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Menopause is a stage in a woman’s life characterized by twelve months of amenorrhoea. This transition happens
due to changes in ovarian follicular activity, leading to endocrine, biological and clinical modiﬁcations. The
main hormones related to these changes and symptoms are oestradiol, LH, FSH, AMH, Inhibin B and GnRH. It is
important to point out that the skin is very aﬀected by all these hormone changes, leading to a decrease in
collagen content, water content, elasticity, thickness and impacting on all skin layers quality. Aiming to help
women go through this period of their lifetimes with a better quality of life, cosmetic and pharmaceutical
industries have studied formulations to improve skin quality. In order to study the safety and eﬃcacy of these
products, in vitro methods have been developed in order to mimic menopause and aged skin. In addition to that,
many clinical methodologies for skin features assessment have also been improved and applied to evaluate the
eﬃcacy of treatments or compounds for menopause. Studying and improving skin models and skin evaluation
methodologies may help in the identiﬁcation of therapeutic targets, treatments, drugs and cosmetics along with
new insights for future research in the dermatology ﬁeld.

1. What is menopause?
Menopause consists of a stage in a woman’s life when reproductive
capacity ceases (De Souza and Araújo, 2015). This happens due to a
decline in ovarian follicular activity (Nair, 2014). Clinically, it can be
deﬁned as the period of time in a woman’s life after twelve consecutive
months of amenorrhoea with no other pathological or physiological
aetiology. It is important to point out, however, that it is not a sudden
process; in most women, menopause is preceded by a period (generally
four years) during which many endocrine, biological and clinical
changes are occurring (Burger, 2006).
Due to the life expectancy in most countries, many women are expected to live one-third of their lives in this time period (Burger, 2006).
However, this landmark goes beyond the absence of menstruation and
oestrogen decline (Parand avar et al., 2014); menopause brings with it
many insecurities as it generally occurs during the period of life when
women play important roles in society (Monteleone et al., 2018). Approximately one billion women have experienced menopause worldwide, and this process is associated with three types of crisis: social,
biological and psychological (Parand avar et al., 2014). Consequently,
women who have undergone this phase of life need to have support that
meets their needs at this moment (Hoga et al., 2015). This is why

menopause matters. To date, there are 1050 clinical trials that have
been performed or are happening worldwide regarding menopause and
their symptoms (U.S. National Library of Medicine, 2019).
2. What is behind the scenes? The key players
What happens to a woman’s body that leads to these symptoms?
Many physiological changes happen in this period, and several hormones are key players in these alterations. Oestrogens are the most
well-known of the hormones linked to menopausal symptoms. The
decline in ovarian oestrogen production is certainly responsible for
most of the consequences of menopause. However, many diﬀerent
protagonists contribute to this decline, such as hypothalamic and
ovarian ageing, as well as environmental, lifestyle and genetic factors,
leading to changes in many other hormones other than oestrogen (Davis
et al., 2015).
The menopausal transition involves a time of hormonal instability,
and the endocrine changes are primarily a consequence of the reduced
number of ovarian follicles. Among all the hormones, FSH, antiMullerian hormone (AMH), inhibin B and oestradiol are the hormones
that exhibit more subtle changes during this period of time (Burger
et al., 2007; Su and Freeman, 2009). The changes during menopause
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Fig. 1. Menopause takes part mainly in the hypothalamus and uterus, and many hormones are involved in the symptomatology. Menopause happens due to
communication between the hypothalamus and the uterus. Changes in hormones lead to dysregulation of important processes in female endocrine physiology
(SMART Imagebase; SMART, 2019).

