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Cutaneous ageing manifests itself as a progressive reduc-
tion in function and reserve capacity of skin tissue. Collagen 
atrophy is a major factor in skin ageing. There is a strong 
correlation between skin collagen loss and oestrogen defi-
ciency due to the menopause. Skin ageing is associated with 
a progressive increase in extensibility and a reduction in 
elasticity. With increasing age, the skin also becomes more 
fragile and susceptible to trauma, leading to more lacera-
tions and bruising. Furthermore, wound healing is impaired in 
older women. Oestrogen use after the menopause increases 
collagen content, dermal thickness and elasticity, and it 
decreases the likelihood of senile dry skin. Large-scale clinical 
trials are necessary to help make informed recommendations 
regarding postmenopausal oestrogen use and its role in the 
prevention of skin ageing. Oestrogen has profound effects 
on connective tissue turnover, no matter the site. It has been 
shown that menopause has similar effects on the connective 
tissue of the carotid artery media, intervertebral discs and 
bones.

Keywords:  Collagen, connective tissue, oestrogen, hormone 
replacement therapy, menopause, skin

Anatomy of the skin
The skin is the largest organ in the body. It is stratified into two 
layers: epidermis and dermis, apart from hair follicles, sebaceous 
and sweat glands. The epidermis forms the thin outer layer and 
consists of keratinocytes and melanocytes. The dermis is the 
deeper layer and forms the main bulk of the skin. Its function is 
to provide a tough matrix to support the blood vessels, nerves and 
appendages. The fibres present in the dermal connective tissue are 
predominantly collagen and elastin [1].

About 80% of the dry weight of adult skin consists of collagen. 
The predominant form of collagen found in adult human skin 
is Type I, followed by Type III [2]. Collagen fibres are arranged 
parallel to the skin surface. This gives the skin a high tensile 
strength and prevents it from being torn by overstretching. 
Collagen is synthesized by fibroblasts from procollagen molecules 
by the action of neutral endoproteases. The fibrils of collagen 
undergo a series of post-translational modifications in order to 
enhance their stability and tensile strength.

In contrast, elastin constitutes about 5% of the dermis, 
providing the skin with elasticity and resilience [3]. Elastin fibres 
are also produced by fibroblasts, and are arranged as a thinly 
distributed sub-epidermal network. The dermal connective tissue 
also contains sensory receptors, together with the supportive 
glycosaminogylcans (GAGs) [4].

Effects of menopause on structural components 
and physical characteristics of the skin
The skin becomes thinner, with changes in structure and function 
with age [5,6]. Skin quality deteriorates with age due to the syner-
gistic effects of time and photo-ageing, together with hormonal 
deficiency, environmental factors and a decline in several meta-
bolic activities [4]. The dermis undergoes morphological, physical 
and chemical changes [1]. Overall, many of the skin’s functions 
are known to decline with age. The effects of postmenopausal 
oestrogen deficiency are thought to include: atrophy; decreased 
collagen and water content; decreased sebaceous secretions; loss 
of elasticity and manifestations of hyperandrogenism. The cumu-
lative effects of oestrogen deficiency on the skin are thought to 
contribute to poor wound healing in older patients. Oestrogen 
deficiency may account for the accelerated skin ageing; however, 
it is difficult to distinguish between the changes that occur specifi-
cally with age, and those occurring with oestrogen deprivation.

Collagen

Collagen atrophy is a major factor in skin ageing. In the elderly, 
the skin contains thickened, clumped basophilic collagenous 
material, indicating partial degradation of collagen. There is 
also a significant decline in the dermal quantity of collagen with 
ageing. There is a decrease in the amount of enzymes involved in 
post-translational processing of collagen, together with a decline 
in the amounts of hydroxyproline and glycosylated hydroxylysine 
in Type I collagen. Collagen ageing results from progressive cross-
linking between the collagen molecules. A larger proportion of the 
cross-links between collagen molecules become non-reducible, 
while there is a decline in the number of immature and reducible 
cross-links. There is a reduction in the number of fibroblasts that 
synthesize collagen and vessels that supply the skin. This contrib-
utes to an increase in laxity, making wrinkles more evident [1].

There is a strong correlation between skin collagen loss and 
oestrogen deficiency secondary to the menopause [7,8]. As much 
as 30% of skin collagen is lost in the initial five years after the 
menopause. Total collagen content declines with an average of 
2.1% per postmenopausal year over a period of 15 years [9].

One study showed a closer correlation between collagen loss 
and chronologic age than between skin collagen loss and time 
since the menopause [10]. This finding may be explained by the 
fact that the study participants were between 40 and 55 years of 
age and had recently undergone surgical menopause, and conse-
quently had not been oestrogen deficient for long enough [11].

