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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.  
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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       

 

E.S.P. Pereira et al.



19

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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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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