The skin is the largest organ in the human body and has many
functions, such as temperature maintenance, immune surveillance,
regulation of nutrients and ﬂuids, etc (Farage et al., 2015). The skin is
aﬀected by physiological changes that happen with ageing process and
is strongly aﬀected by oestrogens. The hypo-oestrogenism that accompanies menopause intensiﬁes the eﬀects of intrinsic and environmental
ageing since oestrogens play a key role in collagen increase, skin
thickness and skin moisture (Verdier-Sévrain et al., 2006). Many studies
have shown that there is a positive correlation between levels of circulating oestrogens and perceived age, attractiveness, skin health and
facial coloration in women (Lephart, 2018).
Oestrogens are important regulators of female physiology and pathology and regulate target gene expression through 3 diﬀerent receptors: ERα (Oestrogen Receptor α), Oestrogen Receptor β (ERβ) and
G protein-coupled oestrogen receptor 1 (GPER1). Oestrogen signalling
is also linked with epigenetic mechanisms, such as posttranslational
histone modiﬁcations, microRNAs (miRNAs) and DNA methylation
(Vrtačnik et al., 2014). Menopausal physiological changes are very
noticeable in the skin once it loses its structural architecture and
therefore leads to a more deﬁcient wound healing capacity (Wilkinson
and Hardman, 2017).
Along with ageing and environmental factors, menopause and oestrogen loss have a very expressive impact on skin quality (Brincat et al.,
2005). The skin changes that happen during menopause are strongly
related to the eﬀects on skin components. Studies have shown that
oestrogen receptors are found on the cell components of the skin.
Therefore, cell metabolism in the dermis is aﬀected by low concentrations of oestrogens, impacting collagen content, glycosaminoglycans
and water content (Fig. 2). Water content is directly decreased due to a
reduction in hydrophilic glycosaminoglycans (Raine-Fenning et al.,
2003), and collagen content decreases due to other mechanisms.
It is known that oxidative stress in human ﬁbroblasts leads to a
decrease in procollagen I synthesis. Studies have shown that 17-β oestradiol plays a protective role in ﬁbroblasts and keratinocytes against

are not limited to the ovaries; they happen in both the uterus and the
brain. In the uterus, there is a decline in AMH, inhibin B and oestrogen,
resulting in a drop in their negative feedback on FSH release and thus
leading to FSH upregulation. This rise in FSH culminates in anovulatory
cycles and loss of menstrual cycles. Simultaneously, in the brain, events
are occurring in the hypothalamus. Hypothalamic ageing is associated
with desynchronized production and release of hormones such as GnRH
(gonadotropin-releasing hormone) and LH (luteinizing hormone)
(Fig. 1). It is important to point out that these events are not isolated;
they inﬂuence each other along the whole process with positive and
negative feedback (Davis et al., 2015). In addition to the most commonly cited female sex hormones, we can also cite changes in hormones
such as the androstenedione/SHBG (Sex Hormone-Binding Globulin)
ratio, cortisol, norepinephrine and IGF-1 (Insulin-like growth factor 1),
which are also related to the pathophysiology of menopause (Atapattu
et al., 2015).
Since there is a signiﬁcant change in hormones, researchers have
attempted to deﬁne and determine kinetic correlations to establish
biomarkers of menopause. Among many possible markers, the most
emblematic ones are inhibin B and FSH (Overlie et al., 2005).

3. Skin and menopause
Changes in hormones may lead to many adverse eﬀects and therefore impact many diﬀerent areas of a woman’s life, with resultant
physical, psychological and sexual changes (Nair, 2014). Menopausal
symptoms represent a very distressing stage in most women’s lives.
These symptoms involve changes in the central nervous system, skin,
mucosa, hair, weight, metabolism, sexual function, and urogenital and
musculoskeletal systems (Monteleone et al., 2018), resulting in an increased production of inﬂammatory mediators, vascular reactivity,
endothelial proliferation, fat redistribution and increased visceral
adiposity and a narrowed thermoneutral zone of the hypothalamus
(Atapattu et al., 2015).
2
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Fig. 2. Menopause and ageing lead to many changes in all skin layers (SMART Imagebase; SMART, 2019).

