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Abstract: The hair cycle and hair follicle structure are highly affected by various hormones.
Androgens—such as testosterone (T); dihydrotestosterone (DHT); and their prohormones,
dehydroepiandrosterone sulfate (DHEAS) and androstendione (A)—are the key factors in terminal
hair growth. They act on sex-specific areas of the body, converting small, straight, fair vellus hairs
into larger darker terminal hairs. They bind to intracellular androgen receptors in the dermal papilla
cells of the hair follicle. The majority of hair follicles also require the intracellular enzyme 5-alpha
reductase to convert testosterone into DHT. Apart from androgens, the role of other hormones is also
currently being researched—e.g., estradiol can significantly alter the hair follicle growth and cycle by
binding to estrogen receptors and influencing aromatase activity, which is responsible for converting
androgen into estrogen (E2). Progesterone, at the level of the hair follicle, decreases the conversion
of testosterone into DHT. The influence of prolactin (PRL) on hair growth has also been intensively
investigated, and PRL and PRL receptors were detected in human scalp skin. Our review includes
results from many analyses and provides a comprehensive up-to-date understanding of the subject of
the effects of hormonal changes on the hair follicle.

Keywords: hormones; hair follicle; hair growth

1. Introduction

The hair cycle, as well as the structure of the hair follicle, are highly affected by various hormones.
In particular, the impact of androgens has been studied and exhaustively described in previous
studies [1,2]. Androgens influence hair follicles depending on the hair location on the body. The main
action of androgen on the hair follicle is referred to as binding to androgen receptors in dermal papilla
cells. Research studies also provide information about the locations of androgen production related
to enzymes in the hair structure. Apart from androgens, the pathogenic role of other hormones is
also currently being researched. In our review, the results from many analyses have been included.
This review provides a comprehensive up-to-date understanding of the subject of the hormonal effects
on the hair follicle. This review also highlights the significant progress in research that has been made
in recent years on the effects of hormonal changes on hair at different stages of the life of women [3].
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2. Hair Follicle Biology

2.1. Structure of the Hair Follicle

Hair is a filament consisting mainly of dead, keratinized cells. The hair structure consists of two
parts: the hair follicle and the hair shaft (Figure 1).
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Figure 1. Structure of the hair: hair follicle and hair shaft (modified photo from Freepik).

The structure of the hair follicle can be divided into the upper and the lower parts. The upper
part includes the infundibulum and isthmus, and the lower part is referred to as the bulb and
suprabulbar region. The hair bulb is built by the dermal papilla (which includes a group of specialized
fibroblasts, blood capillaries, and nerve endings) and the hair matrix (consisting of rapidly proliferating
keratinocytes). The follicles of scalp hair are anchored in the subcutis, and they undergo repetitive
growth cycles [4].

The hair shaft is divided into three layers: the cuticle, the cortex, and the medulla. The medulla is
the outermost part of the hair which is visible above the skin. It is surrounded by a protective layer
called the root sheath. The root sheath consists of two strata: the inner and the outer.

2.2. The Hair Follicle Cycle

The hair follicle cycle is divided into three main distinct phases: the anagen, the catagen, and the
telogen (Figure 2). Some authors also identify one additional phase: the exogen.

The most prolonged phase is the anagen, which lasts 2-7 years. It is also called the growing phase.
During this phase, cells divide rapidly at the lower part of the hair, while matrix cells migrate outward.

The catagen phase is a short transition period, which is defined as involution or regression.
This phase lasts around three weeks. During this phase, the hair shaft loses the connections from the
papillae and contracts.

The telogen phase can also be referred to as the resting stage. This phase can last about three
months and is described as the regression of the matrix and retraction of the papilla to a location near
the bulge. There is no significant proliferation or apoptosis during this phase.
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The exogen phase (or the shedding phase) is an additional distinct phase where the active hair
shaft and new hair continue to grow.

Hair Growth Phases

111

Anagen Catagen Telogen Exogen

Figure 2. Hair growth phases: anagen (growing phase), catagen (transition phase), telogen (resting
phase), exogen (shedding phase) (modified photo from Freepik).

At any given time, up to 85-90% of the hair on the scalp remains in the anagen phase, whereas the
remaining follicles are either in the catagen phase for 2% of the time or in the telogen phase for the
remaining 10-15% of the time [5]. However, this percentage of telogen hair can be overestimated,
with novel data indicating that only 3.6% remain in the telogen phase [6].

3. Endocrine Regulations of the Hair Follicle
3.1. Androgens

3.1.1. General Information

Androgens are sex steroid hormones with specific locations of production. The sources of
androgen are the adrenal glands, the gonads (ovaries, testes), the brain, and the placenta in pregnant
women. Androgens exert their action through intracellular receptors [3]. The adrenal glands are the
source of DHEA and DHEA-S, which are relatively weak androgens. The production of testosterone
is limited to the testes (from puberty) in males and to the ovaries and the adrenal cortex in women
of reproductive age. In females, testosterone comes in significant amounts from androstenedione.
Androstenedione production takes place in equal amounts in the adrenal cortex and ovaries in females.
In males, androstenedione is produced in small amounts by the testes [7].

Dihydrotestosterone is an endogenous androgen. The enzyme 5-alpha reductase is responsible
for the transformation of testosterone to dihydrotestosterone at the level of tissues such as the skin,
hair follicles, the prostate gland, the seminal vesicles, the liver, and the brain. Androgens can be also
produced at the skin level, both de novo from cholesterol and from adrenal precursors (DHEA) [8].
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3.1.2. Androgen Receptor

Androgens act through an intracellular androgen receptor in the cells of the hair follicle [9].
Androgen receptors are located in human hair follicles in the dermal papilla cells. Some reports also
show the expression in the outer root sheath. They are not found in the hair bulb or the bulge [10].
They are activated by the binding of androgens—testosterone and the more potent dihydrotestosterone.
The main action of androgen on the hair follicle is related to binding to androgen receptors in dermal
papilla cells [11]. It causes an alteration in gene expression. Insulin-like growth factor (IGF-1) is the key
signal responsible for hair follicle growth stimulation. By contrast, transforming growth factor-beta
(TGF-beta) is regarded as the key signal responsible for hair follicle growth inhibition [2].

