
feron (IFN)γ production from macrophages but 
at the same time increase release of IFN-γ from T 
cells thereby driving an adaptive Th1 response 
[ 2 ,  6 ,  21 ,  28 ,  30 ]. Dose may also affect the out-
come of estrogen with low doses of estrogen 
driving Th1 responses and high doses driving 
Th2 responses [ 2 ]. 

 Far less research has been conducted on the 
effect of androgens on immune cell function, but 
in general androgens have been found to drive 
Th1 responses [ 34 – 37 ]. One complication in 
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understanding the role of sex hormones like tes-
tosterone on immune cells is that most studies do 
not interpret data in the context of sex. For 
example, the sex of cells used in culture experi-
ments is seldom reported [ 38 ]. Additionally, 
effects measured by testosterone may be due to 
testosterone or estrogen because of aromatase 
conversion. In support of testosterone increasing 
Th1 responses and estrogen increasing Th2 
responses, we found in a retrospective cohort 
study of 15,357 adults that more men than 
women were hospitalized for autoimmune dis-
eases associated with Th1-type pathology, while 
more women than men had autoimmune diseases 
associated with a Th2-type response [ 39 ]. In par-
ticular, Th2-associated rheumatic autoimmune 
diseases occurred more frequently in women 
than men (adjusted hazards ratio 2.5, 95 % con-
fi dence intervals 1.6–3.9) [ 39 ]. 

 Collectively, the data support the idea that estro-
gen elevates autoantibodies and Th2 responses and 
promotes fi brosis by stimulating profi brotic IL-4, 
TGFβ, and fi broblast growth factor, all of which 
contribute to the increased incidence of autoim-
mune diseases in women [ 19 ,  40 ,  41 ].  

26.3     Effect of Menopause 
on Infl ammation 

 Menopause is defi ned as the fi nal menstrual 
period without another menstrual period for 
12 months [ 42 – 44 ]. The mean age when meno-
pause occurs in Western cultures is between 49 
and 52 years [ 42 ,  43 ]. Decreases in estrogen (i.e., 
estradiol) occur only in the last 6 months before 
menopause and thereafter [ 44 ]. In contrast, tes-
tosterone gradually decreases with age in both 
sexes. There appears to be no period of symptom-
atic change or “andropause” in men that would 
be analogous to menopause in women, but 
instead a steady decline in testosterone levels [ 45 , 
 46 ]. After menopause, the primary endogenous 
source of estrogen is estrone, which is synthe-
sized in adipocytes via aromatase [ 47 ]. As in 
men, testosterone levels decline gradually with 
age in women [ 48 ]. Because autoimmune dis-
eases that affect the skin occur predominantly in 

women, we will focus on the effect of menopause 
(rather than andropause) on immune cell 
function. 

 Understanding changes in immune function 
following menopause are complicated by changes 
that also occur because of aging [ 49 ,  50 ]. Age- 
related changes in immune function include an 
impaired ability to respond to new antigens, 
unsustained memory responses, chronic low- 
grade infl ammation, and an increasing propensity 
for autoimmune responses [ 51 ]. Antibodies and 
autoantibodies continually increase with age. 
Additionally, low doses of estrogen are likely to 
be all that is required to promote B-cell prolifera-
tion and autoantibody production past meno-
pause in women (Fig.  26.1 ). This idea is supported 
by the fi nding that hormone replacement therapy 
(HRT) (lifting estrogen levels to a relatively 
higher dose) decreases antibody levels in meno-
pausal women [ 52 ]. Menopause is also associ-
ated with decreases in CD4 +  and CD8 +  T cells 
and natural killer (NK) cell activity [ 47 ,  53 ,  54 ]. 
Importantly, menopause has been associated with 
an increase in the cytokines IL-1, IL-6 (IL-1β 
increases IL-6 levels), and tumor necrosis factor 
(TNF). These proinfl ammatory cytokines are 
associated with driving autoimmune disease in 
numerous human and animal studies [ 2 ]. 
Importantly, these cytokines are derived mainly 
from innate immune cells like macrophages and 
mast cells (MCs). That lower estrogen levels dur-
ing menopause decrease these cytokines is con-
sistent with the known ability of higher doses of 
estrogen to downregulate NFκB, Th1 responses, 
IL-1, and IL-6 via ER-α in various human and 
murine cell types [ 55 – 59 ]. Thus, during meno-
pause the protective role of estrogen in decreas-
ing innate immune cell activation is lost allowing 
increased proinfl ammatory cytokine levels while 
at the same time autoantibody levels (and ICs) 
continue to rise (see Fig.  26.1 ). This type of envi-
ronment would provide the perfect conditions to 
promote the development of autoimmune dis-
ease. In contrast, in most men androgen levels 
that promote innate immune cell activation and 
proinfl ammatory cytokines are declining past age 
50 without the increase in autoantibodies found 
in women because of estrogen (see Fig.  26.1 ).
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26.4        Immune Cells in the Skin 

 The skin is the fi rst line of defense against patho-
gens, toxins, and chemical agents and an impor-
tant site of immune protection and regulation. 
The skin was fi rst recognized as an important 
lymphoid tissue in the 1980s when its link to the 
lymph system was described as skin-associated 
lymphoid tissue (SALT) and later as the “skin 
immune system” [ 60 – 62 ]. Skin has two main lay-
ers: the epidermis and the dermis. The epidermis 
has a number of cells types with immune func-
tion including keratinocytes, epidermal DCs 
called Langerhans cells, γδ T cells known as den-
dritic epidermal T cells (DETCs), and memory 
αβ CD8 +  T cells [ 62 – 65 ]. The epidermis is also 
where Merkel cells, which communicate with the 
nervous system, and melanocytes, which provide 
protection from UV radiation, are found. In con-
trast, the dermis consists mainly of elastin, col-
lagen fi bers, and fi broblasts within an extracellular 
matrix. Cells with immune function in the epider-
mis include macrophages, MCs, various DC sub-
types, innate lymphoid cells (ILCs), γδ T cells, 

and αβ T cells [ 64 ,  66 ]. The epidermis is also the 
site of blood vessels and capillary beds as well as 
the draining lymphatics. 

 Keratinocytes not only serve as a protective 
outer layer of the skin but behave like innate 
immune cells expressing innate TLRs and Nod- 
like receptors (NLRs) [ 62 ,  64 ,  67 ]. They recruit 
immune cells to the skin by release of chemo-
kines and cytokines like TNF, IL-1α/β, IL-6, 
IL-18, and IL-33. Interestingly, most of these 
cytokines are associated with activation of the 
infl ammasome [ 64 ,  68 ]. The infl ammasome is an 
innate immune mechanism of defense within 
host cells that leads to the production of pro-
IL- 1β and pro-IL-18 via TLR4 signaling that is 
activated by caspase-1 resulting in release of 
active IL-1β and IL-18 from the cell [ 69 ]. IL-33 
and its receptor ST2 are part of the TLR4/IL-1R 
signaling family. IL-33 can act synergistically 
with IL-4 or on its own to induce Th2 responses, 
while IL-18 (originally named IFN-γ-inducing 
factor) strongly increases Th1 responses [ 2 ,  28 , 
 70 ]. IL-33 is not only a cytokine but is termed a 
damage-associated molecular pattern (DAMP) 
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  Fig. 26.1    Possible explanation for increased rheumatic 
autoimmune diseases in women.  Blue  and  pink  represent 
testosterone ( Te ) and estrogen ( E2 ), respectively. As men 
and women age the estrogen to testosterone ratio alters, 
with a relatively abrupt decline in estrogen with meno-
pause in women and a gradual decline in testosterone in 
men. Higher doses of estrogen in premenopausal women 
promote autoantibody production and fi brosis that lead to 

SLE and scleroderma. However, lower doses of estrogen 
after menopause allow continued accumulation of autoan-
tibodies but reduce the protective, anti-infl ammatory 
effects of estrogen, resulting in a proinfl ammatory immune 
response that contributes to disease induction in RA, SS, 
and dermatomyositis. Testosterone in men, regardless of 
age, reduces autoantibody levels compared to women that 
protect them from IC-mediated autoimmune diseases       
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also called an “alarmin” and is released when 
skin is damaged due to infection, toxins, chemi-
cals, or physical trauma [ 71 ]. IL-33 is able to 
activate skin MCs and type 2 ILCs (Th2-like) via 
the IL-33R ST2 and to recruit eosinophils to the 
skin [ 72 ]. MCs and ILCs are able to drive immune 
responses in any direction (i.e., Th1, Th2, Th17) 
that provides the best protective immune response 
[ 64 ,  66 ,  73 ]. 

 Innate lymphoid cells have been identifi ed at 
many tissues sites, but only recently in the skin 
[ 64 ,  73 – 76 ]. ILCs include NK cells, γδ T cells, as 
well as a newly defi ned subtype of ILCs termed 
ILC1, ILC2, and ILC3, reminiscent of the Th1, 
Th2, and Th17 classifi cation. ILC1s express the 
Th1-associated transcription factor Tbet and 
release IFNγ. This cell population is considered 
to protect against viral infections where IFNs are 
needed for viral clearance, and these cells are 
driven by the classic Th1 cytokine IL-12 or the 
infl ammasome-derived cytokine IL-18. ILC2 
include cell types named “nuocytes” and “natural 
helper cells” and express the Th2-associated 
transcription factor GATA-3 and produce the Th2 
cytokines IL-5, IL-9, and IL-13. ILC2 are pro-
moted by IL-25 and the infl ammasome- associated 
cytokine IL-33 (IL-33 has the closest structural 
homology to IL-18 and is part of the TLR4/IL-1R 
signaling family) [ 72 ]. ILC2 responses are 
needed to protect against helminth infections and 
perform tissue repair but can also promote asthma 
and tissue scaring/fi brosis. Lastly, ILC3 express 
the Th17-associated transcription factor RORγt 
and produce IL-17A, IL-22, and some IFNγ and 
respond to IL-23 and the infl ammasome-derived 
cytokine IL-1β. This response is important in 
protecting against bacterial infections and pro-
motes tissue repair but can also lead to fi brosis. 
Importantly, IL-33 not only increases classic 
ILC2 and Th2 responses but has also been found 
to increase Th1 and Th17 responses [ 72 ]. This is 
likely due to ST2 expression on MCs, which are 
able to promote Th1, Th2, or Th17 responses [ 66 , 
 72 ,  77 ]. MCs are also important in regulating 
infl ammation by responding to vitamin D3 (VitD) 
(they express the vitamin D receptor) to produce 
IL-10, a cytokine that downregulates all types of 
infl ammatory responses. They also release TGFβ 

which can increase Treg populations and drive 
macrophages to a regulatory myeloid-derived 
suppressor cell (MDSC) or alternatively activated 
M2 phenotype [ 66 ,  78 ]. 

 MCs are typically located at sites where the 
host fi rst encounters pathogens, toxins, and 
 allergens like the skin, respiratory tract, and 
mucosa (mouth, nose, and bowel) [ 66 ,  79 ]. MCs 
are able to protect the skin and mucosa from infec-
tions of each class of pathogen including viruses, 
parasites, and bacteria (Th1, Th2, and Th17, 
respectively) and are specialized to neutralize tox-
ins through the release of detoxifying enzymes 
[ 78 ,  80 – 84 ]. MC release of enzymes and profi -
brotic cytokines like IL-4, TNF, IL-1β, and TGFβ 
promotes healthy remodeling but can also lead to 
fi brosis in the skin and other tissue sites [ 79 ,  80 , 
 85 – 87 ]. MCs are classifi ed as MC TC , MC T , and 
MC C  subtypes based on the release of certain pro-
teases. MC TC  release tryptase, chymase, carboxy-
peptidase, and cathepsin G-like proteinase. MC T  
cells release only tryptase, while MC C  cells release 
only chymase and carboxypeptidase but not trypt-
ase [ 66 ,  88 ]. Whereas MC T  cells predominate in 
the lung and bowel mucosa, MC TC  are the main 
MC type within the skin [ 66 ,  88 ]. Aside from inac-
tivating toxins and promoting remodeling, tryptase 
and chymase play a role in recruiting infl amma-
tion to the skin – in particular, neutrophils, eosino-
phils, monocyte/macrophages, and T cells. 
Importantly, chymase is able to cleave pro-IL-1β 
and pro-IL-18 to their active cytokines without the 
help of caspase-1 [ 89 ,  90 ]. MCs are resident in the 
skin but proliferate in response to infection, 
trauma, and with chronic infl ammatory conditions 
like psoriasis and basal cell carcinoma [ 66 ]. MCs 
also act as antigen presenting cells (APC), along 
with resident macrophages and DCs; express 
MHC class I and II, CD80, and CD86; and respond 
to complement [ 78 ,  80 ]. Skin MCs express a num-
ber of receptors that bind antibody including 
FcεRI that binds IgE (classic allergy response) and 
FcγRI and FcγRIIa that bind IgG antibodies and 
autoantibodies and form ICs [ 91 ]. MCs are the key 
immune cells in the skin that are capable of 
responding to autoantibodies, which suggests that 
they may be important in mediating skin-specifi c 
autoimmune diseases. 
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 Thus, the most important functions of MCs in 
promoting autoimmune skin disease include (1) 
recruiting infl ammation to the skin; (2) respond-
ing to antibodies, autoantibodies, and ICs; (3) 
serving as principal cells within the skin involved 
in TLR4/IL-1R/ST2 signaling and infl amma-
some activation; and (4) an ability to promote 
remodeling and fi brosis.  

26.5     Vitamin D and Skin 
Infl ammation 

 Vitamin D is a fat-soluble prohormone that regu-
lates serum calcium levels and bone homeostasis 
but also functions as a regulator of immune 
responses and, equally important for this discus-
sion, as a sex steroid. Although most studies 
examine its role as a regulator of calcium and 
immune responses, few studies report their fi nd-
ings by sex or interpret their data based on vita-
min D as a sex steroid. Most studies also do not 
emphasize whether women in their studies were 
pre- or postmenopausal. 

 Vitamin D is synthesized by keratinocytes in 
the skin after exposure to the sun (UVB) or from 
dietary sources and is hydroxylated in the liver by 
25-hydroxylase (Cyp2R1) and carried in the 
bloodstream by vitamin D-binding protein (DBP) 
to the kidney where it is converted by 25-OH- d - 
1Α -hydroxylase (Cyp27B1) to the active form of 
vitamin D (i.e., 1α, 25-dihydroxyvitamin D 3 ), 
which binds the vitamin D receptor (VDR) [ 92 –
 94 ]. VDR is a member of the steroid nuclear 
receptor superfamily and expressed on the sur-
face of and/or intracellularly in a wide variety of 
cells including keratinocytes, fi broblasts, and 
most immune cells [ 95 ]. Many tissues not only 
express the VDR but also express the key enzyme 
to convert 25(OH) 2 D, the form of vitamin D in 
the serum, to its active form [ 96 ]. This is the form 
of vitamin D that is used to determine defi ciency 
clinically. Macrophages possess all of the com-
ponents necessary to import/synthesize choles-
terol and convert it to active vitamin D including 
Cyp2R1 and Cyp27B1, as well as expressing the 
VDR [ 97 ,  98 ]. Liganded VDR forms a complex 
with the retinoid X receptor, and this complex 

has been estimated to regulate around 3 % of the 
human genome via activation of vitamin D 
response elements (VDREs) [ 99 ]. Many genes 
that regulate immune function have a VDRE in 
their promoter, like TNF, for example [ 97 ]. 

 Vitamin D via the VDR has important effects 
on immune cells. In general, vitamin D has been 
shown in culture studies and animal models to 
increase Th2 immune responses, IL-10, and Treg 
and alternatively activate M2 macrophages and 
TGFβ [ 97 ,  100 – 103 ]. Additionally, vitamin D is 
known to mediate protection against infections 
where it acts on keratinocytes, MCs, macro-
phages, and DCs to activate innate immune 
responses. In response to infection, vitamin D 
upregulates TLR2, TLR4, CD14 (part of TLR4 
signaling complex), the infl ammasome, IL-1β, 
TNF, and IFNγ, for example [ 67 ,  68 ,  104 – 108 ]. 
VDRE activation increases many antimicrobial 
mediators like β-defensin, cathelicidin, and reac-
tive oxygen species. However, the innate 
responses induced by VDR signaling described 
here drive Th1 and M1 macrophage responses. 
This appears contradictory to the ability of vita-
min D to upregulate Th2 and regulatory immune 
responses. Confusion on this topic exists, at least 
in part, because most studies of vitamin D do not 
consider their fi ndings in the context of sex. 
Usually there is no identifi cation of the sex of the 
cells or animals used to conduct experiments and 
no interpretation of data taking sex into consider-
ation. Because vitamin D is a sex steroid, sex dif-
ferences in its effect on immune cells should exist 
similar to the sex differences observed for estro-
gens and androgens. A Th2, anti-infl ammatory 
response may be frequently reported for vitamin 
D because autoimmune diseases that affect mainly 
women are studied that use female mice. Although 
few studies examine the issue of sex differences in 
vitamin D, one study reported that vitamin D 
administration was only protective in female mice 
in an animal model of multiple sclerosis, an auto-
immune disease that occurs more frequently in 
women than men [ 2 ,  109 ]. To improve our under-
standing of the role of vitamin D/VDR on infl am-
mation and autoimmune disease, it is vital that 
researchers design experiments, analyze data, and 
report results according to sex. It must also be 

D. Fairweather



365

kept in mind that although many diseases are 
inhibited by Th2 responses, others like allergy, 
asthma, and rheumatic autoimmune diseases are 
promoted by Th2 responses [ 110 ,  111 ].  

26.6     Vitamin D Defi ciency 
and Rheumatic Autoimmune 
Disease 

 Defi ciency in the active form of vitamin D (i.e., 
1α,25-dihydroxyvitamin D 3 ) is highly prevalent 
in the United States and worldwide, with roughly 
25 % of the population in the United States 
reported to have inadequate vitamin D levels 
(<30 ng/mL) while 8 % are at risk for defi ciency 
(Institute of Medicine criterion is <10 ng/mL, but 
many studies defi ne defi ciency as <20 ng/mL) 
(Table  26.1 ) [ 92 ,  112 ,  113 ]. Many but not all epi-
demiological studies have found an association 
between low levels of vitamin D and all-cause 
mortality [ 114 ]. Epidemiological studies also pro-
vide evidence of a signifi cant association between 
vitamin D defi ciency and an increased risk of 
autoimmune diseases [ 115 ,  116 ]. However, 
whether low vitamin D levels cause disease or 
occur as a result of the disease process is not clear.

   Serum vitamin D levels have been found to be 
defi cient or insuffi cient in patients with SLE [ 117 , 
 118 ]. However, SLE patients are recommended to 
avoid sunlight and use sunscreen, and most SLE 
occurs in dark-skinned women – factors that can 
lead to vitamin D defi ciency [ 119 ,  120 ]. 
Additionally, kidney dysfunction is a primary 
component of SLE [ 121 ], a key organ that metab-
olizes vitamin D to its active form. Administration 
of active vitamin D to MRL/lpr mice that sponta-
neously develop a lupus-like  disease was found to 

decrease circulating autoantibodies, proteinuria, 
and SLE-like skin lesions and improved survival 
[ 122 ,  123 ], suggesting a relationship between 
vitamin D levels and the pathogenesis of disease. 
However, a review of 17 clinical studies found 
that although vitamin D defi ciency is common in 
SLE, associations between low vitamin D levels 
and worse disease severity were lacking [ 118 ]. 

 Vitamin D defi ciency or insuffi ciency has also 
been found in RA patients, but in contrast to SLE, 
lower vitamin D levels are associated with higher 
disease activity [ 124 ,  125 ]. Additionally, RA 
patients treated with vitamin D displayed clinical 
improvement [ 126 ], but not all studies agree [ 118 , 
 127 ]. Similar to lupus, animal models of RA 
found that vitamin D administration inhibited dis-
ease progression and severity [ 128 ,  129 ]. Psoriasis 
and psoriatic arthritis are associated with hyper-
proliferation of keratinocytes, fi brosis, and 
infl ammation involving the skin and joints. 
Vitamin D supplementation has been used to treat 
these conditions [ 118 ,  130 ,  131 ]. Interestingly, a 
VDR polymorphism has been found that prevents 
success of vitamin D therapy and is associated 
with a higher incidence of psoriasis in affl icted 
individuals [ 132 ]. Overall, these data suggest that 
vitamin D reduces RA and psoriatic arthritis. 

 What is believed to be an early stage leading to 
connective tissue disease (CTD) has been termed 
undifferentiated CTD (UCTD). About 30–40 % 
of these patients progress to a CTD such as SLE, 
mixed CTD (MCTD), systemic sclerosis, 
Sjögren’s syndrome, RA, polymyositis/dermato-
myositis, and/or systemic vasculitis [ 127 ]. One 
large cohort study examined seasonal variation in 
vitamin D levels in UCTD patients and found that 
vitamin D levels fl uctuated with seasons but were 
always lower in UCTD patients than controls, 
suggesting that vitamin D insuffi ciency could 
contribute to the pathogenesis of CTDs [ 127 , 
 133 ]. Interestingly, vitamin D insuffi ciency cor-
related positively with the probability of develop-
ing dermatological symptoms in these patients. 

 Scleroderma is a chronic autoimmune dis-
ease characterized by diffuse skin fi brosis and 
vasculopathy. Symptoms of scleroderma may 
occur as part of MCTD. Low circulating vitamin 
D levels are frequently observed in scleroderma 

   Table 26.1    Institute of Medicine defi nition of vitamin D 
defi ciency   

 Serum 25-hydroxyvitamin 
D (ng/mL)  Vitamin D status 

 <12  At risk of defi ciency 
 12–19  At risk of inadequacy 
 20–50  Suffi cient 
 >50  Possibly harmful 

  Information obtained from Ross et al. [ 113 ]  
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patients. A number of studies report vitamin D 
insuffi ciency in 63–86 % of Sc patients and defi -
ciency in 35–95 % of patients [ 134 – 136 ]. 
Additionally, patients with vitamin D defi ciency 
have worse disease than those that were vitamin 
D insuffi cient, suggesting a role for vitamin D in 
disease pathogenesis. Dermatologists use the 
topical form of vitamin D to treat Sc, implicating 
its importance in reducing disease. TGFβ is a 
profi brotic cytokine that is believed to be respon-
sible for increasing fi brosis in Sc patients. 
Vitamin D administered to murine cells has been 
found to inhibit TGF production [ 127 ,  137 ]. 
Again, sex of the cells, animals, or patients was 
not addressed in these studies. 

 Sjögren’s syndrome is characterized by infl am-
mation, dysfunction, and destruction of the exocrine 
glands, especially the salivary and lacrimal glands, 
resulting in dry mouth and eyes. However, the 
lungs, liver, skeletal muscle, and kidneys are often 
involved [ 121 ]. SS can be termed primary SS if it 
occurs as the only autoimmune disease, but fre-
quently SS is part of an autoimmune disease spec-
trum and termed secondary SS. Autoimmune 
diseases that often overlap with SS include SLE, 
RA, and scleroderma. Several studies found that 
vitamin D levels are defi cient or insuffi cient in pri-
mary SS patients and low levels correlate with dis-
ease type and severity [ 138 ,  139 ]. Low vitamin D 
was found to remain low over a 2-year period of 
time. Additionally, low vitamin D levels correlated 
with higher levels of RF in SS patients, suggesting 
that vitamin D could protect against SS by reducing 
rheumatoid factor levels (recall that RF helps drive 
IC formation). Currently there are no data on vita-
min D supplementation in SS patients [ 127 ]. It is 
important to point out that low vitamin D in SS 
patients may be due in part to liver and kidney dam-
age caused by the disease potentially affecting the 
body’s ability to synthesize active vitamin D [ 121 ].  

26.7     Vitamin D Defi ciency 
and Menopause 

 Epidemiological data indicate that more than 
60 % of postmenopausal women have vitamin D 
insuffi ciency and 16 % are vitamin D defi cient 

[ 127 ,  140 ]. With aging dermal and epidermal skin 
thickness reduces [ 120 ]. Consequently, cutaneous 
vitamin D synthesis decreases with age and fol-
lowing menopause because of smaller stores of 
the precursor 7-dehydroxycholesterol in the skin 
[ 141 – 146 ]. The elderly may be at additional risk 
of vitamin D defi ciency because of decreased 
mobility and thereby less sun exposure and poten-
tially due to kidney or liver disease [ 147 ]. 

 Thus, it remains unclear whether vitamin D 
defi ciency occurs as a consequence of autoin-
fl ammatory damage to the skin and kidney or 
whether it is caused by low exposure to sunlight 
(city dwellers and/or geographic location) and 
the use of sunscreen. What is clear is that vitamin 
D strongly regulates immune function and par-
ticularly immune cells within the skin like MCs, 
macrophages, and keratinocytes. Even if vitamin 
D defi ciency is caused by autoimmune disease, it 
could promote disease severity and progression 
because of its powerful local and systemic effects 
on infl ammation.  

26.8     Skin Manifestations 
in Rheumatic Autoimmune 
Diseases 

26.8.1     Systemic Lupus 
Erythematosus 

 The skin represents one of the major organs 
affected during SLE [ 148 ,  149 ]. Dermatological 
features of the disease include malar rash and dis-
coid lesions, which form part of the diagnostic 
criteria for SLE. Twenty percent of all SLE 
patients present initially with skin manifestations 
and 50–70 % will eventually develop skin symp-
toms [ 150 ]. Skin manifestations in lupus erythe-
matosus (LE) have been subcategorized as 
discoid LE (DLE), acute cutaneous LE (ACLE), 
subacute cutaneous LE (SCLE), and chronic 
cutaneous LE (CCLE). SCLE occurs most fre-
quently in Caucasian premenopausal women 
with a mean age at onset of 43 years [ 149 ,  151 ] 
and so represents an autoimmune disease that 
usually occurs prior to menopause. SLE also 
peaks in women around 40 years old, with 
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 cutaneous manifestations more common in 
Caucasian women than men [ 152 ]. Most patients 
with SCLE have only mild systemic disease sug-
gesting a slightly different pathogenesis of dis-
ease for SLE versus SCLE. 

 One of the diagnostic criteria for SLE is pho-
tosensitivity, which occurs in up to 70 % of SLE 
and SCLE patients [ 153 ]. UV light is thought to 
be the main cause of photosensitivity in SLE and 
SCLE and has been associated with elevated 
complement, TNF, and IL-1β as well as increased 
autoantibodies including Ro/SSA [ 149 ,  154 ]. UV 
is known to activate the infl ammasome [ 155 ]. For 
this reason SLE patients are advised to avoid sun 
exposure. UV activates resident skin cells like 
keratinocytes, MCs, and fi broblasts and leads to a 
dominant Th2-type immune response within the 
skin [ 148 ]. Infl ammatory cells in the skin of 
SCLE patients are mainly macrophages, CD4 + , 
and CD8 +  T cells but Langerhans cells are absent.  

26.8.2     Rheumatoid Arthritis 

 Compared to other rheumatic autoimmune dis-
eases, RA displays fewer skin lesions as part of 
its pathology. Dermatological manifestations in 
RA usually occur in more aggressive and/or 
chronic forms of RA. There are three main types 
of pathological patterns: extravascular palisading 
infl ammation, neutrophil-rich and granuloma-
tous vasculitis, and interstitial or subcuticular 
neutrophilia [ 156 ]. All three forms can occur 
together. Palisading granulomas include rheuma-
toid nodules that occur in as many as 25 % of 
patients. Ninety percent of the patients with rheu-
matoid nodules test positive for RF. Nodules are 
associated with a clinically poorer outcome. 
More rarely, severe cases of RA may be associ-
ated with neutrophilic dermatitis characterized as 
symmetrical erythematous papules or plaques on 
the extensor surfaces of the arms and hands 
[ 156 ]. RA patients often develop cutaneous side 
effects to drug treatment with the IL-1 blocker 
anakinra or the TNF inhibitor infl iximab. This 
occurs in 40 % of RA patients and is associated 
with skin rash, urticaria, vasculitis, and injection 
site infl ammatory reactions [ 156 ,  157 ].  

26.8.3     Sjögren’s Syndrome 

 SS is characterized by dry eyes (keratoconjunctivi-
tis sicca) and dry mouth due to infl ammation of the 
lacrimal and salivary glands. Cutaneous manifesta-
tions in SS patients include dry skin (xerosis), mac-
ular, papular and vesicular rashes, purpura due to 
vasculitis, thrombotic lesions, and possibly urti-
caria or allergic skin eruptions [ 158 ]. Around 50 % 
of SS patients complain of dry skin [ 159 ]. It 
remains unclear whether the dysfunction is due to 
infi ltration of the eccrine or sebaceous glands or a 
primary problem of the glands with secondary 
infl ammation [ 160 ]. The immune response includes 
autoantibody and complement (i.e., IC deposition), 
increased perivascular DCs, macrophages, and T 
cells [ 159 ]. Hypergammaglobulinemic purpura can 
occur on the legs, especially after prolonged stand-
ing or long airplane rides. The skin lesions are 
often associated with RF, complement, and rup-
tured blood vessels suggestive of IC-mediated 
damage [ 161 ]. In a study of a large cohort of 
patients with hyperglobulinemic purpura without 
prior diagnosis of SS, around 50 % developed SS 
later [ 158 ,  162 ].  

26.8.4     Dermatomyositis 

 DM is an autoimmune disease that affects both 
the skin and muscles as well as having some 
systemic features. Skin lesions often precede 
myopathy and may persist well after the muscle 
disease has been controlled with medication. In 
a subset of patients, skin manifestations are 
transient and other patients may have predomi-
nantly skin manifestations with little myopathy 
or vice versa [ 163 ]. In general, the course of 
skin lesions in DM patients does not parallel 
muscle disease. Cutaneous manifestations in 
DM are characterized by a heliotropic rash, 
which is rarely observed in SLE or scleroderma, 
and Gottron’s papules. Gottron’s papules are 
slightly elevated papules or plaques found over 
bony prominences like phalangeal joints, 
elbows, knees, and/or feet. It is also characteris-
tic to observe a photosensitive malar rash that is 
diffi cult to differentiate from the rash found in 
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SLE patients. It is also common in DM to 
develop a psoriasiform dermatitis involving the 
scalp.  

26.8.5     Scleroderma 

 Scleroderma is characterized by infl ammation 
and fi brosis of the skin but can also involve other 
organs like the kidney, lung, and heart [ 121 ]. The 
disease is characterized as localized scleroderma 
(LSc) or systemic scleroderma (SSc) depending 
on the extent of internal organ involvement [ 164 , 
 165 ]. Sclerosis means “thickening” and refers to 
thickening and hardening of the skin due to 
fi brosis. The exact relationship between LSc and 
SSc, or why only the skin appears to be involved 
in some cases, remains unclear. In the sclerotic 
stage, there is little infl ammation in the skin. In 
the early infl ammatory phase, lymphocytes and 
MCs are present, but few DCs or Treg [ 166 –
 170 ]. The histology of the skin in LSc and SSc 
appears the same. The immune response has 
been characterized as predominantly Th2 with 
elevated levels of IL-2, IL-4, IL-1β, IL-6, and 
TGFβ [ 171 ]. TNF and IL-13, a Th2 cytokine, are 
elevated in roughly 25 % of SSc patients [ 172 ]. 
The role for autoantibodies in the pathogenesis 
of disease is unknown, but approximately 95 % 
of scleroderma patients are positive for antinu-
clear antibodies (ANA) [ 173 ].   

26.9     Rheumatic Autoimmune 
Diseases That Occur Before 
Menopause 

 Of rheumatic autoimmune diseases, only two 
typically peak in appearance before menopause, 
SLE, and scleroderma. SLE typically presents in 
females during childbearing years (20s and 30s) 
[ 2 ,  174 ,  175 ]. One study found that only 16 % of 
SLE patients presented after age 50, and in 
another study the female to male ratio was 13:1 
before age 50 but only 3:1 after 50 [ 176 ,  177 ]. 
Scleroderma disease onset peaks in women from 
age 30 to 40 years while estrogen levels remain 
high [ 164 ,  178 ]. 

26.9.1     Menopause and SLE 

 SLE has a clear relationship between high estro-
gen levels and worse disease [ 2 ,  6 ]. Pregnancy 
increases disease in patients, and in most mouse 
models of SLE females have worse disease out-
comes, administration of estrogen exacerbates 
disease, and androgen administration ameliorates 
disease [ 174 ]. Polymorphisms in the ER gene 
have been associated with SLE and estrogen has 
been found to increase autoantibodies and IC 
deposition in animal models of lupus [ 179 ]. An 
analysis of 26 articles, comparing men to women 
with SLE summarized several sex differences. 
They found that the kidney and skin manifesta-
tions were more frequently involved in SLE in 
males [ 180 ]. Men also had decreased Ro/SSA 
and La/SSB autoantibody levels compared to 
women, but other autoantibodies like dsDNA and 
Sm antibodies were higher in men [ 180 ]. 
Additionally, male SLE patients have been found 
to have higher estrogen to androgen ratios and 
lower levels of testosterone in their sera [ 2 ]. 

 SLE is considered to primarily be driven by 
Th1-type immune responses increased by TLR 
activation. Peripheral blood mononuclear cells 
(PBMCs) from patients display greater serum 
Th1 and IL-18 levels that correlate with disease 
activity [ 181 ]. However, it is important to realize 
that IL-18 derives from infl ammasome activa-
tion, which is not part of a classic IL-12/STAT4- 
induced Th1 response, and so IL-18 may be 
responsible for an increased Th1 response [ 182 ]. 
The pathology in SLE is primarily IC-mediated, 
which is most closely associated with MC and 
infl ammasome activation and Th2 immune 
responses. Evidence that SLE could be driven by 
Th2 responses comes from the fi nding that 
PBMCs from SLE patients express more TIM-1 
(requires a Th2 response) and less TIM-3 
(requires a Th1 response) [ 183 ]. 

 A number of studies suggest that SLE occurs 
less frequently following menopause [ 175 ]. One 
line of evidence is the shift in female to male pre-
dominance from 13 to 3:1 after 50 years of age 
[ 176 ,  177 ]. Another comes from a large study of 
714 late-onset SLE patients (after 50 years of 
age) compared to 4,700 younger patients [ 184 ]. 
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They found a lower female to male ratio after 50 
and a lower incidence of malar rash, photosensi-
tivity, purpura/cutaneous vasculitis, alopecia, and 
Raynaud’s syndrome. A number of small studies 
examined symptoms in SLE patients for 
2–3 years prior to natural menopause and 
2–3 years after menopause, and the studies were 
largely in agreement that there was a decrease in 
fl ares, disease activity, proteinuria, autoantibod-
ies, vasculitis, and rash after menopause [ 185 –
 187 ]. Patients presenting after menopause had 
greater RF autoantibodies [ 184 ]. Information on 
HRT remains controversial with some studies 
fi nding no effect of HRT on SLE, while others 
found it to be a risk factor for increased disease 
[ 188 – 190 ]. However, it must be noted that tissue 
damage due to SLE is greater after menopause 
[ 191 ,  192 ], perhaps because of long-term damage 
over time and gradually increasing ICs (see 
Fig.  26.1 ).  

26.9.2     Menopause and Scleroderma 

 Scleroderma is regarded as the prototypic fi brotic 
disease [ 193 ]. Although a relatively uncommon 
disease, it has the highest case-specifi c mortality 
of any of the autoimmune rheumatic diseases 
because of vascular and fi brotic complications. 
Patients with systemic sclerosis have a fourfold 
increase in mortality compared to the general 
population, with approximately a third of deaths 
due to cardiovascular diseases including athero-
sclerosis [ 194 ,  195 ]. A number of cytokines are 
believed to drive extracellular matrix remodeling 
and fi brosis during scleroderma including TNF, 
IL-1β, IL-4, IL-13, IL-33, and TGFβ [ 196 ,  197 ]. 
Studies of human scleroderma and animal  models 
have revealed elevated expression of profi brotic 
cytokines like TGFβ and elevated numbers of 
MCs, eosinophils, and basophils (blood MCs) – 
cells and cytokines associated with Th2 responses 
[ 170 ,  172 ,  198 ]. A recent study found that sclero-
derma patients had elevated expression of TLR4 
on fi broblasts that when cultured were more sen-
sitive to TGFβ and produced greater amounts of 
collagen [ 198 ]. Approximately 95 % of sclero-
derma patients are positive for ANA [ 173 ], and 

ICs are known to contribute to systemic vasculitis 
symptoms in these patients [ 199 – 201 ]. A com-
mon outcome of IC deposition in tissues is 
remodeling and fi brosis [ 2 ,  6 ]. 

 Scleroderma occurs more frequently in 
women than men with ranges of 3:1–14:1 
reported [ 164 ,  178 ,  202 ,  203 ]. Estrogen has well- 
defi ned roles in increasing Th2 responses and 
antibody and autoantibody levels and in driving 
profi brotic responses associated with TNF, IL-4, 
and TGFβ production suggesting that estrogen 
could contribute to pathology in scleroderma 
[ 2 ,  6 ]. In support of this idea is data indicating 
that scleroderma disease onset peaks in women 
from age 30 to 40 years, when estrogen levels are 
high [ 164 ,  178 ]. However, data are scarce on the 
effect of menopause on scleroderma. Studies 
aimed at examining the role of osteoporosis in 
scleroderma patients have reported that earlier 
menopause in women with scleroderma may be a 
risk factor for developing osteoporosis [ 204 ].   

26.10     Rheumatic Autoimmune 
Diseases That Occur After 
Menopause 

 The remaining three rheumatic autoimmune dis-
eases, RA, dermatomyositis, and Sjögren’s syn-
drome, peak after menopause suggesting a 
protective role for estrogen. Little information is 
available regarding sex differences or effects of 
menopause on dermatomyositis, so the following 
discussion will focus on RA and SS. 

26.10.1     Menopause and Rheumatoid 
Arthritis 

 The most common age of onset of disease in RA 
is around 60 years of age (about 10 years after 
menopause) [ 205 ]. The female to male ratio in 
RA is about 1:1 prior to 50 years of age but goes 
up to 3:2 after 50 [ 206 ,  207 ]. A key diagnostic 
feature and biomarker of early disease are anticy-
clic citrullinated autoantibodies. Like SLE, 
pathology in RA joints is driven by IC-mediated 
damage resulting in infl ammation consisting of 
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T cells, macrophages, and MCs [ 6 ]. TNF, IL-1β, 
and IL-6 are elevated during disease and suggest 
activation of the infl ammasome. TNF and IL-1β 
are also profi brotic and lead to joint remodeling 
and damage. Although estrogen is likely to 
increase autoantibodies and ICs in women with 
RA, animal models of arthritis have shown that 
estrogen protects against disease by decreasing 
proinfl ammatory cytokines [ 208 ]. Clinical stud-
ies of RA patients found that IFNγ levels were 
higher than IL-4 in infl amed joints [ 209 ]. This 
could be due to an increased Th1-type immune 
response or to infl ammasome activity via IL-18. 
Interestingly, two studies found that RA patients 
had higher circulating levels of IL-4 characteris-
tic of a Th2-type immune response [ 210 ,  211 ]. 
Infl ammasome activation of MCs and alterna-
tively activated macrophages is characteristic of a 
mixed Th1/Th2 environment which is likely to 
occur at the transition to menopause in women 
when the ratio of estrogen to testosterone 
decreases (see Fig.  26.1 ) [ 78 ,  182 ]. 

 Evidence in support of a protective role for 
high estrogen levels in RA is the fi nding that up to 
two-thirds of young RA patients that become 
pregnant undergo partial or total remission of dis-
ease [ 212 ], and disease onset is less likely during 
pregnancy [ 213 ]. Additionally, women report that 
RA symptoms are lower during the postovulatory 
phase of the menstrual cycle and during preg-
nancy, when estrogen levels are high (progester-
one is likely to also be important in mediating 
these effects but is not discussed in this chapter; 
see [ 214 ]) [ 212 ,  215 ]. It has been shown that RA 
patients with an onset after 50 years of age have a 
worse functional outcome, more frequent acute 
onset of disease, more involvement of large proxi-
mal joints like the shoulders, and greater systemic 
manifestations including increased osteoporosis 
and cardiovascular disease [ 6 ,  206 ,  207 ]. 
Additionally, the incidence of RA continues to 
rise with age [ 216 ,  217 ]. HRT has been found to 
protect against the development of RA in some 
studies but not in others [ 218 – 221 ]. It is important 
to realize that oral administration of a hormone is 
not likely to provide the same immune stimulus as 
naturally and locally produced hormone, which 
could explain, at least in part, why HRT is not 

always found to reduce the risk for developing 
RA. Overall, the data suggest that estrogen levels 
observed during peak childbearing years protect 
against RA. Most of the pathology of RA is driven 
by ICs and autoantibody levels increase with age. 
So perhaps it just “takes time” to develop 
RA. However, the role of estrogen and menopause 
in RA is not as clear as it is for SLE or 
scleroderma.  

26.10.2     Menopause and Sjögren’s 
Syndrome 

 SS is characterized by chronic infl ammation of 
the exocrine salivary and lacrimal (tear) glands 
resulting in dry mouth and eyes [ 222 ]. Although 
SS primarily involves the salivary and lacrimal 
glands, many other organs are affected including 
skin, joints, kidneys, lungs, and muscle. SS can 
occur as a primary condition or in association 
with other autoimmune diseases – primarily the 
rheumatic diseases SLE, RA, scleroderma, and 
dermatomyositis. Autoantibodies in SS include 
ANA, particularly against ribonuclear proteins 
(e.g., anti-Ro/SSA) and RF. The double name Ro 
and SSA or La and SSB derives from the descrip-
tion of these autoantibodies by two different 
research groups – one to defi ne SLE patients 
(“Ro” and “La”) and the other in association with 
SS (SSA and SSB). Ro and La follow the early 
convention of naming new autoantigens from the 
surname letters of the donor of the serum [ 223 ]. 
Plasma cells within the salivary glands of SS 
patients have been found to produce Ro/SSA and 
La/SSB autoantibodies [ 224 ]. The infl ammatory 
infi ltrate in SS includes T and B cells, DCs, and 
macrophages as well as IC deposition, apoptosis, 
and remodeling [ 223 ]. 

 Similar to SLE, Sjögren’s syndrome is more 
common in women than men with a ratio of 9:1 
[ 225 ]. RFs are detected in around 60 % of SS 
patients, but their frequency has been reported to 
be higher in men in some studies [ 226 ]. ANA 
autoantibodies, which are not specifi c to SS, are 
signifi cantly higher in women with Sjögren’s in 
many studies [ 227 – 230 ]. SSA autoantibodies, 
which are disease specifi c, are also reported to be 
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elevated in women with SS compared to men 
[ 228 ,  231 ,  232 ]. Similar to RA, SS peaks shortly 
after menopause around age 55 suggesting a pro-
tective role for estrogen [ 233 ]. Female mice have 
been found to have greater lacrimal and salivary 
gland infl ammation than males in an animal 
model of Sjögren’s [ 234 ]. In another mouse 
model of SS, females were found to have greater 
salivary gland infl ammation, a more predominant 
Th2 and Th17 response, and more B cells than 
males [ 235 ]. More recently ovariectomy of adult 
female mice (modeling menopause) in a SS 
model signifi cantly increased infl ammation in the 
lacrimal (tear) gland that preceded apoptosis 
[ 236 ]. Estrogen replacement of ovariectomized 
mice in these studies reversed this effect reducing 
T- and B-cell infi ltration, suggesting that estro-
gen reduces tear gland infl ammation during 
SS. Thus, reduced levels of estrogen with meno-
pause could decrease the protective effect of 
estrogen including its proliferative effects on 
glandular cells leading to increased apoptosis 
[ 237 ,  238 ]. In support of this idea, low salivary 
estrogen levels have been found to correlate with 
a feeling of dry mouth in healthy menopausal 
women [ 239 ]. 

 Another theory to explain the sex difference 
suggests that lower estrogen levels in females 
after menopause reduce salivary gland-specifi c 
TGFβ production allowing increased infl amma-
tion (TGFβ is associated with increased Treg). 
Microarray conducted on normal salivary glands 
from men and women without SS found that 
women had lower expression of TGFβ [ 240 ]. 
Female mice where TGFβ receptor I was 
 inactivated in the salivary gland developed 
infl ammation and an increased Th1-type immune 
response [ 241 ], suggesting that this mechanism 
could infl uence infl ammation. In contrast, testos-
terone has been found to increase TGFβ expres-
sion in the lacrimal gland and to suppress 
infl ammation in a mouse model of SS [ 242 ]. 

 Not only is estrogen lower following meno-
pause, but also the adrenal prohormone dehy-
droepiandrosterone (DHEA), which is only 
about half the level in SS patients that it is in 
healthy age- and sex-matched controls [ 243 ]. 
DHEA is important for the repair and renewal of 

acinar cells of the labial salivary glands and 
impaired levels of DHEA can lead to apoptosis 
of the cells [ 238 ]. DHEA has been used as a 
therapy in SS patients, where administration 
reduced symptoms of dry mouth [ 244 ]. This 
could lead to upregulation of TLR and activa-
tion of the infl ammasome leading to infl amma-
tion. The infl ammasome does appear to be 
activated during SS in humans and animal mod-
els [ 245 ,  246 ]. Genetic polymorphisms in IL-1β 
or IL-1 receptor antagonist (an inhibitor of 
IL-1R signaling) are known to affect SS [ 247 , 
 248 ]. Additionally, IL-18, a component of the 
infl ammasome, was found to be present in mac-
rophages within infl ammatory foci of the sali-
vary gland of SS patients, and circulating IL-18 
levels were elevated in SS patients compared to 
controls [ 249 ]. Interestingly, serum IL-18 levels 
were strongly correlated with SSA/Ro and SSB/
La autoantibodies. Although SS has tradition-
ally been considered a Th1-driven immune 
response, this could be due to IL-18 rather than 
the classical Th1 pathway. Th2 responses clearly 
increase autoantibody levels and the infl amma-
some is associated with Th2 responses, MCs, 
and M2 macrophages [ 2 ,  4 ,  28 ]. Additional sup-
port for the idea that SS could be a Th2-driven 
disease comes from the fi nding that SS patients 
had signifi cantly higher levels of circulating 
IL-13, a defi nitive Th2 cytokine, compared to 
controls [ 250 ].   

26.11     Summary and Future 
Directions 

 Autoimmune diseases that affect the skin occur 
predominantly in women with rheumatic autoim-
mune diseases such as SLE, RA, Sjögren’s syn-
drome, scleroderma, and dermatomyositis. 
Common immune mechanisms drive pathology 
in all rheumatic diseases and include MC and 
macrophage activation of the infl ammasome, 
vitamin D defi ciency, elevated autoantibodies 
and IC deposition, and elevated levels of proin-
fl ammatory and profi brotic cytokines like TNF 
and IL-1β. Evidence to date suggests that cutane-
ous manifestations in SLE and scleroderma are 
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lower following menopause, suggesting that high 
levels of estrogen that are present during peak 
childbearing years contribute to disease patho-
genesis. The primary pathology in SLE and 
scleroderma is ICs and fi brosis, respectively. 
Estrogen is well known to increase the autoanti-
bodies and profi brotic cytokines needed to pro-
mote these diseases. 

 In contrast, Sjögren’s syndrome, RA, and der-
matomyositis peak after menopause. Understanding 
how the menopausal transition affects infl amma-
tion in this case is complicated by changes in the 
immune response that occur with aging. However, 
low levels of estrogen are able to promote B-cell 
proliferation and antibody production, and autoan-
tibody levels in women continue to increase with 
age. Additionally, lower estrogen levels reduce the 
protective effects of estrogen that were present 
prior to menopause and allow increased activation 
of innate immune cells resulting in elevated proin-
fl ammatory and profi brotic cytokines. The skin is 
particularly susceptible to the effects of fl uctuating 
estrogen and vitamin D levels because skin immune 
cells and keratinocytes are directly infl uenced by 
these sex steroids. It is not clear yet whether vita-
min D defi ciency causes rheumatic autoimmune 
diseases or occurs as a result of autoimmune dam-
age to the skin and kidneys reducing production of 
the active form of the hormone. Regardless of 
when it occurs, low vitamin D levels are likely to 
affect the pathogenesis of disease because of the 
potent regulatory effects vitamin D has on immune 
and skin cells. 