The decline in skin collagen content can be prevented with 
oestrogen [12]. A beneficial effect of subcutaneous, topical or oral 
oestrogens has been demonstrated on skin collagen content [13–16]. 
There is a variation in the extent of the oestrogen-induced increase 
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in collagen content, depending on the route of administration, 
dose and duration of hormone treatment. As there are differences 
in the methods employed to assess collagen levels, results between 
studies are often not comparable [17]. The increase in collagen with 
oestrogen is proportionate to baseline collagen levels. One study 
observed no change in collagen levels of postmenopausal women 
following one year of hormone replacement therapy (HRT) [18]. 
This can be explained by the fact that, given the short time since 
menopause, the amount and synthesis of collagen may have not yet 
fallen [19]. Collagen levels and metabolism do not change immedi-
ately after the menopause [20].

Elastin

Elastin fibres are closely linked and interwoven with the collagen 
fibrils so that they can recoil after transient stretching, preventing 
overstretching. Young women with a premature menopause were 
shown to have accelerated degenerative changes in dermal elastic 
fibres [4]. Histological studies demonstrate that topical oestrogen 
can increase the number and thickness of skin elastic fibres [21]. 
Clinical trials demonstrate no observable improvement in elastin 
fibre content from the baseline with systemic oestrogen therapy 
[9,13,18]. However, these studies are small, short or treat very 
early postmenopausal women.

Water

Healthy skin needs a substantial water content, which is deter-
mined by cutaneous evaporation and epidermal hydration [17]. 
There is a decrease in transepidermal water flux with age [10]. 
Glycosaminoglycans have a high water-binding capability, and 
are essential for normal skin hydration. There are minor quan-
tities of various glycosaminoglycans (including versican and 
heparan sulphate) in the dermis, which are closely associated with 
skin collagen. Total dermal glycosaminoglycan content decreases 
significantly with ageing [1]. Collagen and glycosaminoglycans 
may interact to produce the age-related changes in the properties 
of collagen. It is possible that hydration of the dermis, influenced 
by glycosaminoglycans, may be more important than the extent 
of collagen cross-linking.

Dry skin is one of the commonest dermatological conditions in 
older women [14]. An epidemiological survey of 3875 postmeno-
pausal women aged 40 years and over found that 36.2% had dry 
skin. Oestrogen use was associated with a statistically significant 
decrease in the likelihood of senile dry skin (odds ratio, 0.76; 95% 
confidence interval, 0.60–0.97) [15]. These positive effects may be 
related to oestrogen-stimulated increases in mucopolysaccharides 
and hyaluronic acid levels in skin which correlate to an increased 
dermal water content [10], which may also lead to an increase in 
skin thickness.

Sebaceous glands and hair

Sebum secretion decreases with age. Overall, there is a 38% 
increase in sebum production in postmenopausal women taking 
HRT, when compared with controls, with an increase in skin 
surface lipids [16].

Possible changes in postmenopausal women include an 
increase in facial hair and a decrease in body and/or pubic hair. 
The onset of the menopause can lead to a diffuse or an androgenic 
alopecia [22–24]. Another type of hair loss includes frontal fibro-
sing alopecia, which is a variant of lichen planopilaris. The latter 
has been associated with the postmenopause; however, hair loss 
may persist despite hormone treatment [25].

During the ageing process, there is also a decrease in the 
production of glycosaminoglycans in the connective tissue. 
There is also a higher intracellular concentration of protocollagen 

lysylhydroxyproline transferase, which is the enzyme respon-
sible for collagen breakdown [26]. The loss of connective tissue 
in cutaneous ageing results in increased distensibility and loss 
of tonicity, leading to a progressive deepening of facial creases 
and wrinkling [17]. In untreated perimenopausal women, there 
is a rapid increase in skin extensibility, as detected in computer-
ized measurements of skin deformability [27]. The mechanical 
properties of the skin improve with oestrogen [28,29]. However, 
few clinical studies have specifically examined HRT and facial 
wrinkling, due to technical challenges in quantitating a visual end 
point such as facial wrinkles [17].

Skin thickness

There is an increase in skin thickness up to the age of 35 to 49 years, 
followed by an age-related thinning [17]. For the initial 15 to 18 
postmenopausal years, the decrease in skin thickness accelerates 
with as much as 1.13% annual decline [5,7]. The thinning effect is 
due to decreases in collagen, water and glycosaminoglycans [17]. 
Most clinical trials have shown that postmenopausal women who 
take HRT have greater skin thickness when compared to non-
users [30–33].

