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Introduction

Skin senescent changes are caused by reduced collagen, elasticity 
and decreased total body water content. The magnitude of these 
changes is directly proportional to increasing age. However, there 
is an increasing body of evidence that suggest that skin aging 
changes are directly correlated to menopausal age rather than 
chronological age, implying estrogen deficiency as a contribu-
tory factor. Indeed, this hypothesis is corroborated by the find-
ing of estrogen receptors on fibroblast cells, endothelial cells, 
neutrophils and keratinocytes[1], suggesting that estrogen plays a 
vital role in the health of skin and connective tissues. Menopause 
is characterized by the cessation of production of the ovarian 
hormones, estrogen and progesterone [2]. With the increased life 
expectancy, brought by better medical standards [3], women are 
spending about one third of their lives in the postmenopausal 
state [1,4-6]. The skin is the most readily visible organ of the whole 
body and its health is given paramount importance in Western 
cultures, with an estimated $664 million spent in the US in 2005 
on anti-aging skin care products [7],particularly since the effects 
of skin aging negatively impact psychosexual function [8-10].

The links between HRT and the Skin

Skin aging changes, in which menopause is at least partly impli-
cated, involve a reduction in skin thickness, elasticity and water 

content as a result of decreased collagen levels, elastin and gly-
cosaminoglycans [10].

HRT, collagen and skin thickness

Collagen is the major structural protein of most connective tissues 
including the dermis of the skin. The most predominant forms of 
collagen are types I and III [4,11-13]. Type I collagen imparts most 
of the skin’s structural integrity, accounting for about 80% of 
the dermis [2},whereas type III collagen, making up about 15% 
of collagen in the dermis [2], together with elastin is responsible 
for its elasticity [4]. The estrogen-deficient changes to the colla-
gen component of dermal skin were hinted at as early as 1940 by 
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Albright [14], who noticed that thin skin was more common in older 
women with osteoporotic fractures. This was further supported 
by an observation made by MacConkey [15] who noticed thin-
ner, fragile skin was more common in postmenopausal women.
     Indeed, skin thickness, was found to correlate to its colla-
gen content in later studies [16,17]. A study carried out by Brincat 
et al. [18] showed a 48% statistically significant increase in skin 
mean collagen content in a group of women treated with estra-
diol and testosterone for 2 to 10 years as opposed to a control 
group of untreated women. The presence of estrogen receptor on 
skin tissue components [1] suggests that this might be an estro-
genic effect, nevertheless there have been other studies such as 
the one by Shuster et al. [17], which proposes that androgens may 
have a role in imparting hirsute women with increased skin col-
lagen content and thickness. There is also the possibility that the 
increased skin collagen content observed by Brincat et al. [19] 
is a synergistic effect of estrogen and testosterone. In the same 
study, Brincat et al., reported skin collagen content was neg-
atively correlated with menopausal age but not chronological 
age and positively correlated with skin thickness [19]. This corre-
sponds to the results from other studies such as the open study 
by Caliens et al. [20] in which a statistically significant increase 
in skin thickness, as measured by an ultrasound technique, was 
noted in a group of 49 postmenopausal women receiving HRT as 
opposed to controls. The recruited individuals had similar chrono-
logical age, menopausal age, sun exposure and phototype. This 
strongly supports the hypothesis of hormonal skin aging in post-
menopausal women. The same authors suggest that the differ-
ences in the skin’s physical parameters seen with HRT seem to 
be related to the dermis [20] Since the dermis is mostly made up 
of collagen, accounting for up to 75% of the skin’s dry weight 
[2], this is most likely to be related to a decrease in the quantita-
tive or qualitative properties of the produced collagen. The link 
between HRT and increased skin thickness has been shown as 
early as 1992, when Castelo-Branco et al. [13] demonstrated that 
postmenopausal women receiving some form of HRT showed 
increased skin collagen levels, as opposed to a control group, 
with the greatest increase reported for the HRT group receiving 
transdermal estrogen. The same authors report a much stronger 
correlation of skin collagen levels with chronological age, rather 
than menopausal age. However, this might have been since the 
majority of postmenopausal women in the study had been in the 
postmenopausal period for a very short time [13].
    A handful of randomized controlled trials have been carried out 
looking into the effect of HRT on the skin’s physical parameters 
such as thickness and collagen content. Varila et al. [21] investi-
gated the effect of topical estradiol application on a group of 12 
postmenopausal women, on skin collagen and elastin, from over 
the sites of patch application as opposed to sites of application 
of vehicle gel on the contralateral abdominal side. Following 
treatment with topical HRT, these women were found to have 
statistically significant increased collagen type I as well as a 
38% increase in hydroxyproline levels, that was not affected by 
chronological or menopausal age. Maheux et al. reported a 33% 
increased dermal thickness in a double-blind placebo random-
ized controlled trial, investigating the effect of a 6 month course 
of combined equine estrogens [22]. In addition, the authors also  
observed in one of their study participants skin morphological 