 Although some aspects of the immune 
response important in driving autoinfl ammation 
in the skin are known, there are many gaps that 
still need to be addressed (Table  26.2 ). 
Published studies need to be reanalyzed accord-
ing to sex and age and new studies designed 
that examine whether sex differences exist. All 
clinical, animal, and culture studies must report 
the sex used for the study. Vitamin D needs to 
be understood as a sex steroid that is expected 
to have different effects on infl ammation 
according to sex, just as estrogens and andro-
gens induce different affects. Additionally, the 
skin is an organ that is centrally involved in 
regulating vitamin D levels in the body 

and should be considered when attempting to 
understand the effects of vitamin D defi ciency 
or insuffi ciency on chronic infl ammatory dis-
eases. We need a better understanding of the 
role of MCs in autoimmune skin diseases, since 
they are the primary immune cells responding 
to ICs within the skin. We also need studies that 
examine the role of IL-33/ST2, the infl amma-
some, and ILCs in the skin during rheumatic 
autoimmune diseases. And fi nally, we need to 
defi ne the relationship of ER, AR, and VDR 
signaling on immune cells and how differing 
ratios of estrogen to testosterone, as occurs fol-
lowing menopause and with aging, and differ-
ing vitamin D levels affect skin infl ammation. 
This knowledge would improve our ability to 
treat these diseases with vitamin D supplemen-
tation and HRT.

        Funding   This work was supported by a National 
Institutes of Health (NIH) award from the National Heart, 
Lung, and Blood Institute (HL111938) and an American 
Heart Association Grant-in-Aid (12GRNT12050000).  

   Table 26.2    Areas that need research   

 Clinical, animal model, and cell culture studies need to 
report the sex used in experiments and analyze data 
according to sex 
 We need to determine the relationship between VDR, 
ER, and AR signaling and its effect on immune and 
other cells like keratinocytes in the skin 
 As the primary cells that respond to autoantibodies and 
ICs, we need a better understanding of MC function in 
the skin in rheumatic autoimmune diseases 
 Determine the role of the infl ammasome in the 
autoimmune skin disease 
 We need a better understanding of the role of newly 
identifi ed immune cells and cytokines in the skin (e.g., 
ILCs, IL-33, ST2) on the pathogenesis of autoimmune 
skin disease 
 Clinical studies need to report and analyze data 
according to age or menopause status (i.e., before and 
after 50 years of age), especially in women 
 We need more data on sex differences in skin 
manifestations for rheumatic autoimmune diseases 
 Studies need to be conducted to ascertain the role of 
kidney and skin damage and infl ammation on vitamin 
D defi ciency 
 Do vitamin D defi ciency defi nitions proposed by the 
Institute of Medicine, which are based on bone health, 
correlate to pathology in autoimmune diseases? 
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27.1            Introduction 

 Menopause occurs when ovarian function ceases 
and estradiol production decreases to miniscule 
levels. Although peripheral androgen conversion 
by the adrenals continues to produce a low level 
of estrogen after menopause, overall circulating 
levels decline dramatically from greater than 
120 pg/mL to about 18 pg/mL [ 1 ]. The perimeno-
pausal transition begins sometime after the age of 
45 and lasts about 4 years. A constellation of 
symptoms emerges as follicular function 
declines. The most notable is menstrual cycle 
irregularity, refl ecting an increase in the number 
anovulatory cycles and cycles with a prolonged 
follicular phase. Other symptoms can include 
cramps, bloating or breast tenderness, vasomotor 
symptoms (“hot fl ashes”), migraine headaches, 
and vaginal dryness. Menopause has transpired 
when a woman has not menstruated for a year 
[ 2 ]. Median age of menopause in a multiethnic 
sample of American women was 51.4 years [ 3 ]. 

 Vulvovaginal and urethral epithelia have high 
levels of estrogen receptors that mediate hormonal 
action on the tissue. Consequently, the dramatic 
drop in circulating estrogen that accompanies 
menopause profoundly affects urogenital tissue 
structure and function. This chapter discusses 
postmenopausal vulvovaginal changes, with an 
emphasis on alterations in vulvar skin physiology, 
tissue atrophy, urinary changes, and susceptibility 
to infection. Vulvar dermatoses that are more com-
mon in older women are also discussed.  
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27.2     Vulvar Skin Physiology 

 Skin hydration, coeffi cient of friction, and per-
meability of vulvar skin differ from that of 
exposed skin (reviewed in [ 4 ,  5 ]). Although 
menopause affects these parameters on exposed 
skin, age-related effects on vulvar skin appear 
negligible (Table  27.1 ). In brief, keratinized skin 
of the labia majora is more hydrated than fore-
arm skin as measured by trans-epidermal water 
loss [ 6 ], and its coeffi cient of friction is higher 
[ 7 ]. Following menopause, small differences in 
these parameters have been measured on exposed 
skin, but changes in the water barrier function 
and friction coeffi cient of vulvar skin are 
 insignifi cant [ 7 ].

   Skin penetration of hydrocortisone and testos-
terone also has been compared on the forearm 
and on the vulva. (For perspective, penetration of 
testosterone but not hydrocortisone is mediated 
by androgen receptors.) In young women, vulvar 
skin is more permeable to hydrocortisone than 
forearm skin; however, following menopause, 
skin penetration of this steroid drops on the fore-
arm but not on the vulva. By contrast, compara-
ble testosterone penetration rates were measured 
at both sites in younger women, and menopause 
had no impact on testosterone penetration at 
either site [ 8 ]. 

 Studies with the model irritant, sodium lauryl 
sulfate, revealed differences in susceptibility to 
skin irritation between exposed skin and vulvar 

   Table 27.1    Comparative skin physiology and menopausal status   

 Site  Menopausal status a   Observation  Signifi cance b   Reference 

 Water barrier function (TEWL, g/m 2 ·h) 
 Forearm  Premenopausal  3.7 ± 0.4   p  < 0.05  Elsner and Maibach [ 6 ] 

 Postmenopausal  2.6 ± 0.3 
 Vulva  Premenopausal  14.8 ± 1.5  n.s. 

 Postmenopausal  13.5 ± 1.8 
 Friction coeffi cient, μ 

 Forearm  Premenopausal  0.49 ± 0.02   p  < 0.05  Elsner et al. [ 7 ] 
 Postmenopausal  0.45 ± 0.01 

 Vulva  Premenopausal  0.60 ± 0.04  n.s. 
 Postmenopausal  0.60 ± 0.06 

 Hydrocortisone penetration (% dose absorbed) 
 Forearm  Premenopausal  2.8 ± 2.4  n.s.  Oriba et al. [ 8 ] 

 Postmenopausal  1.5 ± 1.1 
 Vulva  Premenopausal  8.1 ± 4.1   p  < 0.01  Schagen van Leeuwen 

et al. [ 9 ]  Postmenopausal  4.4 ± 2.8 
 Testosterone penetration (% dose absorbed) 

 Forearm  Premenopausal  20.2 ± 8.1  n.s.  Oriba  et al. [ 8 ] 
 Postmenopausal  14.7 ± 4.2 

 Vulva  Premenopausal  26.7 ± 8.0  n.s. 
 Postmenopausal  24.6 ± 5.5 

 Visual erythema scores (scored on day 2 after 24-h postexposure to 1 % sodium lauryl sulfate) 
 Forearm  Premenopausal  9   p  = 0.03  Elsner et al. [ 10 ] 

 Postmenopausal  5 
 Vulva  Premenopausal  0  n.s. 

 Postmenopausal  0 

  Adapted with kind permission from Miranda Farage and Howard Maibach [ 11 ] 
  a Group sizes (water barrier function and friction parameters): premenopausal, 34 subjects, postmenopausal, 10 subjects. 
Group sizes (hydrocortisone and testosterone penetration): 9 subjects in each age group visual erythema score to sodium 
lauryl sulfate. Sodium lauryl sulfate application: 10 subjects per age group 
  b  n.s.  not signifi cant  
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skin. Forearm skin was far more susceptible to 
the model irritant, aqueous sodium lauryl sulfate 
(1 % w/v): this agent caused intense erythema on 
the forearms of premenopausal women but no 
visually discernible response on the vulva in 
either pre- or postmenopausal women [ 10 ].  

27.3     Vulvovaginal Atrophy 

 Vulvovaginal atrophy often develops as hormonal 
stimulation declines through the menopausal 
transition (reviewed in [ 11 ,  12 ]). Reportedly, 
10–50 % of postmenopausal women exhibit clin-
ical signs and symptoms (Table  27.2 ) [ 14 – 16 ]. 

Pubic hair becomes sparse, the labia majora lose 
subcutaneous fat, and the labia minora and vesti-
bule atrophy [ 17 ,  18 ]. In addition, the introitus 
narrows, the clitoral hood may become phimotic, 
and the exposed glans clitoris may fi brose. At the 
cytological level, estrogen-induced parakeratosis 
of vulvar stratum corneum, which is highest in 
the third decade of life, is rarely observed by the 
eighth decade [ 19 ].

   Vaginal changes also ensue. The vaginal vault 
becomes shorter and narrower, losing its typical 
folds (rugae). Blood fl ow decreases and vaginal 
lubrication declines. As the epithelium thins, it 
becomes susceptible to friction-induced bleed-
ing. Moreover, the loss of a glycogen-rich envi-
ronment both disfavors colonization by lactic 
acid-producing microbes [ 20 ] and reduces hydro-
gen ion production by vaginal epithelial cells [ 21 , 
 22 ]. Consequently, vaginal pH rises above 4.5, 
which heightens susceptibility to vaginal infec-
tion. A Papanicolaou smear of the upper third of 
the vagina reveals a higher proportion of 
 parabasal cells and lower levels of superfi cial 
squamous cells [ 23 – 25 ]. 

 Genital symptoms include decreased vaginal 
secretions, vaginal irritation, vulvar pruritus, dys-
pareunia, and postcoital bleeding [ 12 ]. Urinary 
symptoms include urethral discomfort, increased 
frequency, and dysuria [ 12 ]. If the vulvovaginal 
microbiota becomes disturbed, malodorous vagi-
nal discharge, vulvovaginal infl ammation, or 
recurrent urinary tract infection may accompany 
atrophic changes. In the patient free of infection, 
a vaginal pH of greater than 5 is a sign of hypoes-
trogenism [ 20 ,  23 ]. 

 Only about 25 % of women who experience 
symptoms mention them to their health-care pro-
vider, as many consider their discomfort to be an 
inevitable consequence of aging. However, uri-
nary pain, vulvovaginal irritation, or dyspareunia 
secondary to vaginal atrophy may prompt a 
woman to seek treatment. Low-dose, intravaginal 
estrogen therapy ameliorates vulvovaginal atro-
phy without signifi cant systemic side effects and 
is the conservative and recommended choice 
when hormone supplementation is considered 
solely for the relief of this condition [ 26 ,  27 ]. 
Randomized trials of an ultralow-dose, 10-μg 

   Table 27.2    Signs and symptoms of urogenital atrophy   

 Signs  Symptoms 

 Vulvar 
changes 

 Sparse pubic hair  Itching, burning, 
soreness  Shrunken labia 

 Inelastic labial skin 
 Introital narrowing 
or stenosis 
 Peri-introital 
lacerations 
 Phimotic clitoral 
hood 
 Fibrosed glans 
clitoris 
 Irritation of the 
posterior 
fourchette 

 Vaginal 
changes 

 Smooth, pale, 
friable vaginal 
mucosa 

 Vaginal dryness 

 Limited vaginal 
secretions 

 Coital discomfort 
or dyspareunia 

 Vaginal pH >4.5  Malodorous 
discharge (in cases 
of infection) 

 Higher proportion 
of immature basal 
cells on Pap smear 

 Burning leukorrhea 
(desquamative 
infl ammatory 
vaginitis) 

 Urinary 
changes 

 Eversion of 
urethral mucosa 

 Urinary frequency 

 Ecchymoses  Dysuria 
 Nocturia 
 Urinary tract 
infection 

  Adapted with permission from Farage et al. [ 13 ]  

27 Postmenopausal Vulva and Vagina



388

estradiol tablet demonstrated effi cacy in normal-
izing vaginal pH and vaginal cytology and in 
reducing the most bothersome symptoms of atro-
phy [ 28 ,  29 ]. This dose exhibited low overall sys-
temic absorption and was associated with no 
signifi cant evidence of endometrial hyperplasia 
[ 28 ]. The North American Menopause Society 
concludes that opposing progestogen is generally 
not indicated at the low estrogen doses adminis-
tered locally for vaginal atrophy [ 26 ,  27 ]. 

 Intravaginal administration of dehydroepian-
drosterone (DHEA), an androgenic sex steroid 
precursor, has been proposed as an alternative 
approach to treating postmenopausal vaginal 
atrophy and associated sexual dysfunction [ 30 , 
 31 ]. Locally applied DHEA is converted by vagi-
nal cells to estrogens and androgens without 
affecting serum concentrations of estradiol or tes-
tosterone, thereby avoiding effects on other 
organs [ 32 ]. In randomized trials, treatment 
improved clinical signs of atrophy (pH, cytology, 
vaginal secretions, and epithelial thickness) and 
measures of sexual health [ 30 ,  31 ]. However, in 
contrast to intravaginal estradiol therapy, which 
requires application of a tablet two to three times 
a week, DHEA requires daily dosing of a cream 
preparation, a regimen that women may fi nd 
more onerous [ 33 ]. The North American 
Menopause Society (NAMS) Web site (meno-
pause.org) is a good source of information on 
treatment options for health conditions associ-
ated with menopause.  

27.4     Urogenital Infections 

27.4.1     Urinary Tract Infections 

  Escherichia coli  is the primary organism involved 
in urinary tract infections (UTIs), and the vagina 
is a reservoir for urethral colonization [ 34 – 36 ]. 
As circulating estrogen declines, cell densities of 
lactic acid-producing microbes fall, and the inci-
dence of vaginal colonization with  E. coli  rises 
[ 37 ]. This elevates the risk of UTIs. Insulin- 
dependent diabetes and a prior history of recur-
rent UTIs are associated with higher risk of UTIs 
after menopause [ 38 ]. Although the number of 

studies is limited [ 39 ,  40 ], a meta-analysis found 
evidence that intravaginal estradiol therapy may 
reduce the risk of urinary tract infection [ 41 ]. 
However, the therapy does not have regulatory 
approval in the USA for this indication.  

27.4.2     Sexually Transmitted 
Infections 

 Many people remain sexually active in old age 
and can be at risk of acquiring sexually transmit-
ted infection. Transmission of genital herpes sim-
plex remains pertinent, and both women with an 
intact cervix and women who have undergone a 
hysterectomy can acquire trichomonadal, gonor-
rheal, or chlamydial infection. With advent of 
modern treatment, HIV/AIDS is now a chronic 
illness in the developed world; infected people 
can now live into their 70s or longer and may 
transmit the disease. The use of condoms should 
be encouraged. Sexually transmitted infection 
among older adults is a sensitive subject that may 
be facilitated in the clinical setting with a non-
threatening conversation and by using patient 
education pamphlets.  

27.4.3     Desquamative Infl ammatory 
Vaginitis (DIV) 

 Women over age 40 can suffer from desquama-
tive infl ammatory vaginitis, a rare infl ammatory 
vaginal infection that occurs primarily in white 
women [ 42 ,  43 ]. It produces a copious, purulent 
discharge, and the vulva and vaginal vault appear 
glazed due to epithelial sloughing. Vaginal pH is 
greater than 4.5, but the “whiff test” is negative 
(no fi shy odor when a drop of vaginal secretion is 
added to 10 % aqueous potassium hydroxide). 
Microscopy reveals an outpouring of infl amma-
tory white cells (a hallmark sign), a paucity of 
lactobacilli, large numbers of other bacteria, and 
a preponderance of immature, squamous vaginal 
epithelial cells. Typical treatment is a 2-week 
course of clindamycin. Prognosis is good if there 
is a favorable initial response, but in some cases, 
long-term maintenance therapy is required.   
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27.5     Urinary Incontinence 

 Urinary incontinence is underreported condition. 
It may emerge prior to menopause, but incidence 
increases with age. Reported prevalence rates 
vary depending on the condition (stress, urge, or 
mixed incontinence) and demographic variables 
(age, race, parity, body mass index, etc.) [ 44 ]. 
Reported rates range from 10 to 40 % among 
subgroups of community-dwelling individuals 
[ 45 ,  46 ] and from 43 to 77 % among nursing 
home residents [ 47 ]. 

 Stress and urge incontinence have different 
symptoms and underlying pathology (Table  27.3 ). 
Stress incontinence involves the uncontrolled 
loss of urine induced by sudden pressure on the 
abdominal organs (such as a cough, a sneeze, 
heavy lifting, exercise, or coital penetration). It 
stems from a weakened sphincter at the junction 
of the bladder and urethra. Stress incontinence 
may be fi rst experienced by younger women aged 
30–50 when the bladder sphincter is weakened 
by childbirth. However, its incidence peaks dur-
ing the perimenopausal period (between the ages 

45 and 49) [ 46 ], possibly because aging mani-
fests the underlying weakness. Another impor-
tant factor is obesity, which places additional 
stress on the bladder. Obese women (BMI ≥30) 
have twice the risk of developing stress inconti-
nence independent of age and parity. 
Epidemiological data indicate that each 5-unit 
increase in BMI is associated with 20–70 % 
increase in urinary incontinence risk [ 48 ].

   Urogenital prolapse, the downward descent of 
the internal urogenital organs toward the vagina 
due to weakened support, can coexist with stress 
incontinence. Relaxation of the musculature of 
the vaginal vault and weakening of the pelvic 
muscles due to childbirth contributes to urogeni-
tal prolapse. 

 Mild stress incontinence is manageable with 
pelvic muscle training (Kegel exercises), by lim-
iting fl uid intake, by more frequent voiding, and 
with the use of feminine pads. Pelvic fl oor mus-
cle exercises are more effective in younger than 
older women [ 49 ]. Devices for stress inconti-
nence include pessaries and urethral orifi ce plugs, 
but most women are disinclined to use them. 

   Table 27.3    Types of urinary incontinence in adult women a    

 Stress  Urge 

 Patient population  Women aged 30–50, especially those who 
have given birth. Incidence rises with age 

 Older, usually postmenopausal women 
(>age 50) 

 Symptoms  Uncontrolled urine loss when sudden 
pressure is applied to the bladder (e.g., 
sneezing, coughing, lifting heavy objects, 
intercourse) 

 Increased frequency and urgency Inability to 
suppress urine loss 

 Causes  Weakness of the sphincter muscle at the 
junction of the bladder neck and the 
urethra 

 Overactive bladder muscle (i.e., stronger, more 
frequent bladder contractions at lower urine 
volumes); weakened outlet 

 Risk factors  Childbirth; obesity; genital prolapse; 
Caucasian race 

 Childbirth may contribute to the problem in 
younger women by weakening the outlet; the 
risk after age 50 is independent of childbearing 
history and may refl ect age-related changes 

 Mechanism  Nerve or sphincter muscle damage or 
damage to the connective tissue 
supporting the bladder neck 

 Impaired nerve-brain refl exes regulating 
bladder wall contractions; shortening and 
thinning of the urethra after menopause; slower 
and less effi cient voiding (retention). Childbirth 
may weaken the outlet, making the impact of 
bladder contractions more apparent 

 Treatment  Pelvic fl oor muscle training (Kegel 
exercises) 

 Behavioral modifi cations 

 Surgery (least conservative)  Antimuscarinic drugs 

  Adapted from Farage et al. [ 13 ] 
  a Mixed stress-urge occurs in 30 % of cases  
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Duloxetine, a serotonin and noradrenaline reup-
take inhibitor used to treat mood disorder, reduces 
the frequency of stress incontinence in random-
ized controlled trials in younger and postmeno-
pausal women [ 9 ,  50 ,  51 ]. It is approved for this 
indication in Europe but not in the USA. In over-
weight or obese women, weight loss is a fi rst-line 
intervention for stress urinary incontinence. For 
severe cases of stress incontinence, surgery is the 
least conservative remaining option for therapy; 
however, a paucity of data exists on the effective-
ness of surgery in the older postmenopausal 
patient. 

 Urge incontinence involves the strong urge to 
urinate and inability to voluntarily control urine 
loss. Urge incontinence is unpredictable and 
more distressing when involving large urine 
losses. An abnormality in the sensory refl ex 
mechanism causes heightened contractions 
(spasms) in the bladder wall, exerting pressure on 
the bladder neck and creating a feeling of urgency 
at lower urine volumes than is typical. Childbirth 
may contribute to sphincter weakness, so that the 
impact of bladder contractions is more apparent. 

 Several therapeutic approaches exist for this 
condition. Effi cacious antimuscarinic drugs (e.g., 
oxybutynin, Tolterodine) block cholinergic mus-
carinic receptors associated with uncontrolled 
bladder contractions [ 52 ]. Common side effects 
are dry mouth and constipation. Anticholinergic 
drugs are contraindicated in patients with docu-
mented untreated narrow-angle glaucoma. 
Behavioral interventions include moderating 
fl uid intake (although low intakes may increase 
contractions at lower urine volumes); bladder 
retraining through scheduled voids and conscious 
urge suppression; limiting caffeine, alcohol, and 
diuretics; and adding dietary fi ber or probiotics to 
avoid constipation. Kegel exercises may alleviate 
the contribution of a weakened sphincter but will 
not affect bladder contractions. 

 Interstitial cystitis is a poorly understood con-
dition with symptoms that may contribute to uri-
nary frequency and urge incontinence (reviewed 
in [ 53 ,  54 ]). One prevailing theory is that com-
promise of the protective mucus layer of bladder 
mucosa (possibly from prior injury, subclinical 
infection, or autoimmune destruction) is a pre-

cipitating event. Potassium ions, present at high 
concentration in urine, cross this “leaky” epithe-
lium, triggering chronic infl ammation, injury, 
and neuronal damage to the bladder interstitium. 
Interstitial cystitis manifests as symptoms of 
urgency, frequency, burning pain associated with 
bladder fi lling, and dysuria. Patients with intersti-
tial cystitis but not those with healthy bladders 
are sensitive to instilled potassium (potassium 
sensitivity test), which elicits reduced bladder 
capacity and pain. In the early stages of the con-
dition, the patient may not recognize the increased 
voiding as dysfunctional; however, pain and 
greater frequency develop as the disease pro-
gresses. Most patients with this condition also 
experience dyspareunia. Interstitial cystitis often 
coexists with vulvodynia [ 55 – 57 ] and that both 
conditions may have a neurogenic component 
[ 58 ]. Because interstitial cystitis is associated 
with bladder pain, dysuria, high voiding fre-
quency, low void volumes, and nocturia, it shares 
the symptomatic characteristics of overactive 
bladder syndrome or urge incontinence. 

 For the active, community-dwelling older 
woman with urinary incontinence [ 59 ], feminine 
protection is the self-treatment option of choice. 
She will search for other options only when 
symptoms become too diffi cult to manage or 
when she fears her symptoms signal pathology. 
Consequently, it is up to the clinician to broach 
the subject sensitively as part of the medical his-
tory: simple algorithms (such as the Three 
Incontinence Questions [3IQ] questionnaire [ 60 ]) 
can be offered to assist the patient in defi ning the 
nature and cause of her symptoms (stress, urge, 
or mixed incontinence). 

 For the older woman unable to maintain ade-
quate perineal hygiene independently, inconti-
nence dermatitis can become a signifi cant 
problem. Several factors contribute to its devel-
opment [ 59 ] (see Chap.   17     in this book) 
(Fig.  27.1 ). First, chronic exposure to urinary 
moisture makes the skin more susceptible to fric-
tion damage; in the older adult, excess skin 
hydration is dissipated more slowly than in 
younger people [ 61 ]. Bacterial action on the 
urine generates urinary ammonia, which elevates 
the local pH; this alters skin barrier function and 
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activates fecal enzymes, which further compro-
mise skin integrity and increase skin susceptibil-
ity to microbial infection [ 62 – 65 ]. Atrophied 
genital tissue is especially susceptible to pH 
changes and to enzymatic action. Moreover, in 
the incapacitated patient, reduced mobility cre-
ates higher shear forces on the tissue, a trigger for 
the development of decubitus ulcers (pressure 
sores). Lastly, those with impaired cognition may 

be unable to alert caregivers to incontinent epi-
sodes. These factors underscore the need for vigi-
lant hygiene and physical assistance for the older 
adult with incontinence.

   In community-dwelling individuals receiving 
home care, helpful interventions include 
prompted or timed toileting, use of incontinence 
garments, use of antimuscarinic drugs where 
appropriate [ 66 ,  67 ], and assistance with 

  Fig. 27.1    Risk factors for incontinence dermatitis in the older person       
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 perineal care. In nursing homes, urine contain-
ment with incontinence products is a fi rst-line 
intervention. Catheterization is sometimes used 
but carries the risk of infection. Behavioral 
interventions such as prompted voiding and 
timed voiding are used to a limited degree, and 
antimuscarinics are only an adjunct treatment 
[ 68 ]. Prompted voiding involves caregivers 
checking and querying patients, giving toileting 
prompts, and reinforcing initiative on the part of 
the patient. In randomized trials, prompted 
voiding over the course of 3 months was associ-
ated with small improvements in daytime incon-
tinence in nursing homes where the population 
had substantial cognitive and mobility limita-
tions [ 69 ]. Timed voiding is bringing the patient 
to the toilet at fi xed intervals regardless of 
whether she requests it or has voided during the 
previous interval. 

 In the USA, an estimated 16 billion dollars 
annually is spent on urinary incontinence man-
agement [ 70 ]; in nursing homes, an hour per day 
is spent on dealing with incontinence at a total 
cost per incontinent patient of approximately 
$10,000 per year [ 37 ]. By 2030, it is estimated 
that one in eight people worldwide will be over 
the age of 65, and the economic impact of incon-
tinence management will become even more sig-
nifi cant [ 71 ].  

27.6     Vulvar Dermatoses 

 Lichen sclerosus affects the skin and the vulvo-
vaginal mucosa (reviewed in [ 72 ]). Incidence 
peaks bimodally, rising in adolescents and in 
peri- or postmenopausal women. Symptoms are 
intense vulvar itch, soreness, pain, and dyspareu-
nia, but there is no abnormal vaginal discharge. 
White polygonal plaques with a wrinkled appear-
ance appear bilaterally on the vulva; the labia, 
vestibule, and introitus as well as the perineum 
can be affected. Advanced disease is typifi ed by a 
“keyhole” or “fi gure-eight” confi guration of scle-
rotic tissue surrounding the introitus and anus. 
Potent topical corticosteroids or macrolides are 
used to manage symptoms and retard disease 
progression. 

 Erosive lichen planus is a rare, chronic disor-
der that affects only the mucosa of the vagina and 
vulvar vestibule; vulvar skin is unaffected [ 72 ]. 
Peak incidence is between the ages of 30 and 70. 
Signs and symptoms include intense vulvar itch 
and pain, dyspareunia, excessive discharge, and 
postcoital bleeding. Discharge is due to erosive 
shedding, and the vaginal epithelium may bleed 
upon speculum insertion. These signs and symp-
toms mimic those of desquamative infl ammatory 
vaginitis, but the distinguishing features of ero-
sive lichen planus are the absence of infection 
and the presence of white, lacy plaques on the 
vulvar vestibule and inner aspects of the labia 
minora. White plaques on the oral mucosa (buc-
cal mucosa, gingiva, palate, or tongue) are a com-
mon extragenital manifestation. Erosive lichen 
planus requires the use of potent topical steroids 
(e.g., clobetasol propionate) or topical macro-
lides (tacrolimus). Oral corticosteroids (e.g., 
prednisone) are a second-line treatment for more 
recalcitrant cases.  

27.7     Summary 

 Vulvovaginal atrophy secondary to hypoestro-
genism affects 10–50 % of postmenopausal 
women. Genital symptoms include vulvar irrita-
tion and pruritus, decreased vaginal secretions, 
vaginal burning, dyspareunia, and postcoital 
bleeding; urinary symptoms include urethral dis-
comfort, frequency, and dysuria. Low-dose, 
intravaginal estrogen therapy is an option to 
relieve symptoms of vulvovaginal atrophy and 
improve quality of life. Although the risk factors 
and precipitating events vary, postmenopausal 
women are also more likely to experience stress 
or urge incontinence. Stress incontinence, linked 
to childbirth or obesity, is uncontrolled urine loss 
provoked by abdominal pressure on a weakened 
bladder sphincter. Urge incontinence is the 
inability to suppress voiding and is likely due to 
age-related changes in the nervous system that 
cause abnormal bladder spasms; however, inter-
stitial cystitis, thought to result from a disrupted 
bladder mucosal barrier, mimics some of the 
symptoms of urge incontinence. Women are 
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unlikely to seek treatment until their symptoms 
become highly disruptive: health-care providers 
can assist by sensitively broaching the subject 
and by providing literature that describes these 
conditions and available treatment options. 
Vigilant perineal hygiene in the older person who 
is unable to care for herself is critical to avoiding 
incontinence dermatitis. Lastly, certain rare 
infections and vulvar dermatoses are more preva-
lent in postmenopausal women. Desquamative 
infl ammatory vaginitis is a persistent infl amma-
tory vaginal infection that erodes the vaginal 
mucosa and requires aggressive antibiotic treat-
ment. Lichen sclerosus is a vulvar dermatosis of 
the skin as well as the mucosa. White, wrinkled 
polygonal plaques manifest bilaterally and may 
become sclerotic. Erosive lichen planus affects 
only the mucosa and causes discharge with shed-
ding of the vaginal epithelium. Although its signs 
and symptoms mimic those of desquamative 
infl ammatory vaginitis, its distinguishing fea-
tures are the absence of infection and the pres-
ence of white, lacy plaques on the vulvar vestibule 
and inner aspects of the labia minora. Potent topi-
cal corticosteroids are used in treatment of both 
these dermatoses.     
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28.1            Menopausal Symptoms 
and Quality of Life 

 Women experience menopause between 40 and 
58 years of age, the median age being 51 years 
[ 1 ]. Due to the long duration of menopausal tran-
sition, the impact of menopause for women’s 
subjective health may be large [ 2 ]. Menopause 
may be associated with many symptoms and poor 
perceived health, which subsequently has an 
effect to quality of life [ 3 ,  4 ]. Menopause is also 
associated with a number of physical, psycho-
logical, and social changes [ 5 ]. 

 Typical symptoms during menopausal transi-
tion are hot fl ushes, night sweats, vaginal dry-
ness, and sleep disturbance [ 3 ,  4 ]. In addition, 
menopausal women commonly report a variety 
of other symptoms, including sexual dysfunction, 
depression, anxiety, memory loss, fatigue, head-
ache, joint pains, and weight gain, but they may 
relate to aging as well as menopause itself. 
Evidence from population-based cohort and 
cross-sectional studies support associations 
between menopausal status and vasomotor symp-
toms, vaginal dryness, and sleep disturbance. 
However, associations between menopause and 
mood symptoms, cognitive disturbances and 
somatic complaints are inconclusive [ 2 ]. 

 Over one-third of the premenopausal, half of 
the perimenopausal, and 54 % of both post-
menopausal and hysterectomized Finnish 
women reported bothersome symptoms [ 6 ]. The 
difference between pre- and perimenopausal 
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women was largest and statistically most sig-
nifi cant in the case of back pain and hot fl ushes. 
Physically active women reported fewer somatic 
symptoms than did women with a sedentary 
lifestyle [ 6 ]. 

 Some studies have found that menopause is 
associated with poor quality of life [ 7 ], but not all 
[ 5 ]. Menopausal transition is not to be avoided, 
but it seems that if women do not have severe 
subjective menopausal symptoms, menopausal 
transition does not affect her quality of life. 
However, if menopause-related symptoms are 
severe, menopausal transition is related to poorer 
quality of life. Avis et al. [ 8 ] found in a longitudi-
nal study (SWAN) that menopausal transition 
showed little impact on health-related quality of 
life (HRQL) when adjusted for symptoms, medi-
cal conditions, and stress. In Avis et al.’s study, 
even controlling for wide range of variables, late 
peri- and postmenopausal women were more 
likely to report reduced functioning on the role- 
physical domain of HRQL than premenopausal 
women. 

 Mishra et al. [ 9 ] also found signifi cant declines 
in the physical health domains on the SF-36 qual-
ity of life scale among women who remained 
perimenopausal over 2 years, compared to 
women who remained premenopausal. It is pos-
sible that these fi ndings are due to health prob-
lems that may co-occur with menopause and/or 
aging. In Avis et al.’s study [ 8 ], fi ndings support 
the role of symptoms in relation to HRQL. They 
found that vaginal dryness, urine leakage, poor 
sleep, and depression were highly related to all 
SF-36 domains and same kind of fi ndings have 

Kumari et al. [ 5 ] by women who experienced 
vasomotor symptoms or depression showed sig-
nifi cant declines on the SF-36. In Avis et al’s 
study, they conclude that changes in HRQL over 
the menopausal transition are largely explained 
by symptoms related to menopause and/or aging 
such as vasomotor symptoms, vaginal dryness, 
urine leakage, problems with sleeping, health 
conditionings such as arthritis, and depressed 
mood and stress [ 8 ]. All these fi ndings highlight 
the importance of controlling for important 
covariates in assessing the impact of the meno-
pausal transition on HRQL.  

28.2     Measurement of Quality 
of Life 

 In this chapter, we discuss a conception of “quality 
of life” meaning women’s own perception of her 
well-being. Health-related quality of life (HRQL) 
defi nition comes from PRO Harmonization Group 
and is stated as “HRQL represents the patients’ 
evaluation of the impact of a health condition and 
its treatment on daily life” [ 10 ]. In Short Form 
(SF-36) scale, there are 36 items assessing eight 
dimensions of quality of life. Each scale is scored 
from 0 to 100, in which 100 being the most favor-
able score. Other quality of life questionnaires that 
are included to this review are Women’s Health 
Questionnaire (WHQ) and MENQOL, which are 
menopause- specifi c quality of life questionnaires 
and focused on psychological as well as physical 
items (Table  28.1 ). In our previous longitudinal 
study [ 11 ], we used global quality of life scale, 

    Table 28.1    Quality of life measurement scales   

 Dimensions 
 A 36-item Short Form Health 
Survey SF-36 [ 28 ] 

 Menopausal quality of life, 
MENQOL [ 26 ] 

 Women’s Health Questionnaire, 
WHQ [ 28 ] 

 1  Physical functioning  Vasomotor function  Depressed mood 
 2  Role function physical  Psychosocial function  Somatic symptoms 
 3  Mental health  Physical function  Memory/concentration 
 4  Role function emotional  Sexual function  Vasomotor symptoms 
 5  Social functioning  –  Anxiety/fears 
 6  Bodily pain  –  Sexual behavior 
 7  Vitality  –  Sleep problems 
 8  General health  –  Menstrual symptoms 
 9  –  –  Attractiveness 
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Ladder of Life scale, which was modifi ed by 
Andrews and Withey in 1976. Respondents were 
asked to evaluate their quality of life during the 
previous month. The scale was from 0 to 10 with 0 
meaning worst possible quality of life and 10 
meaning best possible quality of life. This quality 
of life scale is self-anchoring because ratings are 
made relative to each person’s conception of her 
best or worst quality of life.

28.3        Physical Activity, 
Menopausal Symptoms, 
and Quality of Life 

 Physical activity has been shown to enhance 
quality of life among midlife women [ 12 ,  13 ], 
and some studies suggest that physical activity is 
associated with a decrease of hot fl ushes [ 14 ,  15 ]. 
How might physical activity affect to occurrence 
of hot fl ushes? During menopause, estrogen con-
centrations decrease, and consequently the level 
of neurotransmitter β-endorphin, which is known 
to affect thermoregulation, decreases. It is also 
known that physical activity increases hypotha-
lamic β-endorphin production and thereby may 
affect and stabilize thermoregulation [ 16 ] and 
diminish hot fl ushes. On the other hand, physical 
activity raises acutely core body temperature and 
thus could theoretically increase the occurrence 
of vasomotor symptoms [ 17 ]. The other explana-
tions include association between physical activ-
ity, mood, and weight. Maintaining or increasing 
physical activity level during menopausal transi-
tion period and postmenopause has been sug-
gested to reduce a variety of psychological 
symptoms, including anxiety, stress, and depres-
sion [ 18 ]. 

 Physical activity and weight is an interesting 
issue when vasomotor symptoms are considered. 
One possible mechanism in how physical activity 
could affect frequency of hot fl ushes is control-
ling body weight [ 14 ,  17 ]. Obesity was long time 
thought to be a protective factor against vasomo-
tor symptoms, because androgens are aromatized 
into estrogens in body fat. Women with more adi-
pose tissue would be expected to have a lower 
risk of vasomotor symptoms because of higher 

levels of estrogen [ 17 ]. However, several studies 
have found that obesity may be a risk factor 
rather than a protective characteristic during the 
menopause. Evidence indicates that higher body 
mass index and body fat in particular are associ-
ated with greater vasomotor symptom reporting 
and primarily hot fl ushes [ 19 ]. Davis et al. [ 20 ] 
suggests that obesity is an independent risk factor 
for experiencing severe menopausal symptoms. 
These fi ndings are consistent with a thermoregu-
latory model of vasomotor symptoms in which 
body fat acts as an insulator, rendering vasomotor 
symptoms, a putative heat dissipation event, 
more likely. 

 Weight gain during menopause is not related 
to menopause itself but rather to aging [ 20 ]. The 
hormonal changes across the menopausal transi-
tion substantially contribute to increased central 
abdominal fat and abdominal obesity. Reduction 
in weight and abdominal circumference has been 
associated at least partly with reduction in vaso-
motor symptoms among overweight and obese 
women [ 21 ]. Although there are multiple obser-
vational studies which have documented that 
women with a higher BMI report more frequent 
or severe hot fl ushes during menopause, the 
mechanisms underlying this association are still 
poorly understood. Recently proposed explana-
tions for the observed association between BMI 
and hot fl ushes include alterations in leptin and 
other cytokines expressed by adipocytes that 
affect thermoregulatory function [ 22 ]. Finally, 
women who are overweight or obese may differ 
in psychological or social factors that affect their 
subjective experience of and willingness to report 
symptoms such as hot fl ushes [ 21 ]. 

 Symptoms that are related to menopause (hot 
fl ushes, night sweats, vaginal dryness) may have a 
negative impact on women’s health-related quality 
of life [ 23 ]. If the symptoms are a result of the loss 
of estrogen, replacing estrogen using hormonal 
therapy, symptoms could disappear and improve 
quality of life. Hess et al. [ 24 ] found in their study 
that poor HRQL does not increase likelihood of 
initiating hormonal therapy, nor is hormonal ther-
apy use associated with HRQL improvements. 
Women who initiated hormonal therapy and 
reported frequent menopausal  symptoms reported 
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an improvement in vitality compared with those 
who initiated hormonal therapy and did not report 
a frequent symptom. In Hess et al.’s study [ 24 ], it 
showed that hormonal therapy does not affect the 
overall feeling of “wellness” but only the symp-
toms which bothered their life. Similar conclusions 
were made in a review by Utian and Woods [ 25 ]; 
health-related as well as menopause-related quality 
of life benefi ts are contingent of symptoms status. 
Severely symptomatic women experience a signifi -
cant improvement in their health-related and 
menopause- related quality of life, but in clinical tri-
als women without severe symptoms at baseline do 
not experience an increase in quality of life [ 25 ].  

28.4     Physical Activity and Quality 
of Life During Menopause: 
Evidence from Experimental 
Studies 

 Effi cacy of yoga, exercise, and usual activity for 
the improvement of menopause-related QoL in 
women with vasomotor symptoms was studied in a 
randomized controlled trial by Reed et al. [ 26 ]. The 
report is part of a trial in which the main aim was to 
study effi cacy of omega-3 treatment for vasomotor 
symptoms [ 27 ]. The instruction of the yoga inter-
vention was provided during weekly 90-min 
classes, and daily home practice was instructed for 
20 min on days when class was not attended. 
Women in the exercise intervention group were 
expected to perform resistance exercise training 
sessions three times per week with targeted train-
ing heart rate 50–60 % of the heart rate reserve for 
the fi rst month and 60–70 % for the next 2 months. 
The exercise took 40–60 min per session, and the 
aim was to achieve the energy expenditure goal of 
16 kcal/kg. The usual activity group was instructed 
to continue their usual physical activity and not to 
begin any new physical exercise. Women in all 
three groups received either placebo that contained 
olive oil or an active omega-3 capsule. The 
Menopausal Quality of Life Questionnaire 
(MENQOL) was used to evaluate menopause-
related QoL in 29 items. Scoring generates a total 
score and four domain scores (vasomotor, physical, 
psychosocial, sexual functioning) (see Table  28.1 ). 

 The yoga intervention was found to have sig-
nifi cantly greater improvement in MENQOL 
scores at 12 weeks when compared with the usual 
activity group, additionally no group differences 
were observed between exercise and usual activ-
ity or omega-3 and placebo [ 26 ]. According to the 
results, for yoga compared to usual activity, base-
line to 12-week improvements were seen for 
MENQOL total, vasomotor symptom domain, 
and sexuality domain scores. However, for women 
who underwent exercise and omega-3 therapy 
compared with control subjects, improvements in 
baseline to 12-week total MENQOL scores were 
not observed. Exercise showed benefi t in the 
MENQOL physical domain score at 12 weeks. As 
conclusion, yoga appears to improve menopausal 
quality of life among healthy sedentary women in 
spite of modest effect. 

 A Finnish trial studied quality of life effects of 
moderate-intensity aerobic training [ 28 ]. Women 
aged 43–63 years, with weekly severe hot fl ashes, 
no current use of hormone replacement therapy, 
and sedentary (physical exercise <2 times/week), 
were recruited into a randomized controlled trial. 
Outcomes were hot fl ushes and health-related 
quality of life (HRQL). Intervention included 
moderate-intensity aerobic training for 6 months, 
four times per week walking for 50 min at 60 % of 
VO 2 max. Control group continued their usual 
activities. Hot fl ashes were reported by mobile 
phone twice a day. Health-related quality of life 
was estimated by the Short Form-36 Health sur-
vey and Women’s Health Questionnaire. Results 
of the study showed that decrease in the nighttime 
hot fl ashes was larger among the intervention 
group than among the control group, but not dur-
ing daytime. At the end of intervention, women 
reported signifi cantly fewer nighttime hot fl ashes 
(43 %) than the control women (54 %). Signifi cant 
differences between the groups in SF-36 score 
changes were found in physical functioning, gen-
eral health, vitality, and in WHQ depression. 

 Imayama et al. studied individual and com-
bined effects of dietary weight loss and/or exer-
cise interventions on HRQOL and psychosocial 
factors (depression, anxiety, stress, social sup-
port) in a randomized trial setting [ 29 ]. 
Overweight or obese postmenopausal women 
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were randomly assigned to 12 months of dietary 
weight loss, moderate-to-vigorous aerobic exer-
cise, combined diet and exercise, or control 
groups. According to their results, the combined 
diet + exercise group improved four aspects of 
HRQOL (physical functioning, role-physical, 
vitality, and mental health) and stress, whereas 
the diet group increased vitality score, but 
HRQOL did not change differently in the exer-
cise group compared with controls. In Imayama 
et al.’s study, a combined diet and exercise inter-
vention had larger positive effects on HRQOL 
than that from exercise or diet alone [ 29 ]. 

 The importance of weight loss was also found 
in an experimental study by Guimaraes and 
Baptista [ 30 ]. In their study, at least moderate- 
intensity PA for 60 min/day had favorable infl u-
ence on the prevention of menopausal symptoms 
and on QOL, particularly in the psychological 
and social domains. The infl uence of habitual PA 
was partially associated with a decrease in the 
symptoms of menopause and/or with weight loss. 

 To summarize, results from experimental 
studies show benefi cial effects of physical activ-
ity on quality of life, independent of dose, type, 
or other details of physical activity.  

28.5     Physical Activity and Change 
in Quality of Life: Evidence 
from Cohort Studies 

 A total of 1,165 Finnish women aged 45–64 years 
from a national representative population-based 
study were followed up for 8 years [ 11 ]. Ordinal 
logistic regression analysis was used to measure 
the effect of menopausal status on global quality 
of life. Other variables included in the analyses 
were age, education, change of physical activity 
as assessed with metabolic equivalents, change 
of weight, and hormone therapy use. According 
to the results, peri- or postmenopausal women 
increased their physical activity (28 %) during 
the 8-year follow-up period slightly more often 
than premenopausal (18 %) women. Menopausal 
status was not signifi cantly correlated with 
change of QoL. QoL of the most highly educated 
women was more likely to improve than among 

the less educated. Women whose physical activ-
ity increased or remained stable had higher prob-
ability for improved QoL than women whose 
physical activity decreased. Women whose 
weight remained stable during follow-up also 
improved their QoL compared to women who 
gained weight. Women who had never used hor-
mone therapy had 1.3 greater odds for improved 
QoL. As conclusion, the study showed that 
improvement of global QoL is correlated with 
stable or increased physical activity, stable 
weight, and high education, but not with change 
in menopausal status. 

 Change in global quality of life is more asso-
ciated with change in physical activity than 
change in menopausal status [ 11 ]. However, 
women whose physical activity or weight 
remained the same, physical activity increased or 
women who were the most highly educated, had 
improved QoL over time. 

 Mishra et al. [ 9 ] in their longitudinal study with 
2 years of follow-up found that certain domains of 
QoL decline with aging and physical aspects of 
general health and well-being measured by SF-36 
scale declined during the menopausal transition. 
Women who were perimenopausal for at least a 
year reported greater decline in their physical 
health and psychosomatic domains than did pre-
menopausal women [ 9 ]. In Smith-DiJulio et al.’s 
longitudinal study [ 31 ], it was found that negative 
life events predicted decreased well-being in 
menopausal transition, but factors associated with 
the menopausal transition did not. They also found 
that women’s sense of mastery and satisfaction 
with her life and ability to use available social sup-
port predicted increased well-being. These fi nd-
ings suggest also that for most women, the 
menopausal transition is not a predictor of well-
being when considered in a broader life context. 

 Physical activity has been reported to decrease 
with age [ 32 ], but in Luoto et al.’s study [ 28 ], it 
seems that women in menopausal transition 
changed their behavior into another direction. 
Increased motivation for lifestyle modifi cation 
during menopausal transition could explain this 
increasing physical activity. 

 Elavsky et al. [ 12 ] found in a longitudinal 
study of middle-aged women that physical 
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 activity improves physical self-worth and posi-
tive affect and that the improvements in affect 
lead to improvements in QoL. In Moilanen et al.’s 
study [ 11 ], those women who decreased their 
physical activity had deterioration in QoL than 
did women whose physical activity remained 
stable. Women who increased their physical 
activity improved their QoL. In the study by 
Elavsky et al. [ 12 ], increase in physical activity 
mediated positive affect and therefore had a posi-
tive effect on QoL. Some other studies claim that 
physical activity alleviates menopausal symp-
toms (hot fl ushes) and so improves QoL [ 15 ,  33 ]. 

 In an Australian longitudinal study, women 
were followed annually for 13 years of time to 
study duration of menopausal symptoms. In Col 
et al.’s study, the duration of menopausal symp-
toms was found to be longer than expected, over 
5 years. The only factor which was associated 
with duration of hot fl ushes was regular exercise, 
which was associated with shorter symptom 
duration [ 2 ]. 

 It is hypothesized that endorphin concentration 
in the hypothalamus decreases and estrogen pro-
duction declines, facilitating the release of norepi-
nephrine and serotonin. Exercise may have 
ameliorating effects on vasomotor symptoms by 
increasing the presence of hypothalamic and 
peripheral ß-endorphin production. Through these 
mechanisms, exercise may help to stabilize the 
thermoregulatory center and diminish the risk of 
hot fl ushes [ 34 ]. The relationship between physical 
activity and QoL during the menopause is complex 
and may involve a number of alternative mecha-
nisms, physiological or psychological or both. 

 Women who gained weight were more likely 
to report deterioration in QoL. This is consistent 
with other studies [ 28 ,  35 ]. The 8-year follow-up 
study by Dennerstein et al. [ 33 ] found that 
increase of body mass index was associated with 
decline in self-rated health. Whether this is 
because of their knowledge of the relationship 
between body fatness and chronic disease or 
whether it refl ects a problem with body image is 
unknown. In the study by Sammel et al. [ 35 ], the 
major predictors of weight gain among meno-
pausal women were quality of life and other psy-
chological factors including depressed mood and 

anxiety. One might speculate some causality 
between these factors; did weight gain lead to 
decline in QoL or did poorer QoL lead to weight 
gain? 