3.1.3. Androgen Action

The role of androgen on hair growth is undeniable. However, the influence of androgen on
hair follicles depends on the hair location on the body. During puberty, an important increase in
serum androgen levels is observed, and vellus hair in the pubic and axillary regions under androgen
influence are transformed into terminal hairs [2]. Hair follicles in such body regions as the face,
the axilla, the pubis, and the chest are subject to the stimulatory effect of androgens. The hair follicles
located in the eyelashes are not under the influence of androgen. By contrast, androgens exert an
inhibitory effect on the hair follicles in the region of the scalp [1]. Androgen-metabolizing enzymes
can be identified in normal hair follicle locations. These enzymes play an essential role at the level
of the hair follicle. Aromatase, 17 beta-HSD, and 5-alpha reductase (type I and II) are located within
the outer root sheath. Aromatase and 5-alpha reductase (type I and II) are located within the inner
sheath. Dermal papilla is the location of the action of enzymes such as aromatase, 17 beta-HSD,
5-alpha reductase (type II), and sulphatase. Regarding the sebaceous duct, 5-alpha reductase, and the
sebaceous gland, two important enzymes can be identified: aromatase and 5-alpha reductase (type I) [1].
Despite important advances in our knowledge, there are still many aspects of the influence of androgen
on the hair follicle which are unclear, and further research studies are required.

3.2. Sex Hormones

3.2.1. Estradiol

Estradiol can significantly alter the hair follicle growth and cycle by binding to the metabolism of
locally expressed high-affinity estrogen receptors. Another action of estradiol is related to its influence
on the metabolism of androgen—e.g., the inhibition of aromatase activity, which is responsible for the
conversion of androgen into estrogen (E2) [12].

3.2.2. Progesterone

Progesterone can influence hair follicle growth through central and local action. Central action is
referred to as the inhibitory effect on LH secretion, which in turn causes a decrease in ovarian theca cell
stimulation (androgen synthesis). At the level of the hair follicle, progesterone decreases the conversion
of testosterone to dihydrotestosterone (through the inhibition of 5-alpha reductase activity) [13].

3.3. Prolactin

Prolactin (PRL) is also known as luteotropin and is a polypeptide hormone encoded in the human
by the PRL gene on chromosome 6 [14]. It is produced by lactotropic cells in the anterior pituitary
gland, and its role is mostly associated with the growth of mammary glands during pregnancy and
breast milk production. Recently, many studies concentrated on exploring new functions of prolactin,
and now PRL is recognized as playing a role not only in lactation but also in reproduction, angiogenesis,
osmoregulation, and hair growth [15-18]. The influence of PRL on hair growth has been intensively
investigated in mammals [19-21]; in human scalp skin, PRL and PRL receptors (PRL-R) were identified
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for the first time in 2006 by Foitzik et al. The luteotropin protein was detected in a thin layer of
keratinocytes, while PRL- R was detected in the outer root sheath and in the proximal inner root sheath,
as well as in matrix keratinocytes. The immunoreactivity was comparable both in isolated human
anagen VI and organ-cultured human hair follicles (HFs) [18]. PRL and PRL receptor immunoreactivity
was also demonstrated in non-scalp skin [22], which Slominski et al. failed to prove in previous
reports [23]. The very same research study identified the proinflammatory cytokines, IFNy and
TNF«, as regulators of PRL expression in HFs. Interestingly, dopamine, known as an inhibitor of PRL
pituitary secretions, has no effect on PRL or PRL-R expression in human HFs [22]. The mechanism
whereby prolactin directly regulates hair growth is connected with its inhibitory influence on hair
shaft elongation and the premature induction of the catagen phase. Moreover, luteotropin also plays a
significant role in the proliferation and apoptosis of keratinocytes in HFs by decreasing the number
of Ki-67-positive cells and increasing the quantity of TUNEL + cells [18]. Prolactin is recognized as
an androgen metabolism modulator. The luteotropic hormone seems to increase the level of free
testosterone and dehydroepiandrosterone sulfate, decreasing at the same time the level of serum
testosterone-estradiol-binding globulin [24,25]. PRL also appears to inhibit the activity of 5-alpha
reductase [26].

3.4. Thyroid Gland Hormones

Human skin, including the hair follicles, is greatly influenced by the
hypothalamic-pituitary-thyroid (HPT) axis, which controls many metabolic processes.
Thyrotropin-releasing hormone (TRH, thyroliberin) secreted in the hypothalamus stimulates
the pituitary gland to secrete thyroid-stimulating hormone (TSH, the thyrotropic hormone,
thyrotropin). Next, TSH affects the thyroid gland to secrete thyroid hormones—thyroxine (T4) and
triiodothyronine (T3). Circulating T4 acts mainly after deionizing to T3 in the peripheral organs,
including human hair follicles.

Thyroid hormones play an important role in regulating the skin function which, by acting on
the receptors in the cell nucleus, directly stimulates gene expression. Skin cells contain receptors for
thyroid hormones; for TSH produced by the anterior pituitary gland; and even for TRH, which is
formed in the hypothalamus. Thyroid hormone receptors may be in the nipple and the outer sheath
hair root. The effects of thyroxine appear to be beneficial to the cell differentiation stem in keratinocytes
and anagen phase extension. In animal hypothyroidism, the delayed activity of the hair follicles was
observed. Triiodothyronine and thyroxine have been observed increasing melanogenesis in the hair
follicles. T3 and T4 can directly affect important hair follicle functions. Some of those effects include,
but are not limited to, anagen phase prolongation, the stimulation of the hair matrix, keratinocyte
proliferation and pigmentation, and the modulation of intracellular keratin expression [27]. However,
thyroid hormones do not significantly modulate new hair shaft formation in vitro [28]. In addition,
thyroid hormones have an important role in influencing mitochondria, whose activity controls human
energy metabolism and homeostasis. Mitochondria are responsible for processing fatty acid oxidation
and the products of glycolysis to produce ATP.