Preclinical and clinical studies have been performed to understand
the relation between oestrogens and skin and to improve skin quality in
women undergoing menopause. In 2017, Chen et al. evaluated hydration of the stratum corneum (SC), recovery of the permeability barrier
function, integrity and cohesion of the SC and irritant dermatitis in
ovariectomized mice (animal model of human menopause) with or
without β-oestradiol replacement. They observed that a treatment using
subcutaneous slow-releasing E2 (17β-estradiol) tablets restored all
menopausal changes; in mice without hormone replacement, lower
levels of desmoglein-1 and diﬀerentiation markers of epidermis were
also detected. Therefore, this demonstrates that skin dryness is not only
linked to low water content but also impairs structural and functional
changes in neum (SC), recovery of the permeability barrier function,
integrity and cohesion of the SC and irritant dermatitis in ovariectomized mice (animal model of human menopause) with or without
β-oestradiol replacement. They observed that a treatment using subcutaneous slow-releasing E2 (17β-estradiol) tablets restored all menopausal changes; in mice without hormone replacement, lower levels of
desmoglein-1 and diﬀerentiation markers of epidermis were also detected. Therefore, this demonstrates that skin dryness is not only linked
to low water content but also impairs structural and functional changes
in the SC and the skin (Chen et al., 2017) (Fig. 2).
Studies of oestrogen replacement in postmenopausal women have
shown that hormone replacement therapy may increase collagen content, dermal thickness, elasticity and hydration (Brincat et al., 2005)
(Fig. 2). However, even though hormone replacement therapy (HRT)
has been largely used, many studies have shown some risks associated
with this treatment, such as breast cancer. Therefore, it is very important to consider the risks and beneﬁts of this type of treatment for
skin ageing. To minimize the risks, many studies have been conducted
to develop new drugs that are selective for oestrogen receptors (Selective ER modulators – SERMs) (Verdier-Sévrain et al., 2006). According to the U.S. National Library of Medicine, there are 81 clinical
studies involving SERMs and menopause, mainly related to vasomotor
symptoms (clinicaltrials.gov).

oxidative stress, therefore leading to an increase in pro-collagen I
synthesis (Bottai et al., 2012). It has also been demonstrated that in
postmenopausal women, there is a diﬀerence in collagen subtypes in
the dermis. Aﬃnito et al. (1999) evaluated 14 premenopausal and 18
postmenopausal women and observed that the postmenopausal women
had a signiﬁcant reduction in collagen types I and III, and this correlation was mainly related to oestrogen deﬁciency rather than chronological age. All these data indicate that the reduced collagen content in
menopausal women is an oestrogen-related phenomenon (Aﬃnito
et al., 1999). Son et al. (2005) also demonstrated that the topical application of 17β-oestradiol led to an increase in pro-collagen I, tropoelastin and ﬁbrilin-1 mRNA (messenger RNA) and protein expression
and a reduction in MMP-1 (matrix metalloproteinase-1) protein levels.
Topical 17β-oestradiol also increases the proliferation of keratinocytes
and epidermal thickness (Son et al., 2005).
Furthermore, connective tissue ageing is accompanied by a progressive accumulation of AGEs (Advanced Glycation End-Products).
Studies have suggested that AGEs are responsible for shortened, thinned
and disorganized collagen ﬁbrils and for limiting ﬁbre-ﬁbre and ﬁbrilﬁbril sliding. This culminates in a decrease in tissue viscoelasticity,
wound healing and scar formation (Gautieri et al., 2016; Van Putte
et al., 2016). Additionally, in recent years, the correlation between
ageing ovaries and AGEs has been investigated. Studies have suggested
that ovulatory dysfunction is highly inﬂuenced by AGEs. The accumulation of AGE products in ovarian follicles might lead to early ovarian
ageing or decreased glucose uptake by granulosa cells, culminating in
alterations in follicular growth (Pertynska-Marczewska and DiamantiKandarakis, 2017).
Ageing and undesirable eﬀects in menopause are strongly associated
with collagen atrophy and, consequently, an increase in extensibility
and a decrease in elasticity (Calleja-Agius and Brincat, 2012) (Fig. 2).
Thus, oestrogen replacement in menopause leads to an increase in
collagen content, dermal thickness and elasticity. This hormone also
plays an important role in connective tissue turnover (Calleja-Agius and
Brincat, 2012).
3
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Fig. 3. In vitro methods may lead to some answers regarding menopause changes in skin (SMART Imagebase; SMART, 2019).