 The Study of Women’s Health Across the 
Nation (SWAN) [ 36 ], which is a multiethnic 
cohort study, found that women who had gained 
weight during the study period reported more 
vasomotor symptoms (hot fl ushes) than women 
whose weight remained stable. Thurston and 
Joffe [ 37 ] summarized association between obe-
sity and vasomotor symptoms from SWAN stud-
ies and found that obesity is a key factor of 
occurrence of vasomotor symptoms. One possi-
ble explanation mechanism could be thermoregu-
latory model of vasomotor symptoms, in which 
adipose tissue acts as an insulator, preventing the 
heat dissipating action of vasomotor symptoms, 
thereby increasing their occurrence or severity. 
Abdominal adiposity and particularly subcutane-
ous adiposity were associated with increased 
likelihood of hot fl ushes [ 37 ]. Lean women have 
more hot fl ushes at the time of menopause [ 38 ], 
and they have been shown to use hormone 
replacement therapy more frequently [ 39 ], 
although opposite results also exist [ 40 ]. Stadberg 
et al. [ 41 ] found that a higher BMI was correlated 
with a higher climacteric symptom score. They 
thought that possible reason maybe that over-
weight women sweat more often because of their 
extra weight load and obesity is also associated 
with less exercise and poorer general health. 
Overweight could also be viewed as a lifestyle 
factor with less concern about health and lower 
self-esteem [ 42 ].  

28.6     Future Studies 

 A positive association between physical activity 
and perception of QoL during menopause is 
found in a number of studies with experimental 
or nonexperimental design. Future studies could 
address the recent possibilities of more precise 
exposure evaluation with objective physical 
activity measurement instead of self-reported 
physical activity. Due to the current understand-
ing of physical activity’s ability to prevent breast 
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cancer [ 43 ], even women using hormone therapy 
for menopausal symptoms might benefi t from an 
increase in physical activity.     
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        Although the concept of quality of life (QOL) 
has been defi ned in several different ways by 
 different authors and studies, these defi nitions 
generally agree as to the importance of self-
esteem and personal well-being to QOL and 
often involve concepts such as functional capac-
ity, socioeconomic status, emotional state, social 
interaction, intellectual activity, self-care, family 
support, health status, cultural, ethical and reli-
gious values, lifestyle habits, satisfaction with 
one’s job and with life in general, and the envi-
ronment in which one lives [ 1 ]. The World Health 
Organization (WHO) Quality of Life Group [ 2 ] 
has adopted a multidimensional defi nition of the 
concept and has suggested that QOL consists of 
an “individual’s perception of their position in 
life in the context of the culture and value system 
in which they live and in relation to their goals, 
expectations, standards and concerns.” 

 A number of assessment instruments have 
been developed to transform subjective QOL 
information into objective and measurable 
parameters which could be used to evaluate indi-
viduals and populations. To facilitate the stan-
dardization and implementation of these 
instruments, efforts must be made to ensure that 
they are easy to administer and have valid psy-
chometric properties for assessing QOL in differ-
ent populations [ 3 ,  4 ]. The fact that these 
instruments are generally developed for use in a 
single culture and tend to be heavily language- 
based may lead to signifi cant communication and 
cultural biases [ 5 ]. Therefore, whenever such 

        M.  C.  O.   Wender ,  MD, PhD       (*)  
  Department of Obstetrics and Gynecology , 
 Menopause Clinic of Hospital de Clinicas de Porto 
Alegre, Federal University of Rio Grande do Sul  
  Rua 14 de julho 746/4 ,  Porto Alegre , 
 Rio Grande do Sul   91340430 ,  Brazil   
 e-mail: mceleste@ufrgs.br   

    P.  P.   de   Oliveira      
  Department of Medicine ,  University Unochapecó , 
  Chapecó ,  Santa Catarina ,  Brazil   
 e-mail: patriciapoliveira@hotmail.com  

  29      Quality of Life 

           Maria     Celeste     O.     Wender       
and     Patrícia     Pereira     de     Oliveira    

Contents

29.1  Cervantes Scale ............................................  408

29.2  Women’s Health 
Questionnaire (WHQ) .................................  410

29.3  The Utian Menopause 
Quality Of Life Score (UQOL) ...................  411

29.4  Menopause-Specifi c 
Quality Of Life 
Questionnaire (MENQOL) .........................  411

29.5  The Menopausal 
Quality Of Life Scale (MQOL) ..................  412

29.6  The Menopause 
Rating Scale (MRS) .....................................  412

29.7  Qualifemme ..................................................  413

29.8  Summary ......................................................  413

 References ...............................................................  413

mailto: patriciapoliveira@hotmail.com
mailto: mceleste@ufrgs.br


406

instruments must be used in a different language 
from the one in which they were initially devel-
oped, not only must they be translated, but their 
cultural and psychometric properties must also 
be reevaluated [ 3 ,  4 ,  6 ]. 

 QOL questionnaires and scales may be either 
specifi c or generic [ 6 – 8 ]. Specifi c instruments 
allow for a more in-depth understanding of the 
relationship between menopausal symptoms and 
QOL, while generic instruments investigate the 
physical and mental factors that infl uence QOL 
during the climacteric and are not restricted to 
particular aspects of this stage of life. Recent 
studies suggest that instruments of both types 
should be used in combination to increase the 
accuracy of the assessment and that qualitative 
assessment methods should be added to QOL 
assessment batteries so as to provide a more mul-
tidimensional, liberal, and subjective picture of 
QOL [ 9 ]. 

 Generic instruments usually perform a global 
assessment of important facets of QOL and 
 evaluate physical, social, psychological, and spir-
itual domains. Some of the most widely used 
generic QOL questionnaires are the World Health 
Organization Quality of Life (WHOQOL) assess-
ment instrument, the Medical Outcomes Study 
36-item Short Form Health Survey (SF-36) [ 10 ], 
the Nottingham Health Profi le (NHP), and the 
Quality of Well-being (QWB) scale. The best 
known of these instruments is probably the 
WHOQOL-100. This 100-item instrument was 
originally developed by the WHO [ 2 ,  9 ], and, due 
to the length of application, has recently been 
adapted into a shorter version, known as the 
WHOQOL-bref. The latter instrument contains 
26 items, of which two are general questions 
about QOL. The remaining items represent each 
of the 24 domains assessed by the WHOQOL-100. 
The instrument assesses four major domains: 
physical, psychological, social relationships, and 
environment. The domains are assessed by a 
series of questions referring to the previous 
2 weeks, which investigate the following con-
cepts: perception of QOL; satisfaction with 
health status; the impact of pain on daily activi-
ties; need for medical and health-care services; 
ability to enjoy life; concentration abilities; feel-

ings of safety; characteristics of the environment; 
self-esteem; fi nancial status; leisure activities; 
ability to move freely; satisfaction with sleep pat-
terns, work,  personal, and sexual relationships, 
and the use of means of transportation. The 
abbreviated  version of the questionnaire was 
developed using data from a study involving 20 
health  centers in 18 countries [ 2 ]. 

 Specifi c instruments, on the other hand, were 
designed to assess particular aspects of QOL, 
such as health-related quality of life, and to be 
more sensitive in detecting change following 
interventions. Such instruments may aim to 
assess specifi c areas of life (functional capacity, 
sexual functions, social relations, etc.), popula-
tions (youth, elderly, climacteric women, etc.), 
diseases (diabetes, breast cancer, etc.), or other 
life changes (such as pain following a therapeutic 
intervention). 

 The assessment of the menopausal transi-
tion and of postmenopausal women has been 
the  subject of a number of debates and discus-
sions in the literature. The menopausal transi-
tion marks a period of physiological changes 
which take place as women approach reproduc-
tive senescence. Evidence supports the clinical 
importance of the transition for many women as a 
period of signifi cant changes in health status and 
of the appearance of symptoms (i.e., vasomotor 
symptoms, sleep disturbances, depression) which 
may infl uence women’s quality of life [ 11 – 13 ]. 
Perimenopausal women may exhibit great symp-
tom variability, and their experience of this stage 
in life may be subjected to various cultural infl u-
ences. The WHO defi nes menopause as the ces-
sation of menstruation for at least 12 consecutive 
months, which generally occurs at approximately 
50 years of age [ 14 ]. Among the many factors 
associated with QOL and aging, previous physi-
cal and emotional health, social insertion, and 
experience with major life events are some of the 
most relevant. 

 Some of these factors are assessed by instru-
ments that investigate the impact of climacteric 
symptoms on QOL, such as the health-related 
quality of life in the Spanish women through and 
beyond menopause (The Cervantes Scale), 
Women’s Health Questionnaire (WHQ), Utian 
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Quality of Life (UQOL), the Menopause-Specifi c 
Quality of Life Questionnaire (MENQOL), the 
Menopause Quality of Life Scale (MQOL), 
Menopause Rating Scale (MRS), and the 
Qualifemme (Table  29.1 ).

   A recent meta-analysis [ 15 ] sought to iden-
tify the most appropriate and psychometrically 
sound instruments for assessing QOL in women 
in the postmenopause. The analysis included 
studies of the following scales: WHQ, MRS, 

   Table 29.1    Comparison between measures of quality of life during the climacteric and menopause   

 Instrument  Author  Domains  Score 

 Cervantes 
Scale (CS) 

 Palacios et al. [ 17 ]  Four  Responses are scored on a scale of 0–5. 
Since the CS is a negative scale, its 
“positive items” (numbers 4, 8, 13, 15, 20, 
22, 26, and 30) should be reverse scored 
before statistical analysis. Its total score can 
range from zero to 155 points. 

  Menopause and health 
  Sexuality 
  Relationship with partner 
  Psychological 

 WHQ  Hunter et al. [ 21 ]  Nine  Four-point scale 
  Mood   Yes, defi nitely 

  Yes, sometimes 
  Somatic symptoms   No, not much 

  No, not at all 
  Vasomotor symptoms 
  Anxiety and fears 
  Sexual behavior 
  Sleep problems 
  Menstrual symptoms 
  Memory and concentration 
  Attractiveness 

 UQOL  Utian et al. (1970–
2000) [ 23 ] 

 Four  Fully phrased statements (symptoms and 
feelings)   Occupational quality of life 

  Health-related quality of life 
  Emotional quality of life 
  Sexual quality of life 

 MENQOL  Primary Care 
Research Group of the 
University of Toronto, 
Canada (1992) 
Hilditch et al. [ 24 ] 

 Four  Seven-point scale ranging from “not at all 
bothered” to “extremely bothered”   Vasomotor 

  Psychosocial 
  Physical 
  Sexual 

 MQOL  Jacobs et al. [ 25 ]  Four  Six-point scale ranging from “I am never 
like this” to “I am always like this”   Physical 

  Vasomotor  For the general quality of life item, 
participants are asked to rate their own 
quality of life on a scale from 1 to 100 

  Psychosocial 
  Sexual 

 MRS  Schneider and 
Sodergren (1996) [ 26 ] 

 Three  Five-point scale ranging from asymptomatic 
to severe   Psychological 

  Somato-vegetative 
  Urogenital 

 Qualifemme  Le Floch et al. [ 30 ]  Four  10 mm visual analogue scale 
  Climacteric 
  Psychosocial 
  Somatic 
  Urogenital 
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MENQOL, MQOL, the MENCAV scale, UQOL, 
and MENQOL-Intervention. The MENQOL- 
Intervention questionnaire is a modifi ed version 
of the MENQOL which takes into account the 
infl uence of treatment side effects on QOL and 
patient outcome [ 16 ]. Of the seven measures dis-
cussed in the meta-analysis, the WHQ appeared 
to be the most psychometrically robust. However, 
the results of the study also showed that most 
of the specifi c instruments for assessing QOL 
during menopause need to be further evaluated 
and that their psychometric properties must be 
 investigated in more diversifi ed samples and 
cross- cultural studies. Another interesting pub-
lication has reviewed the validated instruments 
available to measure QOL, discussed the results 
of clinical trials of HT which have used validated 
instruments to assess QOL, and investigated the 
effect of HT on QOL [ 6 ]. 

29.1     Cervantes Scale 

 The Cervantes Scale (CS) was developed and 
validated between 2001 and 2002 for use in 
Spanish pre- and perimenopausal women. It is a 
self-administered instrument that assesses QOL 
and the factors that may infl uence it during those 
periods [ 17 ]. Initially, the instrument was com-
posed of 94 questions distributed into eight 
domains; however, its fi nal version only included 
31 questions, divided into the following four 
domains: menopause and health (15 items), sexu-
ality (4 items), relationship with partner (3 items), 
and psychological (9 items) [ 17 ,  18 ]. 

 The “menopause and health” domain assesses 
changes in QOL due to signs and symptoms 
that are common in women between the ages of 
45 and 64 years and is the most susceptible to 
improvement through treatment interventions. 
It comprises the following three subdomains: 
vasomotor symptoms (three items), health (fi ve 
items), and aging (seven items). The “sexuality” 
domain assesses sexual satisfaction and interest, 
as well as changes in the frequency of sexual rela-
tionships. The “relationship with partner” domain 
assesses marital satisfaction and the patient’s role 
in her relationship. The “ psychological” domain 

assesses changes in QOL due to anxiety and 
depression. Responses are scored on a scale of 
0–5. Since the CS is a negative scale, its “positive 
items” (numbers 4, 8, 13, 15, 20, 22, 26, and 30) 
should be reverse scored before statistical anal-
ysis. The total score may range from 0 to 155, 
where higher scores are indicative of worse qual-
ity of life [ 17 ]. 

 In Brazil, Lima and colleagues [ 19 ] conducted 
a cross-sectional study in which the scale was 
translated to Brazilian Portuguese and adapted 
both culturally and psychometrically for use in 
the local population. The study involved 180 
women aged between 45 and 64 years, recruited 
from outpatient clinics in university hospitals 
(68.3 %) or from private clinics (31.7 %) in a 
city in southern Brazil. Participants had a mean 
age of 52.3 ± 5 years and most were Caucasian 
individuals (90.0 %) with primary level educa-
tion (52.2 %) who earned up to four minimum 
wages per month (47.3 %). Women who were 
illiterate, had signifi cant visual impairment and 
severe and/or untreated illnesses, or used anti-
depressants were excluded from the study. The 
translation and cultural adaptation of the scale 
were performed according to Wild et al. [ 3 ]. 
Sociodemographic, clinical, and behavioral 
data were collected from all participants, and 
individuals were administered the following 
questionnaires: the Brazilian Portuguese ver-
sion of the CS, the WHQ, and the WHOQOL-
bref. The latter two instruments were used as 
comparative standards for the newly adapted 
scale, as they had already been validated for 
use in the Brazilian population. The psycho-
metric assessment of the Brazilian version of 
the CS was conducted using Cronbach’s alpha 
to investigate internal consistency, the intraclass 
correlation coeffi cient to assess reproducibil-
ity, and correlations between the CS and other 
QOL assessment instruments to verify construct, 
convergent, criterion, and concurrent validity. 
Discriminant validity was assessed based on the 
use of t-tests and ANOVA to analyze population 
characteristics. Sixty-six women (36.6 %) were 
also readministered the scale after a 2-week 
interval. Most women were not being treated for 
any chronic illnesses (53.3 %), but among those 
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who were undergoing such treatment, the most 
commonly reported illness was hypertension 
(66.6 % of women receiving chronic treatment). 
Only 15 % of participants were smokers, and 
28.3 % reported to drinking alcoholic beverages. 
A signifi cant portion of participants was seden-
tary (49.4 %). A total of 33.9 % of the women 
interviewed menstruated without the need for 
any treatment, while 25.6 % of participants were 
receiving hormone treatment (a total of 47.7 % 
of postmenopausal participants were in the lat-
ter group). Natural menopause was reported by 
26.1 % of women. Their mean  menopausal age 
was 48.1 ± 4.1 years. Surgical menopause (hys-
terectomy) was reported by 22.2 % of women, 
while 12.8 % were uncertain of when menopause 
occurred, and 38.9 % were still menstruating 
regularly. Of the 85 % of women who reported 
to having climacteric symptoms, 51 % reported 
hot fl ashes. The Cronbach’s alpha for the total 
scale score was 0.83, and the internal consis-
tency of each of the four domains was as follow-
ing: menopause and health (0.81), psychological 
(0.84), sexuality (0.79), and relationship with 
partner (0.73). The intraclass correlation coeffi -
cient for the test-retest reliability of the CS was 
 r  = 0.94; 95% CI: 0.89 – 0.96 ( p  < 0.001). Most 

of the correlations between total CS scores and 
scores on its domains and subdomains were 
statistically signifi cant. However, no correla-
tions were found between the sexuality domain 
and the vasomotor symptoms and health subdo-
mains, the relationship with partner and meno-
pause and health domains, and the vasomotor 
symptoms and health subdomains. The strongest 
correlations were identifi ed between total CS 
score and the menopause and health and psy-
chological domains (Table  29.2 ). The Pearson’s 
correlation coeffi cient between total CS scores 
and scores on the WHQ and WHOQOL-bref was 
 r  = 0.79 and  r  = −0.71, respectively, signifi cant at 
 p  < 0.001 (Table  29.3 ). These results show the 
construct, convergent, criterion, concurrent, and 
discriminant validity of the Brazilian version of 
the CS. No part of the instrument had to be mod-
ifi ed for cultural appropriateness. In conclusion, 
this study produced a version of the CS that was 
very similar to the original instrument and was 
easily understood by all participants.

    However, given the sociocultural diversity of 
the Brazilian population and the complexity of 
the transcultural questionnaire adaptation pro-
cess, the questionnaire should be further tested in 
different regions in the country. 

   Table 29.2    Correlations between domains and subdomains of the Cervantes Scale   

 Cervantes Scale domains 

 A  B  C  D  E  F  G 

 Total 

  r    r    r    r    r    r    r  

  p    p    p    p    p    p    p  

 Menopause and health (A)  1 
 Vasomotor symptoms (B)  0.74  1 

 <0.001 
 Health (C)  0.86  0.54  1 

 <0.001  <0.001 
 Aging (D)  0.88  0.46  0.62  1 

 <0.001  <0.001  <0.001 
 Psychological (E)  0.72  0.38  0.73  0.64  1 

 <0.001  <0.001  <0.001  <0.001 
 Sexuality (F)  0.23  0.06  0.08  0.35  0.34  1 

 0.002  0.427  0.278  <0.001  <0.001 
 Relationship with partner (G)  0.09  −0.03  0.07  0.15  0.24  0.60  1 

 0.214  0.652  0.384  0,040  0.001  <0.001 
 Total score  0.88  0.56  0.77  0.83  0.88  0.56  0.43  1 

 <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001 

  Reprinted from Lima et al. [ 18 ] 
  r  correlation coeffi cient  
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 The CS has adequate psychometric  properties 
(internal consistency, reproducibility, and valid-
ity) for assessing QOL and health during the 
climacteric. It is also sensitive in detecting the 
effect of a number of non-climacteric related 
factors on QOL. Lastly, the scale has proved 
adequate for assessing QOL in women with vary-
ing sociodemographic, clinical and behavioral 
characteristics. 

 In an attempt to develop a shorter version of 
the CS, Pérez-López and colleagues [ 20 ] selected 
10 of the 31 items that comprised the original 
scale based on their clinical relation to meno-
pausal symptoms and administered the new ver-
sion of the instrument to 1,739 middle-aged 
women. Scale reliability was assessed using 
internal consistency (Cronbach’s alpha values) 
and the intraclass correlation coeffi cient (ICC). 
The new instrument (CS-10) had a mean (±SD) 
ICC of 0.45 ± 0.06 and a Cronbach’s alpha of 
0.778, indicating satisfactory internal consis-
tency. The median [interquartile range] total 
CS-10 score for the entire sample was 10.0 [12–
0], and median scores for pre-, peri-, and post-
menopausal women were as follows: 8.0 [ 2 ], 9.0 
[9–0], and 14.0 [14–0], respectively. Median 
CS-10 scores increased signifi cantly according to 
menopausal status, marital status, and ethnicity. 

A multiple linear regression analysis determined 
that lower QOL was related to older age, greater 
parity, longer time since menopause, greater 
body mass index, ethnicity (American women of 
African descent), and smoking. 

 These preliminary fi ndings suggest that the 
CS-10 may make signifi cant contributions to 
daily clinical practice and contribute to a more 
precise diagnosis of menopausal symptoms.  

29.2     Women’s Health 
Questionnaire (WHQ) 

 The  Women’s Health Questionnaire  (WHQ) was 
developed in 1986 in England by Myra Hunter to 
assess physical and emotional symptoms, as well 
as changes in the health status of climacteric 
women (45–64 years of age). The instrument 
was developed through the study of 682 patients 
of an ovarian cancer screening clinic in a London 
 hospital [ 21 ]. 

 The WHQ avoids an overemphasis on 
 postmenopausal symptoms and aims to assess 
global changes in women’s lives. It is used in a 
number of countries worldwide and has been 
translated into languages such as French, 
Swedish, Afrikaans, Bulgarian, Danish, Dutch, 
Belgian Dutch, Australian English, Canadian 
English, German, Italian, and Spanish [ 21 ,  22 ]. 
The instrument was also the fi rst measure of 
QOL to be included in the International Health-
related Quality of Life Outcomes database 
(IQOD). The IQOD was created to develop refer-
ence values, establish item banking, and to allow 
for the psychometric validation of linguistically 
validated QOL instruments using pooled data 
form international studies. The database contains 
baseline QOL, sociodemographic, and clinical 
data from international clinical or epidemiologi-
cal studies (see   http://www.iqod.org    ). 

 The WHQ consists of 36 signs and symp-
toms which the respondent is asked to rate on 
a 5-point Likert severity scale ranging from 
0 to 4. Scores can be summed to provide both 
factor and total scores. Higher scores are indic-
ative of more  suffering and functional impair-
ment. The WHQ assesses the following themes: 

   Table 29.3    Correlations between domains and subdo-
mains of the Cervantes Scale, the Women’s Health 
Questionnaire, and the WHOQOL-BREF   

 Cervantes 
Scale domains 

 Women’s Health 
Questionnaire  WHOQOL- BREF  

 Menopause 
and health 

 0.71  −0.58 

  Vasomotor 
symptoms  

 0.46  −0.30 

  Health   0.60  −0.48 
  Aging   0.67  −0.59 
 Psychological  0.68  −0.63 
 Sexuality  0.47  −0.48 
 Relationship 
with partner 

 0.29  −0.35 

 Total 
Cervantes 
Scale score 

 0.79  −0.71 

  Reprinted from Lima et al. [ 18 ] 
 The values represent the correlation coeffi cient 
  p  < 0.001 for all correlations  
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somatic symptoms, depressed mood, memory 
and  concentration, anxiety and fears, sexual 
behavior, vasomotor symptoms, sleep problems, 
menstrual symptoms, and attractiveness [ 8 ].  

29.3     The Utian Menopause 
Quality Of Life Score (UQOL) 

 The UQOL scale assesses the impact of meno-
pausal symptoms based on the respondent’s self- 
evaluation of her personal well-being. The 
current version of the UQOL was adapted from 
the original Utian questionnaire, which was 
developed in the United States in 1970 to assess 
well-being in participants of a study comparing 
estrogen therapy to placebo [ 23 ]. To validate the 
instrument according to modern psychometric 
principles, the original UQOL was systemati-
cally reviewed and revised by a panel of expert 
judges, comprising two psychologists who 
 specialized in behavioral medicine, one psychia-
trist, and one reproductive endocrinologist [ 23 ]. 

 The instrument that resulted from this process 
was evaluated in a preliminary study of 327 peri- 
and postmenopausal women aged between 46 
and 65 years, recruited from 11 communities in 
Eastern and Central-Western United States. The 
women were administered a measure of QOL 
which was found to have four factors, each of 
which corresponded to one domain of QOL. The 
fi nal version of the tool developed in the study 
contained 23 items and was validated in a geo-
graphically and socioeconomically diverse popu-
lation using the well-recognized SF-36 scale [ 10 ] 
The UQOL assesses the following four areas: 
occupational QOL, health QOL, emotional QOL, 
and sexual QOL. Items are rated on a fi ve-point 
Likert scale, and scores on the items correspond-
ing to each domain are summed to provide factor 
scores. Negatively worded items must be reverse 
scored before data analysis. The Cronbach’s 
alpha for the total scale has been reported at 
0.830, which shows adequate reliability. 

 Although the UQOL has satisfactory psycho-
metric properties, it cannot be considered a 
 measure of menopause-related QOL, as its items 
are more consistent with the assessment of 

 general QOL. Therefore, the authors of the 
UQOL recommend that their scale be used in 
combination with other instruments that provide 
a more specifi c assessment of climateric symp-
toms. In conclusion, although the UQOL consists 
of an adequate measure of QOL, it should not be 
the only instrument used in studies that aim to 
investigate the impact of menopausal symptoms 
on QOL, regardless of whether participants are 
receiving hormone therapy (HT).  

29.4     Menopause-Specifi c Quality 
Of Life Questionnaire 
(MENQOL) 

 The MENQOL is a self-administered instrument 
which was developed specifi cally to assess QOL 
during menopause [ 24 ]. It was developed in the 
1990s by a group of Canadian researchers, and 
since then, its psychometric properties have been 
extensively examined. The MENQOL was devel-
oped through a study of 88 women aged between 
47 and 62 years, all of whom had an intact uterus 
and had not received HT in the previous 6 months. 
These women were administered an instrument 
containing a list of 106 menopause symptoms to 
be rated according to their severity. Symptoms 
were identifi ed based on the scientifi c literature 
and on the clinical experience of the authors, who 
consisted of eight doctors and two QOL special-
ists. Participants were asked whether they had 
experienced each one of the symptoms listed and 
required to rate each symptom on a 7-point Likert 
severity scale. The questionnaire originally inves-
tigated the following fi ve domains: physical, 
vasomotor, psychosocial, sexual, and working 
life. However, the latter domain was later dropped 
from the scale, after a validation study showed 
that its contribution to score variability was neg-
ligible. The resulting instrument contained 29 
items divided into four domains (physical, vaso-
motor, psychosocial, and sexual), as well as one 
question about general QOL. Items were scored 
on a scale of one (“not at all bothered”) to eight 
(“extremely bothered”). The total score for each 
domain was calculated based on the mean ratings 
of all items corresponding to that factor [ 24 ]. 
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 Like the WHQ, the MENQOL does not 
 provide a global score, and the relative contribu-
tion of each subscale to total QOL is unknown.  

29.5     The Menopausal Quality 
Of Life Scale (MQOL) 

 The Menopausal Quality of Life Scale (MQOL) 
was developed in the Plymouth University 
(United Kingdom) Psychology Department by 
Pamela Jacobs and colleagues [ 25 ]. The ques-
tionnaire was developed to achieve the following 
major objectives: (1) to analyze the impact of 
menopause on health-related QOL (HRQOL); 
(2) to assess the impact of work, age, and medical 
history on HRQOL during menopause; (3) to 
investigate differences in HRQOL based on self- 
rated menopausal status; and (4) to examine the 
effects of HT on QOL during perimenopause. 

 The study was originally conducted on 32 
women recruited through advertisements around 
the university campus and in local newspapers. 
A second wave of participants consisting of 29 
women who participated in focus groups was 
later recruited for the study. The fi nal sample 
was composed of 61 women with a mean age 
of 48 years, of whom 43 % were receiving 
HT, 13 % had a prior history of HT, and 44 % 
had never used HT. These studies produced a 
63-item questionnaire which assessed the fol-
lowing seven domains: energy, sleep, appe-
tite, cognition, feelings, social interaction, and 
symptom impact. Each item was scored on a 
six-point Likert scale, and to decrease response 
bias, 34 items were negatively worded while 29 
were positively worded. A total of 99 individu-
als responded to the questionnaire. Participants 
had a mean age of 50 years, and 30 % of them 
were found to be HT users, while 8 % had a prior 
history of HT. After psychometric analysis, 15 
items were excluded from the questionnaire, so 
that the fi nal version of the MQOL contained a 
total of 48 items. A new study [ 26 ] was then con-
ducted using the 48-item MQOL in addition to a 
measure of general HRQOL (a global measure 
of GQOL (H-scale) in which participants were 
asked to rate their overall QOL on a  100-point 

scale [ 26 ]. The global H scale has named end 
points (“perfect quality of life” and “might as 
well be dead”), separated by seven additional 
quantifi ers. The presence of such quantifi ers has 
been found to be associated with greater reliabil-
ity and of an assessment of responder preference 
when compared with simple endpoint labeling. 
These instruments were administered to 1,188 
women with a mean age of 51, of whom 22.5 % 
were receiving HT. A principal component anal-
ysis of the complete data set and of participant 
subsamples found that a general “severity” factor 
accounted for 35 % of the variability in MQOL 
scores. Further analyses led the authors to con-
clude that the MQOL should provide a global 
score rather than separate subscores for each 
of the seven domains. The Cronbach’s alpha 
coeffi cients for each factor ranged from 0.91 
to 0.69, showing adequate internal consistency. 
Correlations between domain scores were also 
satisfactory, with the energy and social inter-
action scores having a correlation of 0.68, the 
energy and symptom impact domains correlating 
at 0.68, the symptom impact and social interac-
tion factors having a correlation of 0.67, and the 
cognition and feelings scores correlating at 0.65. 
In light of these results, the authors concluded 
that all factors should have equal weight in the 
composite QOL score and determined that they 
should all be summed to provide a global mea-
sure of QOL [ 24 ].  

29.6     The Menopause 
Rating Scale (MRS)  

 The MRS was developed to address the lack of 
standardized measures to assess the severity of 
aging symptoms and their impact on QOL. The 
MRS was developed in the early 1990s based 
on data obtained from a representative sample 
of 500 German women aged between 45 and 
60 years [ 27 ]. Although it was initially designed 
to be completed by the doctor in charge of treat-
ment, methodological criticisms led the instru-
ment to be adapted to a self-administered format 
[ 28 ]. The scale was internationally well accepted, 
and after being translated from the original 
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German to English, the MRS was adapted for 
use in Brazilian Portuguese, English, French, 
Indonesian, Italian, Mexican, Argentinian, 
Spanish, Swedish, and Turkish [ 29 ]. 

 The instrument consists of 11 questions that 
probe the following three symptom domains: 
somato-vegetative, urogenital, and psychologi-
cal. Items are assessed on a scale of 0 to 3, where 
higher scores denote greater perceived symptom 
severity (a score of 0 indicates no complaints, 
while 4 suggests very severe symptoms). The 
participant answers each item according to their 
personal experience of each symptom, and the 
scores for all items within each subscale are 
added up to provide factor scores. The total scale 
score is obtained by summing up the subscale 
scores. The urogenital factor was found to explain 
59 % of the variance in total MRS scores [ 29 ].  

29.7     Qualifemme 

 The Qualifemme was developed in France with 
the aim of assessing the infl uence of menopausal 
on QOL. The instrument was initially composed 
of 32 items drawn from previously translated and 
validated measures of HRQOL. The items were 
linguistically validated into French [ 30 ] and ana-
lyzed by a group of menopause specialists with 
the aim of adding clinical experience to the 
instrument. Items were rated on a visual analogue 
scale. The Qualifemme scores of 351 women 
aged between 41 and 68 years were analyzed to 
reveal fi ve factors: general (9 items), pyschologi-
cal (12 items), vasomotor (2 items), urogenital (6 
items), and a fi nal factor corresponding to pain 
and hair and skin problems (3 items). The scale 
had satisfactory internal consistency, and a factor 
with a Cronbach’s alpha of 0.87 was found to 
explain 46 % of the variance in Qualifemme 
scores. A second study of 58 women aged 
between 51 and 73 years was performed to deter-
mine the scale’s reliability. Test-retest analyses 
were conducted on a sample of 62 individuals, 
and the Pearson correlation between scores at the 
two time points was found to range from 0.84 to 
0.98. Strong correlations were also found 
between raw and standardized scores on the 

Qualifemme ( r  = 0.99  p  < 0.001). As a result of 
statistical analyses, the scale was reduced from 
32 to 15 items, while maintaining its psychomet-
ric properties [ 30 ].  

29.8     Summary 

 The past decades have seen a signifi cant increase 
in the importance given to QOL in both commu-
nity and health-care settings. Increases in QOL 
have been associated with decreased morbidity 
and mortality rates and, therefore, have been a 
major aim of a number of health-care policies 
and programs. Although much has been done in 
the way of defi ning and operationalizing the con-
cept of QOL, an optimal assessment tool for this 
variable has yet to be found. 

 A number of assessment instruments have 
been developed to assess QOL in specifi c patient 
groups so as to obtain more relevant data on 
which to base health-care policies targeting 
improvements in population health. Assessments 
of QOL may be especially relevant for climac-
teric/menopausal women due to the infl uence of 
their symptoms on general well-being. Although 
there is no universally accepted tool to assess 
QOL in these individuals, since several factors 
may limit the cross-cultural applicability of the 
existing assessment methods, the present results 
suggest that, when assessing specifi c popula-
tions, it is important to use validated scales.     
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        The menopausal transition can be categorized 
into several stages and is accompanied by signifi -
cant psychological, organic, and metabolic 
changes. Menopausal symptoms refer to the 
symptoms experienced during the menopausal 
transition and after menopause. The current 
nomenclature for female reproductive senescence 
is confusing; however, in 2001 a revision of the 
terminology was proposed by the Stages of 
Reproductive Aging Workshop (STRAW) group 
[ 1 ,  2 ]. Menopause is defi ned as amenorrhea for 
12 months following the fi nal menstrual period 
and can be classifi ed into natural or surgical 
menopause. Natural menopause is defi ned as the 
permanent cessation of menstruation resulting 
from the loss of ovarian follicular activity with-
out other obvious pathological or physiological 
causes. Surgical menopause is defi ned as the ces-
sation of menstruation resulting from the removal 
of the uterus, with or without bilateral oophorec-
tomy. The menopausal transition comprehends 
the period between the fi rst variations in men-
strual cycle length and the fi nal menstrual period. 

 The fi rst menopausal symptoms to appear, and 
the most detrimental to women’s well-being, are 
usually vasomotor in nature. The most commonly 
reported menopausal vasomotor symptoms 
(VMS) are hot fl ashes or fl ushes. These are expe-
rienced by approximately 50–80 % of women 
during the menopausal transition [ 3 – 5 ] and 
 constitute one of the main reasons for seeking 
medical attention [ 6 ]. Hot fl ashes are among the 
most commonly reported VMS and consist of 
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recurrent sensations of intense heat on the skin 
around the head, neck, anterior thorax, and back. 
These may be accompanied by sweating, palpita-
tions, nausea, dizziness, chills, pressure, or pain 
in the head and chest; changes in breathing pat-
terns or heart rate; and sleep alterations [ 5 ,  7 ,  8 ]. 
These episodes generally last from 1 to 5 min but 
may continue for as long as 15 min in some cases 
[ 9 ]. Another frequent vasomotor symptom is 
commonly known as “night sweats.” Hot fl ashes 
and intense sensations of heat are common causes 
of insomnia in climacteric women [ 10 ]. VMS 
tend to decrease in intensity over the fi rst 5 years 
after the menopausal transition and appear to 
peak in late perimenopause and early postmeno-
pause, that is, in the years around the end of the 
menstrual cycle [ 4 – 6 ] (Fig.  30.1 ). In a small per-
centage of cases, these symptoms may occur 
prior to premenopausal menstrual changes or 
even decades after the menopausal transition [ 4 ]. 
On average, moderate or severe hot fl ashes con-
tinue for nearly 5 years after menopause [ 1 ,  2 ,  4 , 
 11 ]. However, more than one-third of women 

experience moderate to severe hot fl ashes for 
10 years or more after menopause [ 11 ]. These 
symptoms may be worse or more persistent in 
women with early or surgical menopause [ 5 ,  6 ].

30.1       The Physiopathology of VMS 

 The physiopathological mechanisms that under-
lie VMS are not entirely known. Although altered 
estrogen levels due to decreased ovarian function 
are known to contribute signifi cantly to the devel-
opment of VMS, they are not the sole cause of 
these phenomena [ 5 ,  6 ,  12 ,  13 ]. Studies have 
found that the combination of high FSH and low 
E2 concentrations may be associated with a 
higher probability of VMS, especially in peri-
menopausal women with non-ovulating cycles; 
however, not all women who exhibit these altera-
tions report VMS [ 2 ,  13 ,  14 ]. 

 Body temperature is maintained through a 
dynamic equilibrium between internal and 
external factors. Symptomatic postmenopausal 

Premenopause:
reproductive phase

Perimenopause:
includes menopause

transition and ends 12
months after FMP

Postmenopause:
phase following FMP

Cyclic Acyclic

Fluctuating hormonesPredictable hormones

Ovarian cessation

Low hormones

Menopause

Hot flushes

Adaptation

  Fig. 30.1    Relationship between estrogen and a woman’s 
reproductive phases and the occurrence of hot fl ushes. The 
reproductive phase is characterized by cyclic and predict-
able estrogen levels. During perimenopause, hormones fl uc-
tuate and become acyclic. During this period, many women 
experience VMS; although severe, the frequency is  transient. 

During the postmenopausal period, women can experience 
severe and persistent VMS due to the declining levels of 
ovarian hormones. For most women, VMS eventually 
diminish over time.  FMP  fi nal menstrual period (Reprinted 
with permission from Deecher and Dorries [ 5 ], With kind 
permission from Springer Science + Business Media)       
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women have been found to display a narrowing 
of the thermoneutral zone or the range of tem-
peratures in which the body can be maintained 
without triggering thermoregulatory homeo-
static mechanisms such as sweating or shivering 
[ 13 ]. 

 The thermoregulatory system monitors and 
maintains body temperature through the interac-
tion of three main elements: the brain, the inter-
nal abdominal cavity, and the peripheral vascular 
system. When body temperature drops below 
the optimum level for normal physiological 
functioning, peripheral vasoconstriction and 
shivering may occur so as to conserve heat and 
increase body temperature. Conversely, when 
body temperature rises above the optimum level, 
peripheral vasodilation and sweating may take 
place, so as to facilitate heat loss through the 
skin [ 5 ]. These phenomena are controlled by a 
hypothalamic nucleus (anterior hypothalamus/
preoptic area) which is responsible for main-
taining body temperature within the thermoneu-
tral zone, an optimal temperature range whose 
limits vary slightly over the circadian cycle [ 7 , 
 12 – 14 ]. The hypothalamic thermoregulatory 
center is also sensitive to variations in mono-
amine neurotransmitters, such as serotonin and 
noradrenaline; to changes in gonadal steroids, 
such as progesterone and the luteinizing hor-
mone; and to some medications and medical 
conditions [ 4 ,  5 ,  15 ,  16 ]. 

 Information about changes in body tempera-
ture reaches the brain through heat- and cold- 
sensitive fi bers in the central nervous system, in 
deep tissues, and in the skin. The temperature 
sensors involved in the activation of thermoregu-
latory responses are located deep within the body 
(in the gastrointestinal tract and other internal 
organs, in intra-abdominal veins, and in the spi-
nal medulla) as well as in peripheral organs (skin) 
[ 5 ]. The preoptic area sends fi bers to effector 
structures in the brain stem and the medulla 
through the medial forebrain bundle. These pro-
jections control heat loss effectors in the lateral 
hypothalamus, the periaqueductal gray, and the 
reticular formation, which are responsible for 
peripheral vasodilation and sweating. Body tem-
perature is essentially maintained by changes in 

cutaneous and subcutaneous blood fl ow and 
sweating. If body temperature rises above the 
normal level, peripheral vasodilation is triggered, 
leading to an increase in blood fl ow (sympathetic 
nervous system). When temperature drops below 
the thermoregulatory limit, there is a reduction in 
blood fl ow to peripheral tissues, so as to maintain 
body heat [ 13 ,  14 ,  17 ]. 

 The exact physiopathological mechanisms 
behind VMS have not been completely eluci-
dated. Of the three most prominent hypotheses 
for the origin of VMS, the one proposed by 
Tataryn et al. [ 18 ] appears to be the most accepted. 
According to this theory, stimulation by beta-2- 
adrenergic receptors may lead to increased sym-
pathetic activity during the menopausal transition, 
which could lead to a reduction in the thermoneu-
tral zone. VMS could therefore consist of large 
responses to small variations in body temperature 
[ 13 ]. Signifi cant decreases in cardiac vagal con-
trol have been found to occur during hot fl ashes, 
which may help elucidate the physiology of hot 
fl ashes [ 19 ]. These responses could involve 
intense sensations of heat, skin fl ushing, and 
increased blood fl ow leading to changes in heart 
rate and blood pressure, all of which are com-
monly associated with hot fl ashes. Conversely, 
reductions in body temperature may induce an 
exaggerated vasodilation, leading to chills and 
sweating [ 5 ]. 

 Another hypothesis suggests that a decrease 
in the responsiveness of peripheral vascular sys-
tems (skin) to temperature variations could inter-
fere with the speed and effi ciency of vessel 
responses, leading to exaggerated reactions to 
stimuli and, consequently, VMS. Perimenopausal 
fl uctuations and a postmenopausal decrease in 
estradiol levels could contribute to this disequi-
librium, reducing blood vessel elasticity and 
leading to inadequate responses to variations in 
body temperature [ 5 ]. 

 A third hypothesis associates the occurrence 
of VMS with neurochemical alterations second-
ary to gonadal hormone variations. These 
hypotheses have served as the basis for the 
development of medications that aim to control 
VMS by normalizing norepinephrine and/or 
5-HT levels [ 5 ].  
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30.2     Epidemiology 

 VMS appear to vary according to race and eth-
nicity, with African-American women being 
more likely to report such symptoms and Chinese 
and Japanese women being less likely to do so [ 4 , 
 6 ]. In the Ovarian Aging Study cohort, both 
obese and nonobese African-American women 
as well as obese white women were found to be 
signifi cantly more prone to hot fl ashes than non-
obese white women (interaction,  p     = 0.01) [ 11 ]. 
The reasons for these differences are not entirely 
clear, although E2 levels, body mass index 
(BMI), hormone use, and socioeconomic status 
are thought to be risk factors for VMS. The pos-
sible role of a soy-rich diet, such as that seen in 
Asian cultures, is still a controversial topic [ 4 ]. 
Gene variants in estrogen α-receptors and in 
enzymes involved in the synthesis of and conver-
sion between more and less potent estrogens have 
been associated with varying probabilities of 
VMS in different ethnic and racial groups due to 
their impact on steroid hormone activity. A num-
ber of studies have investigated the contribution 
of polymorphisms in estrogen receptors and in 
nucleotides involved in the synthesis and metab-
olism of different estrogens (E2, estrogen, estriol) 
to the development of VMS. Although the results 
of these studies are not defi nitive, they appear to 
suggest that associations between genetics and 
VMS may be observed both at a central (brain) 
and peripheral level (autonomic nervous system, 
vascular system, or other structures involved in 
VMS) [ 4 ]. 

 The SWAN Genetics Study [ 20 ] identifi ed 
important associations between genetic sex ste-
roid hormone pathway variants and measures of 
health status. The study describes selected genetic 
characteristics of health-related attributes during 
the menopausal transition in African- American, 
Caucasian, Chinese, and Japanese women. The 
sample consisted of menstruating women aged 
42–52 years, living in the community, who were 
not using exogenous hormones. The genotypes 
and haplotypes of six genes (27 single nucleotide 
polymorphisms [SNPs]) in the sex steroid hor-
mone pathway were found to be associated with 
circulating hormone  concentrations, menstrual 

cycle profi les, and health-related outcomes, 
including lipid levels, diabetes mellitus, depres-
sive symptoms, measures of cognition, bone min-
eral density (BMD), and vasomotor symptoms. 
Allele frequencies and distances differed signifi -
cantly between the four ethnic groups evaluated, 
which resulted in variable patterns of association 
between genetic variables and the health-related 
measures evaluated. Several SNPs were associ-
ated with health outcomes, and some associations 
were signifi cantly more prominent in specifi c eth-
nicities. For instance, ESR1 rs3798577 was 
related to circulating estradiol concentrations, 
indicators of ovarian aging, high- density lipopro-
tein (HDL) cholesterol, apolipoprotein A-1, insu-
lin sensitivity, and lumbar spine BMD. CYP1A1 
rs2606345 was found to be associated with estro-
gen metabolite concentrations, vasomotor symp-
toms, and depressive symptoms. In Chinese 
women, statistically signifi cant associations were 
found between ESR2 rs1256030 and HDL cho-
lesterol, lumbar spine BMD, hip BMD, and meta-
bolic syndrome [ 20 ]. 

 Obesity has also been considered a risk factor 
for VMS [ 4 ,  6 ]. Although obesity used to be con-
sidered protective against VMS due to the aroma-
tization of androgens to estrogens in adipose 
tissue, recent studies have found that obesity may 
actually be a risk factor for these symptoms dur-
ing perimenopause and early menopause. This 
association is consistent with a thermoregulatory 
model of VMS, even though the mechanisms 
underlying this interaction remain unclear. The 
adipose tissue may act as an insulator and prevent 
the dissipation of the heat caused by VMS, 
increasing their frequency and severity and pos-
sibly having an impact on other neuroendocrine 
processes. Every 1-SD increase in total and sub-
cutaneous abdominal adiposity was associated 
with a proportional increase in the odds of hot 
fl ashes in age- and site-adjusted models (odds 
ratio [OR] = 1.28; 95 % CI: 1.06–1.55 and 
OR = 1.30; 95 % CI: 1.07–1.58, respectively). 
Visceral adiposity was not associated with sus-
ceptibility to hot fl ashes [ 21 ]. This phenomenon 
may be more applicable to women in the begin-
ning of the menopausal transition [ 4 ]. Body fat 
gains were associated with a higher frequency of 
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hot fl ashes during the menopausal transition. 
However, the association between changes in 
body fat distribution and night sweats was not 
statistically signifi cant [ 22 ]. Bioimpedance stud-
ies have found that, regardless of BMI, a higher 
percentage of fat mass was associated with a 
greater likelihood of VMS, even after controlling 
for other confounders. Lean mass was not found 
to be related to VMS. Studies using abdominal 
tomography have also shown that high abdomi-
nal adiposity, especially if subcutaneous, is asso-
ciated with more complaints about hot fl ashes in 
women who report higher gains in body fat from 
1 year to the next [ 2 ]. 

 Lifestyle may also be related to the occurrence 
of VMS. Among the lifestyle factors studied in 
relation to these symptoms, smoking deserves 
special attention [ 4 ,  6 ,  23 ]. In fact, SWAN results 
show that both active smoking and passive expo-
sure to smoke are associated with a greater likeli-
hood of VMS. It has been hypothesized that the 
association between smoking and VMS may be 
attributable to the antiestrogenic effects of ciga-
rette smoking. On the other hand, the study also 
found that variations in endogenous E2 levels did 
not account for the association between smoking 
and VMS [ 23 ]. 

 Other lifestyle factors, such as diet and phys-
ical activity, have shown weaker associations 
with VMS. Dietary factors, such as total kilo-
calories, fats, fi bers, caffeine, alcohol, vitamins, 
or isofl avones (genistein), consumed have 
shown no relationship with VMS in the SWAN 
study [ 24 ,  25 ]. The same has been found for 
physical activity [ 26 ]. However, it is possible 
that the latter may have a dual and opposing 
infl uence on VMS (positive effect on mood and 
body weight and negative effect on core body 
temperature, which could increase the occur-
rence of symptoms) [ 25 ]. 

 Mood and negative emotions, especially anxi-
ety, also appear to infl uence the intensity of VMS 
[ 4 ,  6 ,  11 ]. Although this interaction has not been 
extensively studied, it is thought that the infl uence 
of physiological and psychological factors may be 
both combined and bidirectional [ 4 ]. Studies sug-
gest that VMS may precede, follow, or occur 
simultaneously with depression, which suggests a 

number of possible causal  relationships. Other 
factors, including social variables such as child-
hood abuse or neglect, low socioeconomic status, 
low education, and income, may also have a nega-
tive infl uence on the intensity of VMS. To exam-
ine whether women were more likely to experience 
a major depressive episode during perimenopause 
or postmenopause compared to the premeno-
pausal period, 221 premenopausal women were 
analyzed. The results showed that women were 
two to four times more likely to experience a 
major depressive episode when they were in 
 perimenopausal (OR = 2.27) or postmenopausal 
(OR = 3.57), even after controlling for several fac-
tors associated with depression, such as history of 
major depression at baseline, annual psychotropic 
medication use, high BMI, upsetting life events, 
and frequent VMS [ 27 ]. On the other hand, a sec-
ond study assessed a randomly identifi ed, popula-
tion-based cohort of midlife women, who were 
followed for 6 years to estimate the association 
between anxiety and menopausal hot fl ashes in 
the early transition to menopause. At the end of 
the study, 32 % of the women were in the early 
transition stage, and 20 % were in the late meno-
pausal transition or postmenopausal. A total of 
37 % of the premenopausal women, 48 % of those 
in the early transition, 63 % of women in the late 
transition, and 79 % of the postmenopausal 
women reported to experiencing hot fl ashes. 
Anxiety scores were signifi cantly associated with 
the occurrence, severity, and frequency of hot 
fl ashes (each outcome at  P  < 0.001). The study 
also revealed that women with moderate and high 
anxiety were three and fi ve times more likely, 
respectively, to report hot fl ashes than women in 
the normal anxiety range [ 28 ]. 