In addition, mitochondria are involved in the metabolism of amino acids and ionic homeostasis.
They possess the enzymes responsible for numerous biosynthesis processes and they deal with the
regulation of cell death pathways through reactive oxygen species and Ca?* signaling [29]. Due to the
multifaceted and multidirectional action of mitochondria, a thorough understanding of their biological
as well as clinical significance is of great importance in regulating the effect on the hair follicle [30].

Due to the fact that the hair growth process seems to be a very energy-consuming process, it is most
likely that the HPT axis hormones regulate the energy of hair follicle metabolism and mitochondrial
functions. Both T3 and T4 induce mitochondrial activity by stimulation exerted on keratinocytes [31].
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3.5. Melatonin

Melatonin is synthesized mainly by the pineal gland and also in smaller amounts in the skin,
the retina, the bone marrow, the digestive tract, the brain, the ovaries, and the testicles. Irrespective of
its source, melatonin performs an antioxidant function, capturing and inactivating reactive oxygen
species and nitrogen resulting from oxidative stress. Accurately determining the function of melatonin
appears to be extremely difficult due to the complexity of the melatonin processes and its interactions,
and the significant but often seemingly contradictory relationship between species and gender. Itis a
hormone which mainly serves to regulate the rhythm of many physiological functions. In addition,
melatonin may play an important role in anti-cancer processes, in antioxidant processes, and in
inhibiting cell apoptosis processes. Receptors for melatonin are found not only on the cells of the hair
follicles but also on epidermal keratinocytes, dermal fibroblasts, sweat glands, and the endothelium
of blood vessels. Melatonin is mainly involved in hair pigmentation by increasing the number of
melanocytes, also affecting its growth, probably by stimulating the anagen phase.

It is believed that melatonin can directly and indirectly regulate hair growth. The direct effect of
melatonin is based on the modulation of the serum prolactin [32]. Human hair follicles are capable of
secreting melatonin, which can be stimulated by norepinephrine, as in the pineal gland. An important
activity of melatonin is its ability to modulate the response of hair follicles to estrogens, which weakens
the intra-follicular expression of estrogen receptors [33].

It is evident that melatonin stimulates nuclear factor erythroid-2-related factor 2, the activation of
which protects the hair follicles before oxidative stress-induced hair growth inhibition [34,35]. However,
understanding the role of melatonin in hair follicle biology is still very limited.

3.6. Other Hormones

3.6.1. CRH

Corticotropin-releasing hormone (CRH) is secreted by the paraventricular nucleus of
the hypothalamus. It is a central driver of the stress hormone system known as the
hypothalamic-pituitary-adrenal (HPA) axis. In human skin, CRH and CRH receptors were detected for
the first time almost a quarter of a century ago [36]. CRH is recognized as an inhibitor of hair shaft
production, and CRH also takes part in the premature stimulation of the catagen phase. The hormone
also has an influence on the reduction in the proliferation of keratinocytes in the hair matrix and the
induction of their apoptosis. CRH seems to regulate hair growth both directly and indirectly—mostly
through the upregulation of POMC gene expression and POMC processing in human HFs [37].

3.6.2. ACTH

Adrenocorticotropic hormone (ACTH) is produced by the anterior pituitary gland, and its secretion
is regulated by CRH. ACTH, on the adrenal cortex, controls the release of cortisol and androgens,
in effect taking part in numerous reactions in the human body. Studies performed on murine and mink
hair follicles suggest that ACTH induces the anagen phase by influencing steroid metabolism in the
skin [38,39]. The role of ACTH in human hair growth is still unclear and remains to be determined.

3.6.3. CORTISOL

Cortisol is a steroid hormone produced by the adrenal glands. It plays a role in a wide range
of processes in the human body. However, its main function is to control the body’s stress response.
Recently, particular focus has been given to hair cortisol concentration (HCC) as a promising diagnostic
instrument in clinical practice [40]. Hair cortisol concentration was also reported to have an impact on
correct hair growth [41]. The presence of cortisol in high levels is strictly connected with a reduction in
the synthesis and premature degradation of hyaluronans and proteoglycans—important modulators
of hair follicle function; however, low cortisol levels can actually bring positive effects on hair growth
by slowing down the degradation of these two skin components [42].
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3.6.4. TRH

Thyrotropin-releasing hormone (TRH) is produced in the hypothalamus, and its principle role is
to regulate the release of TSH and PRL from the anterior pituitary gland. The TRH gene is expressed in
many organs of the human body, including the human hair follicle. Gaspar et al. showed that not only
does TRH promote hair shaft elongation, but it also prolongs the hair cycle growth phase. Moreover,
the hormone stimulates the proliferation and apoptosis of matrix keratinocytes; its effect on apoptosis
seems to be connected with its influence on p53 and TGF-beta2 [43].

3.6.5. GALANIN

Galanin (GAL) is a neuropeptide widely distributed throughout the central and the peripheral
nervous systems. Human hair follicle has been identified as both a source and a target of GAL.
This neurotransmitter is recognized as an inhibitor of human hair growth; it decreases the proliferation
of matrix keratinocytes, shortens the anagen phase, and reduces hair shaft elongation [44].

4. Hormonal Effects on Hair at Different Stages of the Life of Women

Hormones influence hair depending on the woman's life stage (Table 1).

Table 1. Influence of hormones on the hair cycle in different stages of female life.