Elasticity

Skin ageing, especially in the face, is associated with a progressive 
increase in extensibility and a reduction in skin elasticity [17]. In 
postmenopausal women, skin elasticity declines 0.55% per year 
after the menopause. The HRT for 12 months increases elasticity 
by 5.2% [34]. The HRT delays the deterioration in the extensi-
bility of the skin, slowing the progress of cutaneous slackening 
that follows the menopause [16,28].

Wrinkles

The loss of connective tissue in cutaneous ageing results in 
increased distensibility and loss of skin tone, leading to a progres-
sive deepening of facial creases and wrinkling [17]. In untreated 
perimenopausal women, there is a rapid increase in skin extensi-
bility, as detected in computerized measurements of skin deform-
ability and the mechanical properties of the skin improve with 
oestrogen [28,29]. Facial wrinkling improves with oestrogens but 
worsens with smoking [35,36]. However, few clinical studies have 
specifically examined HRT and facial wrinkling, probably due to 
technical challenges in quantitation [17].

Blood flow

The dermis and epidermis are nourished by arterioles and 
capillaries that pass upwards from the subcutaneous layer. The 
integrity in the structure and function of capillary blood vessels 
is important in healthy skin. There is a rich capillary network 
in the dermal papillae, which is responsible for the menopausal 
flush [37]. Core temperature haemostasis is maintained by the 
cutaneous circulation. Peripheral microcirculation at the level 
of the nail-fold capillaries decreases significantly at menopause 
[38]. Six to twelve months of HRT increases capillary blood flow 
in the nail-fold by as much as 20%–30% [38]. The endothelium-
dependent and endothelium-independent vascular reactivity in 
the cutaneous microcirculation improves substantially in post-
menopausal women receiving oestrogen [39].

Wound healing

With increasing age, the skin becomes more fragile and suscep-
tible to trauma, leading to more lacerations and bruising. Older 
women have been shown to heal less well, possibly due to low 
levels of transforming growth factor (TGF)-β (12). Venous ulcers 
and pressure sore are among the chronic wounds commonly 
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suffered by the elderly. These cause significant suffering and cost, 
thus imposing a burden for patients and physicians alike [30]. 
Cutaneous wound healing involves vascularization, granulation, 
collagen deposition and re-epithelialization [31]. The effect of 
oestrogen levels on the stages of wound healing is still unclear, 
because of contradictory findings in animal studies [17]. In 
humans, oestrogen has been shown to induce TGF-β secretion 
by dermal fibroblasts, and this can enhance the rate and quality of 
wound healing [32].

Impact on sexuality

Skin changes can affect psychosexual function [40,41]. Altered 
physical appearance with the appearance of wrinkles and skin 
sagging can cause lowering of self esteem. Altered peripheral 
nerve function, especially in the genital area, lead to reduced 
libido and dyspareunia [33].

Effects of menopause on structural components 
and physical characteristics of other  
connective tissue
Bone

There is a high incidence of thin skin in osteoporotic women 
[35,42]. In fact, there is a strong correlation between skin thick-
ness, collagen content and bone density in postmenopausal 
women [5,7,43].

At the menopause, bone turnover increases, and may remain 
high for up to 25 years after the last menstrual period [36]. Bone 
turnover is controlled by a complex interrelationship of a number 
of factors, including oestrogen, progesterone, testosterone, Vitamin 
D, corticosteroids, thyroid hormones and retinoids [44]. Oestrogen 
alone has a known beneficial effect on reducing bone fractures and 
limiting bone loss. A number of studies have shown the positive 
effect of progesterone on bone proliferation and inhibition of bone 
resorption [45–48]. However, another study showed no differ-
ence between progesterone and placebo in terms of any difference 
in markers of bone resorption [49]. Consequently, large-scale 
randomized controlled trials are necessary to determine the role of 
progesterone alone in the prevention or treatment of osteoporosis 
[40]. Oestrogen and progesterone alone could have distinct yet 
complimentary roles in the maintenance of bone [41,50,51].

Intervertebral discs

Each intervertebral disc is composed of high collagen content and 
glycosaminoglycans. Intervertebral discs are responsible for 20% 
of the spinal column height and allow flexion and extension of 
the back and also act as “shock absorbers” of the spinal column. 
This may have an important role on osteoporotic compression 
fractures [52].

With the ageing process, there is a change in collagen type [53], 
with a more profound difference with increasing years since the 
menopause [54]. The collagen Types I, III and VI predominate 
at the expense of collagen Types II, IV and IX. There is also a 
significant decrease in glycosaminoglycans and elastin in the aged 
intervertebral disc [55].