 A multicenter study conducted on 896 
Chilean, Ecuadorian, Panamanian, and Spanish 
women in the peri- and postmenopausal period 
aimed to assess the association between climate 
(altitude, temperature, humidity, and annual tem-
perature range) and the occurrence of hot fl ashes 
and/or night sweats. A total of 58.5 % (524/896) 
of the sample reported regular symptoms, and 
higher symptom prevalence was found in women 
living in places with higher temperatures and 
lower altitudes [ 29 ]. 
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 Overall, studies show that, although quality of 
life may not be infl uenced by menopause itself, it 
may be signifi cantly lower in women who report 
VMS [ 4 ]. This relationship may be due to the 
impact of such symptoms on life and general 
health, as VMS may infl uence sleep quality, 
mood, and cognition and interact with other med-
ical conditions. There appears to be a strong 
association between VMS and the quality and 
continuity of sleep (diffi culty falling or remain-
ing asleep or trouble waking up) [ 4 ]. For instance, 
the sleep disturbances caused by VMS may be an 
important risk factor for depression. Conversely, 
the serotonergic and noradrenergic symptoms 
commonly associated with depression may also 
infl uence the development of VMS [ 4 ]. In the 
SWAN study, diffi culty sleeping was reported by 
37.7 % of 12,603 women (78.5 % of those par-
ticipating in this cross-sectional survey), 
40–55 years old. These prevalence rates increased 
between pre- and late perimenopause. Late peri-
menopausal and surgically menopausal women 
were the most likely to report diffi culty sleeping. 
The study suggested that women who begin the 
menopausal transition at an earlier age may expe-
rience more frequent and/or severe sleep symp-
toms [ 30 ]. Additionally, an experimental model 
of leuprolide-induced hot fl ashes has demon-
strated a causal relationship between hot fl ashes 
and poor sleep quality [ 31 ]. 

 Cognitive performance may also be impaired 
during the perimenopausal period, and there have 
been reports of temporary reductions in learning 
ability which subsequently resolve in the post-
menopausal period [ 4 ,  32 ,  33 ]. In the Rochester 
Investigation of Cognition Across Menopause 
[ 33 ], 117 middle-aged women were recruited and 
categorized into the following stages: late repro-
ductive ( n  = 34), early menopausal transition 
( n  = 28), late menopausal transition ( n  = 41), or 
early postmenopause ( n  = 14). Women in the fi rst 
year postmenopause performed signifi cantly 
worse than women in the late reproductive and 
late menopausal transition stages on measures of 
verbal learning, verbal memory, and motor func-
tion. They also performed signifi cantly worse 
than women in the late menopausal transition 
stage on attention/working memory tasks. In a 

separate study, a cohort of 1,903 midlife US 
women were followed longitudinally for 6 years 
and asked whether the symptoms reported during 
the menopausal transition negatively affected 
cognitive performance. The study also investi-
gated whether these symptoms were responsible 
for the negative effect of perimenopause on cog-
nitive processing speed. After adjustment for 
demographic variables, the results showed that 
women with concurrent depressive symptoms 
scored 1 point lower on the Symbol Digit 
Modalities Test (SDMT) ( p  < 0.05) than those 
without such symptomatology. On the East 
Boston Memory Test, the rate of learning in 
women with anxiety symptoms was 0.09 lower at 
each assessment ( p  = 0.03) and was found to be 
equivalent to 53 % of the mean learning rate for 
the cohort as a whole. The SDMT learning rate 
was 1.00 point smaller in late perimenopause 
than during premenopause ( p  = 0.04); statistical 
adjustment for symptoms did not attenuate this 
negative effect. Depressive and anxiety symp-
toms had a small negative effect on processing 
speed. The authors concluded that depression, 
anxiety, sleep disturbance, and VMS did not 
account for the decrement in SDMT learning 
observed during late perimenopause [ 32 ]. 
Although these changes are not directly related to 
VMS, these fi ndings suggest that physiological 
changes associated with these phenomena may 
have an impact on cognitive function [ 4 ]. 

 The Women’s Health Initiative (WHI) and the 
Heart and Estrogen/Progestin Replacement 
Study (HERS) have also investigated the rela-
tionship between VMS and other medical condi-
tions. These studies found that the presence of 
moderate and severe VMS may be associated 
with cardiovascular disease (CVD). Results also 
showed that CVD was more frequent among 
symptomatic women undergoing hormone ther-
apy (HT) [ 34 – 36 ]. The SWAN Heart Study 
assessed 588 women and found that those with 
hot fl ashes displayed medial carotid thickening (a 
marker of atherosclerosis), a symptom which had 
been previously reported mostly in overweight 
and obese women. Women reporting hot fl ashes, 
and in the case of IMT more frequent hot fl ashes, 
had poorer endothelial function, greater aortic 
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calcifi cation, and greater IMT when compared to 
individuals without hot fl ashes, even after con-
trolling for demographic confounds, other known 
cardiovascular risk factors, as well as E2 levels. 
These fi ndings support the association between 
VMS and CVD [ 37 ,  38 ]. 

 Women with VMS also appear to have 
lower mineral bone density (MBD) than 
asymptomatic women, with reductions in 
spine and hip density being more common in 
the postmenopausal period and lower femoral 
neck density being more frequent in premeno-
pausal women [ 4 ].  

30.3     Hormone and Nonhormonal 
Therapy 

 Many treatments may help control VMS. 
However, it is important to weigh the risks and 
benefi ts of each treatment on a case-by-case basis 
and to discuss treatment preferences with the 
patient in order to select the most adequate 
option. Estrogen has been used as a hormone 
supplement, and many studies indicate that it is 
superior to placebo in alleviating VMS, reducing 
the frequency of hot fl ashes by 77 % or by 
approximately 2.5–3 hot fl ashes daily. However, 
recent studies have reported adverse effects of 
estrogen, raising important concerns about its use 
[ 39 ]. There has been an increasing amount of lit-
erature on nonhormonal agents for the treatment 
of hot fl ashes. Conventional nonhormonal treat-
ments (CNHT) and complementary and alterna-
tive medicines (CAM) have both been studied for 
their ability to relieve VMS. CNHT are neuroac-
tive agents considered to be safe in cases in which 
estrogens are contraindicated, such as psychotro-
pic medications like selective serotonin reuptake 
inhibitors, serotonin-norepinephrine reuptake 
inhibitors, and gabapentin. CAM are defi ned as a 
group of healthcare systems, practices and prod-
ucts which are not normally considered to be con-
ventional medicine: herbal products, acupuncture, 
vitamins, exercise, yoga, and many others. 
Another promising nonpharmacological therapy 
which is currently under investigation involves 
stellate ganglion blocking [ 40 ]. 

30.3.1     Hormone Therapy 

 Hormone therapy (HT) appears to have greater 
effi cacy than nonhormonal therapy in the control 
of VMS [ 39 ,  41 ]. Its effect has been confi rmed in 
women of all ages, and it has been found to 
reduce symptoms in up to 80 % of those treated 
[ 6 ]. Although its prescription should still be eval-
uated on an individual basis, its benefi ts appear to 
outweigh its risks in symptomatic women 
younger than 60 years or those who are less than 
10 years postmenopause [ 42 ]. To assess the car-
diovascular risks of HT, 1,006 women aged 
between 45 and 48 years who were in the peri-
menopausal or early menopausal stages were 
randomly assigned to HT or placebo (combined 
HT for women with an intact uterus and estrogen 
alone for women who had undergone hysterecto-
mies). Patients were then followed for 16 years. 
After 10 years of treatment, it was found that 
women who began HT in early menopause 
appear to have a lower risk of cardiovascular 
events (HR 0.48, 95 % CI 0.26–0.87,  p  = 0.015) 
and lower mortality rates (0.57, 0.30–1.08), 
 p  = 0.084), without a concomitant increase in the 
risk of any type of cancer (0.92, 0.58–1.45, 
 p  = 0.71), including breast cancer (0.58, 0.27–
1.27,  p  = 0.17), deep vein thrombosis (2.01, 0.18–
22.16), or strokes (0.77, 0.35–1.70), than those 
who did not receive such a treatment [ 23 ]. 

 To minimize adverse events, the lowest effec-
tive dose should be used for the shortest amount 
of time and only when there are no contraindica-
tions (see list). The choice to undergo HT is an 
individualized one, and the impact of treatment 
on health and quality of life should always be 
considered. The duration of treatment must 
always be discussed with the patient, and she 
should also be informed of her personal risk, 
which is calculated based on factors such as age 
and years since menopause,  a nd of the increased 
risk of venous thromboembolism, stroke, isch-
emic disease, and breast cancer associated with 
HT [ 42 ]. 

 Although there is no consensus regarding the 
ideal duration of treatment, the North American 
Menopause Society (NAMS) suggests a maxi-
mum treatment duration of 5 years, although the 
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chance of symptom recurrence remains stable at 
approximately 50 %, regardless of patient age 
and treatment duration [ 43 ]. 

 According to the last HT Position Statement 
of NAMS [ 43 ], HT should be primarily recom-
mended for the treatment of VMS and never as 
the main intervention in the management of 
CVD or osteoporosis or the prevention of 
dementia, even though HT has proved to be 
effective and adequate for the prevention of 
osteoporosis-related fractures in at- risk women 
aged 60 years or less and to lead to a lower car-
diovascular risk and reduced mortality rates 
when initiated less than 10 years postmenopause 
[ 42 – 45 ]. According to the global consensus 
statement on menopausal hormone therapy, 
women with premature ovarian insuffi ciency 
should be prescribed systemic HT until they 
reach the mean natural menopausal age [ 42 ,  43 ]. 

 Absolute contraindications for HT [ 46 ,  47 ]:
•    History of breast cancer  
•   Coronary disease  
•   History of stroke or thromboembolism  
•   Active liver disease  
•   Being at risk for any one of these complications    

 Estrogen therapy is the gold standard for man-
aging VMS [ 39 ,  41 ]. Studies suggest that HT is 
more effective than other treatments in reducing 
hot fl ushes. Oral 17-β-estradiol and progestogen 
decrease the number of episodes by as much as 
–16.8/day (–23.4 to –10.2 mean difference in 
number of hot fl ushes per day), while the use of 
soy isofl avones has only been found to decrease 
the number of daily hot fl ushes by a mean of –1.22 
(–2.02 to –0.42) [ 48 ]. In non- hysterectomized 
women, it should be prescribed in combination 
with a progestogen due to the risk of hyperplasia 
or endometrial cancer [ 14 ,  17 – 19 ,  22 ]. As well as 
relieving VMS, HT may also have positive effects 
on urinary and sexual function, bone health, mood 
disturbances, and quality of life [ 18 ,  19 ,  22 ], as 
well as on muscle and joint pain and sleep distur-
bances [ 19 ]. However, HT should not be used as 
primary therapy for these conditions. 

 The use of low-dose topical estrogen may 
improve sexual satisfaction by increasing vaginal 
lubrication, blood fl ow, and sensitivity, although 
it has not been associated with a longer period of 

sexual activity. Topical estrogen has been found 
to alleviate the symptoms caused by a hyperac-
tive bladder and to have a positive effect on 
repeated urinary infection [ 49 ]. Ultralow-dose 
estradiol-releasing vaginal rings and oral oxybu-
tynin appeared to be similarly effective in 
decreasing the number of daily voids in post-
menopausal women with overactive bladder [ 49 ]. 
However, it should not be used as the main treat-
ment for sexual dysfunction, decreased libido, or 
urinary tract dysfunctions [ 43 ]. 

 The risk of breast cancer in HT users aged 
50 years or older has been the object of constant 
discussion. This risk appears to be especially 
associated with the combined use of estrogen and 
progestogen and may be infl uenced by treatment 
duration. Overall, the risk of breast cancer in 
these patients appears to be low and to decrease 
when treatment is discontinued. However, there 
are no data supporting its use in patients with a 
history of breast cancer [ 42 ,  43 ]. Although the 
WHI study did not primarily focus on the effect 
of HT on VMS, it was able to provide important 
information on this subject. The study assessed 
the impact of isolated (equine estrogen 0.625 mg/
day) and combined (associated with medroxy-
progesterone acetate 2.5 mg/day) estrogen ther-
apy on the reduction of cardiovascular events 
(CVE) in postmenopausal women aged between 
50 and 79 years. Although the study found a 
decrease in the risk of fractures and colon cancer, 
a 5.2-year follow-up showed an increased risk of 
breast cancer, coronary artery disease or CAD, 
stroke, and venous thromboembolism (VTE), 
which required one of the arms of the study to be 
interrupted in 2002. Although estrogen and pro-
gestogen therapy (EPT) did not signifi cantly 
increase the risk of breast cancer until the fourth 
year of use, individuals receiving this treatment 
had an overall higher rate of abnormal mammog-
raphy results [ 34 ]. 

 In the original WHI study, the total rate of 
CAD was 39 × 33/10,000 people/year in the EPT 
and placebo groups, respectively (HR 1.24; CI 
1.00–1.54). Estrogen therapy (ET) was not asso-
ciated with increased rates of CAD (HR 0.91; CI 
0.75–1.12) and appeared to have a protective 
infl uence in younger women (50–59 years) and 
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those with less than 10 years of menopause [ 34 ]. 
A 31 % increase in the risk of stroke was observed 
in the EPT group, and a 39 % increase was found 
in the ET group regardless of age and other risk 
factors, although no excess risk was seen in the 
younger patient group [ 14 ]. The rate of VTE was 
higher in the EPT than in the placebo group 
(34 × 16/10,000 people/year, with HR 2.06; CI 
1.60–2.70) [ 34 ]. It is important to note that each 
case should be carefully analyzed before HT is 
prescribed, since some methodological issues 
(such as the high mean age of women involved in 
studies, long duration of menopause, overweight/
obesity, and smoking rates) may limit the gener-
alization of the fi ndings reported to the general 
population. A recent placebo-controlled random-
ized clinical trial (RCT) conducted on 1,006 
women between the ages of 45 and 59 years 
investigated the occurrence of cardiovascular 
events in recently menopausal women (less than 
2 years) undergoing HT (2 mg 17β estradiol + 
1 mg norethisterone acetate, administered in tri-
phasic regimen, or 2 mg 17β estradiol in hyster-
ectomized women) [ 44 ]. After 10 years of 
treatment, there was a signifi cant reduction in the 
risk of death, cardiac insuffi ciency, and acute 
myocardial infarction but no apparent increase in 
the risk of cancer, VTE, and stroke, suggesting 
that early HT may offer more benefi ts than risks 
for healthy women. 

 The data on the association between HT and 
the risk of ovarian cancer are somewhat confl ict-
ing. The use of HT for less than 5 years was asso-
ciated with an RR of 1.03 for ovarian cancer, 
while individuals who had been receiving HT for 
over 10 years had an RR of 1.21. ET was associ-
ated with a higher risk of ovarian cancer than 
EPT [ 43 ]. The WHI found that EPT did not lead 
to a statistically signifi cant increase in the inci-
dence of ovarian cancer after a mean of 5.6 years 
of use (4.2 cases per 10,000 in the EPT group 
versus 2.7 cases per 10,000 per year in the pla-
cebo group) [ 50 ]. As the incidence of ovarian 
cancer was rare, the risk for the disease was con-
sidered small. However, women with other risk 
factors for ovarian cancer (for instance, a family 
history of cancer or a BRCA mutation) should be 
informed of the possible association between 

increased cancer risk and HT before starting 
treatment [ 43 ,  45 ]. 

 The effect of HT on the incidence of lung can-
cer has also been investigated. However, there 
does not appear to be a consensus as to the rela-
tionship between these variables. While a meta- 
analysis reported an increase in the risk of lung 
adenocarcinoma in HT patients [ 51 ], another 
suggested that HT may have a protective effect 
against lung cancer in nonsmokers [ 52 ]. In the 
WHI study, post hoc analyses after an average of 
7.1 years of HT found that the incidence of non- 
small cell lung cancer was not signifi cantly 
higher in the EPT group (HR, 1.28, CI 95%, 
0.94–1.73,  p  = 0.12), although the number of lung 
cancer deaths (HR, 1,87, 95 % CI, 1.22–2.88, 
 p  = 0.004) and of poorly differentiated and meta-
static tumors were both higher in the EPT group 
(HR 1,87,  p  = 0.004; CI, 1.22–2.88 95 %). 
However, it is important to note that all women 
diagnosed with cancer had a current or past his-
tory of smoking or were over 60 years old [ 27 ]. 
These results highlight the need to motivate 
tobacco users to quit smoking and suggest that 
current or past smokers who receive EPT should 
be carefully monitored during treatment [ 43 ,  45 ]. 

 HT (estrogen plus progestin) does not appear 
to infl uence the risk of colorectal, esophageal, 
and endometrial cancer. However, weak evidence 
(small case-control studies) suggests that HT 
users may experience a reduction in the risk of 
stomach cancer and an increase in the risk of 
spleen cancer [ 53 ]. 

 The route of hormone administration should 
also be carefully selected due to the association 
between certain forms of administration and spe-
cifi c medical conditions. The oral administration 
(OA) of estrogen may lead to an increase in sex 
hormone-binding globulin (SHBG) and thyroid 
binding globulins (TBG), reducing their bioavail-
ability. Therefore, although OA may have a 
greater impact than transdermal administration 
(TDA), women who are being treated for hypo-
thyroidism may need to increase their medication 
upon beginning orally administered HT [ 6 ]. 

 The effects of TDA appear to be more stable, 
leading to quick and reliable results which are 
maintained for 3–7 days depending on drug 
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 formulation. These factors have great therapeutic 
importance. Hormones can also be administered 
through adhesive patches, gels, or sprays [ 6 ]. 

 Combined estrogen and progestogens (E+P) 
should always be used in non-hysterectomized 
women to avoid the risk of endometrial cancer, 
but they may be used in isolation for the control 
of VMS. However, the maintenance of drug treat-
ment may be confounded by adverse events such 
as weight gain, edema, and mood disturbances 
[ 4 ]. The most frequently used progestogens are 
medroxyprogesterone acetate (MPA) 1.5–10 mg; 
cyproterone acetate (CPA) 2–5 mg: nomegestrol 
acetate 5 mg; dydrogesterone 10 mg; norgesti-
mate, trimegestone, norethisterone acetate 
5–10 mg; and norethindrone 0.35–0.7 mg/day 
(minimal dosage) or 12 days a month (other dos-
ages). Natural progesterone protects the endome-
trium and has only a small infl uence on lipid 
parameters. It is generally given in doses of 100–
300 mg/day [ 43 ,  54 ]. The Kronos Early Estrogen 
Prevention Study (KEEPS), a recently conducted 
4-year, randomized, double-blinded, placebo- 
controlled clinical trial, assessed the effects of 
low-dose oral or transdermal (skin patch) estro-
gen and cyclic monthly progesterone on healthy 
women aged 42 years to within 3 years after 
menopause [ 55 ]. The trial did not include women 
with evidence of cardiovascular disease, levels of 
plasma cholesterol or triglycerides which would 
normally be treated with lipid-lowering drugs, 
severe obesity, or heavy smoking. In the primary 
study, 727 participants were randomized into 
three groups: 0.45 mg a day of an oral conjugated 
equine estrogen (o-CEE), 50 μg a day of trans-
dermal estradiol (t-E2), or a placebo. Women on 
active estrogens received 200 mg of micronized 
progesterone (MP) for 12 days each month. Both 
HT groups had reduced menopause symptoms, 
improvements in lubrication, and decreased pain 
during intercourse. However, the t-E2 group also 
had improved arousal and libido, while the 
o-CEE group did not. The carotid ultrasound 
results showed similar rates of arterial wall thick-
ness progression in all three treatment groups 
over the 4 years of study [ 55 ]. 

 Daily and continuous use of progesterone has 
been shown to be able to induce endometrial 

atrophy and, consequently, reduce vaginal bleed-
ing in approximately 70–80 % of women after 
6 months of treatment. The new progestogens 
(nomegestrol, norgestimate, dydrogesterone, and 
trimegestone) have a low androgenic effect and 
high selectivity for the progesterone receptor, 
leading to fewer negative effects on lipid profi les. 
Patients who have a low tolerance to monthly 
progestogen therapy should be prescribed con-
tinuous estrogen associated with progestogens (at 
doses equivalent to MPA 10 mg/day) for 15 days 
every 60 or 90 days. In women with a uterus, 
0-CEE with cyclic MP has been found to have the 
most favorable effect on HDL-C, without an 
accompanying increase in the risk of endometrial 
hyperplasia [ 56 ]. However, the PEPI trial 
observed modest yet signifi cant differences in 
hemostasis changes between different types and 
regimens of progestogen in postmenopausal 
women using CEE [ 57 ]. Nevertheless, in non- 
hysterectomized women, CEE with cyclic 
micronized progesterone (MP) has been found to 
have the most favorable effects on HDL-C, with-
out leading to an excess risk of endometrial 
hyperplasia [ 55 ]. 

 A recent Cochrane review of the short- and 
long-term effects of tibolone [ 58 ] found that the 
drug was superior to placebo in decreasing the 
frequency of VMS (two RCTs,  n  = 847, OR 0.42; 
95% CI 0.25–0.69); however, the 2.5 mg/day 
dose of the drug – the only one to signifi cantly 
outperform the placebo – was also found to 
increase vaginal bleeding (7 RCTs,  n  = 7,462; OR 
2.75, 95% CI 1.99–3.80). When compared to 2 
equipotent doses of EPT, tibolone was more 
effective in reducing vaginal bleeding (15 RCTs, 
 n  = 6,342; OR 0.32, 95% CI 0.24–0.42) but had a 
lower impact on the frequency of VMS (two 
RCTs,  n  = 545, OR 4.16, 95% CI 1.50–11. Two 
large RCTs comparing tibolone with placebo 
have also provided important data on the long- 
term effects of the drug [ 58 ]. An RCT of 3,098 
women with breast cancer and menopause symp-
toms found an increase in cancer recurrence 
approximately 3.1 years into treatment (OR 1.50; 
95% CI 1.21–1.85), which caused the trial to be 
interrupted [ 54 ]. The same RCT observed an 
excess risk of stroke in tibolone-treated patients 
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(OR 2.18, 95% CI 1.12–4.21). The low number 
of events also precluded analyses of the impact of 
tibolone versus placebo on endometrial cancer 
rates (seven RCTs,  n  = 8,152; OR 1.98; 95% CI 
0.73–5.32). The authors concluded that, even 
though 2.5 mg/day tibolone was associated with 
a lower incidence of vaginal bleeding, it proved 
to be less effective than EPT in decreasing 
VMS. The drug also appears to have less long- 
term safety than previously thought, since, 
according to a recent study, it may lead to an 
increase in the risk of breast cancer in women 
with a prior history of the disease and to an 
increased risk of stroke in women aged over 
60 years [ 58 ]. 

 In another randomized study, tibolone reduced 
the risk of fracture and breast cancer and possibly 
colon cancer, although it led to an increased risk 
of stroke in older women with osteoporosis [ 59 ]. 
The study involved 4,538 women between the 
ages of 60 and 85 years and had a bone mineral 
density T score of -2.5 or less at the hip or spine 
or a T score of -2.0 or less and radiologic evi-
dence of a vertebral fracture, all of whom under-
went a median of 34 months of treatment. The 
tibolone group received once-daily tibolone (at a 
dose of 1.25 mg), while the other group received 
placebo. A decreased risk of vertebral (70 cases 
versus 126 cases per 1,000 person-years, relative 
hazard, 0.55; 95 % CI 0.41–0.74;  p  < 0.001) and 
nonvertebral fractures (122 cases versus 166 
cases per 1,000 person-years, relative hazard, 
0.74; 95 % CI, 0.58–0.93;  p  = 0.01) was found in 
the tibolone group. The latter group also had a 
decreased risk of invasive breast cancer (relative 
hazard, 0.32; 95 % CI, 0.13–0.80;  p  = 0.02) and 
colon cancer (relative hazard, 0.31; 95 % CI, 
0.10–0.96;  p  = 0.04). However, the tibolone group 
was also revealed to have an increased risk of 
stroke (relative hazard, 2.19; 95 % CI, 1.14–4.23; 
 p  = 0.02), which led to the study being 
interrupted. 

 Many drug combinations can be used to treat 
VMS,  a nd the choice of treatment should only be 
made after assessing each individual case. 
Treatment should always begin with the lowest 
possible dose, and the conventional dosage should 
only be employed if symptoms are unresponsive 

to therapy [ 6 ,  60 ]. If the only symptoms reported 
are vaginal dryness or discomfort during inter-
course, low-dose topical estrogen therapy should 
be prescribed [ 42 ]. 

 There is no evidence of the safety and effi cacy 
of “bioidentical” hormones, and their use should 
therefore be avoided [ 6 ,  42 ,  45 ]. Even though the 
FDA-approved bioidentical hormones may be pre-
ferred over standard hormone replacement treat-
ments due to their physiologic benefi ts and safety 
profi les, the Endocrine Society has voiced con-
cerns that patients may be receiving potentially 
misleading or false information about the benefi ts 
and risks of “bioidentical hormones” [ 61 ].  

30.3.2     Nonhormonal Therapy 

 Although there are no comparative studies of the 
effectiveness of non-estrogen treatment, options 
tend to be less effective in controlling VMS [ 62 ]. 
Nonhormonal methods usually reduce symptoms 
by 50–60 %, which may be considered accept-
able by a number of women who do not want to 
or cannot receive HT [ 63 ,  64 ]. 

 A meta-analysis of nonhormonal treatments 
for VMS [ 48 ] found that the selective serotonin 
(SSRIs) and norepinephrine (SNRIs) reuptake 
inhibitors gabapentin and clonidine are some-
what effective in reducing symptoms, although 
their effect on both the frequency and severity of 
VMS is lower than that of estrogen therapy [ 39 , 
 41 ]. Currently, paroxetine (7.5 mg/day) is the 
only Food and Drug Administration-approved 
nonhormonal treatment for moderate to severe 
VMS [ 65 ]. 

 Antidepressants (SSRIs and SNRIs) have 
shown some success in the control of VMS [ 40 , 
 48 ,  61 ]. SSRIs act by increasing extracellular 
serotonin concentrations (5-HT), and SNRIs 
have the double effect of increasing 5-HT and 
norepinephrine (NE) levels, both of which are 
involved in hypothalamic thermoregulation [ 40 ]. 
After improvement, treatment should be gradu-
ally withdrawn. Clinical trials of paroxetine, ven-
lafaxine, and desvenlafaxine have shown that 
these drugs may provide adequate symptom con-
trol [ 45 ,  48 ,  64 ,  66 ]. 

30 Vasomotor Symptoms



426

 Special care should be taken when prescribing 
SSRIs to women who use tamoxifen. By interact-
ing with cytochrome p450 (CYP2D6), these 
drugs may irreversibly inhibit the metabolism of 
tamoxifen to endoxifen, interfering with the effi -
cacy of this treatment in patients with breast can-
cer. Venlafaxine and desvenlafaxine are the least 
potent inhibitors of this process [ 40 ]. 

 Paroxetine doses of 10 mg to 12.5 mg/day 
appear to provide adequate VMS control (in up to 
62 % of cases). Higher doses do not increase its 
effi cacy but may lead to additional side effects 
(headaches, nausea, insomnia, somnolence) [ 40 , 
 48 ]. A Canadian cohort study of breast cancer 
patients treated with tamoxifen who were also 
receiving paroxetine showed that death risk in 
these patients increased proportionately with the 
duration of treatment and ranged from 25 to 75 % 
[ 64 ]. In this study, of 2,430 women treated, 
15.4 % died of breast cancer during mean follow-
 up 2.38 ± 2.59 years. After some adjustments, 
absolute increases of 25, 50, and 75 % in the pro-
portion of time on tamoxifen with overlapping 
use of paroxetine were associated with 24, 54, 
and 91 % increases in the risk of death from 
breast cancer, respectively ( p  < 0.05). In this way, 
it was estimated that the use of paroxetine for 
41 % of tamoxifen treatment would result in one 
additional breast cancer death for every 19.7 
patients so treated within 5 years of cessation of 
tamoxifen (95 % CI, 12.5–46.3). 

 Venlafaxine (75 mg/day) has also proved to be 
effective in controlling VMS in women with 
breast cancer [ 67 ]. When this drug reaches the 
liver, it is metabolized by CYP2D6 to desvenla-
faxine, which interacts less with cytochrome 
p450 and, consequently, does not interfere with 
tamoxifen treatment. Doses of 100 and 150 mg/
day have been found to decrease hot fl ashes by up 
to 65.4 and 66.6 %, respectively, after 12 weeks 
of treatment [ 66 ]. Desvenlafaxine is a novel 
serotonin- norepinephrine reuptake inhibitor 
which is highly selective for serotonin and nor-
epinephrine transporters and has a weak or no 
affi nity for dopamine receptors and transporters. 
The results of two double-blind, randomized, 
placebo-controlled trials revealed that, after 
12 weeks of treatment, the groups treated with 

desvenlafaxine at doses of 100, 150, or 200 mg 
reported a more signifi cant decrease in the num-
ber of hot fl ushes than the placebo group. Its tol-
erability profi le is consistent with that of other 
serotonin-norepinephrine reuptake inhibitors [ 66 , 
 68 ]. Desvenlafaxine 100 mg/day was superior to 
placebo in reducing the average daily number of 
hot fl ushes at weeks 4 ( p  = 0.013) and 12 
( p  = 0.005) of treatment, achieving a 64 % 
decrease from baseline at week 12, and the 75 % 
responder rate was signifi cantly higher for des-
venlafaxine 100 mg (50 %) compared with pla-
cebo (29 %;  p  = 0.003; number needed to 
treat = 4.7) at week 12. The average daily severity 
of hot fl ushes was also signifi cantly lower in the 
desvenlafaxine 100-mg group than in the placebo 
group at week 12 ( p  = 0.020) [ 68 ]. There is no 
evidence for an increased risk of cardiovascular, 
cerebrovascular, or hepatic events associated 
with the use of desvenlafaxine 100 mg/day for 
the treatment of menopausal VMS [ 69 ]. 

 Fluoxetine at 20 mg/day and citalopram 
10–30 mg/day are effective to a lesser extent than 
other antidepressants, probably due to their lower 
affi nity for NE receptors [ 40 ]. The same phenom-
enon may explain the lower effectiveness of esci-
talopram 10–20 mg/day [ 5 ]. Sertraline 
(25–100 mg/day) has not been found to be effec-
tive in controlling VMS [ 70 ]. However, some 
studies showed a signifi cant improvement of hot 
fl ushes with 50 mg/day sertraline in normal post-
menopausal women and in women with tamoxi-
fen treatment for breast cancer [ 71 ,  72 ]. Moreover, 
when compared with women in a placebo group, 
those who used sertraline were more likely to 
report gastrointestinal complaints, dry mouth, 
dizziness, and sexual function [ 68 ,  71 ,  72 ]. 

 A multisite, randomized, placebo-controlled 
clinical trial with enrollment stratifi ed by race 
(African-American and white) was conducted at 
four MsFlash network sites [ 73 ]. All eligible 
women were randomized in equal proportions to 
escitalopram 10 mg/day or to a matching placebo 
pill. At week 8, the reduction in the frequency of 
hot fl ashes was greater in the escitalopram group 
than in the placebo group (−4.60, SD 4.28, and 
−3.20, SD 4.76, respectively,  p  = 0.004). The 
results also showed that 55 % of the escitalopram 
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group (versus 36 % of the placebo group) 
reported >= 50 % decreases in hot fl ash frequency 
( p  = 0.009). Between-group differences in 
decreases in the severity/frequency and bother of 
hot fl ashes were also found to be signifi cant 
( p  = 0.003 and  p  = 0.013, respectively) [ 73 ]. 

 Randomized clinical trials with neuroendo-
crine agents showed a modest reduction in VMS 
and other frequent menopausal symptoms [ 40 ]. 
Studies of gabapentin have found the drug to be 
effective in treating VMS. Two double-blind, 
randomized, placebo-controlled trials have 
shown a signifi cant reduction in the frequency 
and severity of hot fl ushes in women treated with 
900 mg/day gabapentin [ 74 ,  75 ] .  Although it was 
primarily developed to treat dizziness, the drug 
has also shown to be effective in treating neuro-
pathic pain, migraines, essential tremor, bipolar 
disorder, uremic pruritus, and fi bromyalgia, as 
well as VMS in postmenopausal women (off- 
label indication) [ 4 ,  19 ,  32 ,  74 ]. Although its 
mechanism of action is still unknown, the drug 
appears to reduce symptoms by up to 72 % [ 76 ]. 
Even though the required dosage (900 mg/day) 
may have low tolerability and lead to reduced 
treatment adherence [ 61 ], a new slow release for-
mula has been found to reduce hot fl ashes and 
improve sleep quality while causing less side 
effects than the current reference drug. The most 
commonly reported side effects of gabapentin 
with this dose are dizziness (18 %), loss of bal-
ance (14 %), and somnolence (12 %) [ 74 ,  77 ]. 

 Studies have also suggested that clonidine may 
be moderately effective in treating VMS (reduc-
ing symptoms by up to 38 %) but often at the cost 
of signifi cant side effects such as hypotension, dry 
mouth, constipation, and sedation [ 6 ,  53 ,  61 ]. An 
8-week treatment with oral clonidine, 0.1 mg/d, 
has been found to be effective against tamoxifen-
induced hot fl ashes in postmenopausal women 
with breast cancer in a randomized, double- blind, 
placebo-controlled clinical trial (38 % versus 
24 %, CI for difference, 3–27 %). Patients receiv-
ing clonidine were more likely than those receiv-
ing placebo to report diffi culty sleeping (41 % 
compared with 21 %;  p  = 0.02) [ 78 ]. The 
International Menopause Society [ 42 ] recom-
mends that patients with mild to moderate VSM 

who cannot receive HT should be treated with 
clonidine. If the drug is unavailable or ineffective, 
venlafaxine and gabapentin should be considered. 
For breast cancer patients treated with tamoxifen, 
the Comité de l’évolution des pratiques en oncol-
ogie (CEPO) [ 79 ] recommends that venlafaxine, 
citalopram, clonidine, gabapentin, and pregabalin 
be used for the treatment of hot fl ashes. However, 
the use of paroxetine and fl uoxetine should be 
avoided due to their detrimental impact on the 
effi cacy of tamoxifen. In patients with breast can-
cer who are not being treated with tamoxifen, 
venlafaxine, paroxetine, citalopram, clonidine, 
gabapentin, and pregabalin may all be effectively 
used in treating hot fl ashes. Fluoxetine, sertraline, 
phytoestrogens, black cohosh, and St. John’s wort 
should not be used to treat hot fl ashes, given the 
lack of evidence for their therapeutic effi cacy in 
breast cancer survivors [ 79 ]. 

 Black cohosh and phytoestrogens have been 
found to be comparable to placebo in treating 
VMS [ 19 ,  33 ,  41 ].  Cimicifuga racemosa  (black 
cohosh) is not considered a phytoestrogen and is a 
partial serotonin agonist. However, it only has a 
modest effect on VMS [ 41 ,  80 ]. A recent study is 
conducted on 351 women aged between 45 and 
55 years with two or more VMS per day – of 
whom 52 % were in the menopausal transition 
stage and 48 % were postmenopausal – to test the 
comparative effi cacy of three herbal regimens 
(black cohosh, 160 mg daily; multibotanical with 
black cohosh, 200 mg daily, and nine other ingre-
dients; or multibotanical plus dietary soy counsel-
ing), hormone therapy (conjugated equine 
estrogen, 0.625 mg daily, with or without medroxy-
progesterone acetate, 2.5 mg daily), and a placebo 
in relieving VMS [ 41 ]. The number and intensity 
of VMS per day as well as the Wiklund Vasomotor 
Symptom Subscale scores did not differ between 
the herbal intervention groups and placebo at 3, 6, 
or 12 months or for the average overall scores 
obtained at all follow- up time points ( p  > 0.05 for 
all comparisons) with one exception: At 12 months, 
symptom intensity was signifi cantly worse in indi-
viduals assigned to the multibotanical plus soy 
intervention than in the placebo group ( p  = 0.016). 
The difference in the number of VMS per day 
reported by  individuals in the placebo group and 
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those exposed to any of the herbal treatments, at 
any time point in the study, was less than one 
symptom per day. The average follow-up scores of 
individuals in these groups differed by less than 
0.55 symptom per day. The difference between 
hormone therapy and placebo groups was of −4.06 
vasomotor symptoms per day for the average of all 
follow- up scores (95 % CI, −5.93 to –2.19 symp-
toms per day;  p  < 0.001) [ 41 ]. These drugs consist 
of nonsteroidal molecules similar to estradiol and 
diethylstilbestrol and should be avoided in breast 
cancer patients, as they can antagonize the effects 
of tamoxifen and aromatase inhibitors. These sub-
stances have also been found to have estrogen- like 
effects at a cellular level. Botanical products con-
taining soy isofl avones or red clover may have 
widely varying levels of bioavailability, as well as 
a wider action spectrum than estradiol and estro-
gen depending on β-receptor activation [ 40 ]. 
However, the long-term safety of these treatments 
is virtually unknown [ 61 ]. 

 Some studies suggest that low-intensity exer-
cise, such as yoga, may reduce SVM and improve 
psychological well-being. To assess the effi cacy 
of yoga in reducing VMS, a systematic review 
and meta-analysis were performed using articles 
from the Medline, Scopus, Cochrane Library, and 
PsycINFO databases [ 81 ]. The study only selected 
RCT that assessed the effect of yoga on the main 
psychological, somatic, vasomotor, and/or uro-
genital symptoms of menopause. Standardized 
mean differences (SMD) were calculated for each 
outcome. Five RCTs with a total of 582 partici-
pants were included in the systematic review, 
while four RCTs with a total of 545 participants 
were included in the meta-analysis. The study 
found moderate evidence of a short- term effect on 
psychological symptoms (SMD = −0.37 95% CI 
−0.67 to –0.07,  p  = 0.02) but no signifi cant evi-
dence of the effect of yoga on psychological, 
somatic, vasomotor, or urogenital menopause 
symptoms. Yoga was also found to have no seri-
ous adverse effects [ 81 ]. 

 Few RCTs have produced reliable evidence of 
the effect of aerobic exercise on VMS, although 
some studies suggest that aerobic exercise may 
improve well-being and quality of life in women 
with such symptoms. To assess the effectiveness 

of exercise in controlling or reducing VMS in 
peri- and postmenopausal women, a systematic 
review [ 82 ] of studies (including but not limited 
to RCTs) comparing the effi cacy of exercise with 
that of other treatments or with the absence of 
treatment was recently published. No signifi cant 
between-group differences on VMS were found 
in studies comparing exercise and no treatment/
control groups (three studies; SMD = −0.14; 95% 
CI: −0.54 to –0.26), exercise and HT (three stud-
ies; SMD = 0.49, 95 %, CI: −0.27 to –1.26), and 
exercise and yoga (two studies; SMD = −0.09, 
95% CI: −0.64 to –0.45), although comparisons 
were based on small samples. 

 Stellate ganglion blockade was found to be 
effective in reducing vasomotor symptoms and 
sleep quality in a study of 13 women who were 
breast cancer survivors (age range 38–71 years) 
and reported severe hot fl ushes [ 83 ,  84 ]. Lipov 
et al. [ 83 ] found that this treatment led to a stabi-
lization of hot fl ushes and long-term reduction in 
these symptoms in a 24-week follow-up study, 
while Haest et al. [ 84 ] found that the effect on 
sleep quality was maintained, but the impact on 
hot fl ushes was reduced, after this treatment.      
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31.1            Introduction 

 Experiencing menopause is a common experi-
ence for the majority of women from Western 
countries who survive to their mid-50s, yet sci-
entifi c work about the natural menopausal tran-
sition and its consequences for women’s health 
was limited until the 1990s. Stimulated by con-
cern about the aging of the world’s population, 
during the past three decades, researchers have 
focused increasingly on understanding the natu-
ral menopausal transition [ 1 ]. Understanding 
the menopausal transition and related physio-
logic changes is critical to comprehending 
healthy aging. Moreover, many women view the 
menopausal transition as an opportunity to reap-
praise their health and health-related behavior 
patterns [ 2 ]. 
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 In order to comprehend the menopausal 
 transition and its consequences for health, 
researchers have engaged women recently in 
contributing to knowledge about menopause by:
•    Focusing research on the general population of 

women, not only women seeking health care  
•   Using longitudinal study designs to track pro-

cesses occurring with women’s midlife 
development  

•   Refl ecting on the menopausal transition from 
an integrative (e.g., biopsychosociocultural) 
framework and from a feminist perspective 
that puts women at the center of investigations  

•   Valuing the importance of a lifespan perspec-
tive by recognizing that women’s experiences 
earlier in the lifespan are infl uential in midlife 
and old age [ 3 ]  

•   Considering population-specifi c experiences 
of the menopausal transition, including those 
of diverse ethnic groups, age cohorts who 
experience different lives, and women around 
the globe    
 The purposes of this chapter are to:

    1.    Review recent history of research on the 
menopausal transition and early 
postmenopause   

   2.    Describe approaches to staging the meno-
pausal transition and their application in recent 
research   

   3.    Summarize current understanding of endo-
crine changes occurring during the meno-
pausal transition and early postmenopause   

   4.    Characterize symptoms women experience 
(hot fl ashes, sleep disruption, mood changes, 
cognitive changes, pain, sexual desire 
changes) and their correlates during the meno-
pausal transition and postmenopause   

   5.    Chart the relationship of the menopausal tran-
sition to healthy aging      

31.2     Early Contributions 
to Menopausal Transition 
Research 

 Early contributions to understanding the meno-
pausal transition included studies such as those 
conducted by Neugarten and colleagues, who 

examined the meanings of the menopausal transi-
tion for a cohort of midlife women born in the 
1940s [ 4 ]. This cohort expressed concerns about 
adopting to the “empty nest” after their children 
left home. With the advent of the Women’s 
Movement of the 1960s and 1970s in the USA 
and around the world, investigators began to study 
women born in the Post-World War II era. In 
1981, Massachusetts Women’s Health Study 
investigators began tracking a population of white 
women in the state of Massachusetts for 10 years. 
Participants were between 45 and 55 years of age 
at recruitment, identifi ed through census lists for 
the state. Investigators charted the course of hot 
fl ashes and their relationship to use of health ser-
vices. They found that depression occurred during 
this period but was strongly related to life events 
[ 5 ,  6 ]. In another early effort (1983), Matthews 
and colleagues studied women from the state of 
Pennsylvania (The Healthy Women Study) to 
determine the natural history of the menopausal 
transition and behavioral and biological changes 
that occurred during the MT and postmenopause 
and their effects on cardiovascular disease risk 
[ 7 ]. The Melbourne Midlife Women’s Health 
Project was launched in Australia at about the 
same time as the Massachusetts Women’s Health 
Study using a similar approach. Investigators 
recruited women 45–55 years of age and mea-
sured symptoms, hormone levels, and their rela-
tionship to quality of life, bone mineral density, 
body composition, cardiovascular disease risk, 
and memory [ 8 ]. In 1989, the Seattle Midlife 
Women’s Health Study investigators initiated 
recruitment of women 35–55 years of age selected 
from census tracts in the city of Seattle [ 9 ,  10 ], 
and in 1994, the investigators for the multisite 
Study of Women and Health Across the Nation 
(SWAN) began recruitment of a multiethnic 
cohort [ 11 ]. In Sweden, Collins and her col-
leagues began studying midlife women in this 
same era, focusing on stress related to work as 
well as hormonal changes they experienced [ 12 ]. 
In addition, the 1946 British Birth Cohort Study 
investigators included measures related to 
 menopause and led a series of analyses of these 
data [ 13 ,  14 ]. These contemporaneous efforts led 
to active collaboration among many of the 
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researchers who were anxious to share what they 
were learning and the methods they were using 
and provide support for one another. 

 During the same era, researchers such as Ann 
Voda worked to understand symptom experi-
ences related to the menopausal transition and 
expand our knowledge of women’s experiences 
of hot fl ashes from their own point of view as 
well as their physiologic correlates [ 15 ]. Other 
investigators began investigating questions about 
physiologic changes in women’s menstrual 
cycles and hormonal patterns [ 16 – 18 ]. 

 Despite this work, the US National Institutes 
of Health did not have a research agenda for 
women’s health until the early 1990s [ 19 ]. In 
1993, the National Institutes of Health cospon-
sored the fi rst workshop on menopause, propos-
ing a specifi c research agenda [ 20 ]. From the 
early 1990s, researchers studying the menopausal 
transition have made remarkable contributions. 
The Study of Women and Health Across the 
Nation, launched shortly after the NIH-sponsored 
conference on menopause, has played a signifi -
cant role in expanding our understanding of the 
menopausal transition and early postmenopause 
and its relationship to healthy aging. Also of note 
was a transformative view of the menopausal 
transition as a normal developmental experience, 
supplanting notions of the menopausal transition 
and postmenopause as a pathology in search of a 
cure [ 21 ,  22 ].  

31.3     New Understandings 
of the Menopausal 
Transition and Early 
Postmenopause 

31.3.1     Staging Reproductive Aging 

 Efforts to identify stages of reproductive aging 
have facilitated ability of researchers around the 
globe to compare data from women within the 
same stage or across stages of the menopausal 
transition and clinicians to use staging to help 
women make decisions, for example, about 
screening for bone density or managing fertility 
during the menopausal transition. Although 

research on staging reproductive aging is in early 
development, there have been several useful dis-
coveries about approaches that clinicians and 
women, themselves, can use to determine at what 
point they are in the transition to menopause. 
Early efforts to “stage” the menopausal transition 
relied on questions asking women about their 
menstrual cycles. For example, Massachusetts 
Women’s Health Study investigators asked 
women whether they had had a period in the past 
three months and were cycling regularly, classi-
fying these women as premenopausal, indicating 
that women had not yet reported irregularity of 
their cycles. Women who had reported irregular-
ity of their cycles and 3–11 months of amenor-
rhea were considered in “perimenopause” (now 
referred to as the menopausal transition). Those 
who had not menstruated in the past year were 
classifi ed as “postmenopausal” [ 23 ]. Similar 
questions were used to stage reproductive aging 
for participants in the Melbourne Midlife 
Women’s Health Project [ 24 ]. 

 Mitchell and colleagues used data from men-
strual calendars and questionnaires to propose an 
initial model that specifi ed an early, middle, and 
late transition stage [ 25 ]. In this staging system, 
changes in fl ow and small changes in cycle length 
preceded changes in regularity of cycles and 
skipping periods. 

 In 2001, the Staging Reproductive Aging 
Workshop [ 26 ] convened investigators and clini-
cians from the USA and Australia to develop cri-
teria to use in staging reproductive aging. Stages 
were anchored to the fi nal menstrual period 
(FMP) such that stage +1 and stage +2 repre-
sented early and late postmenopause,  respectively, 
and stages −1 and −2 represented the late and 
early menopausal transition (see Fig.  31.1  below 
for the provisional staging system developed by 
the STRAW conference group in 2001).