Stage of Life Main Hormones Involved Effect

Transformation of vellus hair into terminal hair in the

Puberty Androgens pubic and axillary regions

Androgen excess
(e.g PCOs, NCAH, Cushing’s syndrome, Hirsutism
hyperprolactinemia)

Reproductive age

Unknown/unexplained role of sex hormones Female pattern hair loss
Hyperthyreosis Alopecia areata
Hypothyreosis Diffuse alopecia

High levels of estrogen, progesterone, prolactin, Increases in the hair growth, in the hair diameter, and in
Pregnancy .
and growth factors the anagen/telogen ratio
Puerperium Decrease in estrogen and progesterone Postpartum telogen effluvium
. ttern hair 1
Menopause Estrogen depletion Female pattern hair loss

Facial hirsutism

4.1. Reproductive Age

The reproductive period in women can be affected by several hormonal disorders, such as
hyperandrogenism, thyroid gland diseases, and hyperprolactinemia. These endocrine disfunctions as
well as hypercortisolism and excessive growth hormone secretion, both occurring much less often,
can lead to hair-growth disturbances, such as hirsutism, female pattern hair loss, and other forms of
alopecia. Hirsutism is a common endocrine disorder which occurs in 5-10% of women of reproductive
age, and is defined as excessive terminal hair in a male pattern in women [45].

Androgens, such as testosterone (T), dihydrotestosterone (DHT), and their prohormones
dehydroepiandrosterone sulfate (DHEAS) and androstenedione (A) are the key factors in the growth of
terminal hair. They act on sex-specific areas of the body, converting small, straight, fair vellus hairs into
larger, curlier, and darker terminal hairs [46]. Hirsutism is observed in women when there is excessive
growth of terminal hair in sex-specific areas, typically due to androgen excess [47]. About 70-80%
of women with elevated androgens present hirsutism, although many of them manifest excessive
hair without hyperandrogenemia. Hirsutism is caused mainly by an interaction between the plasma
androgens and the apparent sensitivity of the hair follicle to androgen, depending on the 5-alpha
reductase activity levels and subsequent binding to the androgen receptor [46,47]. To evaluate the degree
of hirsutism, a modified version of the Ferriman-Gallwey visual score is used [48]. The scoring system
assesses nine areas of the body and assigns a score from 0 (absence of hair) to 4 (extensive hair growth),
and the maximum total score is therefore 36. In non-affected women, the total score is typically under
8 (but this depends of the ethnicity of the women). The most common cause of hirsutism is polycystic
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ovary syndrome (PCOS), accounting for three out of every four cases [49,50]. Other causes of androgen
excess occur with much lower frequency. Nonclassic congenital adrenal hyperplasia is present in only
1.5-2.5% of women with hyperandrogenism, and androgen-secreting tumors occur in about 0.32% of
these women. Diseases such as Cushing’s syndrome, hyperprolactinemia, acromegaly, and thyroid
dysfunction must also be excluded as causes of androgen excess [51]. Hirsutism should be distinguished
from hypertrichosis, which is excessive hair growth distributed in a generalized, nonsexual pattern and
is not caused by androgen excess but is often the result of the use of certain medications (e.g., phenytoin,
cyclosporine). The treatment of hirsutism is dependent on the cause and severity of the condition,
but is generally based on pharmacological therapy (combined estrogen-progestin oral contraceptives,
anti-androgen medication) and direct hair removal methods [51].

The second disorder associated with androgen excess in women of reproductive age is female
pattern hair loss (FPHL). FPHL is characterized by a reduction in hair density in the central area
of the scalp except the frontal hairline. The relationship between hair loss and androgen excess
is not clear. Most women with the frontal-central pattern of hair loss have normal circulating
androgens and do not present any other symptoms of hyperandrogenism, such as hirsutism or
irregular periods/anovulation [52]. This type of hair loss has also been detected in women lacking
an androgen receptor, with a deficiency of post-pubertal androgenization or the total absence of
serum androgen. Dermatologists therefore use the phrase “female pattern hair loss” instead of
androgenetic alopecia to avoid suggesting a role for androgen excess in this type of hair loss [53-55].
On the other hand, many women with hyperandrogenism also exhibit and complain of scalp hair loss,
which indicates a role of androgens in FPHL. Enhanced androgen action in the scalp may occur due
to the increased activity of 5-alpha reductase and higher concentrations of DHT or due to androgen
binding to androgen receptors [53]. Female pattern hair loss may first appear in adolescence/early
adulthood or in the peri- or postmenopausal age range. Patients with androgen excess usually
develop FPHL during young adulthood, and the cause of FPHL in postmenopausal women is
more complicated and could also be dependent on estrogen deficiency. There is also the role of
genetic factors in the development of female pattern hair loss (i.e., polymorphisms in the aromatase
gene) and chronic low-grade scalp inflammation [56-58]. The treatment of FPHL should start with
minoxidil (5%), adding 5-alpha reductase inhibitors or antiandrogens when there is severe hair loss
or hyperandrogenism [52]. The role and the benefit of measuring prolactin in patients with FPHL is
debatable and unclear. Futterweit et al. reported in their study that among 109 patients with female
pattern hair loss, 7.2% had hyperprolactinemia and 1.8% had prolactinoma [59]. After hypo- and
hyperthyreosis, hyperprolactinemia is the next most common endocrine trigger of telogen effluvium.
In thyrotoxicosis, the scalp hair is fine and soft and the diffuse loss of scalp hair occurs in 20—40%
of patients, although the intensity of this loss is not directly related to the severity of endocrine
abnormality [60]. In hyperthyreosis, alopecia areata as well as axillary, pubic, body, and eyebrow hair
loss are also observed. The hair in hypothyreosis is dull, coarse, and brittle as a result of diminished
sebum secretion, and diffuse alopecia is observed in up to 50% of those patients. There is also loss
of genital and beard hair [60]. Many skin problems are also noticeable in patients with autoimmune
thyroid disease, independently of thyroid function. Alopecia areata is typically associated with an
autoimmune disorder that causes thyroid dysfunction, and diffuse alopecia can be observed in about
60% of those cases [60,61].