changes, such as increased keratinocyte layers and more pro-
nounced rete ridges [22]. The findings from Maheux et al., were 
further corroborated by a  double-blind randomized placebo-con-
trolled study carried out by Sauerbronn et al. [23], in which there 
was a 6.49% increase in skin collagen content following the 
administration for 6 months of oral cyclical HRT.
     Skin collagen content was found to be positively correlated 
with bone density and negatively correlated with menopausal age 
in a control group of postmenopausal women on no treatment 
with a 45% decrease in collagen content in women with 15 years 
of postmenopause. The correlation of collagen content to meno-
pausal age was lost in the treatment group with both values for 
collagen content and bone density being higher in the treatment 
group as opposed to the control one [24].  Haapasaari et al. [25] 
reported no statistically significant association between systemic 
HRT and skin collagen in postmenopausal women. However, this 
is a finding that is most likely explained by the fact that the study 
participants they recruited had only been within 6 months to 2 
years postmenopause and therefore any significant improvements 
in skin collagen might not have been significant [5,25].

HRT and skin elasticity

Skin wrinkling especially on the face [26] is another readily visible 
sign of skin aging, usually as a result of long-term sun exposure, 
that is contributed to by a decrease in the skin’s elasticity. This is 
a feature for which hormonal skin aging, as a result of postmeno-
pausal estrogen withdrawal, may be partly responsible [27]. The 
decrease in content of the structural components of the dermis, 
namely, collagen, elastin and hyaluronic acid causes increased 
skin rigidity and decreased elasticity leading to skin wrinkling [28].
    A cross-sectional study investigating the biophysical proper-
ties of the skin, found that these were significantly improved in 
postmenopausal women who had been taking HRT for at least 5 
years, reporting superior parameters related to hydration, sebum 
production, as well as higher skin relief parameters on the fore-
head [29]. Pierard-Franchimont et al. conducted a prospective lon-
gitudinal comparative trial on the effect of oral HRT on a number 
of non-invasive biophysical tensile properties of facial skin of 140 
menopausal women. HRT users significantly improved biological 
elasticity after five years of HRT treatment as opposed to the con-
trol group [26]. In keeping with the study by Pierard-Franchimont et 
al., is another study on a group of 200 healthy Caucasian women, 
showing statistically significant increased biological elasticity in 
the HRT treatment group as opposed to controls [6]. 
     A study using non-invasive measurements of facial skin topo-
graphic characteristics performed on a group of 11 pre- and post-
menopausal women aged 38 to 58 years, receiving HRT showed 
that there was a statistically significant decrease of 5 to 7% in the 
skin roughness in the first six months of treatment that increased 
to a 16% after receiving one year of hormonal treatment [30]. 
Interestingly enough, when observing for any intragroup differ-
ences, skin tensile properties were not found to be correlated to 
its thickness, suggesting that other skin properties such as sebum 
production may be more important in preventing skin wrinkles on 
the face [26]. A single-blinded cross-sectional analysis performed 
by Wolff et al. showed decreased skin rigidity at both the cheek 
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and forehead in HRT users as well as lower average wrinkle 
scores in HRT users as opposed to non-users [31].
     Contrary to the expected results, in the skin ancillary study of 
the Kronos Early Estrogen Prevention (KEEPS) trial there was 
no statistically significant difference found between total wrin-
kle score at baseline and after four years follow-up, as well as 
between total facial skin rigidity score for all the three randomized 
groups of conjugated equine estrogens, estradiol or placebo [28]. 
Surprisingly, race was found to be the strongest predictor of skin 
aging in this study. This finding was consistent with a previous 
study evaluating the baseline characteristics of the skin ancillary 
study of the KEEPS trial [32], whereby the total skin wrinkle score 
as well as the wrinkle score from different anatomic sites was 
significantly lower in black women. Skin wrinkling was found 
to be positively correlated to chronological age, whilst inversely 
correlated with body weight. Skin rigidity was more closely asso-
ciated with time since menopause in the Caucasian population in 
the same study, suggesting that the latter property is more readily 
influenced by menopausal age rather than chronological age, as 
opposed to skin wrinkling which seems to be more importantly 
influenced by chronological age and race.