   Mitchell and colleagues modifi ed their frame-
work following the Staging Reproductive Aging 
Workshop (STRAW) (see Soules et al. [ 26 ] for 
details) and in collaboration with the ReSTAGE 
investigators. Figure  31.2  includes a menstrual 
calendar from a woman in the late reproductive 
stage (STRAW -3), showing regularity of her men-
strual cycles over a year. Figure  31.3  includes data 

31 The Menopausal Transition and Women’s Health



436

Stages

Terminology:

Menstrual
Cycles

Endocrine

Duration
of Stage:

–5

Early

Variable

Normal FSH

Variable
cycle length
(>7 days
different from
normal)

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

Length
decreases
-2 days

Regular
Variable

to
regular

Variable

Early Early*Peak Late Late

None

Late*

–4 –3 –2 –1 +1

Reproductive

Menarche Final Menstrual Period

Menopausal
Transition

+2

4 yr Until
Demise

1

yr

Postmenopause

Perimenopause

–>

–> A
m

en
or

rh
ea

12
 m

o

FSH FSH FSH

0 0

  Fig. 31.1    Proposed staging system for the menopausal transition (Reprinted from fertility and sterility, 76/5, Soules 
et al. [ 26 ], Copyright 2001, with permission from Elsevier)       

  Fig. 31.2    Menstrual calendar, late reproductive stage       

 

 

N.F. Woods and E.S. Mitchell



437

from a woman who is experiencing irregularity of 
7 days or more between consecutive menstrual 
cycles, indicating that she is now in the early 
menopausal transition stage. Figure  31.4  illus-
trates cycles for a woman who has begun skipping 
periods with at least 60 days of amenorrhea 

between periods, the criterion for late menopausal 
transition stage. Later the ReSTAGE project inves-
tigators analyzed data from the Melbourne 
Women’s Health Project, the Study of Women and 
Health Across the Nation (SWAN), the Tremin 
Trust Data, and the Seattle Midlife Women’s 

  Fig. 31.3    Menstrual calendar, early menopausal transition stage       

  Fig. 31.4    Menstrual calendar, late menopausal transition stage       
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Health Study. They validated that a break in cyclic-
ity manifested by a difference of 7 or more days in 
cycle length between sequential cycles that reoc-
curred within the next 10 bleeding segments was a 
good indicator for the beginning of the early phase 
of the menopausal transition. Moreover, their work 
indicated that a period of 60 or more days of amen-
orrhea that reoccurred within the next 10 bleeding 
segments for women less than 45 years of age sig-
naled the entry into the late stage of the meno-
pausal transition [ 27 – 30 ].

     Women do not experience the fi nal menstrual 
period at the same age, nor do they experience 
the stages of reproductive aging at specifi c ages. 
Table  31.1  includes the ages of onset and dura-
tion of the stages of the menopausal transition 
based on the Seattle Midlife Women’s Health 
Study. Of interest is that the early stage required 
an average of 2.9 years and the late stage an aver-
age of 2.5 years. When the early and late meno-
pausal transition stages for women in the 
SMWHS were added together, the average dura-
tion of the menopausal transition (early + late) 
was 5.3 years, (SD = 1.8 years with a range from 
1.1 to 9.8 years) (Mitchell and Woods, unpub-
lished data). Similar data from other longitudinal 
cohorts will support the universality or variability 
in these data across populations.

31.4         Endocrine Changes During 
the Menopausal Transition 
and Early Postmenopause 

 Staging reproductive aging, anchored by changes 
observed in menstrual cycle regularity, provided 
a framework within which to examine changes 

occurring in the ovarian (estrogens, progester-
one, testosterone, Mullerian-inhibiting hormone 
(MIH), and inhibins) and pituitary hormones (FSH 
and LH). Santoro’s early and careful description 
of endocrine levels across the menstrual cycles 
of women approaching menopause and those 
who had experienced their fi nal  menstrual period 
stimulated awareness of the changes in endocrine 
levels, including the realization that some women 
experienced episodes of hyper- estrogen levels 
before their fi nal period [ 16 ]. 

 SWAN investigators found there was a period 
of approximately four years during which the 
maximal changes occur at the greatest rate in 
both FSH and estradiol, with the changes in FSH 
preceding the changes in estradiol. After this 
4-year period of maximum changes, both FSH 
and E2 levels stabilize [ 31 ,  32 ]. Acceleration of 
the FSH rise occurs 2 years before the FMP with 
deceleration beginning immediately before the 
FMP and stabilizing 2 years after the FMP [ 32 ], 
consistent with earlier fi ndings of Sowers and 
colleagues [ 33 ]. Estradiol concentrations did not 
change substantially until about 2 years before 
the FMP when it began decreasing with the maxi-
mal rate of change occurring at the FMP and then 
decelerating to achieve stability about 2 years 
after FMP. Obesity, smoking behavior, and being 
Chinese or Japanese were associated with varia-
tion in estradiol levels, but not with the pattern of 
estradiol change. In obese women, initial accel-
eration of FSH occurred slightly later (at 
5.45 years before FMP) and was attenuated com-
pared to that observed in nonobese women. 

 In the daily hormone sub-study of SWAN, 
Santoro found that cycles become anovulatory 
prior to the FMP with progesterone levels 

   Table 31.1    Age of onset and duration of menopausal transition stages: observations from the Seattle Midlife Women’s 
Health Study (2011)   

 Early menopausal transition stage  Late menopausal transition stage  Early postmenopause 

 Age of onset   N  = 125   N  = 131   N  = 112 
 M,SD  46.3, 3.6  49.5, 2.8  52.1, 2.9 
 Median  46.8  49.8  52.4 
 Duration   N  = 83   N  = 82  – 
 M, SD,  2.9, 1.5  2.5, 1.3 
 Median  2.6  2.3 
 Range  0.2–6.5  0.4–7.0 
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 dropping as women ovulated more irregularly or 
ceased ovulation [ 34 ]. Although the precise cause 
of menstrual cessation is not yet clear, we know 
that estradiol levels drop as ovulation decreases 
in frequency and FSH rises in response to ovarian 
signals from inhibins and Anti-Müllerian 
Hormone [ 32 – 36 ]. AMH is produced in growing 
ovarian follicles, a direct indicator of ovarian 
reserve, and becomes nondetectable 5 years prior 
to the fi nal menstrual period. Inhibin B is pro-
duced by small antral follicles, indicating growth 
of the antral follicle cohort. Inhibin B suppresses 
FSH secretion through negative feedback to the 
pituitary and declines to undetectable levels 
4–5 years prior to the fi nal menstrual period [ 37 ]. 
Work is still underway to determine which, if 
any, of these indicators is the best marker for pre-
dicting menopause. 

 Androgens, including testosterone and DHEAS, 
have also been studied in the SWAN population, 
revealing a rise in DHEAS during the late meno-
pausal transition stage, followed by a decline during 
the early postmenopause [ 38 ,  39 ], Approximately 
85 % of women had an increase in DHEAS 
between pre/early menopausal transition and late 
 menopausal transition/early postmenopause [ 39 ]. 
DHEAS  provides an important source of estrogen 
for women during the postmenopause as it is con-
verted to estrone. Testosterone levels were relatively 
stable in the Melbourne Midlife Women’s Health 
cohort and the SWAN cohort [ 32 ,  38 ,  40 ]. 

 Cortisol has also been shown to rise between 
the early menopausal transition stage and late 
menopausal transition stage in one study [ 41 ], 
but such a rise was not seen in the SWAN study 
[ 38 ]. Effects of both estrogens and androgens on 
women’s health after menopause have been 
explored recently and are discussed later in this 
chapter. 

 Lasley et al. [ 42 ] investigated the impact of 
adrenal contributions to sex steroids in the SWAN 
participants, fi nding that DHEAS, DHEA, and 
androstenediol increase at their greatest rate and 
are at peak variability during the years immedi-
ately before menopause when estradiol levels are 
low. Androstenediol is a prohormone for periph-
eral conversion to bioactive steroids, acting as a 
signal transducer in estrogen and androgen 

 receptors. Adiol levels increase fi vefold at the 
same time circulating estradiol levels are decreas-
ing. Lasley proposed that disappearance of 
inhibin B rising FSH triggers an increase in 
delta-5 (androstenediol) production, producing a 
transition in metabolism from estrogenic to 
androgenic. SWAN participants exhibited high 
levels of androstenediol, about 100 time the lev-
els of E2. Lasley proposed that the higher levels 
of Adiol, which has lower estrogenic bioactivity 
than estradiol, may be needed to compensate for 
lower estradiol levels during this period. Although 
the clinical signifi cance of this increase in Adiol 
is not known at this time, the higher concentra-
tion of Adiol in the presence of lower estradiol 
levels in the years prior to the FMP could contrib-
ute to total circulating estrogen ligand pool in 
women during the MT. 

 Adrenal androgen dynamics may be key to 
understanding development of the metabolic syn-
drome. The relationship of both ovarian and adre-
nal steroids to health during the menopausal 
transition and postmenopause is not fully under-
stood, and to date most researchers have studied 
changes in individual hormones and the ratio of 
estradiol to testosterone. As discussed later, it is 
may be the ratio of testosterone to estradiol that is 
the most important predictor of changes in car-
diovascular disease risk. In addition, the promise 
of more sensitive assays for androgens and a 
more full understanding of the role of adrenal 
androgens as precursors of estrogens will enhance 
our concepts of endocrine changes during the 
menopausal transition on many health outcomes 
during the postmenopause.  

31.5     Symptoms During 
the Menopausal Transition 
and Early Postmenopause 

31.5.1     Hot Flashes 

 Women experience a variety of symptoms dur-
ing the menopausal transition, including hot 
fl ashes and night sweats, often referred to as 
vasomotor symptoms. A hot fl ash is a sensation 
of intense heat, often accompanied by sweating 
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and  fl ushing. Hot fl ashes occur in an effort to 
dissipate heat characterized by vascular dilation. 
Voda [ 19 ] characterized the menopausal hot 
fl ash from women’s own experiences, exploring 
the question “who is the woman who has hot 
fl ashes and what are the characteristics of the hot 
fl ashes?” Using data from daily self-reports, she 
sought to describe the frequency, duration, trig-
ger, origin, spread, intensity, and method of cop-
ing with hot fl ashes. She found that no single 
pattern characterized women’s experiences. 
Although the majority of hot fl ashes began on 
the upper body, for example, the chest or face, 
some women noted their hot fl ashes started in 
other parts of their body. Hot fl ashes tended to 
spread to other areas on the upper body but for 
some women spread to the legs and arms or 
back. On average, a hot fl ash lasted about 3 min. 
Women distinguished between mild, moderate, 
and severe hot fl ashes. Their coping strategies 
related to the duration and severity of their hot 
fl ashes. Internal strategies included ingesting a 
cold beverage. External strategies involved fan-
ning oneself, showering, or opening a window. 
Some hot fl ash triggers included sleeping, work 
activities, recreation and relaxation, and house-
work. Voda’s study emphasized the variability in 
women’s hot fl ash experiences and how they 
managed them. In collaboration with Kay and 
others, Voda extended this work to characterize 
the experiences of both Mexican American and 
Anglo women [ 43 ]. They found that although 
Anglo women experienced hot fl ashes nega-
tively, Mexican American women found positive 
components of meaning, for example, they 
viewed menopause as a natural part of life, indi-
cating they could no longer have children, and 
meaning they could be confi dent they would not 
become pregnant again [ 43 ]. 

 Hot fl ashes that women reported in laboratory 
studies were associated with a rise in skin tem-
perature and skin conductance levels, elevated 
heart rate and respiratory rate, and reduced blood 
pH. Laboratory studies also revealed autonomic 
nervous system activation, such as occurs with a 
stress response, in mediating vasodilation and 
elaboration of norepinephrine following the 
hot fl ash [ 44 – 46 ]. Potent vasodilators such as 

 calcitonin gene-related peptide are released dur-
ing hot fl ashes, but not during exercise or sweat-
ing [ 47 ]. Although the etiology of hot fl ashes and 
the mechanisms stimulating vasodilation remain 
unclear, most investigators suggest that estrogen 
withdrawal or changing estrogen levels is 
involved. 

 The effects of changing estrogen levels on 
blood vessel structure and function are beginning 
to be characterized by SWAN investigators focus-
ing on the relationship of the menopausal transi-
tion and associated physiological changes to 
heart disease risk. Thurston et al. [ 48 ] found that 
women who had hot fl ashes experience lower 
heart rate variability during the fl ash, indicating 
that the parasympathetic nervous system, which 
helps infl uence return to normal heart rate after a 
stressful experience, may function differently in 
women with hot fl ashes than in women who do 
not have hot fl ashes. Woods and colleagues found 
that women experiencing a cluster of symptoms 
with severe hot fl ashes had higher norepinephrine 
levels than those experiencing low severity symp-
toms [ 49 ]. Thurston also found that women who 
have hot fl ashes have less expansion of their 
arteries when blood fl ow is increased than do 
women without hot fl ashes [ 47 ]. Hot fl ashes also 
have been linked to calcifi cation of the aorta seen 
in heart disease [ 48 ,  50 ] and increased carotid 
intima-medial thickness among midlife women 
[ 51 ]. There is also an association with adiposity 
and hot fl ashes that suggests that women with 
greater adiposity experience more severe hot 
fl ashes [ 52 – 55 ]. In contrast, when hot fl ash moni-
tors are used to measure sternal skin conduc-
tance, higher BMI and waist circumference were 
associated with fewer hot fl ashes, but only among 
older women in the study [ 52 ]. In addition, there 
is evidence that women who experienced hot 
fl ashes have higher levels of tPA and factor VII 
than those without hot fl ashes [ 56 ]. Taken 
together, this work is beginning to suggest the 
role of hot fl ashes as a marker for subclinical 
heart disease. 

 Hot fl ashes are associated with both increased 
FSH and lower estrogen levels and also are asso-
ciated with increased bone turnover during the 
menopausal transition. During the early and late 
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stages of the menopausal transition, women with 
the most frequent hot fl ashes tended to have 
higher N-telopeptide levels, a marker of bone 
loss [ 57 ]. Moreover, low estrogen levels as well 
as higher FSH levels have been associated with 
higher levels of interleukins, for example, IL1B, 
linking both gonadotropins and estrogen to 
immune response [ 58 ] as well as to hot fl ashes. 

 As Voda found, hot fl ashes may be barely 
noticeable or severe, resulting in a high degree of 
variability of the experience among women [ 19 , 
 59 ]. For some, hot fl ashes are associated with 
impaired quality of life, disturbed sleep, irritabil-
ity, and depressed mood, among other symptoms 
[ 60 ]. Thurston found that women who were most 
bothered by hot fl ashes were those with more 
negative affect, greater symptom sensitivity, sleep 
problems, poorer health, duration of hot fl ashes, 
younger age, and African American race. Bother 
associated with night sweats was associated with 
sleep problems and night sweats duration [ 60 ]. 
For many women, hot fl ashes are suffi ciently 
bothersome to lead them to seek health care dur-
ing the menopausal transition [ 61 ,  62 ]. Although 
the majority of women in most population-based 
studies experience hot fl ashes [ 63 ], it is unclear 
how long they persist. Barnabei and colleagues 
[ 64 ] found that between 23 and 37 % of partici-
pants in the Women’s Health Initiative Study who 
were in their 60s and 11–20 % of women in their 
70s reported hot fl ashes. Some participants in the 
Melbourne study reported hot fl ashes for as long 
as 10 years after the FMP, although the average 
duration was 5 years [ 65 ]. 

 In the Seattle Midlife Women’s Health Study, 
hot fl ash severity increased as women entered the 
late menopausal transition stage or early post-
menopause. Those who used hormone therapy, 
had a longer duration of the early menopausal 
transition stage, were older at the time of their 
fi nal menstrual period, and had higher levels of 
FSH had more severe hot fl ashes. Anxiety was 
also associated with hot fl ash severity. Older age 
at entry into the early menopausal transition stage 
and higher urinary estrogen (estrone) levels were 
associated with decreased hot fl ash severity. 

 Psychosocial/mood (stress, depressed mood) 
and lifestyle variables (BMI, activity level, sleep, 

alcohol use) were not associated with hot fl ash 
severity in this study [ 59 ]. In contrast, in daily 
diary studies, women reported negative affect on 
the same day and the day after they reported hot 
fl ashes, suggesting that negative cognitive 
appraisal of hot fl ashes and perhaps other associ-
ated symptoms are linked to subsequent experi-
ences of negative affect [ 66 ]. Other investigations 
have revealed that body mass index (BMI) [ 67 ], 
anxiety [ 68 ,  69 ], and other lifestyle behaviors 
have been associated with hot fl ash severity. As 
one example, women who smoked reported more 
severe hot fl ashes [ 67 ].  

31.5.2     Sleep Symptoms 

 In addition to hot fl ashes, women commonly 
experience sleep symptoms during the meno-
pausal transition and early postmenopause. 
Shaver was the fi rst to study sleep during the peri-
menopause using polysomnographic methods in a 
sleep laboratory, discovering the relationship 
between sleep problems and ongoing stressful life 
events and anxiety [ 70 – 73 ]. In the Seattle Midlife 
Women’s Health Study, women who experienced 
more severe diffi culty going to sleep had several 
other symptoms such as anxiety, reported more 
stress, had a history of sexual abuse, rated their 
own health more poorly, and had greater caffeine 
intake and less alcohol use than women who did 
not have this problem. Neither estrogen nor FSH 
was related to diffi culty getting to sleep. On the 
other hand, women who had more severe awaken-
ing during the night were older, were more likely 
to be in the late MT stage and early postmeno-
pause, had higher FSH and lower estrogen 
(estrone) levels, and reported more severe hot 
fl ashes, depressed mood, anxiety, joint pain, back-
ache, perceived stress, poorer overall health, less 
alcohol use, and a history of sexual abuse. Women 
who had more severe problems with awakening 
early (and not getting back to sleep) were older, 
reported more severe hot fl ashes, depressed mood, 
anxiety, joint pain, backache, and perceived stress, 
rated their health more poorly, and had higher epi-
nephrine and lower urinary estrogen levels [ 74 ]. 
These fi ndings are consistent with those of other 
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contemporary studies [ 75 – 77 ]. Moreover, in the 
Seattle Midlife Women’s Health Study, sleep 
symptoms were related to other symptoms, 
including hot fl ashes, depressed mood, anxiety, 
and pain [ 74 ,  78 ]. Recent fi ndings from a study of 
relationships between menopausal transition-
related symptoms and EEG sleep measures indi-
cate that hot fl ashes were associated with longer 
sleep time. Women with higher anxiety symptoms 
had longer sleep latency and lower sleep effi -
ciency only if they also had hot fl ashes. Hot 
fl ashes and mood symptoms were unrelated to 
either delta sleep ratio or REM latency [ 79 ]. In 
this same study, elevated beta EEG power in the 
NREM and REM sleep in women during late per-
imenopause (late MT) and early postmenopause 
exceeded levels in pre (late reproductive stage) 
and early perimenopause (early MT). Elevated 
beta EEG power indicates increased arousal and 
disturbed sleep quality during the late perimeno-
pause (late MT) and early postmenopause [ 80 ]. 
Sleep symptoms during the MT may be amenable 
to symptom management strategies that take into 
account women’s experiences of arousal and their 
ability to regulate it as well as efforts to promote 
women’s general health rather than focusing only 
on the MT.  

31.5.3     Depressed Mood 

 Depressed mood is also a commonly experienced 
symptom during the menopausal transition and 
early postmenopause. In the Seattle Midlife 
Women’s Health Study, age was associated with 
slightly lower depressed mood (CES-D) scores. 
Being in the late MT stage was signifi cantly 
related to experiencing depressed mood, although 
there was no effect of being in the early MT stage 
or the early postmenopause. Hot fl ash severity, 
life stress, family history of depression, history of 
postpartum blues, sexual abuse history, BMI, and 
use of antidepressants were also individually 
related to depressed mood. Neither FSH nor 
estrogen was related to depressed mood [ 81 – 83 ]. 
Several investigator groups have now  identifi ed the 
menopausal transition as a period of vulnerability 
to depressed mood [ 84 – 87 ]. There is a suggestion 

that variability of hormonal levels (estrogen, 
FSH) is related to depressed mood, although there 
is no evidence that estrogen levels themselves are 
related [ 87 – 89 ]. Of interest is that testosterone 
rise has been associated with depressed mood in a 
subset of the SWAN study participants [ 85 ] and 
DHEAS associated with depressed mood symp-
toms but not major depression in the Penn Ovarian 
Aging Study participants [ 90 ]. A recent assess-
ment of SWAN participants who responded to a 
Structured Clinical Interview for DSM-IV Axis 
Disorders (SCID) revealed that compared to 
women who were premenopausal, those who 
were in the  perimenopause or early postmeno-
pause were 2–4 times more likely to experience a 
major depressive episode, even when prior depres-
sion history, upsetting life events, psychotropic 
medication use, hot fl ashes, and serum levels or 
changes in reproductive hormone levels were 
taken into account. Although women in the late 
menopausal transition stage are vulnerable to 
depressed mood, factors that account for depressed 
mood earlier in the lifespan continue to have an 
important infl uence and should be considered in 
studies of etiology and therapeutics. Of interest is 
that depressive symptoms during midlife are 
related to progression of coronary artery calcifi ca-
tion, a risk factor for cardiovascular disease [ 91 ].  

31.5.4     Cognitive Symptoms 

 Women complain of forgetfulness and diffi culty 
concentrating commonly during this period of 
life. Seattle Midlife Women’s Health Study par-
ticipants who experienced more severe diffi culty 
concentrating were slightly older, reported more 
anxiety, depressed mood, nighttime awakening, 
perceived stress, poorer perceived health, and 
were employed. The best predictors of forgetful-
ness included slightly older age, hot fl ashes, anx-
iety, depressed mood, awakening during the 
night, perceived stress, poorer perceived health, 
and history of sexual abuse. 

 Menopausal transition-related factors were 
not signifi cantly associated with diffi culty con-
centrating or forgetfulness. Considering women’s 
ages and the context in which they experience the 
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menopausal transition may be helpful in under-
standing women’s experiences of cognitive 
symptoms [ 92 ]. Studies of functional changes in 
memory during the menopausal transition indi-
cate that aside from a period of slightly reduced 
learning, there are no signifi cant changes in 
memory function during this period of the lifes-
pan. The minor slowing of learning during the 
late menopausal transition stage disappears dur-
ing the early postmenopause [ 93 – 95 ].  

31.5.5     Pain Symptoms 

 Although women experience pain symptoms 
throughout the lifespan, there is some evidence 
that pain symptoms are infl uenced by estrogen 
[ 96 ]. In the Seattle Midlife Women’s Health Study, 
women experienced a slight increase in back pain 
with age and a signifi cant increase in back pain 
during the early and late MT stages and early post-
menopause, but estrogen, FSH, and testosterone 
levels were unrelated to back pain [ 78 ]. Perceived 
stress and lower overnight urinary cortisol levels 
were associated with more severe back pain; his-
tory of sexual abuse and catecholamines did not 
have a signifi cant effect. Those most troubled by 
symptoms of hot fl ashes, depressed mood, anxiety, 
nighttime awakening, and diffi culty concentrating 
reported signifi cantly greater back pain. Of the 
health-related factors, having worse perceived 
health, exercising more, using analgesics, and hav-
ing a higher BMI were associated with more back 
pain, but alcohol use and smoking did not have 
signifi cant effects. Having more formal education 
was associated with less back pain, but parenting, 
having a partner, and employment were unrelated. 
Age was associated with increased severity of 
joint pain, but menopausal transition-related fac-
tors, such as stage or hormone levels, were unre-
lated. Symptoms of hot fl ashes, nighttime 
awakening, depressed mood, and diffi culty con-
centrating were each signifi cantly associated with 
joint pain, as was poorer perceived health, more 
exercise, higher BMI, and greater analgesic use. 
History of sexual abuse was the only stress- related 
factor signifi cantly related to joint pain severity. 
Based on these fi ndings which are consistent with 

those of others [ 97 – 100 ], clinicians working with 
women traversing the menopausal transition 
should be aware that managing back and joint pain 
symptoms among midlife women requires consid-
eration of their changing biology as well as their 
ongoing life challenges and health-related behav-
iors. Moreover, the relationship between pain and 
sleep symptoms should be considered, including 
sleep hygiene interventions [ 78 ].  

31.5.6     Sexual Desire 

 There is a great deal of interest in the effects of the 
menopausal transition on sexual desire. In the 
Seattle Midlife Women’s Health Study, women 
experienced a signifi cant decrease in sexual desire 
during the late MT stage and early PM [ 100 ]. 
Those with higher urinary estrone (E1G) and tes-
tosterone (T) reported signifi cantly higher levels 
of sexual desire, whereas those with higher FSH 
levels reported signifi cantly lower sexual desire. 
Women using hormone therapy also reported 
higher sexual desire. Those reporting higher per-
ceived stress reported lower sexual desire, but his-
tory of sexual abuse did not have a signifi cant 
effect. Those most troubled by symptoms of hot 
fl ashes, fatigue, depressed mood, anxiety, diffi -
culty getting to sleep, early morning awakening, 
and awakening during the night also reported sig-
nifi cantly lower sexual desire, but there was no 
effect of vaginal dryness. Women with better per-
ceived health reported higher sexual desire, and 
those reporting more exercise and more alcohol 
intake also reported greater sexual desire. Having 
a partner was associated with lower sexual desire. 
Women’s sexual desire during the menopausal 
transition and early postmenopause is related to 
both her biology as well as the social situation in 
which she fi nds herself [ 101 – 103 ].   

31.6     Interference with Daily 
Living and Symptoms 

 In addition to rating symptoms as severe or both-
ersome, many women indicate their symptoms 
interfere with many aspects of their daily lives, for 
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example, work and relationships with family and 
friends [ 104 ]. In an effort to determine which sets 
of symptoms were most challenging for women, 
participants in the Seattle Midlife Women’s 
Health Study rated the degree to which how they 
felt each day interfered with their ability to work 
and their relationships. Hot fl ashes, depressed 
mood, anxiety, sleep problems, cognitive symp-
toms, and pain symptoms each contributed to 
interference, but the most infl uential factors inter-
fering with work were stress levels and diffi culty 
concentrating. The most infl uential factors inter-
fering with relationships were stress, depressed 
mood, and problems concentrating [ 105 ]. 

31.6.1     Clusters of Symptoms During 
the Menopausal Transition 

 As studies of the menopausal transition and 
symptoms have progressed, it is increasingly evi-
dent that women experience multiple symptoms 
with some experiencing multiple severe symp-
toms. Moreover, researchers studying symptom 
have identifi ed the importance of studying co- 
occurring symptoms or symptom clusters as a 

basis for identifying mechanisms that may be 
common to several symptoms or explain relation-
ships among symptoms. As an example, Joffe 
and colleagues have found that induced hot 
fl ashes objectively recorded infl uence sleep effi -
ciency, creating fragmentation. Subjective hot 
fl ashes are associated with perceived poor sleep 
quality [ 106 ]. In addition, investigators studying 
symptom clusters are concerned about identify-
ing therapeutics that will maximize effects of an 
intervention on all or most symptoms and mini-
mize the likelihood that a therapy will have posi-
tive effects on one symptom but exacerbate others 
[ 107 ]. Cray and colleagues identifi ed three clus-
ters of symptoms women experienced during the 
menopausal transition and early postmenopause 
[ 108 ]. Among these were clusters of (1) low 
severity symptoms of all types (hot fl ashes, 
mood, sleep disruption, cognitive, pain, and ten-
sion symptoms; (2) moderately severe hot fl ashes 
along with moderate levels of other symptoms; 
and (3) low severity hot fl ashes with moderate 
levels of all other symptoms (Fig.  31.5 ). The high 
hot fl ash cluster versus the low symptom severity 
cluster was associated with being in the late 
menopausal transition stage as well as with 

2.5

2

1.5

1

S
ev

er
ity

 o
f S

ym
pt

om
s

0.5

0

Hotflash

Sleep

Pain

Mood

Cognitve

Tense

Cluster 1 Cluster 2 Cluster 3

  Fig. 31.5    Severity of 
Symptoms by Symptom 
Clusters Identifi ed in the 
Seattle Midlife Women’s 
Health Study       

 

N.F. Woods and E.S. Mitchell



445

higher levels of FSH, lower levels of estrogen, 
higher norepinephrine, and lower epinephrine 
levels. The moderate severity symptom cluster 
versus the low severity cluster was associated 
only with having lower epinephrine levels [ 109 ].

   In contrast to a symptom cluster, a syndrome 
is a pattern of symptoms that is presumably 
disease- specifi c and results from a common 
underlying mechanism. Avis and colleague dem-
onstrated a lack of evidence for a “menopausal 
syndrome” despite some evidence linking some 
of the symptoms in clusters to endocrine dynam-
ics during the menopausal transition [ 110 ]. 

 Given the global nature of health care, it is 
important to focus on women’s experiences of 
menopause in many parts of the world. To date 
much of this body of work has been conducted in 
economically developed countries, often incorpo-
rating measures common to Western cultures. A 
detailed review of the symptoms women experi-
ence around the globe is beyond the scope of this 
chapter. Nonetheless, Leidy Sievert [ 111 ] has led 
development of research culminating in identifi ca-
tion of ways in which diverse populations of 
women experience menopause. Her work includes 
a biocultural model in which environment, culture, 
and biology intersect to infl uence the expression of 
hot fl ashes. Leidy Sievert elaborates that environ-
ment prompts consideration of the climate and 
altitude in which women live their lives and that 
culture warrants consideration of practices related 
to marriage, religion, attitudes, medicalization, 
hysterectomy practices, smoking, reproductive 
patterns, and diet. Finally, because different popu-
lations of the world have different genetic charac-
teristics, they also may have differing hormone 
levels and sweating patterns. Thus, the variation 
across populations and the variation within popu-
lations of women are complex and together infl u-
ence women’s individual experiences. Indeed, 
Leidy Sievert points out that cross-country com-
parative studies illustrate the differences between 
cultures, while cross-cultural study of menopause 
can facilitate understanding of women’s place in 
society and the infl uence of social context on 
symptom experience [ 112 ]. In a comparison of 
symptom experiences across countries, women 
from different countries report some similar 

 symptoms but may cluster their symptoms differ-
ently. For example, expression of somatic with 
emotional complaints varies across populations, 
possibly refl ecting comfort with expression of 
emotional symptoms [ 113 ]. Both Avis [ 110 ] and 
Locke [ 114 ] have  provided compelling data about 
the diversity of the menopause experience and 
associated symptoms.   

31.7     Stress and the Menopausal 
Transition 

 Given the nature of symptoms that women experi-
ence during the menopausal transition, one might 
ask whether the menopausal transition, itself, is 
stressful. We found that there was little change in 
perceived stress during the early and late meno-
pausal transition stages. Instead, as women aged, 
those who were employed and had a history of 
sexual abuse and depressed mood experienced 
greater stress. Those who experienced an improve-
ment in the burdens associated with their roles, 
more social support and more adequate incomes 
reported less stress. Those who appraised aging 
changes in their bodies as negative and perceived 
their health as poorer had higher stress levels 
[ 115 ]. These fi ndings are consistent with fi ndings 
of other studies of women that implicate exposure 
to stress to symptom experience during this part 
of the lifespan. Clinicians working with women 
traversing the menopausal transition should 
remain vigilant to the social circumstances of 
women’s lives, as well as focusing on the social 
and endocrine features of this transition. Of inter-
est is that when we asked women who had partici-
pated in the Seattle Midlife Women’s Health 
Study for 15 years what was the most challenging 
aspect of their lives during that period, only one 
said that it was the menopausal transition (Woods 
and Mitchell, unpublished).  

31.8     Well-Being 

 Despite the symptoms women experience and 
their experiences of stress during this period 
of the lifespan, women report high levels of 
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 well- being. Although entry to the early transi-
tion stage had no effect on well-being, being in 
the late MT stage predicted a decrease in well-
being, but this decrease in well-being did not 
persist into the early postmenopause. Well-being 
also was lower in women taking hormones, rep-
licating fi ndings from the Women’s Health 
Initiative. The signifi cant variability in women’s 
well-being was more affected by life events 
other than the menopausal transition and by the 
personal resources available to meet transition 
demands [ 116 ].  

31.9     The Menopausal Transition 
and Healthy Aging 

31.9.1     Metabolic Changes 

 There is a growing understanding of the relation-
ship of the menopausal transition to healthy 
aging. Among this body of work are studies link-
ing dimensions of the menopausal transition to 
health outcomes through metabolic changes 
affecting bone, muscle, and fat. During the meno-
pausal transition and early postmenopause, 
women experience changes in body composition 
affecting both lean body mass (bone density, 
muscle mass) and fat deposition (subcutaneous 
and intra-abdominal). Bone loss accelerates in 
the late menopausal transition and continues in 
the early PM in both the spine and hip areas. For 
some women, the decrease in bone mass may 
lead to osteoporosis. Women also lose skeletal 
muscle mass [ 117 ], the consequences of which 
may be linked to outcomes during the postmeno-
pausal period, such as development of sarcope-
nia. Loss of muscle may lead to losses observed 
in physical functioning in postmenopausal 
women in hand grip, ability to move from sitting 
to standing position, velocity, and perceived 
physical functioning. Moreover, greater losses 
have been observed in women with hysterectomy 
compared to those experiencing a natural meno-
pause [ 117 ]. The role of muscle in glucose 
metabolism as well as in physical functioning has 
not yet been considered fully in longitudinal 
studies of the menopausal transition. 

 Women accumulate an average increase in fat 
mass of approximately 3.4 KG over a 6-year 
period [ 117 ]. Changes in hypothalamic-pituitary- 
ovarian hormones are related to changing fat 
metabolism. Increases in FSH were associated 
with changes in levels of substances which regu-
late appetite, fat deposition, and infl ammation: 
increases of FSH were positively associated with 
leptin and adiponectin and negatively associated 
with ghrelin [ 118 ]. As changes occur in both 
intra-abdominal and subcutaneous fat mass, 
women experience changes in lipid patterns, glu-
cose levels and insulin resistance, and thrombotic 
and infl ammatory responses. 

 As seen in Table  31.2 , a condition labeled 
metabolic syndrome includes several risk factors 
for cardiovascular disease. Many of these risk 
factors become more prevalent as women com-
plete the menopausal transition. Changes in lipid 
patterns, glucose and insulin, and thrombotic and 
infl ammatory processes that comprise the meta-
bolic syndrome become more prevalent as 
women reach the late menopausal transition stage 
and postmenopause.

31.9.2        Lipid Patterns 

 The SWAN study cohort experienced chang-
ing levels of lipids during the late stage of the 
 menopausal transition and early postmenopause, 
consistent with cross-sectional fi ndings from 
an earlier study [ 119 ]. Total cholesterol, low-
density lipoprotein cholesterol, triglycerides, 
and lipoprotein(a) levels peaked during the late 
MT and early PM. HDL cholesterol also peaked 
during this period [ 120 ]. Greater increases in 
ghrelin levels over the MT were associated with 

   Table 31.2    Indicators of metabolic syndrome   

 Abdominal obesity (waist >35 in.) 
 Atherogenic dyslipidemia with triglycerides >150 mg/dl, 
HDL <50 mg/dl, elevated LDL, and small dense LDL 
 Hypertension B/P >130/85 mmHg 
 Fasting blood glucose >110 mg/dl 
 Insulin resistance and glucose intolerance 
 Prothrombotic state 
 Proinfl ammatory state 
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increases in low-density lipoprotein cholesterol 
[ 121 ]. The hormonal changes during the meno-
pausal transition and early postmenopause have 
been implicated in changes in fat deposition and 
lipid metabolism. In SWAN participants, FSH 
was associated with increased total cholesterol 
and LDL cholesterol. Estradiol was associated 
with increased triglycerides, lower LDL, higher 
HDL, and testosterone with greater BMI, higher 
triglyceride levels. Sex hormone-binding globu-
lin (SHBG) was associated with lower waist cir-
cumference, BMI, total cholesterol, LDL, and 
HDL levels. Free androgen index (FAI, a mea-
sure of bioavailable androgen) was associated 
with greater waist circumference, BMI, total cho-
lesterol, triglycerides [ 122 ].  

31.9.3     Glucose and Insulin 

 In another longitudinal study, increases in leptin 
over the menopausal transition were associated 
with glucose, insulin, and insulin resistance and 
also with greater diastolic blood pressure. Larger 
decreases in adiponectin over the menopausal 
transition were associated with greater increases 
in insulin and insulin resistance as well as 
increases in systolic blood pressure and greater 
decreases in HDL-C [ 123 ]. FSH has been associ-
ated with increased insulin resistance and lower 
insulin levels and testosterone with higher glu-
cose levels. SHBG is associated with lower insu-
lin, glucose, homeostatic measurement of insulin 
resistance measures (HOMA-IR), and free andro-
gen with greater insulin, glucose, and HOMA-IR 
levels [ 122 ].  

31.9.4     Thrombotic Changes 

 Studies of hemostatic factors and hormone levels 
during the menopausal transition revealed that 
both testosterone and estrogen play important 
roles. Androgens (testosterone and free androgen 
index (FAI) were positively associated with plas-
minogen activator inhibitor type I (PAI-1) and 
tissue plasminogen activator (t(PA)). FAI was 
positively associated with C-reactive protein 

( hs- CRP). Lower SHBG levels which were asso-
ciated with greater levels of bioavailable testos-
terone were also associated with higher levels of 
PAI-1, hs-CRP, and factor VIIc [ 124 ]. Androgens 
were strongly associated with fi brinolytic and 
infl ammation markers, even when considering 
age, body size, smoking, and race-ethnicity in the 
SWAN cohort [ 124 ]. 

 Estrogen was signifi cantly related to some 
hemostatic factors in the SWAN cohort: lower 
estradiol was associated with higher PAI-1 and 
t(PA), but not with fi brinogen, factor VII, c or hs- 
CRP. Elevated FSH was related to higher levels 
of PAI-1, factor VII levels and to lower fi brino-
gen, and hs-CRP. Transitions to postmenopause 
were not associated with different levels of 
hemostatic factors. Endogenous estrogens may 
be associated with lower CVD risk via fi brino-
lytic but not coagulation or infl ammatory mecha-
nisms [ 123 ].  

31.9.5     Infl ammatory Responses 

 Changes in intra-abdominal fat metabolism during 
this period of life have been associated with infl am-
matory markers and adipokines. Increase in intra-
abdominal fat from premenopause to postmenopause 
was correlated positively with the change in serum 
alpha amylase (SAA), C-reactive protein (CRP), 
tissue plasminogen activator (tPA), and leptin and 
negatively correlated with the change in adiponec-
tin [ 125 ]. These are each involved in regulation of 
fat metabolism, infl ammation, and appetite. During 
the menopausal transition, women also experience 
changing levels of infl ammatory markers, including 
IL-6. To date there are no longitudinal data avail-
able from the SWAN cohort. Nonetheless, a recent 
report indicates that there are between- group differ-
ences among women who have not yet begun the 
menopausal transition, women in the transition, 
and women in early and late postmenopause. IL-4 
was higher in late postmenopausal women, and 
IL-2 was higher in the early postmenopause as was 
granulocyte-macrophage colony-stimulating  factor 
(GM-CSF). Age was negatively related to IL-6, 
but the menopausal transition and  postmenopause 
were unrelated. Estradiol was  negatively related to 
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IL-6 levels and weakly negatively related to IL-2, 
IL-8, and GM-CSF [ 126 ]. Results from longitu-
dinal studies are needed to clarify the relation-
ship between the menopausal transition and these 
immune indicators.   

31.10     Metabolic Syndrome 

 There is mounting evidence that the endocrine 
changes during the menopausal transition have 
important effects on risk factors for heart disease, 
in particular, the metabolic syndrome. As dis-
cussed earlier, higher free androgen and lower 
SHBG levels play an important role in CV risk 
factors for women during the menopausal transi-
tion. Recent evidence suggests that an increasing 
ratio of testosterone to estrogen is implicated in 
development of metabolic syndrome. Women with 
low sex hormone-binding globulin, free androgen 
index, and high total T at baseline experienced 
increased risk of metabolic syndrome over 5 years 
of follow-up. Both baseline total T:E2 ratio and its 
rate of change were associated with the increased 
incident metabolic syndrome [ 127 ].  

31.11     Summary 

 Recently completed research on the menopausal 
transition and early postmenopause has contrib-
uted to understanding of the stages of the repro-
ductive aging, endocrine changes accompanying 
these stages, symptoms and their correlates, and 
the relationship of the menopausal transition and 
accompanying physiologic changes to healthy 
aging. Future work remains to enhance health 
promotion for midlife women as well as their 
efforts to manage their symptoms.     
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32.1            Introduction 

 Skin aging is gauged by the combined effects 
of time (intrinsic aging) and environmental 
 factors (extrinsic aging), by changing the struc-
ture intra- and extracellularly [ 1 ,  2 ]. 

 These aforementioned effects are two indepen-
dent processes, clinically and biologically distinct, 
which affect the structure and function simultane-
ously. However, evidence suggests that both pres-
ent converging molecular and biochemical 
pathways that lead to skin aging [ 1 ,  3 ,  4 ]. 

 Unlike young skin, the mature skin presents 
well-defi ned clinical and histological changes, 
especially the thinning of the dermis, the loss of 
dermal collagen, and the decrease in lipid pro-
duction, intensifi ed by the effect of cumulative 
sun exposure and oxidative damage caused by 
pollution, stress, and smoking. These changes 
manifest as wrinkles, loss of elasticity, dryness, 
and texture changes in mature skin [ 2 ,  5 ,  6 ]. 

 Cosmeceuticals are still the most popular 
option to improve the appearance of the skin and 
delay the aging process. These products provide 
a noninvasive way to mitigate the effects of 
weather and the environment. They may be 
defi ned as topical products which, when coming 
in contact with the skin, skin appendages, and 
mucosa, can cause structural and/or functional 

changes, without having a therapeutic but rather a 
preventive purpose and not restricted exclusively 
to beautifi cation [ 1 ,  5 ,  6 ]. 

 To be effective, cosmeceuticals need to act not 
only on the horny outer layer of the epidermis but 
through it, and like any other product for topical 
use, cosmeceuticals have to respect the principles 
of dermatology-pharmacokinetics [ 1 ,  3 ,  6 ]. 

 Although there are many examples of mere 
cosmetic effects, the most successful manufac-
turers of cosmeceuticals have been doing research 
on the aging process and have turned the knowl-
edge so acquired into formulations that may 
make a difference from a cellular point of view 
[ 2 ,  3 ,  5 ].  

32.2     Retinoids 

 In the skin, retinoids (RET) play a crucial 
 regulatory role in the functions of epidermal 
growth and differentiation. Studies have demon-
strated therapeutic benefi ts, such as cell regenera-
tion, exfoliation, and collagen synthesis [ 1 ,  7 ]. 

 The biological effects of retinoids include 
improvement of fi ne wrinkles and acne vulgaris, 
decrease in roughness, improvement in reducing 
actinic keratoses, and hyperpigmentation. From a 
histological perspective, following treatment 
with RET, effects such as epidermal hyperplasia, 
stratum corneum compaction, reduction of the 
granular layer and melanocyte hypertrophy, res-
toration of cell porosity, increased angiogenesis, 
formation of new collagen, and skin elasticity 
normalization may be observed [ 1 ,  7 ,  8 ]. 

 The improvement in clinical signs of skin 
aging is attributed to the ability of RET to correct 
the dermal functions, especially by increasing the 
production of components of the extracellular 
matrix (ECM) through fi broblasts. The improve-
ment in skin elasticity associated with the capac-
ity of tissue repair also makes RET suitable for 
the treatment and prevention of dermal stretch 
marks. Another important aspect of RET action 
on the dermis relates to its in vivo ability to 
reduce the activation of AP-1, induced by expo-
sure to ultraviolet radiation (UVR). Since the 
overexpression of AP-1 occurs in aged and 

32.12.8 Tetrahydroxypropyl 
Ethylenediamine (THPE) .........................  471

32.12.9 Hibiscus Extract Rich in Amino 
Acids: Linefactor® ....................................  472

32.13  Nanocosmeceuticals ...............................  472
32.13.1  Skin Application ......................................  472
32.13.2  Photo-Protection ......................................  472

32.14  Thermal Water .......................................  473

32.15  Topical Vitamins .....................................  473
32.15.1  Vitamin A .................................................  473
32.15.2  Vitamin B .................................................  474
32.15.3  Panthenol ..................................................  475
32.15.4  Vitamin C .................................................  475
32.15.5  Vitamin E .................................................  476

32.16  Alpha Hydroxy Acids.............................  476

32.17  Estrogens .................................................  476

 References ...............................................................  476

E.G. de Nóvoa et al.



457

 photoaged skin, and AP-1 is a key mediator in 
stimulating the activity of metalloproteinase, it is 
possible that RET, through its role in regulating 
the action of this protein, is capable of restoring 
the balance between the production and degrada-
tion of the extracellular matrix (ECM) on the skin 
[ 7 ,  8 ]. 

 Some retinoids have greater impact on topical 
skin use: retinol (vitamin A), retinyl palmitate, 
beta carotene, tretinoin, isotretinoin, adapalene, 
and tazarotene. In this context, we fi nd two major 
families of retinoids: acids (isotretinoin and treti-
noin) and nonacids   . The said retinoids act on 
 different receptors, but at the end of the biotrans-
formation process, the nonacids also turn into 
retinoic acid, activating the same receptor reti-
noid acid [ 7 ,  9 ]. 

 Tretinoin is considered as the gold standard in 
the approach to photoaging [ 1 ,  8 ]. 

 Despite the fact that tretinoin has been used in 
dermatology since the early 1960s, it was only in 
the 1980s that its importance in the treatment of 
aging skin was discovered. The effi cacy of treti-
noin in the treatment of photoaging was fi rst 
demonstrated by Kligman and his collaborators 
in 1984, using animal models. For a period of 
10 weeks, the authors observed and noted the 
progress taking place in photoaged mice treated 
with tretinoin. Signifi cant repair and formation of 
new collagen in the dermal papilla of these test 
subjects were observed, which correlated with 
decreased wrinkles in the human skin [ 1 ,  7 ,  8 ]. 

 In 1996, Fischer and collaborators found that 
skin previously treated with topical tretinoin 
0.1 % displayed a complete blockage of colla-
gens and the synthesis of gelatinases, thus pre-
venting collagen degradation when exposed to 
the sun [ 1 ,  7 ]. 

 Clinically, following 3 months of use, a 
thinned and compact stratum corneum may be 
observed with the thickness of the epidermis 
folded double, coupled with a more regular 
growth pattern, with the disappearance of nuclear 
atypia and keratoses. In the fourth month, a thick-
ening and regularization of the grenz zone may 
be detectable (rich in collagen type IV), project-
ing into the papillary dermis with regeneration of 
blood capillaries. More than 6 months of use may 

result in reduction of wrinkles, actinic keratoses, 
and pigmented actinic lesions. In 48 weeks, no 
qualitative or quantitative clinical differences 
may be observed following everyday use of high 
concentrations. In 70–90 % of the cases, stinging, 
erythema, desquamation, and xerosis occur and 
may necessitate limited use [ 7 ,  9 ,  10 ]. 

 Despite isotretinoin being typically recom-
mended for the treatment of acne, it is viewed as 
an alternative approach to photoaging, because 
isotretinoin is a neocollagenous substance that 
inhibits the functioning of metalloproteinases; 
however, it is more tolerable than tretinoin [ 7 ,  8 ]. 

 There is no consensus on the use of adapalene 
in photoaging; however, some studies have dem-
onstrated benefi ts [ 7 ,  8 ]. 

 Tazarotene, initially employed in the treat-
ment of psoriasis, has recently proved to be a 
powerful ally in the treatment of photoaging. It 
displays the ability to be antiproliferative and 
anti-infl ammatory and possesses the normalizing 
property of keratinocyte differentiation. The lat-
ter quality affects its ability to reduce skin rough-
ness, mottled pigmentation, and the appearance 
of fi ne wrinkles. However, it has a high irritation 
potential [ 7 – 9 ].  

32.3     Antioxidants 

 As part of the natural aging process, the endoge-
nous defense mechanisms decrease, while the 
production of oxygen-reactive species increases 
[ 1 ,  11 ]. 

 During this process, free radicals form as 
products of normal human metabolism. In extrin-
sic aging, the production is stimulated by exoge-
nous factors, such as exposure to ultraviolet 
radiation (UVR), smoking, alcohol consumption, 
and pollution. Part of these skin changes is attrib-
utable to the production of free radicals. In addi-
tion, infl ammatory phenomena may contribute to 
skin aging and the genesis of various nosological 
processes [ 12 ,  13 ]. 

 The body’s defense mechanisms are endoge-
nous, enzymatic, nonenzymatic, and metal chela-
tors with antioxidant activity. Of the enzymatic 
mechanisms, we may highlight the superoxide 
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dismutase system (SOD), catalase, and glutathi-
one peroxidase; on the other hand, among nonen-
zymatic mechanisms, we have vitamins E and C, 
glutathione, and ubiquinone, which protect from 
and neutralize free radicals (Table  32.1 ) [ 1 ,  13 ].