4.2. Pregnancy

During pregnancy, the teloptosis phase is delayed and the number of shedding hairs is reduced.
Moreover, the diameter of scalp hair increases during pregnancy [62]. This phenomenon is usually
attributed to the effect of high levels of estrogen during gestation [62]. However, the complex changes
seen in pregnancy (including increases in human chorionic gonadotropin, progesterone, prolactin,
numerous growth factors, and cytokines) may well contribute to the increase in the rate of hair growth,
in the hair diameter, and in the anagen/telogen ratio observed in pregnant women [63-65]. Hormonal
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changes due to gestation may cause some new terminal hair growth mainly at the abdomen, the
lower back, and the thighs [66]. Sudden and severe hirsutism and/or acne during pregnancy may be a
symptom of malignant ovarian or adrenal conditions, such as luteomas or Cushing’s syndrome [67-69].

Many patients suffer from telogen effluvium two to four months after delivery. Postpartum
telogen effluvium (PPTE), a commonly described phenomenon, is explained by synchronized teloptosis
and continues for 624 weeks and, rarely, can persist up to 15 months [70].

4.3. Menopause

The proportion of postmenopausal women is rising in the overall population, and issues of their
general health as well as cosmetic concerns need proper attention. Female pattern hair loss (FPHL)
and facial hirsutism are often observed at menopause. Marked decreases in hair density and diameter
occur during the perimenopausal period or transition to menopause [71]. It is suspected that the
cessation of ovarian estrogen production and complex interactions with other hormones, growth factors,
and cytokines contribute to alterations in hair growth characteristics [63,71]. Estrogen levels decrease
abruptly after menopause, while androgen secretion declines gradually with ageing and is maintained
until the later stages of life [72]. After menopause, the increase in luteinizing hormone (LH) maintains
the ovarian androgen production. In the absence of estrogens and with the tendency to accumulate
visceral adipose tissue, a marked decrease in sex hormone binding globulin (SHBG) concentrations
and the subsequent increase in the free androgen index are observed. Moreover, insulin resistance and
hyperinsulinemia, which typically increase after menopause, may further exacerbate androgen secretion.
Although the serum androgen levels do not exceed those found in premenopause, the described
imbalance in estrogen and androgen production may lead to the appearance of a few terminal hairs on
the face and a decrease in body and scalp hair. FPHL particularly affects the hair follicles from the
parietal and frontosagittal areas. A decreased anagen phase and the regression of scalp hair to finer
vellus is observed [70]. About half of the women report excessive facial growth after menopause [70].
However, understanding the role of the menopause on hair characteristics is difficult, as age-related
changes may coexist and overlap with hormonal changes [63,73]. The incremental decrease in the body
hair score with age suggests that this is not solely related to the endocrine changes of menopause [73].
Severe virilization with a nonmalignant origin in postmenopausal women is rare.

5. Conclusions

The skin can be considered to be an endocrine organ because it has been shown that it is able to
synthesize a range of diverse hormones with the expression of the associated hormone receptors [74,75].
Although many hormonal paths and influences on hair growth have already been described in
the literature, further studies on the full impact of hormonal regulation on hair growth need to
be conducted.
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Abbreviations

T Testosterone

DHT Dihydrotestosterone

DHEA-S Dehydroepiandrosterone sulfate
A Androstendione

E2 Estrogen

PRL Prolactin

IGF-1 Insulin-like growth factor
TGF-beta Transforming growth factor-beta

17 beta-HSD 17B-Hydroxysteroid dehydrogenase
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E2 Estradiol

LH Luteinizing hormone

PRL-R Prolactin receptors

HFs Human hair follicles

IFNy Interferon gamma

TNFax Tumor necrosis factor alpha

TRH Thyrotropin-releasing hormone

TSH Thyroid-stimulating hormone

T4 Thyroxine

T3 Triiodothyronine

ATP Adenosine triphosphate

HPT axis Hypothalamic-pituitary-thyroid axis

CRH Corticotropin-releasing hormone

HPA axis Hypothalamic-pituitary-adrenal axis

POMC Pro-opiomelanocortin

ACTH Adrenocorticotropic hormone

HCC Hair cortisol concentration

TGF-beta2 Transforming growth factor-beta 2

GAL Galanin

PCOS Polycystic ovary syndrome

FPHL Female pattern hair loss

PPTE Postpartum telogen effluvium

SHBG Sex hormone binding globulin

References

1. Ceruti, ].M,; Leiros, G.J.; Balana, M.E. Androgens and androgen receptor action in skin and hair follicles.
Mol. Cell. Endocrinol. 2018, 465, 122-133. [CrossRef]

2. Inui, S.; Itami, S. Androgen actions on the human hair follicle: Perspectives. Exp. Dermatol. 2013, 22, 168-171.
[CrossRef]

3. Mason, K.A,; Schoelwer, M.].; Rogol, A.D. Androgens during infancy, childhood, and adolescence:
Physiology and use in clinical practice. Endocr. Rev. 2020, 41. [CrossRef]

4. Schneider, M.R.; Schmidt-Ullrich, R.; Paus, R. The hair follicle as a dynamic miniorgan. Curr. Biol. 2009, 19,
R132-R142. [CrossRef]

5. Lepselter, J.; Elman, M. Biological and clinical aspects in laser hair removal. . Dermatol. Treat. 2004, 15, 72-83.
[CrossRef]

6. Hernandez, I.; Alam, M.; Platt, C.; Hardman, J.; Smart, E.; Poblet, E.; Bertolini, M.; Paus, R.; Jimenez, F.
A technique for more precise distinction between catagen and telogen human hair follicles ex vivo. J. Am.
Acad. Dermatol. 2018, 79, 558-559. [CrossRef]

7. Walters, K.A.; Rodriguez Paris, V.; Aflatounian, A.; Handelsman, D.]. Androgens and ovarian function:
Translation from basic discovery research to clinical impact. J. Endocrinol. 2019, 242, R23-R50. [CrossRef]

8.  Hoffmann, R; Rot, A.; Niiyama, S.; Billich, A. Steroid sulfatase in the human hair follicle concentrates in the
dermal papilla. J. Investig. Dermatol. 2001, 117, 1342-1348. [CrossRef]

9.  Chaturvedi, A.P; Dehm, S.M. Androgen receptor dependence. Adv. Exp. Med. Biol 2019, 1210, 333-350.
[CrossRef] [PubMed]

10. Kariya, Y.; Moriya, T.; Suzuki, T.; Chiba, M.; Ishida, K.; Takeyama, J.; Endoh, M.; Watanabe, M.; Sasano, H.
Sex steroid hormone receptors in human skin appendage and its neoplasms. Endocr. . 2005, 52, 317-325.
[CrossRef]

11.  Brown, T.M.; Krishnamurthy, K. Histology, Hair and Follicle. In StatPearls; StatPearls Publishing LLC.:
Treasure Island, FL, USA, 2020.