The lumbar intervertebral disc height has been shown to be 
significantly higher in the premenopausal group (height of three 
lumbar discs 2.16 +/− 0.1 cm) and hormone-treated group (disc 
height 2.2 +/− 0.12 cm) compared to the untreated postmeno-
pausal women (disc height 1.86 +/− 0.06 cm) (p < 0.0001) [54]. 
This has been confirmed by another study on a bigger cohort. The 
premenopausal women and hormone-treated women had disc 
heights of 2.01 +/− 0.09 cm and 2.15 +/− 0.08 cm, respectively, 
the latter results being significantly higher than the untreated 

postmenopausal group (height of three lumbar discs 1.82 +/− 
0.06 cm) and the osteoporotic fracture group (1.58 +/− 0.1 cm) 
(p = < 0.0001) [54].

These results may be due to the effect that the menopause has on 
the connective tissue components of intervertebral discs. This may 
lead to loss of the shock-absorbing properties of the intervertebral 
disc and an altered discoid shape, influencing the occurrence of 
osteoporotic vertebral body fractures [56]. After the menopause, 
intervertebral disc space shows a progressive decrease that almost 
entirely occurs in the first 5 to 10 years since the menopause, 
suggesting that the decline in oestrogen level may rapidly change 
connective tissue metabolism in the intervertebral discs [57].

Carotid artery

It is thought that the arteries, including the carotids, could 
undergo postmenopausal connective tissue changes. Each artery 
is made up of three layers: externa, media and intima. The media 
layer has the highest connective tissue component, including 
collagen Types I and III and elastin fibres.

Hormone replacement has a morphological effect on the 
carotid arteries in postmenopausal women. It has been suggested 
that hormone replacement given to postmenopausal women 
differentially influences the layers of the carotid artery. Hormone 
replacement seems to encourage thickening of the layers with the 
highest connective tissue component (externa and media) and to 
delay thickening of the atheromatous intima layer [58].

A recent study carried out on young hypogonadal women 
showed that increasing doses of HRT result in a reduction of 
carotid intima-media thickness, along with increased serum 
high density lipoprotein (HDL) and decreased plasma glucose. 
Therefore, this study raises the possibility that exogenous 
oestrogen may be cardioprotective in young women. However, 
this observation needs to be balanced against a prothrombotic 
effect, which is predominant in postmenopausal women [59].

HRT− where do we stand?
In the wake of the Women’s Health Initiative (WHI) trial, many 
dilemmas have yet to be resolved regarding the use of HRT in 
postmenopausal women. Several factors may have contributed to 
the widely different conclusions of the WHI trials in comparison 
to the observational studies.

The WHI included two randomized double-blind, placebo-
controlled investigations of unopposed oestrogen (0.625 mg of 
conjugated equine oestrogen, CEE) alone for women with a prior 
hysterectomy [60] and of combined oestrogen–progestin (the 
progestin component consisted of 2.5 mg of medroxyprogesterone 
acetate, MPA) for women with a uterus [61]. The combined HRT 
arm of the WHI was stopped on May 2002 after a mean of 5.2 
years follow-up, because the test statistic for invasive breast cancer 
exceeded the stopping boundary and the global index statistic 
supported risks exceeding benefits [62]. The conclusions from the 
study at that time were that the risks of coronary heart disease, 
stroke and pulmonary embolism were significantly increased in 
the intervention group, the risks of hip fracture and colorectal 
cancer were reduced and the mortality risk was unchanged [61].

The oestrogen-alone arm of the WHI study was stopped 
in February 2004, one year earlier than planned, due to excess 
stroke. It was concluded that CEE alone increases the risk of 
stroke, reduces the risk of hip fractures and does not affect the 
risk of cardiovascular heart disease in postmenopausal women 
with prior hysterectomy over an average of 6.8 years. There was a 
possible reduction of breast cancer risk, but this required further 
investigation [60].
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The potential side effects and risks involved in taking HRT may 
be reduced by using lower HRT doses, minimizing or eliminating 
systemic progestogens, using non-oral routes in some women, 
and initiating HRT in symptomatic women near the menopause. 
When HRT is initiated near the menopause for symptom control, 
there may be additional benefits including reduced fracture and 
cardiovascular risk. These benefits outweigh the risks, which 
are not significantly raised in women under the age of 60 years. 
As long as their therapy and risks are assessed on an individual 
basis and each patient is aware of the risks, older women with 
continuing symptoms should not be denied HRT [63].
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