   The topical use of antioxidants may be 
 effective in the prevention of skin aging. Recent 
surveys suggest that a combination of different 
antioxidants has synergistic effects and, thus, 
 better effi cacy when compared with the isolated 
use of an antioxidant [ 1 ,  14 ]. 

 Some of the most effective:
    Vitamin E : Prevents spontaneous oxidation of 

polyunsaturated elements and protects, in 
functional terms, important cellular structures, 
likely through inhibiting lipid peroxidation [ 1 , 
 11 ,  12 ].  

   Coenzyme Q10  ( ubiquinone ): Research has 
shown a decline in the rate of coenzyme Q10 
(CoQ10) in aged skin compared to young skin 
[ 1 ,  11 ,  12 ].  

   Idebenone  ( analogous synthetic of coenzyme 
Q10 ): Has been proved to be stronger than 
CoQ10. A study based on topical use on the 
skin of a compound containing idebenone has 
delivered positive results toward the improve-
ment of the signs of skin aging [ 1 ,  11 ,  12 ].  

   Vitamin C  ( ascorbic acid ): Plays an essential role 
in the synthesis of collagen and elastin, which 
may offset the negative effects of UV radia-
tion on the skin. On account of its role in col-
lagen production and the ability to eliminate 
damage caused by ROS, ascorbic acid has 

been studied for use in the treatment of the 
effects of aging. The dermal fi broblasts in the 
elderly outweigh the reduced proliferative 
capacity, provided treatment takes place with 
adequate levels of ascorbic acid [ 1 ,  11 – 13 ].  

   Genistein : Is an isofl avone derived from soy, pos-
sessing the ability to inhibit oxidative DNA 
damage caused by UVR [ 1 ,  11 ,  12 ].  

   Niacinamide : In addition to its antioxidant activ-
ity, it has anti-infl ammatory, immunomodula-
tory, and depigmentation properties. The use 
of niacinamide results in an improvement of 
texture and skin tone and reduced fi ne lines, 
wrinkles, and hyperpigmentation [ 1 ,  11 ,  12 ].     

32.4     Fatty Acids 

 With an increase in age, the characteristics of the 
skin change, and its capacity to combat external 
aggressions decreases. According to some 
authors, this condition is driven by changes in 
lipids that comprise the stratum corneum [ 1 ,  15 ]. 

 Skin aging can induce epidermal lipids and 
the formation of free fatty acids (FFA), which, as 
a vicious circle, can further alter the physiologi-
cal functions forming part of the skin aging pro-
cess [ 16 ,  17 ]. 

 A recent study analyzed the change in the 
composition of fatty acids in the epidermis 
through the process of intrinsic aging and in vivo 
UV exposure in human skin. The presence of 
11,14,17-eicosatrienoic acid (ETA), polyunsatu-
rated omega-3, was found to be signifi cantly 
reduced in the skin, with a predominance to 
intrinsic aging [ 16 ,  17 ]. 

    The increase in the content of ETA in the 
epidermis of photodamaged skin which has 
been acutely exposed to UV radiation is asso-
ciated with the increased expression of human 
elongase- 1 and phosphodiesterase A2, which 
is calcium independent. Thus, it was shown 
that ETA prevented the expression of MMP-1 
after UV irradiation. Inhibition of the synthe-
sis of ETA using, for example, EPTC (S-ethyl- 
dipropylthiocarbamate), which inhibits human 
elongase-1, increased the expression of MMP-1 
(promoting degradation of extracellular proteins 

   Table 32.1    Classifi cation of antioxidants   

 Liposoluble  Water soluble  Others 

 Vitamin E (tocopherol)  Vitamin C 
 Idebenone  Green tea 
 Lycopene  Silymarin  Selenium 
 Curcumin   Coffea arabica  

and coffee berry 
 Resveratrol 
 Pomegranate 
 Genistein 
  Polypodium 
leucotomos  
 Niacinamide 
 Pycnogenol 
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triggered by UV radiation) and contributed to 
the photoaging of human skin. Consequently, 
these results suggest that UV rays increase the 
levels of ETA as a photo-protective mechanism 
[ 1 ,  15 ,  16 ]. 

 Fatty acids have received much attention as 
permeation enhancers, used to enhance the 
absorption of drugs and cosmeceuticals through 
the stratum corneum. Among the fatty acids, 
 linoleic and oleic acids have risen to prominence 
[ 16 ,  17 ]. 

 Although fatty acids are widely used as 
absorption promoters, the choice of a perfect 
fatty acid depends on the active substance to be 
used, as well as the solvent [ 1 ,  16 ].  

32.5     Anti-glycation 

 The understanding of the aging process involves 
understanding the changes that occur in mole-
cules and their regeneration capacity. One of the 
biochemical reactions of this process is the non-
enzymatic glycosylation, which is known to dis-
color and harden foods [ 1 ,  15 ]. 

 Nonenzymatic glycosylation is a reaction of 
an aldehyde group of glucose with the amino 
group of a protein, to form a base (a Schiff base). 
This reaction usually occurs enzymatically; how-
ever, in collagen and medium- and long-living 
proteins, glucose can bind irreversibly without 
the intervention of enzymes. This spontaneous 
biochemical aging process contributes to the pro-
gressive damage of skin tissue and probably to 
the malfunction of organs (Fig.  32.1 ) [ 18 ,  19 ].

   The end products of advanced glycation (AGE) 
damage cells by way of four basic mechanisms:

•    Modifi cations of intracellular structures includ-
ing those involved in gene transcription [ 4 ,  19 ]  

•   Interaction with extracellular matrix proteins 
and signaling changes between the matrix 
molecules and cells [ 4 ,  19 ]  

•   Modifi cations of proteins or blood lipids that 
can bind to specifi c receptors, causing the pro-
duction of infl ammatory cytokines and growth 
factors [ 4 ,  19 ]  

•   AGE accumulation in the skin [ 4 ,  19 ]    
 Since endogenous formation of AGE is a slow 

process, long-lasting proteins, such as collagen, 
are the proteins most susceptible to the accumu-
lation of AGE [ 1 ]. 

 The glycation process is characterized by 
intra- and intermolecular cross-links, which 
reduce the possibility of the AGE being removed 
by catabolic processes, contributing to its accu-
mulation. In collagen proteins, for example, this 
process contributes to the stiffness and loss of 
elasticity of the skin tissue. Systemic medica-
tions, researched as anti-glycation substances, 
are as follows: amino guanidine, acetylsalicylic 
acid, D3P9195, ALT 946, ALT 711, metformin, 
and angiotensin II receptor blockers [ 1 ,  18 ,  19 ]. 

 Functional consequences:
•    Increased cellular oxidative stress and promo-

tion of infl ammatory reactions [ 1 ,  4 ].  
•   Deactivation of the creatine kinase enzyme 

responsible for the formation of ATP. The 
underproduction of ATP causes oxidative DNA 
damage, cellular senescence, and aging [ 1 ,  4 ].  

•   Deactivation of protective enzymes, such as 
catalase, superoxide dismutase, and peroxi-
dase, resulting in a reduction of the antioxi-
dant defense of cells. This can lead to genetic 
changes, cancer, and premature aging syn-
dromes [ 1 ,  4 ].    
 Although none of medications listed above has 

been approved and accredited with a specifi c anti-
AGE indication, although some anti- glycation 
substances are already in the preclinical and clini-
cal testing phases [ 1 ,  18 ]. 

 Most topical anti-glycation substances 
 available on the market are intended to block the 
start of the glycation process, interfering in 
the connection between the carbonyl group of the 
aldehyde and the amine. The main disadvantage 

Proteins or lipids Glucose

AGE

  Fig. 32.1    Reaction of glycation (Maillard reaction – 1912)       
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of this blocking process is the failure/lack of 
selectivity, which may cause possible interfer-
ence in certain benefi cial processes. Topical 
 anti- glycation cosmeceuticals are as follows: 
Aldeine, Algisium C, Alistin, Ameliox, Coffee 
Skin, Dragosine, Trylagen, and Preventhelia 
[ 18 ,  19 ].  

32.6     Cosmeceutical Metals 
and Ions 

    The use of metal ions is considered as the oldest 
medical text registered (about 1500 BC), namely, 
the Ebers papyrus of ancient Egypt. As an exam-
ple, calamine (a natural material containing zinc 
oxide) was prescribed to treat many diseases of 
the skin and eyes; green minerals based on cop-
per were used for burns and itching [ 1 ,  20 ,  21 ]. 

 Metal ions are used as beauty products (pig-
ments, colorants) or for skin protection (blocking 
ultraviolet rays). In direct contact, they not only 
affect the skin but may cause dermatitis by irrita-
tion or allergies if specifi c concentrations are 
exceeded [ 20 ,  22 ,  23 ]. 

 Bioelectricity is one of the fundamental ways 
for the cells to communicate with each other. The 
skin uses these bioelectrical signals to activate 
the process of repair and healing. With aging, 
these bioelectrical signals decrease and conse-
quently cause a reduction in the production of 
collagen and elastin. Research has shown that a 
solution of mineral ions, containing zinc and cop-
per, combined with water can work as a “battery,” 
generating an electric current resulting in the 
inhibition of c-fos (a component of the AP-1), 
decreased greasiness, increased cellular adhe-
sion, improved skin barrier structure, increased 
fi rmness, organization and repair of skin tissue, 
reduced skin response to stress, promotion of 
skin homeostasis, and inhibition of infl ammation 
(Table  32.2 ) [ 1 ,  22 ,  23 ].

32.6.1       Zinc 

 Zinc is an essential chemical element of life. It 
interferes with the metabolism of proteins and 
nucleic acids, stimulates the activity of over 100 

enzymes, contributes to the proper functioning of 
the immune system and wound healing, and 
interferes with perceptions of taste and smell, as 
well as DNA synthesis [ 22 ,  23 ]. 

 Zinc is used in products such as shampoos and 
creams for acne [ 1 ,  20 ]. 

 The FDA has included zinc oxide in the list of 
substances generally recognized as safe for use 
as nutrients (GRAS). It has been proven that zinc 
reduces the genetic and cellular damage caused 
by exposure to light and enhances the strength of 
skin fi broblasts to oxidative stress [ 20 – 22 ]. 

 Zinc oxide has been used for many years in 
several lip products, makeup, face powder, etc. 
[ 21 ,  22 ]. 

 Zinc, in its bioavailable form, helps to improve 
the healthy appearance of the skin by minimizing 
fi ne lines caused by environmental stress, thus 
normalizing the skin surface [ 20 ,  22 ].  

32.6.2     Copper 

 The number of copper compounds used in per-
sonal care products is lower. Copper peptides 
function to block the enzyme 5-alpha reductase, 
the enzyme responsible for the conversion 
of free testosterone into dihydrotestosterone, 
which in turn is responsible for the process of 
miniaturization of the hair follicle in androge-
netic alopecia. These peptides are effective 
SOD-mimetic agents which catalyze the 
destruction reaction of  superoxide anion (O2-) 
and, therefore, prevent this strongly  degenerative 
free radical agent from increasing damage to the 
skin [ 1 ,  21 ,  22 ]. 

   Table 32.2    Classifi cation of the metals found in nature   

 Essential metals  Residual metals  Toxic metals 

 Zinc  Zinc  Mercury 
 Copper  Lead  Lead 
 Magnesium  Silver  Arsenic 
 Selenium  Aluminum  Aluminum 
 Iron  Iron 
 Potassium 
 Chrome 
 Titanium 
 Aluminum 
 Strontium 
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 Research has also shown that its topical use, 
combined with vitamin C and zinc, stimulates the 
production of elastin [ 13 ,  20 ]. 

 The copper-rich moisturizer presents peptides 
that make the skin fi rmer, restoring elasticity. 
It resulted in rapid skin improvement and a 
 reduction of lines and wrinkles [ 1 ,  23 ].  

32.6.3     Silicon 

 Without the presence of silicon in the atmo-
sphere, the existence of life in the universe would 
be impossible [ 1 ,  23 ]. 

 Studies have demonstrated that the amount of 
this substance in the human body decreases with 
age, due to such factors as aging, exposure to 
ultraviolet rays, and dryness of the fabric used as 
a substitute for organic silicon [ 20 ,  23 ]. 

 Silicon is kept intact by hydrogen-type bonds 
of different polysaccharide and polyuronidic 
chains, including proteins, which are responsible 
for supporting the skin and also essential for the 
growth process [ 21 ,  22 ].  

32.6.4     Magnesium 

 Magnesium functioning is linked to calcium. It 
participates in the production of specific pro-
teins with a genetic code, contributing to the 
stabilization of the double helix of DNA, the 
synthesis and use of links with a lot of energy, 
as well as the synthesis and activity of multiple 
enzymes. In its biotechnologically bioavail-
able form, it energizes and tones the skin and 
works synergistically with zinc to promote 
natural revitalization. Combined with vitamin 
C for topical use, it functions to inhibit tyrosi-
nase, thus promoting collagen synthesis, and 
also possesses anti-free radical properties 
[ 1 ,  20 ,  23 ].  

32.6.5     Iron 

 Iron is a remineralizer, responsible for skin color, 
and an essential nutrient for oxygen metabolism 
and mitochondrial function. It acts and impacts 

on skin homeostasis and on damage repair. Iron 
also participates in the intracellular redox process 
[ 1 ,  23 ]. 

 The lack of this element manifests as thinning 
of the epidermis, dryness, and lack of elasticity. 
In its bioavailable form, it promotes healthy- 
looking skin as a whole [ 1 ,  23 ].  

32.6.6     Selenium 

 The properties of capturing bioavailable sele-
nium free radicals, biotechnologically, and its 
increased effectiveness make it an excellent 
 component in formulations for skin protection 
(such as sunscreens and antioxidants [ 1 ,  20 ]. 

 Selenium helps to neutralize the free radicals 
formed by UVA and UVB radiation, making it 
possible to obtain complete and effective 
 cosmetics to minimize the effects caused by solar 
radiation exposure [ 21 ,  22 ].  

32.6.7     Aluminum 

 Its major use is for the control of perspiration, in 
formulations such as aluminum chloride hydrox-
ide, aluminum chloride hydroxide allantoin, and 
AZAG (aluminum zirconium pentachlorohydrex 
or tetrachlorohydrex) [ 1 ,  20 ,  21 ].  

32.6.8     Titanium 

 Titanium is widely used in titanium dioxide form 
by the pharmaceutical and cosmetic industries 
for the manufacture of makeup products such as 
compact powder, blushes, shadows, nail polishes, 
and especially sunblocks [ 1 ,  23 ].  

32.6.9     Strontium 

 Its primary use when applied topically appears 
to be as an anti-infl ammatory and anti-irritant 
 substance [ 1 ,  22 ]. 

 Strontium sulfi de is used in shaving products 
because of its aforementioned specifi c properties 
[ 1 ,  22 ].  
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32.6.10     Potassium 

 Potassium ion is present at the ends of chromo-
somes (telomeres) and stabilizes the structure. 
The hexahydrate ion (equivalent to magnesium) 
stabilizes the DNA and RNA structures, offset-
ting the negative charge of the phosphate group 
[ 1 ,  20 ,  23 ]. 

 Potassium defi ciency in humans can cause 
acne, constipation, depression, fatigue, growth 
problems, insomnia, muscle weakness, nervous-
ness, and breathing diffi culty. In excess quan-
tity, on the other hand, hyperpotassemia can 
cause weakness and diffi culty to articulate 
words [ 21 ,  23 ]. 

    Topical potassium in compounds with PCA 
and glycyrrhizic acid has moisturizing, anti- 
infl ammatory, anti-irritant, and hypoallergenic 
properties [ 20 ,  21 ,  23 ].  

32.6.11     Silver 

 Silver is toxic. However, most of the salts it con-
tains are not absorbed and remain in the blood 
until deposited on the mucous membranes, form-
ing a grayish fi lm [ 1 ,  20 ,  23 ]. 

 Other silver compounds, such as silver nitrate, 
have antiseptic properties and are used in solu-
tions for the treatment of irritations of the mouth 
and throat [ 1 ,  20 ].  

32.6.12     Lead 

 Lead is one of the metals that cause the most 
poisoning in humans and pollution to the envi-
ronment. In large doses of contamination, lead 
seriously affects the central nervous system 
(CNS) and causes damage to the liver, kidneys, 
reproductive organs, and gastrointestinal tract 
[ 1 ,  22 ].  

32.6.13     Mercury 

 Mercury accumulates mainly in the kidneys, 
bones, liver, spleen, brain, and adipose tissue. 
Any deposit that is not eliminated in the urine 

and feces stays in the body and interferes with 
protein synthesis [ 20 ,  22 ]. 

 Moreover, it has harmful effects on the CNS, 
increasing the release of several neurotransmit-
ters, and has been connected to multiple sclerosis 
[ 20 ,  21 ].   

32.7     Moisturizers 

 The skin is the largest organ of the human body 
and provides humans with contact to the environ-
ment. Its functions are perception, thermoregula-
tion, secretion and excretion, metabolism, and 
protection. It is, therefore, a complex organ that 
aids in the defense against the adverse effects of 
the external environment. To perform this task, 
the integument should be in its normal condition, 
i.e., intact [ 1 ,  24 – 26 ]. 

 For the skin to be in its proper condition of 
operation, two basic processes are required: skin 
cleansing and moisturizing. Cleansing contrib-
utes to removing the external debris, natural skin 
secretions, and microorganisms. Moisturizing, in 
turn, guarantees the water content of the epider-
mis and the epidermal barrier [ 25 ,  27 ]. 

 Natural moisturizing factor (NMF), intercel-
lular lipids, and ion pumps are part of the 
dynamic mechanisms involved in natural hydra-
tion [ 1 ,  24 ]. 

32.7.1     Natural Moisturizing Factor 
(NMF) and Intercellular Lipids 

 The water in the epidermis is not suffi cient for 
hydration if no similar retention factors of the 
same kind are present, thus preventing its evapo-
ration. Two structures fulfi ll this role: the NMF 
and intercellular lipids [ 1 ,  27 ]. 

 The keratinocytic component of the NMF has 
amino acids derived from fi laggrin protein as the 
main constituent agent. The NMF retains water 
and ensures the normal appearance of the integu-
ment [ 1 ,  25 ]. 

 The intercellular lipids, derived from nucle-
ated keratinocytes and placed on the stratum cor-
neum, are bipolar structures with a “hydrophilic 
head and hydrophobic tail.” They control the 
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 permeability and intercellular movement of water 
and seal the NMF in corneocytes, retaining the 
intercellular water content [ 1 ,  27 ]. 

 The natural moisturizing factor is composed 
of amino acids, carboxylic acid, pyrrolidone, lac-
tate, urea, ammonia, uric acid, glucosamine, cre-
atinine, citrate, sodium, potassium, calcium, 
magnesium, phosphate, chloride, sugars, fatty 
acids, peptides, and other undefi ned substances 
[ 1 ,  26 ]. 

 Intercellular lipids found in the skin include 
ceramides, cholesterol, fatty acids, cholesterol 
sulfate, and cholesterol esters [ 24 ,  25 ].  

32.7.2     Ion Pumps 

 Next to amino acids, ionic component is the most 
important molecular structure of NMF, account-
ing for 18.5 % of this structure. These trace ele-
ments are in constant interaction with each other, 
balancing electrolytes. This ionic state, as well as 
its interface with other skin barrier structures, 
contributes toward establishing a suitable hydra-
tion profi le [ 1 ,  28 ]. 

 Ions actively participate in maintaining the 
water content of the intra- and extracellular envi-
ronment. Of all the ion channels, the Na/K pump 
is best known and is responsible for maintaining 
the concentration of these ions [ 1 ,  28 ]. 

 Another very important ion in epidermal 
hydration is calcium, necessary for keratinocytic 
differentiation and desmosome stabilization and 
increasing intercellular cohesion in order to 
reduce fl aking, thereby improving the epidermal 
barrier function [ 1 ,  28 ].  

32.7.3     Aquaporins 

 Aquaporins are integral membrane proteins. 
There are currently 13 known species of aqua-
porins. Aquaporin-3 (AAQP3) stands out for 
being permeable to water molecules such as 
glycerol and urea, which are important skin 
moisturizing agents and known as aquaporins. 
On the skin, it is located in keratinocytes of 
the epidermis and represents a permeable 
 channel, controlling skin hydration. The AQP3 

levels may be reduced compared to high 
 concentrations of calcium, 1.25 dihydroxyvita-
min D, and UV radiation [ 1 ,  26 ]. 

 The topical all-trans retinoic acid stimulates 
gene expression and the AQP3 protein in epider-
mal keratinocytes. AQP3 is also expressed in 
human skin fi broblasts, and normal epidermal 
growth factors increase its expression and cell 
migration [ 24 ,  26 ]. 

 The relevance of AQP3 in skin diseases asso-
ciated with abnormalities in water homeostasis, 
such as atopic dermatitis, psoriasis, xeroderma, 
and ichthyosis, still needs to be established and 
so too its benefi cial potential to modulate the 
function of AQP3 with topical inhibitors or acti-
vators. Aquaporin research in the fi eld of skin 
hydration, however, is pointing toward potential 
interesting benefi ts in addressing primary xerosis 
[ 24 ,  26 ].  

32.7.4     Classifi cation of Moisturizers 

 Moisturizers are classifi ed according to the action 
mechanism of their compounds. Thus, they can 
be classifi ed as occlusive, emollients, and humec-
tants (Table  32.3  and Fig.  32.2 ) [ 1 ,  27 ].

    Most frequently, commercially available 
products use compounds of each of these classes 
in their formulations. The composition of a mois-
turizer is the secret to its success [ 27 ,  28 ]. 

32.7.4.1     Occlusives 
 These are products rich in occlusive components 
which slow the evaporation and epidermal loss of 
water through the formation of a hydrophobic 
fi lm on the skin surface and interstitium, between 
the surface keratinocytes. These are usually fatty 
compounds, more effective when applied to the 
slightly moist skin. Although greasy, they may 
present an oil-free profi le [ 1 ,  27 ,  28 ].  

32.7.4.2     Humectants 
 These are products comprised of substances that 
retain water in the horny outer layer, or draw 
water from the dermis, or, alternatively, in envi-
ronments with atmospheric humidity greater than 
70 %, draw water from these environments. 
These compounds are associated with occlusive 

32 Menopause and Cosmeceuticals



464

compounds. The cosmetic actions of humectants 
are directly proportional to the concentration 
used, as well as its adverse effects [ 1 ,  27 ,  28 ].  

32.7.4.3     Emollients 
 Known as products with “special mechanisms,” 
emollients are rich in compounds capable of fi ll-
ing the inter-corneocytic cracks, retaining water 
in this layer. Such hydrating capacity is achieved 
by increasing the cohesion between these cells, 

increasing the natural “occlusive” capacity of the 
horny layer of the skin [ 1 ,  27 ,  28 ].   

32.7.5     New Categories 
of Moisturizers 

 Some authors establish two new classes of 
 commercial skin moisturizers, namely, protein 
repairers (e.g., collagen) and barrier restorers 

Occlusive Humectants Emollients

  Fig. 32.2    Main types of moisturizers (Reproduced with permission from Costa [ 1 ])       

   Table 32.3    Examples 
of moisturizers   

 Occlusive  Humectants  Emollients 

 Hydrocarbon oils/
waxes 

 Glycerin  Protective emollients 

 Petrolatum  Honey  Diisopropyl dimer dilinoleate 
 Mineral oil  Ammonium lactate  Isopropyl isostearate 
 Paraffi n  Urea  Castor beans 
 Scalene  Propylene  Fat liquors 
 Silicone derivatives  Sodium pyrrolidone 

carboxylate (sodium PCA) 
 Propylene 

 Dimethicone  Hyaluronic acid  Jojoba oil 
 Cyclomethicone  Sorbitol (glucitol)  Ceramides 
 Phospholipids  Panthenol  Octyl octanoate 
 Fatty alcohols  Polyglycerylmethacrylate  Isopropyl palmitate 
 Sterile alcohol  Gelatin  Glycol stearate 
 Lanolin alcohol  Sodium lactate  Lanolin 
 Lecithin  Cetyl stearate 
 Sterols  Hexyl dodecanol 
 Candelia  Oleyl alcohol 
 Lanolin acid  Soybean sterols 
 Cholesterol 
 Vegetable waxes 
 Beeswax 

 

E.G. de Nóvoa et al.



465

(e.g., N-palmitoyl ethanolamine, ceramides, 
polyunsaturated fatty acids, omega-3 complex, 
and liposomes). The former are classifi ed as 
occlusive agents, and the barrier restorers are 
considered as emollients [ 1 ,  27 ,  28 ].   

32.8     Microdermabrasion 

 Microdermabrasion is an important process in 
skin rejuvenation, as it accelerates the process of 
tissue repair, increasing desquamation of epider-
mal cells, therefore bringing about cell renewal 
and elimination of dead skin cells. The reduction 
of cell cohesion promotes skin softness and 
facilitates the penetration of antiaging products 
[ 1 ,  25 ,  29 ]. 

 Microabrasive agents promote exfoliation, 
whether physical or chemical, and cell 
renewal. Silica, microspheres of jojoba, wal-
nut shell powder, and Fiber T1 are physical 
exfoliants that promote a mechanical exfolia-
tion, facilitating the loss of cell adhesion in 
the surface stratum corneum. On the other 
hand, chemical exfoliants decrease the cohe-
sion between the corneocytes by different 
mechanisms. Good examples are retinoids and 
hydroxy acids [ 1 ,  9 ,  29 ]. 

 In addition to these active agents, the pharma-
ceutical and cosmetic industries have provided 
new direct microabrasive agents (whose main 
action is to promote desquamation) and indirect 
microabrasive agents (which operate in basal 
keratinocytes or in fi broblasts, thus increasing cell 
renewal and, secondarily, skin peeling) [ 1 ,  29 ]. 

32.8.1     Microabrasive Cosmeceuticals 
with Direct Action 

32.8.1.1     Physical 
   Farmal (Fiber T1) 
 A compound composed of tapioca fi ber extracted 
by means of physical separation, solvent-free, in 
a process that preserves within its composition a 
portion of starch which confers on the skin proper 
exfoliation with an ultimate sensation of softness. 
It is recommended for stimulating skin cell 

renewal following the physical process of 
 exfoliation [ 1 ,  29 ].  

   Walnut Shell Powder 
 Walnut’s scientifi c name is  Juglans regia . Powder 
can be derived from its crushed shells. Walnut 
grain is extremely durable, angular, and multifac-
eted, and its particles are very small. It is consid-
ered a mild abrasive [ 1 ,  29 ].   

32.8.1.2     Chemicals 
   Elastocell 
 Elastocell or lysine carboxymethyl cysteinate is 
chemically synthesized by virtue of the reaction 
of cysteinate with monochloroacetic acid, fol-
lowed by salifi cation with lysine. It acts in the 
treatment of aging skin through three simultane-
ous and synergistic mechanisms, keratoplastic, 
hydration, and tensor effect, demonstrated by 
in vitro and in vivo studies [ 1 ,  29 ].  

   Azeloyl Glycine 
 A dermocosmetic derived from the condensa-
tion of azeloyl acid combined with glycine to 
form the potassium azeloyl diglycinate salt. It 
has the following properties: anti-keratiniza-
tion by cytostatic inhibition of keratinocytes; 
sebum regulation, by reducing free fatty acids 
through competitive inhibition of 5-alpha reduc-
tase; whitening, resulting from the inhibition of 
tyrosinase; and antiacne through gathering of 
all anti- keratinization, sebum regulation, anti-
infl ammatory, and antibacterial effects. It is a 
bacteriostatic for  Propionibacterium acnes  and 
a bactericide for  Staphylococcus aureus  and 
 Streptococcus pyogenes . It should not be used in 
association with hydroquinone, kojic or glycolic 
acid, and alpha hydroxy acids [ 1 ,  29 ].  

   Biomimetic Peptide/Liposomal 
Peptide for Biomimetic Peel 
 Liposomal peptide compound promotes the 
reduction of cell adhesion between keratinocytes 
and cellular turnover periods, either by mimick-
ing the peeling process of young skin or produc-
ing a biomimetic peel. It promotes skin 
rejuvenation with hydration and improves the 
texture of photodamaged skin, smoothes 
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 expression lines and pigmentation irregularities, 
and also improves brightness and softness [ 1 ,  29 ].  

   Lanablue 
 This is a blue/green algae extract ( Aphanizomenon 
fl os - aquae ), found in a rare ecosystem, the 
Klamath Lake, in south central USA. It has a reti-
noid-like action, promoting the restructuring of 
skin surface and smoothing of wrinkles, rough-
ness, and hyperpigmentation. It increases the syn-
thesis of collagen, elastin, and fi bronectin and has 
an anti-free radical and moisturizing action [ 1 ,  29 ].  

   Vitinoxine 
 It is composed of galactomannans (sugars, such 
as glucose, mannose, and galactose); arranged in 
monosaccharides, disaccharides, or oligosaccha-
rides; and obtained from the enzymatic hydroly-
sis of alfalfa extract ( Medicago sativa ). It acts on 
the epidermis, regulating the differentiation of 
keratinocytes, and on the dermis by stimulating 
fi broblast proliferation and collagen production, 
in addition to inhibiting metalloproteinases 
responsible for collagen degradation [ 1 ,  29 ].  

   Revinage 
 This is a botanical derivative extracted from 
 Bidens pilosa . In vitro studies demonstrated 
retinoid- like action by not acting on RAR recep-
tors, but rather by regulating the expression of 
genes that inhibit transcription factors, demon-
strating a 34 % reduction of activated transcrip-
tion factor activity. It has no effect on cell 
longevity since it enhances the expression of the 
sirtuin 6 gene, and also affects the extracellular 
dermal matrix, by increasing collagen 1. It 
increases the expression of procollagen, sirtuin 6, 
and epidermal growth factor receptor genes. It 
stimulates transformation growth factor-beta 
(TGF-beta) and functional elastin. It reduces the 
synthesis of metalloproteinase 1. It also has a 
depigmentation effect, caused by the reduction of 
melanin, the inhibition of MSH hormone, and the 
inhibition of tyrosinase 1-related protein. It also 
possesses an anti-greasiness effect, by reducing 
dihydrotestosterone. Furthermore, it controls 
cell replication through proteins such as P300 

 (histone). It acts as an antioxidant, through the 
increase in superoxide dismutase, catalase, and 
malondialdehyde. It is also an anti-infl ammatory 
agent that reduces mediators, such as cyclooxy-
genase- 2, prostaglandin E2, and leukotriene B4 
[ 1 ,  29 ].  

   Vita-A-Like 
 It is a purifi ed ingredient from the seed of  Vigna 
aconitifolia , a legume rich in carbohydrates, pro-
tein, water, lipids, and polyphenols. It has a 
retinoid- like action, which renews and strength-
ens the epidermis. It promotes increased cell turn-
over, as demonstrated by in vitro studies, through 
the production of hepatocyte growth factor via 
dermal fi broblasts, inducing the proliferation of 
keratinocytes and epidermal renewal [ 1 ,  29 ].  

   N-Acetyl-Glucosamine (NAG) 
 It is a natural component of glycosaminoglycans, 
glycolipids, and glycoproteins of the membrane, a 
precursor of the hyaluronic acid biopolymer. It 
has exfoliating effects, affecting the adhesion 
between corneocytes by inducing desquamation 
and differentiation of the epidermis through the 
interaction with CD44 receptors in corneocytes, 
which makes the cross-linking between cells more 
diffi cult. Furthermore, it has moisturizing effects 
and reduces fi ne lines. Studies have shown that it 
stimulates the synthesis of hyaluronan in the 
fi broblasts as a hyaluronic acid precursor [ 1 ,  29 ].  

   Pumpkin Enzyme 
 It is a protease obtained from pumpkin fermenta-
tion with  Lactobacillus lactis . The hydrolysis of 
skin proteins induces exfoliation, softness, and 
attenuation of fi ne wrinkles [ 1 ,  29 ].  

   Renew Zyme 
 It is also a proteolytic enzyme. It is an active 
agent of pomegranate ( Punica granatum  L.) with 
ellagic acid polyphenol as an active component. 
It promotes cell renewal with skin exfoliation and 
stimulation of collagen production, preventing 
wrinkles and expression lines. In addition, it has 
anti-infl ammatory, antioxidant, emollient, anti-
neoplastic, and depigmentation activities [ 1 ,  29 ].    
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32.8.2     Microabrasive Cosmeceuticals 
with Indirect Action 

32.8.2.1     Structurine 
 It is an agent derived from white lupine 
( Lupinus alba    ), is rich in oligosaccharides and 
glutamine peptides, and has low molecular 
weight. Effects demonstrated through in vitro 
studies include stimulation of the synthesis of 
fi laggrin protein, responsible for the formation 
of corneocytes, and other structural proteins of 
the skin [ 1 ,  29 ].  

32.8.2.2     Glyco-Repair 
 It is a compound rich in oligo-galactomannans, 
purifi ed from seeds of the carob tree  Ceratonia 
siliqua , which is able to restore the skin barrier 
and regenerate the natural mechanism of skin cell 
repair [ 1 ,  29 ].  

32.8.2.3     Biocalcium 
 Biocalcium is the calcium salt of L-pyrrolidone 
carboxylic acid (L-PCA), a carrier of extra-
cellular calcium into the cell. In vitro and 
in vivo studies demonstrated that in lower 
intracellular concentrations, it stimulates the 
proliferation of keratinocytes, with increased 
profilaggrin, keratin 10, ceramides, and gly-
cosyl ceramides. It promotes the synthesis 
and organization of the cornified envelope, 
causes the synthesis of lipids that participate 
in the cell cohesion of the skin barrier func-
tion, hydrates the skin, and inhibits metallo-
proteinase 1, reducing the degradation of 
collagen [ 1 ,  29 ].  

32.8.2.4     Pro-collasyl 
 It is a formulation with high concentrations of 
water-soluble organic silicon silanetriol, con-
nected to the marine collagen associated with 
polypeptides from rice. It directly stimulates the 
fi broblasts and, consequently, increases collagen 
synthesis, promoting the regulation of cellular 
metabolism and cellular repair cycle. Deep skin 
restructuring occurs, with the attenuation of 
wrinkles and improvement of texture and hydra-
tion [ 1 ,  29 ].  

32.8.2.5     Algisium C2 
 This compound derives from organic silicon and 
a polysaccharide extracted from brown alga. In 
vitro studies indicated fi broblast proliferation, 
cytostimulation with increased production of col-
lagen by aged fi broblasts, anti-glycation activity, 
anti-free radicals, and anti-infl ammatory and 
hydration effects. In vivo studies reinforced its 
antiaging and moisturizing effects [ 1 ,  29 ].    

32.9     Peptides 

 Both amino acids and peptides improve the tex-
ture, turgor, and regularity of the skin surface 
and achieve antiaging results without the unde-
sirable adverse effects caused by retinoids. At 
the molecular and functional level, substances 
belonging to this group of active agents are 
capable of increasing collagen regeneration and 
preventing their degradation and interfere with 
and slow down different stages of the aging pro-
cess. Among the protein molecules with greater 
aging activity are the peptides that are divided 
into signalers, neurotransmitter inhibitors, and 
enzyme carriers and inhibitors, classifi ed accord-
ing to their main functional effects (Table  32.4 ) 
[ 1 ,  30 ,  31 ].

   Cosmeceutical peptides are generally well 
tolerated. Due to their molecular weight, the 
greater presumed adverse effect is the develop-
ment of allergic contact dermatitis.    Although 
there is little scientifi c basis to support safe pre-
scription of topical peptides, they appear to offer 
promising options as cosmeceuticals for skin 
treatment [ 1 ,  32 ]. 

32.9.1     Signaling Peptides 

 They stimulate fi broblasts and collagen or elastin 
production, reducing the action of collagenase. 
They also function to increase the amount of gly-
cosaminoglycans, proteoglycans, and fi bronec-
tin. On healthy skin, these effects result in the 
reduction of lines and wrinkles caused by aging, 
making skin fi rmer and younger looking [ 31 ,  33 ].  
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32.9.2     Neurotransmitter 
Inhibitory Peptides 

 Different types of botulinum toxin are able 
to act on cholinergic neurons, causing selec-
tive proteolysis of SNARE complex proteins 
(N-ethylmaleimide-sensitive factor attachment 
protein receptor), responsible for acetylcholine 
release and muscle contraction. The neurotrans-
mitter inhibitory peptides inhibit muscle con-
traction, reducing lines and rhytids secondary to 
facial movements [ 31 ,  33 ].  

32.9.3     Carrier Peptides 

 They stabilize and transfer metals, such as cop-
per, important for healing and good performance 
of enzymatic processes. The role of copper in 
aging entails its action as a cofactor for superox-
ide dismutase, an important antioxidant enzyme, 
and lysyl oxidase, linked to the production of col-
lagen and elastin [ 31 ,  33 ].  

32.9.4     Enzyme Inhibitory Peptides 

 Derivatives of soy protein inhibit the action of 
proteases. This plant derivative is often used as 
an antiaging agent, skin moisturizer, and sun-
screen and in hair products. Peptides derived 
from rice (Colhibin) inhibit metalloproteinase 
activity and induce gene expression of hyaluroni-
dase synthetase 2, which are used as antiaging 
and fi lm-forming agents, as well as in hair condi-
tioners. The silk protein has a high affi nity for 

copper and inhibits lipid peroxidation, tyrosinase 
activity, and keratinocyte apoptosis [ 1 ,  31 ].  

32.9.5     Other Peptides 
with a “Cinderella Effect” 

 For some years, there have been cosmeceutical 
products on the market that produce fast antiag-
ing effects, with short duration. They are proteins 
with high molecular weight with a fi lm-forming 
characteristic that cause, as they dry, the fi lm to 
retract over the skin, providing a tension sensa-
tion and making the surface fi rmer and smoother 
[ 1 ,  31 ].   

32.10     Growth Factors 

 Recent advances in understanding the role of 
growth factors in the aging process may provide 
the opportunity to develop products for specifi c 
skin cosmeceuticals. Although it is still unclear 
how large molecular weight proteins (such as 
growth factors) penetrate the site of action, the 
results of multiple clinical studies have demon-
strated the benefi cial effects of topical use of 
these substances in order to reduce the signs of 
skin aging symptoms [ 1 ,  34 – 36 ]. 

 Studies examined the effectiveness of the 
combination of growth factors and cytokines, 
which demonstrated the improvement of skin 
hydration, roughness, and depigmentation. Apart 
from the 26 clinical improvements of wrinkles, 
histological evaluation revealed changes in 
 epidermal thickness, increased density of 

   Table 32.4    Examples of peptides   

 Main signaling peptides 
 Main neurotransmitter 
inhibitory peptides 

 Main enzyme 
peptides 

 Peptides with 
“Cinderella effect” 

 Glycyl-histidyl-lysine tripeptide  Argireline  Derivatives of soy protein  Tensine 
 Palmitoyl pentapeptide (Pal-KTTKS)  Vialox pentapeptide-3  Rice-derived peptides 

(Colhibin) 
 Raffermine 

    Valine-glycine-valine- alanine-proline-
glycine (VGVAPG) or palmitoyl 
oligopeptide and palmitoyl tripeptide 3/5 

 Leuphasyl  Silk protein  Easylift 

 Tripeptide 10     Syn-Coll peptide  PephaTight 
 Citrulline  Sesafl ash 
 Pentamid-6 
 Aquaporin 
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 fi broblasts in the surface dermis, and collagen 
formation [ 1 ,  34 – 36 ]. 

 The degree of clinical and histological 
improvement obtained with non-ablative laser 
resurfacing is very similar to that observed with 
the use of topical growth factors, since both 
appear to involve the same action mechanisms. 
Topical application of growth factors and cyto-
kines may also work synergistically with retinoic 
acid and antioxidants [ 1 ,  34 – 36 ]. 

32.10.1     Growth Factors and Their 
Functions 

•      TGF - beta  ( beta 1 ,  beta 2 ,  and beta 3 ): 
Stimulates the production of collagen and gly-
cosaminoglycan, enhances the synthesis of 
fi bronectin, inhibits matrix degradation, and 
facilitates cellular chemotaxis [ 1 ,  35 ]  

•    PDGF  ( platelet - derived growth factor ): 
Stimulates angiogenesis, promotes wound 
healing, and removes necrotic tissue [ 34 ,  35 ]  

•    GM - CSF  ( granulocyte and mast cell - 
stimulating   factor ): Stimulates the prolifera-
tion and differentiation of hematopoietic 
lineage cells, improves the function of mono-
cytes and macrophages, and enhances the leu-
kocyte activity [ 1 ,  35 ]    
 There are no documented risks associated 

with the topical application of growth factors, 
except for potentially allergic reactions in patients 
with hypersensitivity to these substances [ 1 ,  35 ]. 

 However, theoretical concern has been raised 
about the possibility of growth factors stimulat-
ing the development of melanomas. This theory 
is based on the fi ndings of a few growth factor 
receptors, such as VEGF, in various types of mel-
anoma. Another concern in relation to growth 
factors is the ability to induce the formation of 
hypertrophic scars [ 34 ,  35 ].   

32.11     Sunscreens 

 Sunscreens are essential in the practice of 
photo- protection, which also includes the 
search for shade during hours with maximum 
ultraviolet (UV) radiation – between 10 am and 
4 pm – and the use of protective clothing 

 (wide-brimmed hats and sunglasses). It is a 
well- documented fact that constant exposure to 
sunlight is associated with the formation of 
actinic keratosis and nonmelanoma skin cancer, 
while intermittent exposure to sunlight is a 
 pertinent factor in the development of melano-
mas. It has been proved that regular application 
of sunscreen prevents actinic keratosis and 
squamous cell carcinoma (SCC). In contrast, 
there is controversy regarding its effectiveness 
in preventing basal cell carcinoma (BCC) and 
melanoma [ 1 ,  37 – 39 ]. 

 The effects of UVR are well known. UVB 
radiation is known to cause direct DNA damage, 
and this overexposure to radiation results in sun-
burns, carcinogenesis, and immunosuppression. 
Exposure to UVA initiates the production of reac-
tive oxygen species (ROS), resulting in indirect 
DNA damage. Clinically, the effects of overexpo-
sure to UVA radiation include tanning, acceler-
ated photoaging, photo-carcinogenesis, and 
photo-immunosuppression. The irradiance of 
UVA radiation from sunlight on the surface of the 
Earth is 20 times greater than that of UVB radia-
tion. Since the spectral variation of UVA (320–
400 nm) is greater than UVB (290–320 nm), 
UVA penetrates deeper into the skin throughout 
the day. Thus, for effective photo-protection, it is 
essential to use products that offer protection 
against UVA and UVB [ 1 ,  37 – 39 ]. 

32.11.1     Sunscreens and Vitamin D 

 A   dequate serum levels of 25-hydroxyvitamin D 
[25 (OH) D], ranging between 75 and 100 nmol/L, 
are demonstrably linked to many benefi cial 
effects on health [ 27 ]; specifi cally these positive 
effects are observed in relation to dental health, 
muscle and bone strength, hemodynamic effects, 
control of diabetes, and other risks of several 
autoimmune conditions and malignant processes. 
According to the Institute of Medicine (2010), 
the data relating to vitamin D and bone health are 
solid enough to be used as a basis to make recom-
mendations on; however, extraskeletal data are 
inconclusive. The intake of vitamin D recom-
mended by the Institute of Medicine (IOM) for 
individuals between 1 and 70 years of age is 
600 IU/day. The IOM also advocates that serum 
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levels of 20 ng/ml (50 nmol/L) meet the demand 
of 97.5 % of the population [ 38 ,  39 ]. 

 The sources of vitamin D include diet and 
supplements, as well as skin exposure to UVB 
spectrum sunlight. Certain factors increase the 
risk of defi ciency of 25 (OH) D, including strict 
photo-protection [ 38 ,  39 ]. 

 However, the regular application of sunscreens 
does not usually result in vitamin D defi ciency, 
the reason being that, although the conformity 
assessment of SPF sunscreen requires the use of 
2 mg/cm 2 , people usually only apply 0.5–1.0 mg/
cm 2 . Thus, the actual SPF is signifi cantly less 
than the declared values [ 38 ,  39 ]. 

 Given the notorious effects of UVR on skin 
malignancies and photoaging, photo-protection 
should be supported and encouraged by all physi-
cians, coupled with recommendations on the 
importance of the adequate intake of vitamin D 
supplements [ 38 ,  39 ].   

32.12     Topical Volumizers 
and Fillers 

 Some substances may have a fi ller effect on 
rhytids and create a volumizing effect on the 
skin. These substances, in addition to settling on 
the skin surface, interact, penetrate, and modify 
the treated skin [ 1 ,  40 – 43 ]. 

32.12.1     Cosmeceuticals with 
Volumizing and Filler Effects 

32.12.1.1     Anthraquinone 
  Morinda citrifolia  fruit    extract has the ability to 
stimulate the biosynthesis of type I collagen and 
glycosaminoglycans in primary cultures of normal 
human fi broblasts. It has been established that 
anthraquinone signifi cantly increases the produc-
tion of C-terminal peptide of type I procollagen 
and glycosaminoglycans and also reduces the 
expression of dose-dependent metalloproteinase-
 1 in human fi broblasts. In addition, a nanoemulsion 
containing anthraquinone was found to increase 
procollagen type I in the skin of mice [ 40 ,  43 ].  

32.12.1.2     Extract from the Inner 
Layer of Chestnut 

 The inner layer/bark of chestnut ( Castanea cre-
nata  S. and Z.  Fafaceae    ) has been used as an 
active antiwrinkle and skin-fi rming agent in east-
ern Asia for a long time [ 17 ]. An extract contain-
ing 70 % ethanol obtained from this layer can 
increase the expression of adhesion molecules, 
such as fi bronectin, vitronectin, and fi broblasts, 
conceivably leading to skin-fi rming and antioxi-
dant effects [ 1 ,  40 ].   

32.12.2     Growth Factors 

 The primary mechanism through which growth 
factors and cytokines may have effects on the 
dermal matrix is via penetration though hair fol-
licles, sweat glands, or damaged skin. They 
interact with cells on the epidermis, such as 
keratinocytes, to produce signaling cytokines 
that affect deeper dermal cells, such as fi bro-
blasts. Aged skin is thinner, is more susceptible 
to skin diseases, and takes longer to recover 
from the loss of barrier function. Adding lipo-
philic substances that enhance the penetration 
by the epidermis or peptides that alter the barrier 
may increase the absorption of protein by the 
skin [ 1 ,  40 ]. 

 The epidermal-dermal communication path 
in the process of wound healing may play a criti-
cal role in mediating the effects of the topical 
application of growth factors and cytokines. 
Keratinocytes express surface receptors of many 
growth factors and cytokines, including KGF 
(FGF7), TGF-B, IL-1, TNF-alpha, EGF, IFN-y, 
and GM-CSF, which are present in some com-
mercial displays of cosmeceuticals. The penetra-
tion of small amounts of these molecules in the 
viable portion of the epidermis following topical 
application can induce keratinocytes to produce 
growth factors such as PDGF, IL-1, TGF-alpha, 
and TGF-B. A paracrine effect on the prolifera-
tion and activation of dermal fi broblasts has 
been demonstrated, leading to the regeneration 
and remodeling of dermal extracellular matrix 
[ 1 ,  40 ,  43 ].  
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32.12.3     Hyaluronic Acid 

 This acid derives from the family of 
 glycosaminoglycans. Through its emollient and 
humectant properties, hyaluronic acid promotes 
water retention in the dermis by fi lling the spaces 
between scaly keratinocytes and also improves 
rhytids, distensibility, and suppleness of the skin. 
The topical use of this substance leads to reten-
tion of water in the dermis, with improved elas-
ticity, hydration, and skin turgor, as well as 
mechanical support of the skin [ 42 ,  44 ]. 

 Under regular skin conditions, hyaluronic acid 
is found in the dermis and epidermis, but cannot 
penetrate into the dermis when applied topically 
[ 42 ,  44 ]. 

 In the skin, the hyaluronic acid can be synthe-
sized by fi broblasts. Consequently, in order to 
increase the production of hyaluronic acid by 
dermal fi broblasts, it would fi rst be necessary to 
increase the content of hyaluronic acid of the 
skin. In recent years, numerous active agents, 
such as N-methyl-1-serine, soy extract, Musk T, 
and PDGF-BB, have been reported/recognized 
for their ability to promote the synthesis of hyal-
uronic acid on cultures of human dermal fi bro-
blasts [ 42 ,  44 ].  