12. Ohnemus, U.; Uenalan, M.; Inzunza, J.; Gustafsson, J.A.; Paus, R. The hair follicle as an estrogen target and
source. Endocr. Rev. 2006, 27, 677-706. [CrossRef]

13. Randall, V.A. Hormonal regulation of hair follicles exhibits a biological paradox. Semin. Cell Dev. Biol. 2007,

18, 274-285. [CrossRef]


http://dx.doi.org/10.1016/j.mce.2017.09.009
http://dx.doi.org/10.1111/exd.12024
http://dx.doi.org/10.1210/endrev/bnaa003
http://dx.doi.org/10.1016/j.cub.2008.12.005
http://dx.doi.org/10.1080/09546630310023152
http://dx.doi.org/10.1016/j.jaad.2018.02.009
http://dx.doi.org/10.1530/JOE-19-0096
http://dx.doi.org/10.1046/j.0022-202x.2001.01547.x
http://dx.doi.org/10.1007/978-3-030-32656-2_15
http://www.ncbi.nlm.nih.gov/pubmed/31900916
http://dx.doi.org/10.1507/endocrj.52.317
http://dx.doi.org/10.1210/er.2006-0020
http://dx.doi.org/10.1016/j.semcdb.2007.02.004

Int. ]. Mol. Sci. 2020, 21, 5342 110f13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Truong, A.T.; Duez, C.; Belayew, A.; Renard, A.; Pictet, R.; Bell, G.I.; Martial, ].A. Isolation and characterization
of the human prolactin gene. EMBO J. 1984, 3, 429-437. [CrossRef]

Goffin, V.; Binart, N.; Touraine, P.; Kelly, P.A. Prolactin: The new biology of an old hormone. Annu. Rev. Physiol.
2002, 64, 47-67. [CrossRef]

Castle-Miller, ].; Bates, D.O.; Tortonese, D.]. Mechanisms regulating angiogenesis underlie seasonal control
of pituitary function. Proc. Natl. Acad. Sci. USA 2017, 114, E2514-E2523. [CrossRef]

Ignacak, A.; Kasztelnik, M.; Sliwa, T.; Korbut, R.A ; Rajda, K.; Guzik, T.J. Prolactin—Not only lactotrophin.
A “new” view of the “old” hormone. ]. Physiol. Pharmacol. 2012, 63, 435—443.

Foitzik, K.; Krause, K.; Conrad, F.; Nakamura, M.; Funk, W.; Paus, R. Human scalp hair follicles are both a
target and a source of prolactin, which serves as an autocrine and/or paracrine promoter of apoptosis-driven
hair follicle regression. Am. J. Pathol. 2006, 168, 748-756. [CrossRef]

Martinet, L.; Allain, D.; Weiner, C. Role of prolactin in the photoperiodic control of moulting in the mink
(Mustela vison). J. Endocrinol. 1984, 103, 9-15. [CrossRef]

Duncan, M.].; Goldman, B.D. Hormonal regulation of the annual pelage color cycle in the Djungarian hamster,
Phodopus sungorus. II. Role of prolactin. J. Exp. Zool. 1984, 230, 97-103. [CrossRef] [PubMed]

Craven, A.J; Ormandy, CJ.; Robertson, FG.; Wilkins, R.J.; Kelly, PA.; Nixon, A]J.; Pearson, A.J.
Prolactin signaling influences the timing mechanism of the hair follicle: Analysis of hair growth cycles in
prolactin receptor knockout mice. Endocrinology 2001, 142, 2533-2539. [CrossRef]

Langan, E.A.; Vidali, S.; Pigat, N.; Funk, W.; Lisztes, E.; Bir6, T.; Goffin, V.; Griffiths, C.EM.; Paus, R.
Tumour necrosis factor alpha, interferon gamma and substance P are novel modulators of extrapituitary
prolactin expression in human skin. PLoS ONE 2013, 8, e60819. [CrossRef]

Slominski, A.; Malarkey, W.B.; Wortsman, J.; Asa, S.L.; Carlson, A. Human skin expresses growth hormone
but not the prolactin gene. J. Lab. Clin. Med. 2000, 136, 476—481. [CrossRef] [PubMed]

Glickman, S.P; Rosenfield, R.L.; Bergenstal, R.M.; Helke, J. Multiple androgenic abnormalities, including
elevated free testosterone, in hyperprolactinemic women. J. Clin. Endocrinol. Metab. 1982, 55, 251-257.
[CrossRef] [PubMed]

Schiebinger, R.J.; Chrousos, G.P; Culter, G.B.J.; Loriaux, D.L. The effect of serum prolactin on plasma adrenal
androgens and the production and metabolic clearance rate of dehydroepiandrosterone sulfate in normal
and hyperprolactinemic subjects. J. Clin. Endocrinol. Metab. 1986, 62, 202-209. [CrossRef] [PubMed]
Serafini, P.; Lobo, R.A. Prolactin modulates peripheral androgen metabolism. Fertil. Steril. 1986, 45, 41-46.
[CrossRef]

Van Beek, N.; Bodo, E.; Kromminga, A.; Gaspar, E.; Meyer, K.; Zmijewski, M.A_; Slominski, A.; Wenzel, B.E,;
Paus, R. Thyroid hormones directly alter human hair follicle functions: Anagen prolongation and stimulation
of both hair matrix keratinocyte proliferation and hair pigmentation. J. Clin. Endocrinol. Metab. 2008, 93,
4381-4388. [CrossRef]