HRT and skin water content

Xerosis is one of the commonest features of skin aging. Skin dry-
ness is caused by decreased water content.  Skin water content is 
a product of the amount of water stored in the skin dermis and the 
rate of transepidermal water loss [5]. Healthy skin dermis is rich in 
a variety of glycosaminoglycans and proteoglycans. These imbibe 
water and help keep the skin well hydrated. Mouse studies have 
shown that estrogen upregulates the production of acid mucopo-
lysaccharides and hyaluronic acid in the skin [33-36]. A large popu-
lation-based study from the First National Health and Nutrition 
Examination Survey (NHANES I) showed that postmenopausal 
women using HRT were less likely to suffer from dry skin than 
those not on hormonal replacement [4,37].
     The proliferation of the epidermal cell layers leads to the for-
mation of the most superior layer, the stratum corneum. The stra-
tum corneum is covered with sebum, an oily secretion produced 
by the sebaceous glands and these components collectively help 
reduce trans-epidermal water loss. In a longitudinal randomized 
study of 24 patients, there was a statistically significant increase 
in epidermal hydration levels for women on combined oral HRT, 
combined HRT with transdermal estrogen as well as women on 
transdermal estrogen [38]. A statistically significant increase in 
skin surface lipids, suggesting increased sebaceous secretions 
with HRT was noted in women on combined HRT regimens [38]. 
The increase in sebaceous gland secretions with estrogen therapy 
was also confirmed in a study by Caliens et al. [20]

     Improved hydration of the stratum corneum was also demon-
strated in a study by Schmidt et al., in which peri-menopausal or 
postmenopausal women were receiving either 0.3% estriol cream 
or 0.01% estradiol cream [4,39]. Moreover, Pierard-Franchimont 
et al. [40], in a small study, involving 15 menopausal women 
receiving cyclic transdermal HRT, showed an increase in the 
water-holding capacity of the skin.  All this shows that HRT 
may increase skin water content and prevent its dryness by 

both improving the barrier function of the stratum corneum as 
well as by increasing dermal hyaluronic acid and acid poly-
saccharides. The barrier function of the stratum corneum may 
be improved either directly, by increased epidermal hydration, 
through the proliferation of the epidermal cell layers or indirectly 
by increased sebaceous secretions, decreasing the trans-epider-
mal water loss.

HRT and wound healing

Wound healing involves inflammatory, tissue proliferative and 
remodeling phases and it comprises a complex interplay between 
neutrophils, keratinocytes, fibroblasts, and endothelial cells. All 
these three distinct cell types were found to possess estrogen 
receptors. Estrogens seem to influence the cutaneous healing 
process by down-regulating the inflammatory response, modu-
lating cytokine expression, and stimulating re-epithelialization 
and angiogenesis, while suppressing proteolysis [1].  The role of 
neo-vascularization in wound healing and its association with 
estrogen is suggested by an observational study by Margolis et 
al.[41], whereby patients on HRT where less likely to develop 
venous or pressure ulcers, emphasizing the role of estrogen in 
securing good blood flow to the skin.
     Estrogen seems to prevent the age-related delayed wound heal-
ing by dampening the inflammatory response, by downregulat-
ing the production of pro-inflammatory cytokines such as mac-
rophage migration inhibitory factor [42] and by the upregulation of 
other factors such as transforming growth factor – beta 1 levels 
(TGF-β1) [1,43]. This is in contrast with an animal study carried 
out by Ashcroft et al. [44] in which null mice to secretory leuko-
cyte protease inhibitor showed delayed wound healing as a result 
of enhanced elastase activity which they attributed to increased 
TGF-β1 levels. Estrogen seems to have a direct role in the tis-
sue remodelling phase by inhibiting collagenase enzymes, thus 
decreasing proteolysis. Sato et al. demonstrated that in cultured 
rabbit uterine fibroblasts 17β estradiol effectively inhibited the 
production of proteolytic enzymes such as collagen [45].

Conclusion

Skin thinning, wrinkling and dryness are all signs of skin aging.  
All these changes are caused by deficiencies or disordered pro-
duction of the structural components of the skin, namely collagen, 
elastin and glycosaminoglycans. Wound healing is a complex pro-
cess involving inflammation, tissue proliferation, remodeling and 
its delay is a direct indicator of aged or diseased skin. There is a 
growing body of evidence to suggest that the withdrawal of estro-
gen and progesterone in the postmenopausal state can partly con-
tribute to skin aging changes. A number of observational human 
and experimental animal studies seem to suggest that some of 
these changes can be reversed by HRT. Unfortunately, these were 
most often noted to have small sample sizes. Larger, more robust 
randomized controlled trials are needed in order to further assess 
the links between HRT and skin aging, in the hope, that one day 
HRT may be prescribed for the treatment of skin aging condi-
tions in postmenopausal women.
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