32.12.4     Asiaticoside 

 Asiaticoside is a saponin which can be isolated 
from Asian Centella, a plant that has been used 
for centuries in some Asian countries, often to 
improve skin healing [ 1 ,  41 ,  43 ]. 

 Studies have shown that asiaticoside can 
increase the synthesis of type I collagen and pro-
mote fi broblast proliferation and extracellular 
matrix synthesis in healing [ 1 ,  41 ,  43 ].  

32.12.5     Dimethylaminoethanol 

 An analogue of vitamin B and a precursor of 
 acetylcholine, dimethylaminoethanol (DMAE) 
has numerous applications and is found naturally 
in marine fi sh (anchovies, sardines, and salmon). 

It displays anti-infl ammatory effects, increases 
skin fi rmness, and improves facial muscle toning. 
A randomized study with a 3 % DMAE docu-
mented effi cacy and safety in improving expres-
sion lines formed in the frontal and periorbital 
regions, in addition to increased lip volume 
[ 1 ,  41 ,  43 ].  

32.12.6     Ubiquinone: Coenzyme Q10 

 Coenzyme Q10 exerts an antioxidant effect against 
the action of hydrogen peroxide and UVA in kera-
tinocytes and fi broblasts, protecting them from 
DNA damage. A German study showed a reduc-
tion of photoaging in vivo, reducing the depth of 
wrinkles and epithelial turnover time [ 1 ,  41 ,  43 ].  

32.12.7     Botanical Extract 
of Commiphora Mukul: 
Commipheroline® 

 This botanical extract is obtained from the 
Commiphora mukul tree, which belongs to the 
Burseraceae family. This tree secretes a resin 
known as “bdellium.” The oleoresin is obtained 
from the incision of the bark of the tree; in this 
form, it is known as “guggul” and has been used 
for years in Ayurvedic medicine [ 1 ,  41 ,  43 ]. 

 Commipheroline® is an active agent obtained 
from such oleoresin which acts through two syn-
ergistic mechanisms: favoring lipogenesis and 
limiting lipolysis [ 1 ,  41 ,  43 ]. 

 By increasing the storage of triglycerides, 
Commipheroline® helps to maintain the skin con-
dition by improving the appearance of rhytids. It 
can also be used to stimulate the action of antiag-
ing products in concentrations of 0.2–0.6 % [ 1 , 
 41 ,  43 ].  

32.12.8     Tetrahydroxypropyl 
Ethylenediamine (THPE) 

 The modulation of the size of surface epidermal 
keratinocytes causes a rapid tightening effect on 
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the skin. THPE® acts through a mechanism which 
causes keratinocytes to contract, thus leading to a 
better facial contour after a few minutes of appli-
cation. The contraction of surface epidermal 
keratinocytes causes a slight compression, result-
ing in increased density and tension in the epider-
mis [ 1 ,  43 ].  

32.12.9     Hibiscus Extract Rich 
in Amino Acids: Linefactor® 

 Linefactor® is an aqueous plant extract obtained 
from the seeds of  Hibiscus abelmoschus . This 
active agent targets B-FGF or FGF-2 [ 1 ,  40 ]. 

 In addition to its role in the healing process, 
FGF-2 stimulates cell proliferation, as well as the 
synthesis of collagen and glycosaminoglycans. 
However, FGF-2 is very easily degraded when 
found free on the skin. In young skin, it is con-
nected to heparan sulfate proteoglycan (HSPG), 
which makes it more stable and favors binding to 
receptors of fi broblasts [ 1 ,  40 ]. 

 During the aging process, the amount of 
HSPG decreases and the growth factors are more 
susceptible to degradation. Linefactor® was for-
mulated to provide a biometric action, similar to 
proteoglycans with FGF-2. Thus, the protection 
of growth factors favors a greater contact time 
with the skin cells, inducing the activation of the 
synthesis of collagen and GAG [ 1 ,  40 ].   

32.13     Nanocosmeceuticals 

 Nanotechnology-based products provide unique 
or innovative properties to cosmetic products. By 
containing nanostructures, they may be defi ned 
as nanocosmetics. The best performance of nano-
cosmetics is attributable to the small size of their 
particles and their large surface area [ 1 ,  45 – 47 ]. 

 Nanotechnology in cosmeceutical products 
covers their application to skin and hair products. 
In the latter case, they are applied to the hair fol-
licle and its stem [ 1 ,  45 ]. 

 Nanoparticles for cosmeceutical use can be 
classifi ed into two distinct groups: soluble (labile) 
and insoluble. Soluble nanoparticles are those 

comprising of different biodegradable materials 
capable of eliminating the living organisms. In 
such a case, both living organisms and the envi-
ronment do not suffer any impact as a result of 
the accumulation of this type of material. Some 
examples are liposomes composed of phospho-
lipids; polymeric nanoparticles, structured with 
biocompatible and/or biodegradable polymers 
without oil (nanospheres) or with oily core (nano-
capsules); and solid lipid nanoparticles or nano-
structured lipid carriers and those only comprising 
of lipids. All these soluble nanoparticles are 
employed as safe vehicles, acting as programmed 
carriers of such cosmetic active agents. Another 
characteristic of these nanoparticles is their aque-
ous liquid formulation, providing their establish-
ment in the environment. Thus, dispersion into 
the air is avoided to ensure their environmental 
safety before degradation [ 1 ,  45 – 47 ]. 

 On the other hand, insoluble nanoparticles are 
those that linger after use or action. The main 
application of insoluble particles is in photo- 
protection. The main representatives are nano-
sized metal oxides, zinc oxide, and titanium 
dioxide [ 1 ,  45 ]. 

32.13.1     Skin Application 

 In general, cosmetic, cosmeceutical, and derma-
tological products with specifi c action should 
have low systemic absorption. This requirement 
is often technically diffi cult to achieve, but essen-
tial for unintended effects resulting from this 
absorption to be avoided. Nanotechnology is an 
important alternative in the development of more 
selective and safer products. Nanoparticles serve 
as carrying compartments of substances for cos-
metic or dermatological use and may act as a res-
ervoir or barrier to control the delivery and 
reduction of contact in the case of sensitizing 
substances [ 1 ,  45 ].  

32.13.2     Photo-Protection 

 The nanotechnology formulations of sunscreens 
have certain advantages, such as the possibility 
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of improvement in the photostability of organic 
sunscreens, their retention within the upper 
 layers of the epidermis, the increase of sun 
 protection factor (SPF), and the spectrum of sun 
protection [ 1 ,  45 ].   

32.14     Thermal Water 

 The sources of thermal water are generally clas-
sifi ed into fi ve main categories: bicarbonate, sul-
fate, sulfi te, chloride, and trace elements. They 
may be cold (below 20 °C), mild (between 20 and 
30 °C), or hot (up to approximately 100 °C). 
There are twelve treatment guidelines for these 
sources. However, their curative use was consid-
ered as completely empirical, and for years, doc-
tors doubted their therapeutic value [ 1 ,  48 ]. 

 Thermal water has been used for many years 
in spas or sprinkled on the skin, showing good 
results in patients with chronic infl ammatory skin 
diseases. Recently, some publications have illus-
trated the action mechanisms of thermal water. It 
has been established that thermal water, rich in 
selenium, offers protective action against the 
short- and long-term deleterious effects of 
oxygen- reactive generated species, for example, 
through exposure to ultraviolet light (i.e., antioxi-
dant, immunomodulatory, and anticarcinogenic 
effects). Moreover, the potential anti- 
infl ammatory and anti-irritant effects justify their 
use as an active ingredient in topical formulations 
and/or cosmeceuticals [ 48 ,  49 ].  

32.15     Topical Vitamins 

 Vitamins are essential compounds for the various 
functions of the human body. Some vitamins may 
be synthesized, but others are only obtainable 
through an appropriate diet [ 1 ,  3 ,  50 ]. 

 Scientifi c evidence shows that certain vita-
mins are useful in the prevention and topical 
treatment of photoaging. They are part of a sys-
tem of antioxidants that protect the skin from oxi-
dative stress [ 1 ,  50 ]. 

 The topical vitamins A, C, E, and B3 have pow-
erful antioxidant and anti-infl ammatory properties, 

but to achieve maximum effectiveness, the product 
must be presented in proper formulations. Products 
containing alpha-tocopherol (vitamin E), L-ascorbic 
acid (vitamin C), retinol (vitamin A), and niacina-
mide (vitamin B3) are effective in the treatment of 
photoaging [ 30 ,  50 ]. 

 Several studies have identifi ed the importance 
of topical antioxidants as protective agents 
against skin damage caused by ultraviolet radia-
tion. This protective action only happens when 
these active agents are used before sun exposure, 
especially in a routine way. When the topical 
antioxidant is applied only after exposure to UV 
radiation, photo-induced injuries, such as cell 
death and the production of free radicals, may not 
be avoided, even if such damages are partially 
addressed [ 1 ,  50 ]. 

 These compounds have also been proved to be 
effective in the treatment of infl ammatory derma-
titis, acne, and pigmentation and scarring prob-
lems. There is emerging evidence that multivitamin 
compounds provide additional effects, increasing 
their effi ciency in comparison to individual com-
pounds [ 1 ,  50 ]. 

32.15.1     Vitamin A 

 The human epidermis contains signifi cant 
amounts of vitamin A (retinol), responsible for 
metabolizing enzymes, nuclear receptors, and a 
complex system that may become unstructured 
by the effects of ultraviolet A and B irradiation 
(UVA and UVB). The action mechanism of UV 
irradiation can lead to vitamin A defi ciency in the 
skin [ 10 ,  50 ]. 

 Vitamin A cannot be synthesized and is 
obtained through diet, animal sources (retinoids), 
and vegetables (carotenoids). A small percentage 
of retinol in the body is converted into its active 
form (tretinoin), which passes through an inter-
mediate form, the retinaldehyde [ 1 ,  50 ]. 

    Most of the retinol is converted into retinyl 
ester, a form of deposit. Retinoids are derivatives 
(natural or synthetic) of vitamin A. Of the various 
categories of cosmeceutical products, vitamin A 
is most often delineated in medical literature, and 
numerous studies have shown its effi cacy in the 
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treatment of aging skin, acne, and many other 
skin diseases [ 10 ,  50 ]. 

 Some derivatives of vitamin A are used 
 cosmetically, especially retinol, retinaldehyde, 
and retinyl esters (e.g., acetate, propionate, and 
retinyl palmitate esters). Through endogenous 
enzymatic reactions, these forms convert, at the 
end of the reaction, into trans-retinoic acid, which 
is the functional form of active vitamin A found 
in the skin [ 10 ,  50 ]. 

 These substances (retinol, retinaldehyde, and 
retinyl esters) may be used in cosmeceutical 
products. However, since they are not biologi-
cally active, and until such time as the enzymatic 
conversion occurs, the effectiveness of the prod-
uct depends on the format of the retinoid, its 
proper concentration, its stability in the product, 
the optimal level of enzymes in the skin, and its 
ability to convert into retinoic acid [ 10 ,  50 ]. 

 It appears that the functional concentration of 
topical retinol varies from 0.3 to 4 %, but most 
cosmeceutical products on the market contain 
lower levels. Some clinical studies using appro-
priate methodology show the effi cacy of retinol 
(in low concentrations) and retinyl propionate in 
the treatment of facial wrinkles and hyperpig-
mentation. The retinaldehyde concentration of 
0.05 % is also clinically effective. The retinyl pal-
mitate and retinyl acetate are not considered 
effective against photodamage. Retinoids, in gen-
eral, are better tolerated by the skin compared to 
retinoic acid [ 10 ,  50 ]. 

 Tretinoin (retinoic acid) can be used in vary-
ing concentrations (0.01–0.1 %) and usually has 
clinical and histological effi cacy, but possesses 
greater irritation potential compared to other 
forms of presentation of vitamin A [ 10 ,  50 ]. 

 Among the various changes induced, some are 
relevant for antiaging effect (such as those which 
lead to the thickening of the epidermis) and 
increased proliferation and epidermal differentia-
tion in addition to the increased production of 
epidermal glycosaminoglycans (GAG), hence 
providing an increase in epidermal hydration and 
in the production of dermal extracellular matrix 
(ECM). It stimulates the gene expression of pro-
collagens I and III, leading to increased thickness 
of the dermis [ 1 ,  10 ]. 

 In addition, retinoids also have inhibitory 
effects, for example, on the production of basic 
substance in excess on the photodamaged dermis 
and on the expression of tyrosinase, an enzyme 
connected with melanin production [ 1 ,  10 ].  

32.15.2     Vitamin B 

 Niacinamide or nicotinamide (an active form of 
vitamin B3 or niacin) is part of the group of 
hydrosoluble vitamins. It is obtained through diet 
(meat, fi sh, milk, eggs, and nuts), and nicotin-
amide defi ciency is one of the factors that cause 
pellagra [ 1 ,  50 ]. 

 There is a downside to using nicotinic acid in 
topical cosmeceuticals, because its vasodilatation 
side effect may result in fl ushing. The same effect 
is not detected with the use of topical niacina-
mide [ 1 ,  50 ]. 

 Vitamin B3 has antioxidant properties. It is a 
precursor of enzymatic cofactors involved in 
various skin reactions. It is therefore used in a 
variety of topical cosmeceutical products. 
Although the exact biochemical mode of action 
is not well understood, several studies describe 
their cosmetic benefi ts and possible mechanisms 
[ 1 ,  50 ]. 

 Below are some of their cosmetic effects:
•    Improvement of the skin barrier, reducing 

transepidermal water loss, due to the increased 
production of lipid barrier (increase of cerami-
des) [ 1 ,  41 ]  

•   Reduction of the size of follicular ostia and 
improvement of the texture, by reducing the 
production of sebum [ 1 ,  41 ]  

•   Reduction of erythema based on their anti- 
infl ammatory properties [ 1 ,  41 ]  

•   Improvement of fi ne lines, based on increased 
collagen production and reduction of the 
excessive production of GAG in the dermis 
[ 1 ,  41 ]  

•   Reduction of pigmentation by inhibiting the 
transfer of melanosomes to keratinocytes [ 1 ,  41 ]    
 There are numerous studies describing the 

benefi cial effects of niacinamide in the topical 
treatment of acne and photodamaged skin. It 
should be noted, however, that its effectiveness is 

E.G. de Nóvoa et al.



475

about one-third to one-fi fth of the effectiveness 
of tretinoin at 0.025 %. In the treatment of skin 
rejuvenation, a study with adequate methodol-
ogy, using 5 % niacinamide, revealed a statisti-
cally signifi cant reduction of facial pigmentation 
after 8 weeks. Some authors describe an improve-
ment of the skin texture based on an increased 
speed of epidermal turnover, working with a mild 
exfoliating action. These fi ndings were described 
using nicotinamide in concentrations of 2.5 % 
and 3.5 %, supported by statistically signifi cant 
results [ 1 ,  50 ]. 

 Improvement in reduction of fi ne wrinkles, 
blemishes, and skin erythema and the elasticity 
of the face has also been detected with the use of 
5 % nicotinamide, 2 times/day for 12 weeks. In 
the treatment of photodamaged skin, the effec-
tiveness of nicotinamide has been compared to 
that of clindamycin 1 % gel used for acne treat-
ment [ 1 ,  50 ].  

32.15.3     Panthenol 

 Panthenol, or provitamin B5, is also known as 
pantothenol panthenyl and alcohol; D-panthenol 
is its active form. It is well tolerated by the facial 
skin and has moisturizing function, associated 
with the improvement in skin texture and elastic-
ity [ 1 ,  50 ]. 

 By improving the skin barrier, it protects the 
skin against irritation, in addition to providing 
anti-infl ammatory and antipruritic effects. It can 
be used to reduce the irritating effects of other 
products such as tretinoin [ 1 ,  50 ].  

32.15.4     Vitamin C 

 As the skin ages, the dermis becomes thin and its 
collagen content decreases. These changes are 
accelerated in a chronic manner as a result of 
UV exposure. UV radiation induces the forma-
tion of free radicals. Based on its action on the 
biosynthesis of collagen and on the reduction of 
free radicals, vitamin C or L-ascorbic acid (AA) 
may be used, as an alternative, through the skin 
[ 1 ,  30 ,  50 ]. 

 Vitamin C acts as a depigmentation agent, by 
virtue of it being an antioxidant and inhibitor of 
tyrosine. Its anti-infl ammatory effect is also 
described based on the reduction of erythema 
associated with postoperative laser procedures 
(resurfacing) [ 1 ,  30 ,  50 ]. 

 L-ascorbic acid is vital for the functioning of 
cells, and this is particularly evident in the tissue 
during the formation of collagen, acting as a 
cofactor for essential enzymes in the biosynthesis 
of collagen [ 1 ,  30 ,  50 ]. 

 The topical use of vitamin C is not a new con-
cept, and several of its properties, such as antioxi-
dant and powerful stimulator of collagen 
production, are well known; however, its instabil-
ity has always made adherence to the treatment 
more diffi cult [ 30 ,  50 ]. 

 Topical L-ascorbic acid is the most effective 
presentation of vitamin C and one of the few pre-
sentations that is stable and can actually penetrate 
into the dermis. Therefore, in order to function 
effectively, the pH of the formulation has to be 
lower than 3.5. The maximum absorption for per-
cutaneous absorption is 20 %. Higher concentra-
tions curiously worsen the absorption. Esters of 
vitamin C are more stable, but less likely to pen-
etrate into the dermis [ 30 ,  50 ]. 

 Owing to its anti-infl ammatory properties, 
vitamin C becomes an attractive active agent for 
the treatment of various infl ammatory conditions 
such as eczema and follow-up application of CO 2  
laser treatment [ 1 ,  30 ,  50 ]. 

 A clinical study evaluating the use of vitamin 
C in photodamaged skin concluded that topical 
vitamin C at 5 %, applied 2 times/day for 180 
consecutive days, may signifi cantly improve the 
appearance of photodamaged skin characterized 
by the recovery of its clinical features (bright-
ness, texture, and loss of pigmentation) and 
growth of collagen and elastic fi bers in the der-
mis. The combination of vitamins C and E is syn-
ergistic, especially in relation to sun protection, 
inhibiting not only the acute damage caused by 
UV radiation (such as erythema) but also the 
chronic effects of radiation, such as photodamage 
and skin cancer [ 30 ,  50 ]. 

 Thus, topical vitamin C is an important 
and benefi cial active agent in the treatment of 
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photoaging and other infl ammatory dermatoses, 
provided it meets the requirements of stability, 
concentration, pH, and permeability [ 30 ,  50 ].  

32.15.5     Vitamin E 

 Natural vitamin E is a liposoluble antioxidant 
present in plasma membranes and tissues. Like 
vitamin C, it has to be obtained through diet 
 (vegetables and vegetable oils, seeds, grains, 
nuts, and some meats). In the skin, vitamin E is 
especially abundant in the stratum corneum, 
delivered by sebum. Vitamin E is depleted with 
skin aging and topical application provides 
 benefi ts to the patient. It protects cell membranes 
from peroxidation [ 1 ,  50 ]. 

 Its biologically active form, known as alpha- 
tocopherol, inhibits the activity of protein kinase 
C (which increases with aging in fi broblasts) and 
inhibits the production of collagenase [ 1 ,  50 ]. 

 Vitamin E has the potential to prevent and 
improve skin damage caused by free radicals, in 
particular those caused by UV radiation (such as 
burns, photoaging, and skin cancer). In vitro 
studies have shown that alpha-tocopherol reduces 
the number of sunburn cells and marks of photo-
oxidative damage on the skin. With an effect 
similar to that of vitamin C, it reduces erythema 
and edema. Although this formulation is diffi cult 
to stabilize, the combination of vitamins A and C 
with vitamin E increases the photo-protection 
effects [ 1 ,  50 ].   

32.16     Alpha Hydroxy Acids 

 They are a group of hydrophilic organic acids 
used as moisturizers, exfoliants, and keratolytics. 
These include the following acids: glycolic, lac-
tic, citric, pyruvic, malic, and tartaric acids. 
Glycolic acid and lactic acid are the acids most 
often employed [ 1 ,  51 ,  52 ]. 

 The use of ammonium lactate at 12 % and 
 lactic acid at 5 % or 12 %, in addition to provid-
ing epidermal effects, may lead to increased 
thickness of the dermis, improving the smooth-
ness of the skin and wrinkles [ 51 ,  52 ]. 

 Glycolic acid is used in cosmeceutical 
 products in concentrations up to 10 %.   There is 
some evidence of its effect in the increase of the 
extracellular matrix in order to improve the 
 quality of elastic fi bers and increase the density 
of dermal collagen [ 7 ], with clinical improve-
ment of fi ne lines and hyperpigmentation [ 1 ,  51 ].  

32.17     Estrogens 

 Through specifi c receptors, estrogens stimulate 
the synthesis of transforming growth factor 
(TGF- β ) and keratinocyte proliferation. They 
produce an    increase in the thickness of the 
 epidermis, the layer of glycosaminoglycans and 
lipids, and maintain skin hydration by reducing 
transepidermal water loss [ 53 – 56 ]. 

 Some reports have also shown increased 
 synthesis of elastic fi bers following the use of 
creams containing estradiol [ 53 ,  55 ,  57 ,  58 ]. 

 However, it is not known whether the use of 
topical estrogens on the face would be benefi cial 
to mitigate the effects of skin aging. Further 
 studies still need to be conducted to establish the 
minimum dose for such benefi cial effects without 
causing systemic damage [ 55 ,  56 ,  58 ]. 

 In a study conducted to evaluate the use of 
estradiol 0.01 % gel on the face for 24 weeks, an 
increase in the concentration of hyaluronic acid 
in the dermis without associated systemic effects 
was confi rmed [ 58 ].     
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33.1            Introduction 

 Modern western society is obsessed with 
 achieving youth and beauty. Since the latter half 
of the twentieth century, there has been an 
increasing focus on the body and face as a means 
of self- expression and identity. However, the 
desire for external/outward beauty is not a 
uniquely late twentieth-century phenomenon. 
Well- documented beauty practices date as far 
back as Cleopatra’s milk bath, the use of kohl to 
darken and enhance the eyes, vegetable dyes on 
the cheeks and lips and hair adornments. 
Historically, people often had to endure extreme 
discomfort and risk, in order to conform to cul-
turally imposed modes of beauty [ 1 ].  

33.2     Approach to the 
Cosmetic Patient 

 The skin of menopausal women is likely to 
undergo structural changes [ 2 ]. To remain intact, 
this organ depends mainly on estradiol, which is 
produced by the ovaries. As the production of this 
hormone reduces by one-half at the end of the 
hormonal cycle, a decrease occurs in the amount 
of fi broblasts, which are responsible for the 
 production of collagen and elastin fi bres that 
form the tissues for skin support. The change 
causes a reduction of blood fl ow through the 
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vessels and decreases the water retention capac-
ity of cells and also slows the activity of seba-
ceous and sweat glands, which produce sebum to 
protect the epidermis as a natural fi lter. Without 
the same hydration and moisture, the skin 
becomes dry, wrinkled and saggy, thin and brittle 
and more susceptible to abrasions and the effects 
of sun exposure. These changes are the reasons 
why patients in menopause are responsible for 
much of the demand for cosmetic procedures [ 2 ]. 

 Cosmetic patient care involves specifi c 
nuances. In most cases, the demand is not related 
to pathological physical changes, but rather to 
changes affecting the patient psychologically. 
Therefore, the medical principle “to do no harm” 
should be preserved because we are dealing with 
non-pathological conditions. 

 Physical appearance has been linked to 
increased success in the workplace and social 
environment, increased job security and self- 
esteem. Therefore, when dealing with the physi-
cal appearance of someone, physicians are also 
responsible for an improvement in the quality of 
life [ 1 ]. 

 The pre-procedure evaluation is of utmost 
importance. This is when the doctor not only 
defi nes procedures to be performed but also 
advises the patient about the risks and clinical 
response that are expected to occur with the 
physical changes. 

 The beauty concepts imposed by the society 
and perceived by the patient are important factors 
to be considered in the evaluation. These percep-
tions may vary according to gender, age, culture 
and origin. However, some beauty perceptions 
remain over time and may be considered as uni-
versal. Changes in the face are considered to be 
the most important aspect, and even more than 
facial symmetry, skin appearance is considered to 
be of higher importance to most patients. 

 To ensure good postoperative results and 
patient satisfaction, physicians have to under-
stand the personal desires, in association with 
a proper assessment of what is possible based 
on age, skin type and changes found, always 
 providing guidance and documenting all inqui-

ries. As a first approach, the ideal is to ask 
what patients would like to improve in their 
appearance. We may find that we are often sur-
prised by generic answers, coupled with high 
expectations. Therefore, physicians should pri-
oritise and inform whether these requests are 
feasible [ 3 ].  

33.3     Aging and Menopause 

 As people age, their concerns about appearance 
increasingly focus on their faces. For example, in 
a study conducted in 1994, 24 women, ages 
29–75, were interviewed, and half of them had 
undergone some form of cosmetic surgery. The 
younger women were mostly concerned about 
the shape and appearance of their bodies, while 
the older women were worried about their faces. 
The older women disliked wrinkles and drooping 
skin and had undergone facelifts, chemical peels 
and chin tucks [ 3 ]. 

 Skin aging is a process infl uenced by environ-
mental, genetic and hormonal factors and can be 
described in terms of structural and functional 
changes. The structural changes include thinning, 
dryness, slight scaliness, fi ne wrinkling, loose-
ness or loss of elasticity, irregular and mottled 
pigmentation, hair loss, colour changes and 
decreased perspiration. The functional changes 
include reduced barrier function, reduced wound 
healing ability, reduced immunological respon-
siveness, reduced thermoregulatory ability and 
increased risk of skin cancer [ 3 ]. 

 The effects of postmenopausal oestrogen defi -
ciency are thought to include atrophy, decreased 
collagen and water content, decreased sebaceous 
secretions, loss of elasticity and manifestations of 
androgen excess. It is really diffi cult to distin-
guish between the changes that occur specifi cally 
with age and those occurring as a result of oestro-
gen deprivation [ 4 ]. 

 Collagen atrophy is a major factor in skin 
aging. With age, partial degeneration of colla-
gen occurs, and there is also a signifi cant 
decline in the dermal quantity of collagen [ 4 ]. 
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Collagen aging occurs as a result of progressive 
cross- linking between the collagen molecules. 
A larger proportion of the cross-links between 
collagen molecules become irreducible, while 
there is a decline in the number of undeveloped 
and reducible cross-links. There is a reduction 
in the number of fi broblasts that synthesise col-
lagen and vessels that supply the skin. This con-
tributes to an increase in looseness, making 
wrinkles more evident [ 5 ]. 

 Elastin fi bres are closely linked and interwo-
ven with the collagen fi brils so that they can 
recoil after transient stretching, preventing over-
stretching. Young women with premature meno-
pause were shown to have experienced 
accelerated degenerative changes in dermal elas-
tic fi bres [ 6 ]. 

 Transepidermal water loss may occur with 
age. Glycosaminoglycans have a high water- 
binding capability and are essential for normal 
skin hydration [ 6 ]. During the aging process, 
there is also a decrease in the production of gly-
cosaminoglycans in the connective tissue. There 
is also a higher intracellular concentration of pro-
tocollagen lysyl-hydroxyproline transferase, 
which is an enzyme responsible for collagen 
breakdown [ 7 ]. The loss of connective tissue in 
skin aging results in increased distensibility and 
loss of tonicity, leading to a progressive deepen-
ing of facial creases and wrinkling. 

 Another important factor that contributes to 
the aging process in the face is the loss of bone 
mass. During menopause, bone turnover 
increases and may remain high for up to 25 years 
after the last menstrual period [ 8 ]. The changes 
observed in the midface skeleton include the 
lower orbital rim remodels and loses anterior pro-
jection, the midface loses vertical height and the 
pyriform aperture recesses posteriorly. Woodward 
et al. observed these results in a review of con-
secutive facial CT scans of 50 females and 50 
males. Their analyses demonstrated that the 
angles of the pyriform process and the lower 
orbital rim retruded with age, while the anterior 
lower eyelid fat pads appeared to become more 
prominent [ 9 ]. 

 Changes in the subcutaneous and deep cheek 
fat over time contribute to the pathogenesis of 
midfacial aging. Recent studies have sought to 
defi ne the fat compartments of the face and 
describe their clinical importance. Superfi cial 
midfacial fat pads include the medial, middle 
and lateral cheek fat compartments. The deep 
medial fat pad underlies the superfi cial middle 
fat pad. Infl ation of the deep medial fat pad with 
saline in cadavers has been shown to eliminate 
the V deformity, reduce the size of the nasolabial 
fold and diminish the appearance of the tear 
trough. Based on this fi nding and other anatomi-
cal observations, the authors have proposed that 
volume loss in the deep midfacial fat compart-
ment may be one of the primary determinants of 
the morphologic appearance of the aging mid-
face [ 10 ,  11 ]. 

 With all these biological changes, Dermas 
and Braun (2001) outline the signs of the aging 
face:
•    A lined forehead  
•   Drooping brows, with a hooded appearance 

toward the lateral upper lid  
•   Loss of cheek roundness and deep nasolabial 

folds secondary to loss of subcutaneous fat  
•   Sagging neck lines resulting from loss of pla-

tysma muscle tone  
•   Loss of chin defi nition, from submental fat 

deposit  
•   Drooping of the nasal tissue  
•   Wrinkling of the skin around the mouth, with 

thinning of the lips    
 There are many different kinds of procedures 

to correct all these signs of aging.  

33.4     Cosmetic Procedures 
in Menopause   

33.4.1     Chemical Peels 

 Exfoliation of the skin has been used for centu-
ries by many cultures. The fi rst known reports 
come from the Egyptian civilisation. The skin 
with sun damage was considered a sign of lower 
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social status, and women made use of many sub-
stances such as alabaster, oils, salts, baths with 
fermented milk (due to the presence of lactic 
acid) and wine (rich in tartaric acid) to improve 
their skin appearance. 

 The medical use of chemical peels dates back 
to 1882, when Unna described the properties of 
salicylic acid, resorcinol, phenol and trichloro-
acetic acid (ATA), which are products still used 
today [ 12 ,  13 ]. 

 A chemical peel involves the application of 
caustic agents that cause a controlled destruction 
of parts of the epidermis and/or dermis, followed 
by the regeneration of tissues. To be considered an 
“ideal” peel, it has to be able to promote minor 
necrosis and induce greater formation of possible 
new tissues. Peels are recommended for the treat-
ment of wrinkles, melanosis, actinic keratosis, 
melasma and postinfl ammatory hyperpigmenta-
tion. They are also used in the treatment of acne 
and its sequelae, stretch marks and keratosis pila-
ris (changes less common in menopause) [ 12 ,  13 ]. 

 Technically, they may be divided into superfi -
cial, medium and deep peels [ 14 ]. The most suit-
able peels for patients with marked degree of 
photo-aging, sagging skin, pigmented lesions 
resulting from long-time sun exposure and pri-
mary changes in menopause are medium and 
deep peels. 

 Rating:
    1.    Superfi cial peels penetrate in a part or all of 

the epidermis.   
   2.    Medium peels penetrate the epidermis and a 

part or all of the papillary dermis.   
   3.    Deep peels reach the reticular dermis.     

33.4.1.1     Main Agents [ 13 ] 
  Resorcin Paste : found in concentrations of 30 %, 
40 % or 50 % and is suitable for residual hyperpig-
mentation, acne scars, large pores and melasma. It 
is considered a very effective superfi cial agent. 

 The paste should be applied all over the area 
to be treated and left in contact with the skin for 
15–30 min. In about 2 days, the patient’s skin 
starts to peel, and this process may continue for 
up to 1 week. 

  Jessner’s Solution : peeling agent consisting of 
14 % resorcinol, 14 % salicylic acid and 14 % 
lactic acid in an alcohol base (95 % ethanol). 

 It may be used with a superfi cial peeling 
action when applied alone and with medium 
action when combined with trichloroacetic acid 
(20–30 %). This is a widely used procedure for 
the treatment of the skin with skin wrinkles and 
sun damage. 

  Glycolic Acid : acid recommended in the treat-
ment of light photo-aging and superfi cial wrin-
kles in the face and extrafacial areas. Slight 
fl aking may occur. 

  5-Fluorouracil : typically used in a 5 % con-
centration cream for the treatment of actinic kera-
tosis. In the 1990s, a fl uor-hydroxy pulse peel was 
described with which 5-FU was combined with a 
previous application of Jessner’s solution and 
70 % glycolic acid. The 5-FU was applied with 
gloved hands and remained on the skin for 24 h 
until it could be removed at home. The treatment 
is performed in 8 weekly or fortnightly pulses and 
offers good effi cacy, tolerability and low cost. 

  Salicylic Acid : used in a solution of 20 % or 
30 % ethanol, with superfi cial effects. Treatment 
suitable for fi ne wrinkles, providing improve-
ment in skin appearance. 

  Tretinoin : used to treat photo-aging and also 
applied before and after chemical peels. 

  Trichloroacetic Acid  ( ATA ): used since 1962 as 
an agent in photo-aging chemical peels. A versa-
tile, effi cient and low-cost agent, with no toxicity. 
Available in various concentrations (10–90 %), it 
may be used separately or in combination with 
other agents. It does not need to be diluted, neu-
tralised or removed. Widely used to treat moder-
ate to advanced photo-aging (Figs.  33.1  and 
 33.2 ) [ 14 ].

     Phenol : single agent capable of inducing a 
deep peel. It may be applied all over the face and 
is recommended for advanced photo-aging, as 
well as for the elderly and people with skin types 
I to III. 

 It is normally used for localised treatment of 
perioral and periocular regions. Some complica-
tions may include hypopigmentation, skin 
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a b c

  Fig. 33.1    ( a ) Pre-procedure. ( b ) Seven days postoperative radiofrequency in lower eyelid. ( c ) Thirty days postopera-
tive radiofrequency plus treatment with hyaluronic acid dermal fi ller       

a b c

  Fig. 33.2    ( a ) Pre-procedure. ( b ) Immediately postoperative Jessner’s solution + ATA 25 % peeling. ( c ) Thirty days 
postoperative Jessner’s solution + ATA 25 % peeling       
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atrophy, cardiac arrhythmias, renal and laryngeal 
oedema, exacerbation of concomitant disease 
and toxic shock syndrome. Therefore, before 
exposing a patient to such a procedure, labora-
tory tests (general, liver function, kidney func-
tion), in  association with heart evaluation, 
preferably through ECG, are mandatory. During 
the procedure, patients’ renal and heart functions 
should be monitored [ 13 – 15 ]. 

 Antimicrobial prophylaxis is recommended to 
prevent viral and bacterial infections. 

 Results are excellent and long lasting.  

33.4.1.2     Skin Preparation Before 
Peels 

 To obtain better clinical response, at least a 
4-week regular and continuous preparation is nec-
essary prior to the performance of chemical peels. 

 The use of sunscreen is essential [ 13 ], in asso-
ciation with topical tretinoin (in any of its concen-
trations), hydroquinone, adapalene, tazarotene, 
kojic acid and alpha hydroxy acids. Selecting the 
most suitable product is based on skin evaluation 
and condition [ 16 ,  17 ].  

33.4.1.3     Application Techniques 
 Cleaning the skin is essential before the agent of 
choice may be applied, in order to remove any 
oiliness that could hinder the absorption of the 
product [ 15 ]. 

 Acetone is still the most used product, which 
may also be used in an alcohol-based solution, in 
equal parts. 

 The chemical agent may be applied with 
gauze, cotton swabs, brushes and even gloved 
hands.  

33.4.1.4     Contraindications 
•     Inadequate photoprotection  
•   Pregnancy  
•   Stress and neurotic excoriations  
•   Use of oral isotretinoin for less than 6 months 

(medium and deep peel)  
•   Impaired healing or formation of keloids  
•   History of postinfl ammatory hyperpigmentation  
•   Diffi culty understanding  
•   Unrealistic expectations [ 14 ]     

33.4.1.5     Major Complications 
 Medium peels are procedures that require care in 
the postoperative period. In the fi rst few hours, a 
rash may appear and also be associated with an 
oedema during the fi rst days following the proce-
dure, presenting an appearance of “sunburned” 
skin. In these cases, the use of cold compresses and 
topical nonsteroidal anti-infl ammatory drugs is rec-
ommended. The patient should be advised on the 
scaling, hygiene and use of moisturisers. Uneven 
pigmentation, prolonged erythema, changes in heal-
ing and scarring are possible complications [ 15 ]. 

 Medium or deep peels performed carelessly or 
too intensively may generate unsightly and dis-
fi guring scars. Experience and prudence are 
required to perform these procedures [ 13 ]. 

 The most used type of deep peel is phenol, a 
substance that has cardiotoxic, hepatotoxic and 
nephrotoxic effects. There are reports of acute renal 
dysfunction or exacerbation of chronic renal failure 
after the performance of phenol peels, as well as the 
emergence of cardiac arrhythmias or worsening of 
any pre-existing arrhythmia. Intravenous hydration 
should be performed both during and after the pro-
cedure, in order to prevent renal toxicity. 

 The use of derivatives of petrolatum helps to 
maintain hydration and prevent crusting. 
Reepithelialisation begins after 3 days and is 
complete in about 1–2 weeks. In some cases ery-
thema can persist for 3 months [ 13 ].  

33.4.1.6     Post-peeling Guidelines 
•     Keep photoprotection.  
•   Proper hygiene.  
•   After medium and deep peels: avoid intense 

exercise and sweating; never handle scales or 
crusts. Patients should not engage in intense 
activities for 1 week.  

•   Apply topical corticosteroids in case of  pruritus, 
eczematous lesions or prolonged erythema.  

•   Periodic revaluations related to each procedure.      

33.4.2     Botulinum Toxin 

 In dermatology, the main indications for 
 botulinum toxin are treatment of dynamic wrin-
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kles of the face [ 18 ] and neck, lifting the tip of 
the nose, correcting gummy smile and treatment 
of axillary, plantar and palmar hyperhidrosis. 
The use of the toxin can be isolated or combined 
with other aesthetic treatments aimed to prevent 
facial aging, such as peels, fi llers, lasers and 
others. 

 Currently, the toxin is a well-known sub-
stance, and there is no doubt of its safety and effi -
cacy. Some issues such as dilution, diffusion, 
duration and effects still remain moot. Botulinum 
toxin is a neurotoxin produced by a Gram- 
positive anaerobic bacterium,  Clostridium botuli-
num  [ 12 ]. The toxin molecule consists of a single 
polypeptide chain having a heavy chain (110 kD) 
that has affi nity with the endplate responsible for 
the internalisation of the toxin, while the light 
chain (50 kD) blocks the release of acetylcholine- 
dependent calcium [ 12 ]. 

 The action of botulinum toxin occurs selec-
tively in cholinergic motor nerve endings, inhibit-
ing the release of the neurotransmitter acetylcholine 
in the presynapse of the neuromuscular junction, 
causing a dose-dependent reduction of muscle 
contraction which results in a fl accid paralysis. 
The effect starts within 48–72 h or a maximum of 
1–2 weeks and may last for 4–6 months [ 13 ]. 

 Seven different types of toxins are produced: 
A, B, C1, C2, E, F and G. The different types are 
classifi ed according to their cellular target, 
potency and duration of action, and only sero-
types A and B are commercially available. 

33.4.2.1     Presentation 
 Four types of botulinum toxin are available on 
the market. Botox® was the pioneer product 
on the market and offers a wide variety of 
 indications, both cosmetic and therapeutic, and 
is available in 100U. Dysport®, a product 
already approved for use in 65 countries, differs 
from Botox® in the process of purifi cation of 
the toxin. While Botox® is purifi ed by repeated 
precipitation and redissolution, Dysport® is 
purifi ed by a column separation method, which 
can lead to certain changes in the multiprotein 
complex formed around the toxin. Despite these 
constitutional differences, clinical applications 

and effi cacy are similar. Xeomin® is the only 
BTX-A which does not have the multiprotein 
complex in its structure, bearing no differences 
in relation to Botox® as to strength, safety and 
effi cacy. Prosigne® is a BTX-A of Chinese ori-
gin, with effi cacy, safety and tolerability simi-
lar to Botox® for the treatment of cervical 
dystonia [ 18 ].  

33.4.2.2     Indications 
 Botulinum toxin carries a lock endplate and is 
therefore indicated for use in the muscle plane 
and for the treatment of dynamic wrinkles. The 
classic applications of the toxin include forehead, 
glabellar and lateral orbital wrinkles [ 18 ]. Among 
the nonclassical indications for the application of 
toxin is the treatment of perioral, nasal, chin, 
cheekbones, neck and presternal wrinkles and 
lines.  

33.4.2.3     Contraindications 
 Contraindications of use include [ 18 ]:
•    Pregnancy and breastfeeding  
•   Presence of infection around the injection area  
•   Neuromuscular diseases, such as myasthenia 

gravis, Bell’s palsy and Eaton Lambert 
syndrome  

•   Hypersensitivity to the components of the for-
mula – botulinum toxin and human albumin  

•   Concomitant use of antibiotic amino glyco-
sides, polymyxin, tetracycline, penicillamine, 
cyclosporine, calcium channel antagonists 
and local anaesthetics  

•   Immunosuppression  
•   Collagen diseases  
•   Diabetes  
•   Alcoholism  
•   Coagulation disorders or treatment with 

anticoagulants    
 Special attention should be given to patients’ 

expectations. Unrealistic expectations about the 
outcome of the procedure, as well as marked skin 
aging with excessive sagging, may be considered 
certain contraindications of the procedure. 

 Every patient should be examined because the 
anatomy of the facial region may vary 
considerably.  
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33.4.2.4     Applications of Botulinum 
Toxin [ 18 ] 

 Upper third of the face:
•    Glabella: wrinkles of the glabellar area are 

formed by the action of the procerus and cor-
rugator muscles. To evaluate this area, ask the 
patient to pull the eyebrows down and closer 
together. The product is injected in two to 
three points in each corrugator and one to two 
points in the procerus.  

•   Wrinkles in the lateral area of the eyes: wrin-
kles in the lateral area of the eyes are formed 
by contraction of the orbicularis oculi muscle. 
Three to four lateral points can be injected in 
the indicated area.  

•   Forehead: wrinkles on the forehead are formed 
through contraction of the frontal muscle. The 
patient is asked to raise the eyebrows, i.e. to 
make a face of surprise so that this area may 
be evaluated. The product may be injected in 
several equidistant points in this area.    
 Middle third of the face:

•    Wrinkles at the top and side areas of the nose: 
these wrinkles are caused by contraction of 
nasal muscles and the medial portion of the 
orbicularis. These wrinkles can be corrected 
by applying 1 to 2U of toxin above the nasofa-
cial groove. Intradermal application is recom-
mended, with the needle directed from the 
side to the upper part of the nose.    
 Lower third of the face:

•    Diminishment of chin skin’s “orange peel” 
appearance: the muscles connected to chin 
wrinkles are the depressors of the lower lip, 
the depressors of the angles of the mouth and 
the mentalis muscle. Appearance improve-
ment in the chin area can be achieved by 
injecting 3–5 U in the midline of the chin, near 
the edge of the mandible.  

•   Correction of depression of labial commis-
sures: the product is injected in the depressor 
muscle of the angle of mouth, at a point in the 
lower extension of the nasolabial folds, near 
the mandibular arch.  

•   Perioral line wrinkles: these wrinkles can be 
treated with injections in the midline of the 

oral orbicularis muscle, near the vermilion 
border. The injection points should be parallel 
to the wrinkles, one in each quadrant. This 
procedure should be performed carefully, 
always based on small doses, given the risk of 
paresis and lip incompetence.  

•   Nasolabial or nasogenian folds: these folds can 
be reduced by injection of the product in the 
levator muscle of the upper lip. The product 
should be injected in points parallel to the folds.  

•   Correction of “Chinese moustache”: the prod-
uct is injected in the depressor muscle of the 
angle of the mouth.    
 Neck: 
 Treatment of the platysma muscle, which is 

responsible for the horizontal and vertical lines. 
About 1–3 U of the toxin may be injected in each 
point of the muscle, 1–2 cm apart from each other 
and from the mandibular border. Horizontal neck 
lines may also be treated by intradermal injection 
of 1–2 U per point, at a distance of 1.5–2 cm from 
the wrinkle.   

33.4.3     Filling 

 The use of fi llers has become, in recent decades, 
one of the main procedures performed by derma-
tologists. Based on the obvious aging population 
and the increased life expectancy, people’s inter-
est in improving general appearance has grown 
exponentially, justifying the increasing demand 
for minimally invasive procedures. 

 In youth, we consider that the shape of the face 
should be an inverted triangle, in which the base is 
formed by the union of the cheeks and the chin. A 
youthful face is characterised by convex areas that 
refl ect light. In the aged face, we fi nd concave 
areas that create shadows and a deposition of fat 
combined with sagging and individual features, 
such as obesity and photo-aging, which change 
the inverted triangle face pattern [ 19 ]. 

 The initial use of fi lling techniques for the 
face occurred in 1893, when autologous fat was 
used for tissue increase. In 1958, researchers at 
Harvard Medical School showed that a solid 
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collagen gel could be produced in the laboratory. 
In the early 1970s, a group at Stanford University 
began a process that resulted in the release of an 
injectable collagen (Zyderm). Shortly after, the 
bovine collagen-based fi llers (Zyplast, Zyderm 
II) came. In 1996, the fi rst fi llers based on hyal-
uronic acid were launched.
•    Currently, there is a great demand for ideal 

facial fi llers with the following characteristics:  
•   Non-allergenic  
•   Approved by the health authorities  
•   Noncarcinogenic/non-teratogenic  
•   Non-migrating  
•   Minimum infl ammation  
•   No visible skin changes (undetectable)  
•   Reproducible  
•   Durable  
•   Stable  
•   Good cost/benefi t  
•   Easy to apply  
•   Easy to store  
•   Short recovery time    

 There is no ideal fi ller. Hyaluronic acid is the 
implant with properties that most closely match 
the characteristics of an ideal fi ller [ 16 ,  19 ]. 

 To perform the necessary procedure, minimal 
knowledge of the facial anatomy is required (ves-
sels, nerve endings and muscles) in order to avoid 
adverse reactions and complications [ 16 ]. One 
should be careful with local necrosis, which is 
rare, but may occur with any implants. This is 
caused by blood compression or obstruction of 
the fi ller or by direct injury of a vessel. The most 
common area is the glabella. The initial clinical 
sign is the appearance of painless whitening spots 
near the area being fi lled. If this occurs, the pro-
cedure should be immediately stopped; the area 
should be massaged and treated with warm 
compresses. 

33.4.3.1     Types of Fillers Available 
  Bovine Collagen : Zyderm and Zyplast have been 
the only fi llers approved for cosmetic use in the 
United States for over 20 years. They present a 
short duration of 3 months, on average, and have 
a low incidence of allergic reactions. Double skin 

tests are required prior to the fi rst application, 
although this does not guarantee that the patient 
will not have any reaction later. 

  Poly (L-Lactic Acid) Microsphere : synthetic 
material used since 1954. This material has been 
safely used in sutures (Vicryl, Dexon); in absorb-
able pins in orthopaedic, neurological and cranio-
facial surgeries; and as drug carriers. Although it 
usually causes allergies, it does not contain ani-
mal proteins. Commercially known as Sculptra, 
it has been used to remodel the face contour. Its 
effect takes about 1 month to start and peaks one 
year after the fi rst application. 

  Poly  ( Methyl Methacrylate ) ( PMMA ): PMMA 
microspheres combined with bovine collagen 
form Artecoll. Once injected, the particles may 
not be broken down by enzymes. Thus, when 
implanted incorrectly or in an exaggerated man-
ner, they may only be surgically removed at the 
risk of unsightly scars. Foreign body reactions 
may occur. 

  Hyaluronic Acid : this product is currently 
used most because it is the closest substance to an 
ideal fi ller. This is a highly hydrophilic substance, 
with a short half-life of only 1–2 days. To have 
greater durability, its molecules should be cross- 
linked to prevent them from degrading quickly. It 
may be a natural product, when extracted from 
rooster combs (Hylaform), or synthetic, when 
synthesised by fermentation of the bacterium 
 Streptococcus equi  (Restylane, Juvederm 24, 
Perfecta, among others). According to the num-
ber of gel particles per millilitre, the products 
will have greater or lesser durability, thus deter-
mining at what level they may be implanted in 
the skin. 