Bodo, E.; Kromminga, A.; Biro, T.; Borbiro, I.; Gaspar, E.; Zmijewski, M.A.; van Beek, N.; Langbein, L.;
Slominski, A.T.; Paus, R. Human female hair follicles are a direct, nonclassical target for thyroid-stimulating
hormone. J. Investig. Dermatol. 2009, 129, 1126-1139. [CrossRef]

Wallace, D.C.; Fan, W.; Procaccio, V. Mitochondrial energetics and therapeutics. Annu. Rev. Pathol. 2010, 5,
297-348. [CrossRef]

Vidali, S.; Knuever, J.; Lerchner, J.; Giesen, M.; Biro, T.; Klinger, M.; Kofler, B.; Funk, W.; Poeggeler, B.; Paus, R.
Hypothalamic-Pituitary-Thyroid axis hormones stimulate mitochondrial function and biogenesis in human
hair follicles. J. Investig. Dermatol. 2014, 134, 33—42. [CrossRef]

Knuever, J.; Poeggeler, B.; Gaspar, E.; Klinger, M.; Hellwig-Burgel, T.; Hardenbicker, C.; Toth, B.I,; Biro, T.;
Paus, R. Thyrotropin-Releasing hormone controls mitochondrial biology in human epidermis. J. Clin.
Endocrinol. Metab. 2012, 97, 978-986. [CrossRef]

Slominski, A.; Tobin, D.J.; Zmijewski, M.A.; Wortsman, J.; Paus, R. Melatonin in the skin: Synthesis,
metabolism and functions. Trends Endocrinol. Metab. 2008, 19, 17-24. [CrossRef] [PubMed]

Kobayashi, H.; Kromminga, A.; Dunlop, TW.; Tychsen, B.; Conrad, F; Suzuki, N.; Memezawa, A.;
Bettermann, A.; Aiba, S.; Carlberg, C.; et al. A role of melatonin in neuroectodermal-mesodermal interactions:
The hair follicle synthesizes melatonin and expresses functional melatonin receptors. FASEB J. 2005, 19,
1710-1712. [CrossRef] [PubMed]


http://dx.doi.org/10.1002/j.1460-2075.1984.tb01824.x
http://dx.doi.org/10.1146/annurev.physiol.64.081501.131049
http://dx.doi.org/10.1073/pnas.1618917114
http://dx.doi.org/10.2353/ajpath.2006.050468
http://dx.doi.org/10.1677/joe.0.1030009
http://dx.doi.org/10.1002/jez.1402300113
http://www.ncbi.nlm.nih.gov/pubmed/6726150
http://dx.doi.org/10.1210/endo.142.6.8179
http://dx.doi.org/10.1371/journal.pone.0060819
http://dx.doi.org/10.1067/mlc.2000.110605
http://www.ncbi.nlm.nih.gov/pubmed/11128749
http://dx.doi.org/10.1210/jcem-55-2-251
http://www.ncbi.nlm.nih.gov/pubmed/6282921
http://dx.doi.org/10.1210/jcem-62-1-202
http://www.ncbi.nlm.nih.gov/pubmed/2999177
http://dx.doi.org/10.1016/S0015-0282(16)49094-1
http://dx.doi.org/10.1210/jc.2008-0283
http://dx.doi.org/10.1038/jid.2008.361
http://dx.doi.org/10.1146/annurev.pathol.4.110807.092314
http://dx.doi.org/10.1038/jid.2013.286
http://dx.doi.org/10.1210/jc.2011-1096
http://dx.doi.org/10.1016/j.tem.2007.10.007
http://www.ncbi.nlm.nih.gov/pubmed/18155917
http://dx.doi.org/10.1096/fj.04-2293fje
http://www.ncbi.nlm.nih.gov/pubmed/16030176

Int. ]. Mol. Sci. 2020, 21, 5342 12 0f13

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.
46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

Janjetovic, Z.; Jarrett, S.G.; Lee, E.E; Duprey, C.; Reiter, R.J.; Slominski, A.T. Melatonin and its metabolites
protect human melanocytes against UVB-induced damage: Involvement of NRF2-mediated pathways.
Sci. Rep. 2017, 7, 1274. [CrossRef]

Haslam, 1.S.; Jadkauskaite, L.; Szabo, I.L.; Staege, S.; Hesebeck-Brinckmann, J.; Jenkins, G.; Bhogal, RK.;
Lim, FL.; Farjo, N.; Farjo, B.; et al. Oxidative damage control in a human (mini-) organ: Nrf2 Activation
protects against oxidative stress-induced hair growth inhibition. J. Investig. Dermatol. 2017, 137, 295-304.
[CrossRef] [PubMed]

Slominski, A.; Ermak, G.; Hwang, J.; Chakraborty, A.; Mazurkiewicz, ].E.; Mihm, M. Proopiomelanocortin,
corticotropin releasing hormone and corticotropin releasing hormone receptor genes are expressed in human
skin. FEBS Lett. 1995, 374, 113-116. [CrossRef]

Ito, N.; Ito, T.; Kromminga, A.; Bettermann, A.; Takigawa, M.; Kees, F; Straub, R H.; Paus, R. Human hair
follicles display a functional equivalent of the hypothalamic-pituitary-adrenal axis and synthesize cortisol.
FASEB J. 2005, 19, 1332-1334. [CrossRef]

Paus, R.; Maurer, M.; Slominski, A.; Czarnetzki, B.M. Mast cell involvement in murine hair growth. Dev. Biol.
1994, 163, 230-240. [CrossRef]

Rose, J. Adrenocorticotropic Hormone (ACTH) but not alpha-melanocyte stimulating hormone (a-MSH) as a
mediator of adrenalectomy induced hair growth in mink. J. Investig. Dermatol. 1998, 110, 456-457. [CrossRef]
Cieszynski, L.; Jendrzejewski, J.; Wisniewski, P.; Owczarzak, A.; Sworczak, K. Hair cortisol concentration in
a population without hypothalamic-pituitary-adrenal axis disorders. Adv. Clin. Exp. Med. 2019, 28, 369-373.
[CrossRef] [PubMed]