Fig. 4. Main claims for cosmetics in skin care during menopause and the clinical methodology that best supports them (SMART Imagebase; SMART, 2019).

oestrogen replacement (Hall and Phillips, 2005). In 2012, Blume-Peytavi et al. reviewed the eﬀects of menopause on both skin and hair.
They listed the main skin and hair disorders that happen in menopause
and the also main treatment options for those disorders. They also
pointed out that it is very important that the treatment of these conditions should be speciﬁc to this population (Blume-Peytavi et al.,
2012). In 2013, Herman et al. evaluated the main skin care noninvasive
procedures and also home care procedures that are indicated for menopaused women in order to avoid the main skin disorders related to
this life period. They pointed out that it is very important to moisturize
and nourish the skin, stimulate ﬁbroblasts and induce skin renovation
(Herman et al., 2013).

In 20123, Sainthillier et al. performed a study with 150 women from
50 to 80 years and demonstrated three grades of skin maturity in menopausal women according to physiological and clinical patterns. They
also found that the most important variables to diﬀerentiate these
maturity grades were wrinkles on the cheeks, upper lip, elastosis,
roughness and spots (Sainthillier et al., 2013).
Additionally, menopause and ageing bring along some changes in
the hypodermis. Atrophy of the hypodermis is observed, leading to
wrinkle formation (Levakov et al., 2012) (Fig. 3).
Other authors have also reviewed the impact of menopause and its
changes on skin. In 2005, Hall and Phillips revisited the eﬀects of low
oestrogen levels, the eﬀects on skin quality and also the beneﬁts of
4
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4. Skin and menopause: in vitro methods that mimic this milieu

posterior clumping of the damaged collagen (Fligiel et al., 2003).
Yoshimoto et al., 2018 proposed a method using normal human
ﬁbroblasts from foreskin. Cells were submitted to UVA (ultraviolet A)
irradiation with 3.6 J/cm2/day (1 h per day for 10 days) by using a
ﬂuorescence lamp emitting a UVA spectrum (340−410 nm) with no
ﬁlter. After irradiation, cells were evaluated regarding diﬀerent characteristics related to ageing and senescence, such as the senescence
marker β-galactosidase, reactive oxygen species (ROS) evaluation, and
p16 expression.
The results demonstrated that repeated UVA radiation of cells led to
typical senescence markers, such as increased SA-β-galactosidase
staining, ﬂattening and larger cells with a larger diameter ratio, higher
levels of ROS, yellowish coloration (accumulation of oxidized proteins,
carbonylated proteins and advanced glycation end products) and increased p16 expression.
Therefore, despite particularities, this model could represent an
additional and complementary approach for evaluating menopause
aged skin. However, it is important to point out that photoaged skin and
menopause skin have some diﬀerences, especially with regard to collagen content (Rittié et al., 2008); for that reason, there should be some
reservations before using this model exclusively to represent menopause.

Many changes happen during menopause. The key players, the pathophysiology and the potential treatments have been studied and represent a coherent research theme among scientists, the cosmetic and
pharmaceutical industries. Simultaneously, there is also increasing
pressure to replace animal testing (McNamee et al., 2009; Hartung,
2011), especially in the cosmetic industry; therefore, in vitro methods
have become essential to innovation in the cosmetic industry.
Since skin is one of the most aﬀected organs during this life period,
many in vitro methods that mimic menopause and aged skin have been
developed (Fig. 3). Moving basic science into the clinic has been
strongly supported. In this scenario, skin models represent an important
tool for the discovery, research and development of drugs, cosmetics
and therapies for pathologies related to skin. Screening potential substances via skin models dramatically increases the success rate in clinical trials (Yousuf et al., 2018). Because menopause is very complex,
ﬁnding only one model to study and to rely on to evaluate its eﬀects on
skin is not possible. However, a combination of methodologies is possible and can bring some positive results towards understanding the
main eﬀects and possible treatments for menopaused skin. We describe
some studies and the main methodologies used for understanding menopause below (Fig. 4).