  Calcium Hydroxyapatite : hydroxyapatite is a 
hard, crystalline mineral composed of calcium, 
phosphate and hydroxide ions, which is the major 
constituent of mature bone. As it is an inorganic 
salt found in ordinary tissue, it has excellent bio-
compatibility. Hydroxyapatite has been used for 
more than 15 years as an agent in reconstructive 
orthopaedic surgery, according to studies. It is 
formulated as microspheres that form a scaffold 
to which fi broblasts anchor to produce new 
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collagen. Radiesse is the only product currently 
available in the USA that uses hydroxyapatite. It 
is manufactured as an aqueous gel solution that 
contains these microsphere fragments of calcium 
hydroxyapatite. The gel (composed of cellulose, 
glycerine and water) provides immediate aug-
mentation effects and must be degraded by mac-
rophages to release the hydroxyapatite. This 
process usually takes 2–3 months, at which time 
new collagen synthesis begins and attaches to the 
scaffold, which withstands degradation by mac-
rophages that is 1–2 years. Thus, this fi ller is not 
permanent and has both immediate and gradual 
results. 

  Fillers Not Approved for Use in the USA : 
Aquamid is a gel containing 2.5 % nonabsorb-
able cross-linked polyacrylamide that is currently 
available in Europe, Australia, South America 
and the Middle East for the correction of nasola-
bial folds, mouth corners, perioral wrinkles, and 
glabellar frown line and contouring of chin, 
cheek and vermillion borders. It is not FDA 
approved for use in the USA. It is a permanent 
fi ller with a half-life in the human body of more 
than 20 years [ 14 ,  15 ].  

33.4.3.2     Contraindications 
 Fillers are contraindicated only in patients with 
autoimmune diseases under immunosuppressive 
therapy or with locoregional skin infections.  

33.4.3.3     Complications 
 There are few adverse effects, which may be tran-
sient or delayed [ 17 ]. Transient effects may 
include redness, swelling, pain and bruising. 
Delayed effects may include the late formation of 
foreign body granulomas. 

 Special attention should be given to applica-
tion in the glabellar region, which may lead to 
blindness due to the installation of retrograde 
blood fl ow into the cavernous sinus [ 20 ,  21 ].  

33.4.3.4     Techniques 
 The decision on how deep the product should 
be applied involves the type of product and 
the desired correction in the patient’s skin. 
In general, the deeper the damage, the deeper 

the distribution of the fi ller should be [ 16 ]. 
 In general, most seasoned injectors favour a 

“zone” approach rather than fi lling the single rhy-
tid. This addresses the volume depletion in other 
areas that may accentuate folds for which patients 
seek treatment (Fig.  33.3 ).

   There is no universal acceptance on the proper 
implantation technique of fi llers [ 16 ]. Common 
techniques include linear threading, serial punc-
ture, fanning, crosshatching and depot injection. 
Pain and risk of vessel puncture can be mini-
mised with smaller calibre needles. Retrograde 
injection may also reduce risk of injection into a 
vessel [ 21 ]. 

    Linear Threading 
 With a linear threading technique, the area to be 
fi lled is punctured with the needle and advanced 
to the end position for the fi eld to be augmented. 
The needle should be kept parallel to the skin and 
fi ller deposited within the same plane throughout 
injection. While the needle is withdrawn, slow 
constant pressure is applied to the plunger to 
deposit fi ller at an even rate. For deep defects, a 
layered approach can be adopted, where succes-
sive threading is placed at multiple depths. The 
amount of fi ller injected depends on the location, 
depth and type of fi ller used.  

    Serial Puncture 
 With this technique, microdroplets are deposited 
with successive injections placed 2–10 mm apart. 
The skin can be tented up with the needle inserted 
to ease the deposition of microdroplets. This 
method has been described to be effective for 
 silicone injection.  

33.4.3.5     Fanning/Crosshatching 
 Techniques such as fanning and crosshatching 
involve several linear passes of injection next to 
one another to augment larger areas of tissue. 
This technique is more commonly used to cor-
rect cheek concavity using agents that require 
deep dermal or subdermal deposition, such as 
PLLA or calcium hydroxyapatite. With deeper 
deposition, the needle can be oriented with the 
bevel facing up during this technique, in con-
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trast to a downward facing bevel in more super-
fi cially placed product. After advancing the 
needle, the fi ller is deposited with each with-
drawal. It may be helpful to outline the area to 
be injected prior to the procedure for more accu-
rate results. It is key that the distribution of 
product be uniform [ 15 ].    

33.4.4     Laser 

 Lasers stimulate molecules of a homogeneous 
surface [ 22 ,  23 ]. To start the treatment of a patient 
with multiple lesions, it is necessary to know the 
basic operation of the apparatus; therefore, 
knowledge of chromophores is key. 

 Each component of the skin lesions or the skin 
itself will have an individual characteristic and an 
individual response to different wavelengths. Water, 
melanin and haemoglobin absorb the light emitted 
in different ways, and from such absorption, we 
may have a photothermal, photochemical or photo-
mechanical response that will determine the clini-
cal response to the lesion or abnormality found. 

 In general, the longer the wavelength used, the 
greater the skin penetration will be. Radiation 
penetration may also be infl uenced by the size of 
the power source. The larger the source, the 
greater the light penetration will be. In other 
words, as source size increases, the energy used 
shall be increased to avoid loss of effectiveness in 
the concentration of light on the skin. 

a b c

  Fig. 33.3    ( a ) Pre-procedure. ( b ) Seven days postoperative of ATA 25 % past. ( c ) Thirty days postoperative with ATA 
25 % past       
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 The resulting energy is measured in joules (J), 
and the most widely used parameter is J/cm  2  
 (fl uency). The higher the fl ow, the higher the 
 possibility of thermal damage in the treatment 
area [ 14 ,  15 ]. 

33.4.4.1     Types of Laser 
    Ablative 
 CO2 and erbium lasers are available for us. They 
may be used for cutting, steaming and dermal 
remodelling purposes [ 23 ]. 

 In the cutting mode, the CO2 laser may be 
used for haemostasis and sterilisation during sur-
gical procedures. Its use in dermatologic surger-
ies requires precision and refi ned techniques. 

 In the steaming mode, the CO2 and erbium 
lasers, as the name implies, are used to steam and 
destroy various types of lesions such as viral 
warts, condylomas, verrucous nevus, xanthe-
lasma and sebaceous hyperplasia, among others. 

 Its main use with menopausal women is for der-
mal remodelling in the treatment of wrinkles. It is an 
aggressive, but effective, treatment, usually showing 
signifi cant improvement with just a few sessions. 

 Its use in pulsed mode promotes the evapora-
tion of thin layers of the skin with each pulse. 
Thus, a part of the epidermis and dermis is 
removed through successive ablations. A thermal 
damage halo is formed around the steamed area, 
capable of inducing shortening and formation of 
new collagen fi bres, which are responsible for the 
results obtained with the procedure. 

 The erbium laser presents less tissue damage 
than that observed with the CO2 laser and is gen-
erally safer, although more sessions are required 
to achieve the desired effects. 

 The most common side effects are prolonged 
erythema (up to 3 months), milium formation, 
infections (bacterial and viral), dyschromias and 
scars [ 14 ,  15 ,  22 ,  23 ].  

    Non-ablative 
 This type of laser is recommended for the treat-
ment of vascular and pigmented lesions, without 
causing damage to nearby structures in the target 
tissue [ 23 ]. 

 When using non-ablative lasers, one must be 
concerned about the epidermal melanin layer as 

it acts as a protective barrier to the penetration 
of certain wavelengths. Especially in patients 
with skin types IV–VI and tanned skin, the pos-
sibility of increased temperature on the skin 
may cause adverse effects such as superfi cial 
burns and formation of vesicles, dyschromias 
and scarring. 

 In order to minimise thermal damage to the 
epidermis and reduce patient discomfort, some 
techniques may be used for cooling the epider-
mis, such as the use of cold packs, cold com-
presses (prior to laser application) and cooled or 
variable laser tips, capable of reducing the tem-
perature of the skin [ 23 ]. 

 The devices may be used for different pur-
poses, such as stimulation of collagen synthesis, 
as well as correction of pigmented and melano-
cytic lesions. 

 The devices most commonly used for the 
treatment of aging skin (fi ne wrinkles) are 
Nd:YAG (1,340 nm), diode (1,420 nm) and 
erbium (1,540 nm). Their action mechanism is 
based on the stimulation of collagen production, 
secondary to the increase of local temperature, 
without ablation or tissue necrosis. The results 
are less aggressive than with the ablative tech-
niques, ranging from moderate to mild, after sev-
eral treatment sessions. 

 For vascular lesions as telangiectasias, nevi, 
and poikiloderma of Civatte, the most commonly 
used equipment is KTP (532 nm) dye laser (585, 
595 and 600 nm) and Nd:YAG (532 and 
1064 nm). 

 On the other hand, for melanocytic lesions such 
as lentigines, solar melanosis, freckles, periorbital 
hyperpigmentation and postinfl ammatory pig-
mentation, the most commonly used equipment is 
ruby (694 nm), alexandrite (755 nm), Nd:YAG 
(532 and 1,064 nm) and KTP (532 nm) [ 14 ,  15 ].  

    IPL (Intense Pulsed Light) 
 This technology has been used more and more, 
given its versatility and lower cost, as compared 
with lasers. Its actions come from the use of poly-
chromatic electromagnetic radiation (wavelength 
range 400–1200 nm). It may be used to treat vas-
cular and pigmented lesions, in addition to hair 
removal and non-ablative rejuvenation. 
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 For best results in rejuvenation, maximum 
power may be used, without causing side effects. 

 Epidermolysis and protein denaturation, with 
the formation of dermal fi brosis, are the main 
effects. Thus, in addition to erythema and 
oedema, blisters and crusts may appear, with 
consequent dyschromias and scarring (rare). 
Therefore, in order to prevent the occurrence of 
adverse events, the epidermis should be protected 
through cooling [ 14 ].     

33.5     Summary 

 As explained throughout this chapter, we may 
conclude that the cosmetic approach to meno-
pausal patients should be global, considering all 
specifi c anatomic aspects of skin aging during 
menopause. During treatment, the patient should 
be made aware of the results that may be actually 
achieved, as well as any possible complications 
arising from the relevant procedure. Should the 
doctor and patient agree, treatment may be 
started, always in strict compliance with the lim-
its of the product or equipment to be used and the 
real possibility of response to the patient’s aes-
thetic complaints.     
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        The intersection of sex and gender plays a vital 
role in the process of aging as well as with 
 specifi c conditions associated with the aging 
 process. In terms of menopause, the gender or 
sociocultural aspects of the experience are 
 purported to be uniquely refl ected in the variation 
of symptoms presented by women in different 
countries cultures and geographies. This hints at 
the important interplay between biology, sociol-
ogy, ethnicity, and culture. 

 According to the UNFPA report, “Aging in the 
Twenty-First Century” one in nine persons in the 
world is aged 60 years or over, and this is pro-
jected to increase to one in fi ve by 2050 [ 1 ]. This 
demographic phenomenon is affecting low- and 
high-income countries alike. Further, there is a 
disproportion in the ratio of men to women as we 
age, and this is well documented within the above 
60 population. In 2012, for every 100 women 
aged 60, there were 84 men [ 1 ]. The World Health 
Organization has estimated that in 2030, there 
will be around 1.2 billion postmenopausal 
women, with 47 million women entering this 
stage of life every year [ 2 ]. As more women live 
longer, the management of the menopause transi-
tion and women’s healthcare post the reproduc-
tive years will become increasingly important on 
a global basis. However, few countries are pres-
ently addressing the specifi c healthcare needs 
associated with this increased life expectancy in 
terms of health policy or provision of care. 
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34.1     Biological Construct 

 It has been acknowledged that menopause is not 
an event but rather a process that starts and ends 
gradually over time. There are different classifi -
cations which are used to defi ne menopause sta-
tus and the various shifts from a biological 
perspective. These include length of cycle along 
with a monotropic rise in follicle-stimulating 
hormone (FSH), characteristics of bleeding, and 
FSH rates of change. These types of parameters 
help mark the transition from ovarian function to 
failure. Yet, in terms of defi ning natural meno-
pause, there is general agreement that it occurs 
once a woman is without menses for 1 year. 
Soules et al. support this defi nition and further 
characterize stages subsequent to menopause the 
fi rst of which is characterized by further ovarian 
hormone drop-off and accelerated bone loss [ 3 ]. 

 Garcia et al. [ 4 ] noted that often subtle changes 
in bleeding patterns provide an indication of the 
earliest hormonal changes associated with the 
menopause transition as well as the symptoms 
associated with this transition [ 4 ]. These initial 
indicators could be useful signs for clinicians and 
be used as the impetus for patient education. This 
education could be focused on the menopause 
transition, as well as on healthy lifestyles and 
behavior change. This could support assuaging 
menopausal symptoms as well as support the pre-
vention of some of the more common comorbid 
conditions associated with aging and this 
transition.  

34.2     Cultural Construct 

 There is growing support that suggests that in 
addition to biological aspects of menopause, 
 cultural components also exist. This can account, 
at least in part, for the range and frequency 
 differences of menopausal symptoms seen glob-
ally. Indeed, women’s attitudes regarding meno-
pause are multidimensional [ 5 ]. Some women in 
certain societies can dread aging; they may asso-
ciate it with failing attractiveness as well as other 
negative self-perceptions [ 6 ]. The effects of cul-
ture on menopause symptom expression may 

also be attributable to acculturation. The result 
could, in part, account for the differing preva-
lence of symptoms seen within an ethnic group 
depending on an individual’s country of resi-
dence and not necessarily their country of origin 
[ 7 ]. Further, cultural differences in aspects such 
as the meaning of menopause and an individual’s 
attitude toward menopause could play a role in 
accounting for these variations [ 8 ]. This includes 
whether menopause is thought of as a natural 
event or a medical condition [ 8 ].  

34.3     Infl uencing Factors 

 There has also been a relationship shown between 
women’s overall health status and the extent of 
her distress by and perception of symptoms 
related to this transition [ 9 ]. Additionally, there 
are a number of other factors that have been asso-
ciated with the prevalence of menopausal symp-
toms as well as the degree of burden experienced 
due to their presence. These include a number of 
lifestyle as well as environmental factors. 

 The results of the United States based Study 
of Women’s Health Across the Nation (SWAN) 
found that certain characteristics were indepen-
dently associated with earlier natural menopause; 
these included women with lower number of 
years in schooling; history of heart disease; active 
cigarette smoking; marital status of separated, 
widowed or divorced; and current  unemployment. 
Later natural age of menopause was associated 
with prior use of contraceptives, Japanese ethnic-
ity, and parity [ 10 ]. 

 Smoking has been identifi ed in a number of 
studies as being associated with an earlier age of 
onset of menopause [ 10 – 13 ]. Hayatbakhsha 
et al. [ 11 ] also report that women who quit smok-
ing have a lower chance of early onset meno-
pause than current smokers. In a systemic review 
of studies on this topic, in 2008, the evidence of 
this association is not clear in terms of the dura-
tion of smoking and the quantity of cigarettes 
smoked [ 14 ]. 

 A 2009 review [ 15 ] on the effects of exercise 
on menopausal symptoms referred to a number 
of observational studies and noted that the 
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relationship between physical activity and fewer 
menopausal symptoms is inconclusive, while a 
number of clinical studies have shown that physi-
cally active women report fewer menopausal 
symptoms [ 16 – 19 ]. 

 Diet is another factor implicated in effecting 
menopause. Nagata et al. [ 20 ] found that a high 
intake of polyunsaturated fat was associated 
with earlier onset of menopause and was not 
able to confi rm previous fi ndings that an inverse 
association between green and yellow vegetable 
intake and the age of natural menopause exists. 
Nagel et al. [ 21 ] reported that high intake of car-
bohydrates was associated with an earlier meno-
pause while higher intake of protein and total fat 
was associated with a delay in the onset of natu-
ral menopause. A literature search on various 
factors’ effect on age at natural menopause 
reported that although few studies have been 
conducted on the effects of diet on age of natu-
ral menopause, the existing data supports that 
the high intake of calories, fruits, and proteins 
delay age at natural menopause and further 
reported that moderate alcohol consumption 
also delays the age of natural menopause; alco-
hol has also been implicated in the presence of 
hot fl ashes [ 22 ]. 

 On a related topic to diet, the effects of body 
mass index on menopause analyzed from the 
Study of Women’s Health Across the Nation 
(SWAN) shows luteal activity in premenopausal 
and early perimenopausal women is strongly 
affected by body size [ 23 ]. Further, the study 
reported that women with higher BMIs (greater 
than 25 kg/m 2 ) were more likely to have longer 
total cycle length, a shorter luteal phase, and 
lower overall gonadotropin and luteal phase pro-
gesterone metabolites. The authors suggested 
that these fi ndings imply that women with the 
higher BMIs may have an increased likelihood of 
chronic cycle dysfunction [ 23 ]. Further, Davis 
et al. confi rmed the results of prior studies show-
ing that the greater the BMI, the later the age at 
menopause and cited the Penn Ovarian Aging 
Study which indicated a positive association 
between BMI and the likelihood of transitioning 
from pre- to perimenopause but not from peri- to 
postmenopause [ 24 ]. 

 In terms of environment, a woman’s work 
while associated with increased self-esteem has 
also been reported to have a negative impact on 
menopausal women [ 25 – 28 ]. Studies have 
reported that certain working environments have 
increased the intensity of a woman’s symptoms 
[ 27 ,  29 – 31 ]. A study of Egyptian females work-
ing in a government faculty of medicine reported 
that poor working conditions related to factors 
such as ventilation, humidity, and temperature 
were perceived to play a role in aggravating their 
menopausal symptoms [ 27 ]. Similar fi ndings 
were reported in a study involving female police 
offi cers [ 30 ]. Reynolds reported that menopausal 
women were affected by their work conditions in 
a few ways including when they were required to 
work in enclosed spaces or with a new client [ 31 ].  

34.4     Other Possible Confounding/
Contributing Factors 

 The effect of family history on the onset of 
 menopause in terms of timing, experience, and 
expressed symptoms has been widely discussed. 
It has been known that women inherit factors for 
the number of oocytes [ 32 ]. The burgeoning fi eld 
of epigenetics further highlights the effects of 
environment including the intrauterine environ-
ment on gene expression and therefore most 
likely on the ovarian store. Indeed, as noted ear-
lier, there are a number of parameters that have 
been reported to affect the ovarian store, these 
includes factors such as smoking [ 10 – 13 ], physi-
cal activity [ 15 – 19 ], and diet [ 20 – 22 ]. 

 The effect of environment on familial concor-
dance has been raised in a few studies that have 
focused on twins [ 33 ]. A large study undertaken 
in the United Kingdom which included 2,060 
individuals who were fi rst-degree relatives in the 
age of 31–90 showed women whose mother or 
non-twin sister had an early menopause had an 
increased risk of early menopause [ 33 ]. The 
study also noted that women had an increased 
rate of late menopause if their mother or non- 
twin sister had a late menopause. Morris et al. 
[ 33 ] reported that both shared environment and 
hereditary factors contributed to these fi ndings.  
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34.5     Cross-Cultural Findings Real 
or Artifact 

 Although there is signifi cant support for cross- 
cultural research, concerns have also been regis-
tered. One concern is that some publications 
report cross-cultural fi ndings from disparate 
research studies, while another relates to the 
sweeping generalizations made from studies with 
relatively small numbers of participants. Other 
studies use symptom lists that have originated 
from the United States and Europe and are 
employed unaltered within countries with greatly 
differing cultures and perspectives. Additionally, 
symptom checklists are subjective assessments; 
therefore, the effects of culture can independently 
infl uence responses. This is particularly possible 
with aspects such as symptom tolerance, perspec-
tives on aging, as well as health attitudes. Indeed, 
even the effects of a health system on women’s 
experience of menopause and their perception of 
therapeutic interventions are potential 
confounders. 

 Therefore, assessing whether menopause is 
associated with similar mental and physical 
symptoms or whether there are signifi cant cross- 
cultural deviations can be diffi cult to ascertain. 
However, assessing cross-cultural manifestations 
is important in terms of determining whether 
there is a common set of conditions for meno-
pause on a global basis. And there is a signifi cant 
amount of research devoted to studying the dif-
ferences in genes, cultures, and environments. 
The North American Menopause Society has 
been supportive of cross-cultural research [ 34 ]. 
Therefore, in order to assess if there are true 
cross-cultural differences, it is important to assess 
outcomes using statistical assessments that 
involve controlling for various variables.  

34.6     Age of Onset 

 Inherently, one of the least subjective criteria to 
assess across cultures is the age of fi nal menstrual 
period, although this criteria    has also been called 
into suspicion. It is seen by some to be subject to 
methodological assessment differences across 
studies. Further, these evaluations are frequently 

self-reported and as such are believed to be 
 subject to underestimation [ 35 ]. 

 Nonetheless, based on reports from differing 
types of studies, the age of natural menopause 
appears to occur at an earlier age within regions 
that are comprised of countries with lower- to 
middle-income economies. There appears to be 
both an east to west and north to south difference. 
Women in Europe and North America tend to be 
older than the age documented for women in 
most of the countries within Asia and Latin 
America. Further, a trend appears to be present, 
based on a limited number of studies with rela-
tively small sample sizes, that women from 
within the Middle East and Africa have a natural 
age of menopause that is comparable to that of 
Asian and Latin American women. In fact, 
women within Africa and the Middle East appear, 
as a whole, to have the earliest natural age of 
menopause globally; refer to Table  34.1 . 
Moreover, differences in the age of menopause 
onset were noted within subregions, across coun-
tries, and based on ethnic or racial background, 
as well as based on country of origin. Additional 
details on these phenomena are described below.

34.6.1       North America and Europe 

34.6.1.1     North America 
 Within North America, the median age of natural 
menopause reported in the Study of Women’s 
Health Across the Nation (SWAN) was 
52.54 years [ 36 ]. The study assessed 3,302 from 
across the United States and included 5 ethnic/
racial groups. A similar fi nding was reported in a 
study looking at the median age of menopause 
for women in the United States (US) and Spain, 
the fi nding for the United States was 52.6 years 
[ 37 ]. While within Canada, the average age of 
menopause has been cited as being 51 years [ 7 ]. 

 Regional differences were also identifi ed 
within the United States. In a cross-sectional sur-
vey of 22,484 women, after controlling for 
covariates, it was noted that women from the 
Southern part of the United States reported meno-
pause 10.8 months earlier than Northeastern 
women, 8.4 months earlier than midwestern 
women, and 6.0 months earlier than western 
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women ( p  <0.05) [ 38 ]. The cause for this effect is 
not known. 

 In terms of racial differences from within the 
United States, Gold et al. [ 10 ] reported no differ-
ence between Caucasian and African American 
women in terms of menopause onset, yet within 
this report, they cite two earlier studies that dem-
onstrated that African American women had an 
earlier onset of menopause by 6–12 months in 
comparison to Caucasian women. McKnight 
et al. [ 38 ] in 2011 found similar fi ndings to Gold 
in that no racial difference in age at menopause 
was shown between black and Caucasian women 
after covariates were controlled for in a cross- 
sectional survey of 22,484 women in the United 
States [ 37 ]. A study of 17,070 women aged 
35–55 years found African American women had 
earlier onset of natural menopause, and this was 
strongly associated with smoking and inversely 
associated with body mass index and oral contra-
ceptive use [ 39 ]. 

 Henderson et al. [ 40 ] reported that Japanese 
American women experienced late natural meno-
pause in comparison to women of Latin heritage 
as well as Caucasian women in the United States. 
Additionally, Latin women living in the United 
States, but born outside of the United States, had 
earlier onset of menopause then women born in 
the United States with Latin heritage [ 40 ]. 

 European women had a median age of natural 
menopause of 54 years based on a study of 5,288 
women randomly selected in nine European 
countries between 1998 and 2002 [ 40 ]. The later 
age of menopause across Europe has been noted 
in a number of other studies [ 41 – 44 ]. As was seen 

within the United States, there are  geographical 
variations within Europe; Southern Europe in 
general has an earlier age of natural menopause 
compared to Northern Europe [ 41 ]. In fact, the 
study indicated that there was also variation 
across countries and that the age of natural meno-
pause was shifting toward later ages [ 41 ].  

34.6.1.2     Latin America 
 Latin American women have an earlier age of 
menopause than those within Europe and North 
America. In a study involving 17,150 healthy 
women surveyed from 15 Latin American coun-
tries, the median age of menopause was reported 
as 48.6 years and the mean age was 49.4 ± 5.5 
[ 45 ]. The onset ranged from 53 years in Cartagena 
de Indias (Colombia) to 43.8 years in Asuncion 
(Paraguay) [ 45 ]. Further it was found that women 
living at or above 2,000 m and those with lower 
levels of education were more prone to an earlier 
menopause [ 45 ]. In a survey of 4,548 women 
across all regions in Mexico, the mean age at 
menopause was 47.9 ± 3.82 years [ 46 ], while the 
median age at menopause was reported to be 
50 years in a study comprising 4,056 women in 
seven cities within Latin America and the 
Caribbean [ 47 ].  

34.6.1.3     Asia 
 There is great diversity among the various coun-
tries comprising Asia. Yet the mean and median 
age of menopause in Asia is fairly consistently 
reported. The exception to this is Japan. In fact 
Japanese women have one of the latest median 
ages of natural menopause, comparable to women 

   Table 34.1    Age of natural menopause   

 Continent  Country  First author  Number of subjects  Age range  Mean age  Median age 

 Europe  Europe  Dratva [ 41 ]  5,288  30–60  54 
 North America  United States  Gold [ 36 ]  3,302  40–55  52.54 
 Asia 1  Japan  Yasui [ 48 ]  24,152  >40  52.1 
 Asia 2  Thai  Chompootweep [ 53 ]  2,375  45–59  49.5 
 Asia 3  China  Yang [ 49 ]  9,939  40–65  48.9 
 Asia 4  India  Kriplani [ 50 ]  350  46.7  48 
 Africa  Nigeria  Olaolorun [ 61 ]  1,189  40–60  50 
 Latin America  Latin America  Blumel [ 45 ]  17,150  40–59  48.6 
 Middle East 1  United Arab 

Emirates 
 Benera [ 58 ]  450  >45  48 

 Middle East 2  Iran  Delavar [ 57 ]  1,397  45–63  47.7 
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in the west. This is evidenced within the Japan 
Nurses’ Health Study, in which a cross-sectional 
analysis revealed a median natural age of meno-
pause of 52.1 years [ 48 ]. This as noted is in con-
trast with the general trend in Asia wherein the 
natural age of menopause is comparatively early 
in relation to that seen in the west. 

 A cross-sectional study conducted in China 
including a total of 9,939 women reported 
48.9 years as the mean age of natural menopause 
[ 49 ]. While a series    of studies involving women in 
India closely mirrored the age reported in China 
with an average age at menopause calculated 
as 48.0 [ 50 ], and at 48.7 for two other studies 
[ 51 ,  52 ]. Further, a study of Thai women in 
Bangkok reported an average age of menopause of 
49.5 ± 3.6 [ 53 ], and a study in Singapore reported 
a mean age of 49 years among 2,354 women [ 7 ].  

34.6.1.4    Middle East 
 Studies within the Middle East revealed a median 
age of menopause that is somewhat comparable 
to Asia in that on average it is on the younger side 
of the age range continuum. This includes a 
median age of 50 reported in a study including 
858 Saudi Arabian women of which 391 were 
postmenopausal [ 54 ], a median age of natural 
menopause of 49.3 years for 298 women in 
Lebanon [ 55 ], and a median age of 50 based on a 
study of 143 women in Jordan [ 56 ]. The mean 
age recalled by a sample of 1, 397 women in Iran 
was 47.7 ± 4.9 years [ 57 ]. While a study involv-
ing a sample of 450 United Arab Emirates women 
aged 45 years and above, the median age of natu-
ral menopause was 48 years [ 58 ].  

34.6.1.5    Africa 
 Relatively few studies were found that evaluated 
menopause in African women. However, two stud-
ies, one in Ghana and one conducted in Nigeria 
reported a median age of 50.2 years [ 59 ,  60 ]. 
Further, a cross-sectional community-based study 
with a total of 1,189 Nigerian women reported the 
median age of menopause as 48 years [ 61 ]. Lastly, 
a small community-based study in Nigeria among 
273 menopausal women reported a mean age at 
menopause as 51.41 ± 3.26 years [ 62 ].    

34.7     Geographical or 
Cultural Expression of 
Symptomatology 

 There is an ongoing controversy as to whether 
there are universal menopausal symptoms. There 
are a number studies from North America and 
Europe that report relatively high numbers of 
menopausal symptoms in comparison to studies 
that have been conducted in Asia. As well, there 
appears to be differing perspectives in the experi-
ence of menopause across cultures. For example, 
women in Japan see menopause as an event 
which is not considered to be a negative experi-
ence, while about half of American women 
believe menopause is a disagreeable event [ 63 ]. 
However, irrespective of country, it has been 
reported that the majority of women pass through 
menopause with no or very little symptoms of 
discomfort [ 64 ]. Differences in FSH, estradiol, 
and luteinizing hormone have been shown across 
populations; however, the clinical signifi cance of 
these fi ndings is currently unclear [ 65 ]. Yet, 
these  fi ndings provide some rudimentary indica-
tion in favor of the existence of cross-cultural 
differences. 

34.7.1     Vasomotor Symptoms 

 There are varying rates of vasomotor symptoms, 
such as hot fl ash, hot fl ush, and night sweats, 
reported in the literature. These differences are 
shown across geographic areas and ethnic cate-
gories; refer to Fig.  34.1 . It has been suggested 
that menopausal status may also have a role in the 
expression of these differences: premenopausal 
women appear to have the lowest rates, while 
perimenopausal women experience the highest 
rates of this symptom cluster [ 66 ].

34.7.1.1      North America and Europe 
 Vasomotor symptoms are commonly reported 
within North America and Europe. The North 
American Menopause Society [ 67 ] notes that 
about 55 % of women report experiencing hot 
fl ashes. Freeman et al. [ 65 ] cite results from prior 
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analyses of the Study of Women’s Health Across 
the Nation (SWAN) that revealed African 
American women had the highest rates of 
 vasomotor symptoms; this included both hot 
fl ushes and night sweats. African American 
women had these symptoms at a rate of 46 %, fol-
lowed by Hispanic (35 %), Caucasian (31 %), 
Chinese (21 %), and Japanese (18 %) [ 65 ]. The 
publication further reports that another analysis of 
the SWAN data noted that African American 
women had the highest reported prevalence of 
night sweats and that the group with the lowest 
proportion of premenopausal women had the 
highest prevalence of hot fl ushes or night sweats 
[ 65 ]. While studies conducted    in Europe also show 
high rates of night sweats in fact up to three fourths 
of the women in these studies experienced hot 
fl ashes [ 35 ]. Yet, there are country differences, for 
example, Dutch women reported the symptoms at 
a rate of 80 % and women within Britain reported 
these symptoms at a rate of about 54 % [ 68 ].  

34.7.1.2    Latin America 
 Latin America is reported to have high rates of 
severe menopause transition symptoms. In terms 
of the rate of vasomotor symptoms, a range 
between 50 and 68.9 % has been noted in the 
 literature [ 69 ]. A 2011 Blumel et al. paper [ 69 ] 
found that 54.5 % of 8,373 women from 16 
Latin American countries reported vasomotor 

 symptoms and that these symptoms persisted into 
late postmenopause. It was also reported from 
this same study that the vasomotor symptoms 
negatively affected quality of life [ 69 ].  

34.7.1.3    Asia 
 Asian countries are reported to have relatively 
low rates of vasomotor symptoms ranging from 
10 % to 20 % in countries such as Hong Kong, 
[ 70 ] India, Indonesia, and Thailand [ 64 ]. In Japan, 
rates of vasomotor symptoms range from 12 to 
25.7 % [ 71 ]. When reviewing two multinational 
studies based in Asia, the ranking of the most 
common symptoms tended to differ from those 
seen in the west. The most common symptoms, 
reported in the Pan-American Study, representing 
11 countries from the region were not those 
related to vasomotor symptoms, but rather were 
body and joint aches (86.3 %) and memory prob-
lems (80.1 %) [ 72 ]. In fact hot fl ushes were 
reported at a rate as low as 5 %, based on responses 
from women within Indonesia [ 72 ]. In the Asian 
Menopause Survey, the most common symptoms 
were sleeplessness (61.7 %), irritability (60 %), 
followed by migraines (55.9 %), while hot fl ashes 
were reported at a rate of 49.9 % [ 73 ]. Barber [ 65 ] 
suggests that symptom ranking may differ 
between Eastern and western women and further 
notes that Asian women are less aware of treat-
ment options than their western counterparts.  

Middle East (57)
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Japanese American (35)

Chinese American (35)

Caucasian American (35)

Hispanic American (35)

African American (35)

Latin America (70)

Europe (36)
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  Fig. 34.1    Percentage of 
vasomotor symptoms by 
region (US by race/ethnicity)       
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34.7.1.4    Middle East 
 Studies within the Middle East vary in terms of 
reported rates of vasomotor symptoms but have 
been noted to be in keeping with western rates. 
Sallam et al. [ 74 ] reported in a study of 200 
Egyptian women who experienced hot fl ashes 
that the rate was 87.7 %. Further, a cross- sectional 
study of 450 women in Egypt noted that 90.7 % 
experienced hot fl ashes [ 75 ] and a study involv-
ing 143 women in Southern Jordan showed a rate 
of 62 % [ 56 ]. A cross-sectional survey conducted 
in Libya reported vasomotor symptoms at a rate 
of 76.6 % [ 76 ]. In contrast, a study within Iran 
reported a rate of 49.3 % in a sampling of 1,397 
women [ 57 ] and a study within the United Arab 
Emirates noted a vasomotor symptom rate of 
40 % [ 58 ].  

34.7.1.5    Africa 
 There is limited information found regarding 
African women; however, two studies from 
within Africa reported relatively similar fi ndings. 
A prospective survey involving 152 women in 
Akosombo District in Ghana reported hot fl ash 
rates of around 57 % [ 59 ]. A cross-sectional sur-
vey in Nigeria involving 186 women noted hot 
fl ashes were experienced by 58.1 % of the 
respondents and that this symptom was viewed as 
the most problematic one [ 77 ]. A second study in 
Nigeria among 273 women reported a similar 
rate of 57 % [ 62 ].   

34.7.2     Vaginal Atrophy 

 Vaginal atrophy is experienced, at rate reported 
to be as high as about half of all postmenopausal 
women. This cluster of symptoms often nega-
tively affects quality of life [ 78 ]. Symptoms of 
vaginal atrophy include vaginal dryness, itching, 
burning or soreness, as well as dyspareunia. 
Additionally, urinary tract symptoms can also be 
present in some women including nocturia, dys-
uria, urgency, frequency, and incontinence which 
includes leaking urine and recurrent urinary tract 
infection [ 79 ]. Sexual dysfunction is also associ-
ated with vaginal atrophy, and this cluster of 
symptoms is believed to be linked to a reduction 
in estrogen [ 78 ,  79 ]. 

34.7.2.1    North America and Europe 
 The prevalence of vaginal atrophy within the 
United States has been reported as being as high 
as 51 % (80) in contrast to a reported rate in 
Canada of 34 % [ 81 ]. Interesting, however, is that 
only 24 % of women in the United States attri-
bute their symptoms to menopause [ 82 ]. Further, 
in a survey conducted within North America, 
60 % of women over 45 years of age who had 
used hormone therapy in the past or who had 
never used hormone therapy had vaginal atrophy 
complaints and the majority (90 %) of these 
women considered these to be problematic [ 83 ]. 
Yet, multiple studies found that relatively low 
numbers of women (25 %) seek medical consul-
tation for this type of symptom [ 81 ]. 

 The international online survey, Vaginal 
Health: Insights Views and Attitudes (VIVA) 
included 3,250 postmenopausal women (last 
menses was more than 12 months before entry) 
between the ages of 55 and 65 [ 80 ]. This included 
women from Canada, Denmark, Finland, 
Norway, Sweden, United Kingdom, and the 
United States and concentrated on assessing per-
ceptions about vaginal distress. Almost half of 
the respondents (45 %) reported having a symp-
tom related to vaginal atrophy with the lowest 
rate being reported in Sweden (38 %) and the 
highest in the United States (51 %) [ 80 ]. 

 Another survey (CLOSER) that was con-
ducted in Canada, Denmark, Finland, France, 
Italy, Norway, United Kingdom, and the United 
States reported that more than half of the North 
American respondents avoided sexual intimacy 
due to vaginal symptoms [ 78 ]. Additionally, half 
of the surveyed women responded that their clini-
cian had not initiated a discussion of postmeno-
pausal vaginal wellness [ 78 ]. There were country 
differences present with regard to this point; on 
the higher end were women from the United 
Kingdom (60 %), Canada (59 %), United States 
(56 %), and Norway (53 %), and on the lower end 
were women from Sweden (35 %) and Finland 
(33 %) [ 78 ].  

34.7.2.2    Latin America 
 The Collaborative Group for Research of the 
Climacteric in Latin America (REDLINC) 
assessed sexual dysfunction in 7,243 women 
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aged 40–59 year of age. The survey was 
 conducted in 11 Latin American countries and 
sexual function was assessed using the Female 
Sexual Function Index (FSFI) [ 84 ]. The FSFI is 
comprised of 6 domains: desire, arousal, orgasm, 
pain, lubrication, and satisfaction [ 84 ]. Of the 
5,391 women who were sexually active, 56.8 % 
of the respondents reported sexual dysfunction 
and the prevalence of sexual dysfunction varied 
per center; it ranged from 21 to 98.5 %. The sex-
ual dysfunction domains with the highest scores 
also varied by center [ 84 ]. Desire was the domain 
with the highest score across sites and vaginal 
dryness was the factor most associated with sex-
ual dysfunction [ 84 ]. In a cross-sectional survey 
among 125 Native-American Bolivian women, 
the chief complaint was loss of libido, and this 
symptom was reported by 51 % of the respon-
dents, followed by genital itching 40.8 % and 
dyspareunia 40 % [ 85 ].  

34.7.2.3    Asia 
 Overall, the highest rates of symptom complaints 
reported by women within the pan-Asia meno-
pause study were not related to vaginal atrophy, 
but rather related to muscle and joint pains. These 
occurred on average at a rate of 86.3 % and 
ranged from 76 % in Korea to 96 % in Vietnam 
[ 72 ]. In contrast vaginal atrophy    symptoms were 
reported at the following lower rates: vaginal dry-
ness 55.7 %, vaginal itching 39.7 %, dysuria 
37.4 %, and painful intercourse 29.9 % [ 72 ]. 

 In a cross-sectional study of 1,000 postmeno-
pausal women from China, Malaysia, Taiwan, 
Thailand, and Hong Kong, most women (66 %) 
reported no reductions in sexual function [ 73 ]. 
Yet, symptoms of vaginal atrophy were on aver-
age reported by 37.4 % of the women. The coun-
tries with the higher rates were Hong Kong 51 %, 
Taiwan 47.9 %, and Thailand 45 %, and those 
reporting lower rates included China 31 % and 
Malaysia 29.6 % [ 73 ]. Further, awareness of hor-
mone therapy (HT) was low; over 30 % of women 
were not able to mention one benefi t of this 
 treatment [ 73 ].  

34.7.2.4    Middle East 
 Research on vaginal atrophy within the Middle 
East was not readily identifi ed. Gynecological 

matters, by virtue of cultural mores, remain a 
 private and somewhat of a shameful matter [ 86 ]. 
Yet, in a retrospective study conducted in Iran, a 
statistical increase in urinary frequency was iden-
tifi ed for women entering menopause, and a sta-
tistically signifi cant increase of complaints of dry 
vagina were identifi ed postmenopause [ 57 ]. 
Further, a cross-sectional study of 450 Egyptian 
women aged 50–59 years of age noted that 
89.1 % of participants reported decreased sexual 
desire [ 75 ].  

34.7.2.5    Africa 
 Lastly, within Africa a study in Nigeria revealed 
urinary frequency at a rate of 38.7 % and vaginal 
dryness and discomfort or discharge at a rate of 
35.5 % [ 77 ]. A South African study involving 
structured interviews with 102 women in Durban 
found the women experienced a number of vagi-
nal and urinary complaints related to atrophy, 
such as painful sex 43 %, dry vagina 51 %, loss of 
libido 41 %, pruritus 32 %, dysuria 39 %, and uri-
nary frequency 40 % [ 87 ].    

34.8     Attitudes and Symptom 
Experience: Cultural 
Implications 

 There appears to be some relationship between a 
woman’s attitudes toward menopause and their 
experience of symptoms. Avis and McKinlay 
[ 88 ] in 1991 reported from the Massachusetts 
Women’s Health Study that women with negative 
attitudes toward menopause prior to the transition 
reported higher frequencies of hot fl ashes. Ayers 
et al. [ 9 ] note in their review of 13 studies that 
pre- and perimenopausal women as well as 
younger women had the most negative attitudes 
toward menopause. This seems to align with the 
perception that the perimenopausal transition is 
most fraught with physiological changes. Another 
explanation is that women ultimately adapt to the 
symptoms over time. Further, countries such as 
the United States, whose culture and healthcare 
system tends to “medicalize” menopause rather 
than view it as a life course process, have higher 
frequencies of “negative symptoms” [ 9 ]. As well, 
there is evidence that supports the notion that the 
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more negative a woman’s attitude is to the 
 transition, with or without the existence of 
comorbid mood disorder, the greater the number 
of menopause- related symptoms [ 9 ]. 

 Obermeyer 2000 [ 35 ] points out that the prior 
mental and general health status of a woman is a 
good predictor of mental health during the meno-
pause transition. As well, it is noted that various 
cultures place both positive and negative perspec-
tives on aging as well as on menopause compli-
cating the ability to assess this parameter. 

 Yet, a study conducted in Qatar assessing the 
menopause experience of Qatari Arab and non- 
Qatari Arab women reported that religious beliefs 
and culture are intimately linked to their experi-
ence of menopause [ 86 ]. It was also reported to 
be linked to the participants’ perspective that 
western women undoubtedly experience meno-
pause differently from Qatari women due to this 
aspect [ 86 ]. 

 Gupta et al. [ 89 ] report on studies which indi-
cate that women who have migrated from another 
country tend to retain the menopausal symptom 
profi le of their native country [ 89 ]. Yet, in a study 
of women from the Indian subcontinent within 
the United Kingdom, Gupta notes that the UK 
Asian women experience of menopause is more 
aligned to the Caucasian women in the United 
Kingdom than those experienced by women in 
Delhi [ 89 ]. This is most notable with respect to 
vasomotor symptoms. 

 Another attitudinal factor that affects both the 
frequency and the level of distress of vasomotor 
symptoms is women’s sense of their level of con-
trol. This is inversely related, in that more per-
ceived control is associated with less distress and 
reported rates of frequency [ 90 – 93 ].  

34.9     Across Countries Weight 
Gain Associations 
with Menopause 

 High-, middle-, and low-income countries around 
the globe share the phenomena of a rising level of 
obesity. The overall incline in obesity as well as 
rates of overweight women has been largely 
attributed to lifestyle behaviors. Yet, it has been 

shown that women carry the greater burden of 
this disease [ 94 ]. Davis et al. [ 24 ] reported, based 
on a literature review, that weight gain cannot be 
attributed to menopause alone; however, the tran-
sition is associated with increases in total body 
fat and abdominal fat increases [ 24 ]. In general 
there is a steady 0.5 kg annual weight gain seen 
in women postmenopause [ 24 ]. 

 The analysis also shows that body weight does 
have an effect on the menopause transition. As 
previously noted, increased weight has been 
associated with a later age of natural menopause 
onset. There have been longitudinal studies that 
have indicated that the higher the basal metabolic 
index, the later the age of natural menopause 
[ 95 ]. There is also support for the fi nding that as 
weight increases, menopausal symptoms also 
increase. Therefore, obesity is an independent 
risk factor for increased reporting of severe 
symptoms [ 96 ,  97 ]. Yet, Thurston et al. report 
based on a sub-cohort of women from the Study 
of Women’s Health that women with higher basal 
metabolic indices and waist circumferences 
experienced fewer hot fl ashes [ 98 ].  

34.10     Summary 

 As the average age of women extends past 
80 years, most females will spend about one third 
of their lives postmenopause. It has been esti-
mated that almost 80 % of women report at least 
one symptom associated with menopause, such 
as hot fl ushes or sleep or mood disturbances [ 99 ]. 
Yet, it can be diffi cult to discern menopause 
symptoms from those associated with the aging 
process. This complicates the ability to determine 
if there are common menopause symptoms across 
populations. Another complication is the recog-
nition that certain mood disturbances such as 
depression, a condition associated with meno-
pause, can involve somatization. It has been sug-
gested that somatic complaints may be culturally 
mediated. Therefore, somatic symptoms may 
account for some aspect of the cross-cultural 
menopausal differences seen on a geographic, 
ethnic, or other subpopulation basis [ 100 ]. 
Culture by defi nition refers to elements such as 
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one’s beliefs, values, and attitudes and one’s 
behaviors acquired through social learning. All 
of these  factors are indeed plausible infl uencers 
on how an individual can interpret, internalize, 
and communicate symptoms and health. 

 Symptom clustering, which identifi es correla-
tions among symptoms, done through the use of 
statistical analysis, has given us some additional 
insight into the menopause transition. Sievert and 
Obermeyer 2012 found that indeed there are 
associations between somatic and emotional 
symptoms, and these vary across countries [ 100 ]. 
Further, they suggest that this supports the notion 
that culturally relevant psychosocial distress may 
be presented through somatic symptoms. 

 Cross-cultural differences are present in 
terms of the geographic or ethnic trends toward 
an earlier or later age of menopause. There are 
implications for these trends. Studies demon-
strate that early menopause is positively associ-
ated with coronary heart disease as well as stroke 
[ 101 ,  102 ]. As well, studies have shown that ear-
lier menopause has been shown to be associated 
with early onset osteoporosis [ 103 ]. Further, a 
Norwegian study of 19,731 women found an 
inverse relationship between age at menopause 
and the all- cause mortality rate ( p  = 0.003) [ 104 ]. 
Conversely, later menopause is positively asso-
ciated with superior cognitive functioning later 
in life, but this study also demonstrated that 
there was a greater risk of endometrial and breast 
cancer [ 105 ]. 

 In the end, this assessment of cross-cultural 
differences clearly calls for the need for more rig-
orous studies designed specifi cally to determine 
if cross-cultural differences do exist and there are 
a core set of symptoms associated with meno-
pause on a global basis. The review seems to sup-
port the notion that there are symptoms that do 
traverse geographic and cultural boundaries. 
While, as noted above, some may be somatic, 
there are others that are well linked to hormonal 
changes; this includes vasomotor and vaginal 
atrophy symptoms. However, Avis et al. [ 106 ] 
concluded, based on a factor analysis of various 
studies that a single symptom pattern consisting 
of somatic, psychological, and menopausal 
symptoms does not appear to be present [ 106 ]. 

 This review of literature did evoke some 
 fundamental points regarding quality of life, 
access to healthcare, health literacy, and gender 
equity. Culture does seem to infl uence health lit-
eracy in terms of the level of knowledge regard-
ing menopausal symptoms, the ability to 
articulate the benefi ts and risks associated with 
treatment options, as well as the ability to access 
to care. As with many healthcare matters, there 
seems to be a socioeconomic gradient that exists, 
higher wealth being associated with higher health 
literacy, access to care, and general health. 

 The north and west versus the south and east 
divide is defi ned by income, access to care, and 
approach to the menopause transition. The for-
mer having a more medicalized approach aligned 
with greater access to care, with the latter charac-
terized by less access to care, yet a tendency to 
organically accept the transition as part of the 
cycle of life as well as often not seeking symp-
tom relief. 

 As the postmenopausal time extends to one 
third of women’s life, it is critically important 
that quality of life issues are adequately 
addressed. The symptoms associated with meno-
pause and the aging process itself affects quality 
of life including sexual health. This fosters the 
need to address individual health from a holistic 
perspective. Additionally, there appears to be 
adequate evidence to suggest the need for care to 
be provided with the relevant cultural context and 
competency. The value of different interventions 
needs to be weighed with safety, effi cacy, cost- 
effectiveness, and quality of life in mind. An 
imperative exists, fueled by gender equity, which 
states that the health of women must be of para-
mount importance, not only during their repro-
ductive years but also as they pass from the point 
of ovarian function to the point of the fi nal men-
strual period.     
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