1) Epidermis model with IGF-1 knockdown
1) Primary human dermal ﬁbroblasts:
Insulin-like growth factor 1 (IGF-1) is mandatory in the early stages
of skin development and is known to be related to longevity in animals.
Therefore, the knockdown of IGF-1 receptor (IGF-1R) may contribute to
hormonal ageing.
In Mainzer et al., 2018 proposed an epidermis model using normal
human keratinocytes (NHKs) from female donors. IGF-1R knockdown
was accomplished by lentiviral transduction expressing a small hairpin
RNA targeting IGF-1R mRNA, and then, positive cells were selected
with puromycin. These cells were then cultured with ﬁbroblasts (reconstructed human epidermis - RHE) to mimic the epidermis. The organotypic epidermis model was then evaluated regarding ageing features by evaluating cell proliferation, colony forming assay, adhesion
assay, immunolabelling, quantiﬁcation of epidermal thickness, gene
expression analysis by real-time PCR and protein expression analysis by
Western blotting.
The results showed that RHE with IGF-1R knockdown had a loss of
function of the Stratum basale. Additionally, the keratinocytes with IGF1R knockdown presented an extended cell cycle, a reduction in proliferation and adhesion potential and a larger sensitivity to oxidative
stress.
This model is very interesting for mimicking the hormonal ageing
milieu, however, this technique also brings along some undesirable
eﬀects due to the residual imprecision typical for viral gene transfer
systems. Also, a very critical point is that it is very diﬃcult to generate
large vector stocks in the same production run (Schambach et al.,
2013).

Human dermal ﬁbroblasts can be used to mimic the menopause skin
milieu. Remoué et al., 2013 established a model using ﬁbroblasts from
abdominal areas and younger donors (18–30 years). Cells from passages
4–6 were cultured in 4 steps as follows:
Step 1: conﬂuence reaching;
Step 2: collagen production stimulation under non-menopausal
conditions; First, cells were cultured in medium containing hormones
in concentrations corresponding to the average serum levels in nonmenopausal women: 17 β-oestradiol (750 pM), progesterone (60 nM),
dehydroepiandrosterone (20 nM), growth hormone (5 ng/mL) and IGF1 (200 ng/mL).
Step 3: FBS and growth supplement starvation; Cells were subcultured in the same conditions described above, although with FBS
and growth supplement starvation.
Step 4: test phase with nonmenopausal vs. menopausal conditions.
This phase is responsible for stimulating menopause, and cells are
cultured in medium with hormone levels compatible with menopause:
17 β-oestradiol (60 pM), progesterone (6 nM), dehydroepiandrosterone
(2 nM), growth hormone (1.5 ng/mL) and IGF-1 (100 ng/mL).
After cell treatment and menopause stimulation, several aspects
related to menopause and skin were evaluated by using cellular and
molecular approaches, such as cell proliferation, matrix metalloproteinase-1 and metalloproteinase-3 (MMPs) release, collagen deposition
and procollagen gene expression.
The results showed that this model was responsible for generating a
time-dependent decrease in cell proliferation, collagen deposition and
the type III/type I collagen ratio; it also demonstrated an increase in
MMP release. Altogether, these results reﬂect most of the eﬀects that
are observed in vivo.

1) In vitro and ex vivo skin ageing models for antiglycation and antielastase potential
Glycation is a consequence of ageing and happens especially in
dermal proteins such as type I collagen and elastin. In Bogdanowicz
et al., 2016 performed a study to evaluate the antielastase and antiglycation MMP-12 potential of glycylglycine oleamide (GGO). Therefore, they evaluated a combination of models for assessing these endpoints:
Noncellular

1) In vitro photoaged normal human ﬁbroblasts:
Aged skin and menopausal skin share many features with regard to
collagen content, deposition, elasticity and turnover. Therefore, aged
skin models may also help to mimic the menopause milieu.
Exposure to ultraviolet radiation leads to premature skin ageing
(photoaging), bringing along wrinkles, altered pigmentation and skin
tone loss, with profound alterations in the collagenous extracellular
matrix (Fisher et al., 1997). Additionally, it is known that in photodamaged skin, there is dramatic collagen fragmentation with a

1 A noncellular in vitro study of collagen by collagen extraction from
donor tissues; collagen glycation was then assessed by measuring
the collagen-bound AGES (advanced glycation end products);
5
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Table 1
Main endpoints evaluated for the cosmetic industry and the clinical methodology that best ﬁts its substantiation.
Endpoint:

Methodology:

Firmness/elasticity
Hydration
Barrier function
Skin colour

Cutometry (Jenkins et al., 2014)
Corneometry/Infrared (Xu et al., 2016; Zhang et al., 2005)
Transepidermal water loss (TEWL) (Jenkins et al., 2014)
Chromametry (Jenkins et al., 2014), Melanin index, Erythema Index (Xu et al., 2018), Colorimetry (Castanedo-Cazares et al.,
2018).
RAMAN spectroscopy (Caetano et al., 2017; Darvin et al., 2014)
Confocal microscopy (Moalli et al., 2004)
Dermscan ultrasonography (Sanz et al., 2016)

Collagen/elastin content
Collagen subtypes/elastin content
Redensiﬁcation/ epidermis and dermis thickness

elastin evaluation).
All of these studies yielded very good results, and they demonstrated that clinical studies are very valuable to answer questions regarding the eﬃcacy of potential treatments and substances. Thus,
clinical studies should accompany in vitro approaches.

2 Noncellular in vitro study of the anti-elastase (MMP-12) potential by
diﬀusion of elastase in agarose gel;
3 Ex vivo approach by immunostaining of human skin explants for
ﬁbrilin-1 detection;
4 In vitro approach by using ﬁbroblasts from skin explants; cells were
then used for collagen retraction assay;

6. Conclusion
Altogether, the results demonstrated that the substance that was
under investigation (GGO) prevented glycation and maintained the
elastic function of the skin. Even though this kind of study is far from an
ideal model for menopause, it is indeed a viable approach for the
screening of potential antiglycation and anti-elastase substances, which
are claims that are becoming more common among skin care cosmetics.

The quality of the skin and the menopausal process are closely
linked. Regardless of the time in one’s life, women desire to feel good
about their skins. To accomplish this, skin treatments, cosmetics and
cosmeceuticals have been developed. A good quality treatment may
lead to an increase in skin density, thickness, hydration and ﬁrmness
and a decrease in wrinkles (Herman et al., 2013). Therefore, studying
and improving skin models may enable a better representation of the
challenges facing the clinics and may aid in the identiﬁcation of therapeutic targets, treatments, drugs and cosmetics along with new insights for future research in the dermatology ﬁeld.

5. Skin and menopause: clinical studies
As mentioned above, according to the U.S. National Library of
Medicine, there are 1050 clinical trials related to menopause that have
taken or are taking place in the world (Clinicaltrials.gov). Even though
these studies are spread worldwide, most are being conducted in the
United States (455) and Europe (257). They also cover a wide range of
topics, including “vaginal atrophy”, “climacteric symptoms”, “bone
mineral density”, “oestradiol”, “hot ﬂashes”, “hormone replacement
therapy”, and “menopausal osteoporosis” (U.S. National Library of
Medicine, 2018).
Since menopause dramatically impacts skin quality (Brincat et al.,
2005), evaluating skin features has become a promising endpoint for
evaluating the eﬃcacy of treatments or compounds for menopause.
These features include wrinkles, collagen content, elasticity/ﬁrmness,
water content, dermis thinning, and spots (Calleja-Agius and Brincat,
2012; Raine-Fenning et al., 2003; 3). The table below lists these promising endpoints and the clinical methodology that answers the question, and Fig. 4 shows some cosmetic claims for skin care and the
clinical methodology suggested for its substantiation (Table 1).
Even though there are many clinical studies with menopause as a
topic, few study the eﬀect of substances on skin quality. According to
the U.S. National Library of Medicine (2018), when the words “menopause” and “skin” are used, there is only one study that is listed. The
study named “Eﬀect of DHEA on Skin Aging in Postmenopausal
Women” has been conducted by Quebec-Universite Laval with 150
volunteers since 2005, and no results regarding skin features have been
published thus far.
In Marini et al., 2012 evaluated the eﬀects of Pycnogenol® on skin
elasticity and hydration in 20 healthy postmenopausal women. To assess that, cutometry and corneometry were performed.
In Sainthillier et al., 2013 performed a clinical study with 150
women aged between 50–80 years and conducted biometric measurements, such as corneometry and cutometry, to evaluate skin maturity.
Similarly, in 2014, Jenkins et al. conducted a double-blind randomized controlled human clinical trial to evaluate the eﬀect of an oral
supplement on facial wrinkles in postmenopausal females. To assess
that, skin was evaluated by photography, cutometry, transepidermal
water loss, chromametry and histological biopsy analyses (collagen and
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