Xiang, L.; Sunesara, I.; Rehm, K.E.; Marshall, G.D., Jr. Hair cortisol concentrations are associated with hair
growth rate. Neuroimmunomodulation 2016, 23, 287-294. [CrossRef]

Thom, E. Stress and the hair growth cycle: Cortisol-Induced hair growth disruption. J. Drugs Dermatol. [DD
2016, 15, 1001-1004. [PubMed]

Gaspar, E.; Hardenbicker, C.; Bodo, E.; Wenzel, B.; Ramot, Y.; Funk, W.; Kromminga, A.; Paus, R. Thyrotropin
releasing hormone (TRH): A new player in human hair-growth control. FASEB J. 2009, 24, 393-403. [CrossRef]
[PubMed]

Holub, B.S.; Kloepper, ].E.; Téth, B.I; Biro, T.; Kofler, B.; Paus, R. The neuropeptide galanin is a novel inhibitor
of human hair growth. Br. |. Dermatol. 2012, 167, 10-16. [CrossRef] [PubMed]

Rosenfield, R.L. Clinical Practice. Hirsutism. N. Engl. ]. Med. 2005, 353, 2578-2588. [CrossRef]

Kini, S.; Ramalingam, M. Hirsutism. Obstet. Gynaecol. Reprod. Med. 2018, 28, 129-135. [CrossRef]

Hatch, R.; Rosenfield, R.L.; Kim, M.H.; Tredway, D. Hirsutism: Implications, etiology, and management.
Am. |. Obstet. Gynecol. 1981, 140, 815-830. [CrossRef]

Ferriman, D.; Gallwey, J.D. Clinical assessment of body hair growth in women. J. Clin. Endocrinol. Metab.
1961, 21, 1440-1447. [CrossRef]

Escobar-Morreale, H.F,; Carmina, E.; Dewailly, D.; Gambineri, A.; Kelestimur, F.; Moghetti, P.; Pugeat, M.;
Qiao, J.; Wijeyaratne, C.N.; Witchel, S.F; et al. Epidemiology, diagnosis and management of hirsutism:
A consensus statement by the Androgen Excess and Polycystic Ovary Syndrome Society. Hum. Reprod. Update
2012, 18, 146-170. [CrossRef]

Ehrmann, D.A.; Rosenfield, R.L.; Barnes, R.B.; Brigell, D.E,; Sheikh, Z. Detection of functional ovarian
hyperandrogenism in women with androgen excess. N. Engl. ]. Med. 1992, 327, 157-162. [CrossRef]
Martin, K.A.; Anderson, R.R.; Chang, R.J.; Ehrmann, D.A.; Lobo, R.A.; Murad, M.H.; Pugeat, M.M,;
Rosenfield, R.L. Evaluation and treatment of hirsutism in premenopausal women: An endocrine society
clinical practice guideline. J. Clin. Endocrinol. Metab. 2018, 103, 1233-1257. [CrossRef]

Carmina, E.; Azziz, R.; Bergfeld, W.; Escobar-Morreale, H.F.; Futterweit, W.; Huddleston, H.; Lobo, R.;
Olsen, E. Female Pattern hair loss and androgen excess: A report from the multidisciplinary androgen excess
and PCOS committee. J. Clin. Endocrinol. Metab. 2019, 104, 2875-2891. [CrossRef] [PubMed]

Olsen, E.A.; Hordinsky, M.; Roberts, J.L.; Whiting, D.A. Female pattern hair loss. J. Am. Acad. Dermatol. 2002,
47,795. [CrossRef] [PubMed]

Birch, M.P; Lalla, S.C.; Messenger, A.G. Female pattern hair loss. Clin. Exp. Dermatol. 2002, 27, 383-388.
[CrossRef]

Cousen, P; Messenger, A. Female pattern hair loss in complete androgen insensitivity syndrome.
Br. J. Dermatol. 2010, 162, 1135-1137. [CrossRef] [PubMed]


http://dx.doi.org/10.1038/s41598-017-01305-2
http://dx.doi.org/10.1016/j.jid.2016.08.035
http://www.ncbi.nlm.nih.gov/pubmed/27702566
http://dx.doi.org/10.1016/0014-5793(95)01090-2
http://dx.doi.org/10.1096/fj.04-1968fje
http://dx.doi.org/10.1006/dbio.1994.1139
http://dx.doi.org/10.1046/j.1523-1747.1998.00142.x
http://dx.doi.org/10.17219/acem/90038
http://www.ncbi.nlm.nih.gov/pubmed/30516881
http://dx.doi.org/10.1159/000455867
http://www.ncbi.nlm.nih.gov/pubmed/27538002
http://dx.doi.org/10.1096/fj.08-126417
http://www.ncbi.nlm.nih.gov/pubmed/19825978
http://dx.doi.org/10.1111/j.1365-2133.2012.10890.x
http://www.ncbi.nlm.nih.gov/pubmed/22329353
http://dx.doi.org/10.1056/NEJMcp033496
http://dx.doi.org/10.1016/j.ogrm.2018.03.004
http://dx.doi.org/10.1016/0002-9378(81)90746-8
http://dx.doi.org/10.1210/jcem-21-11-1440
http://dx.doi.org/10.1093/humupd/dmr042
http://dx.doi.org/10.1056/NEJM199207163270304
http://dx.doi.org/10.1210/jc.2018-00241
http://dx.doi.org/10.1210/jc.2018-02548
http://www.ncbi.nlm.nih.gov/pubmed/30785992
http://dx.doi.org/10.1067/mjd.2002.124068
http://www.ncbi.nlm.nih.gov/pubmed/12399780
http://dx.doi.org/10.1046/j.1365-2230.2002.01085.x
http://dx.doi.org/10.1111/j.1365-2133.2010.09661.x
http://www.ncbi.nlm.nih.gov/pubmed/20128792

Int. ]. Mol. Sci. 2020, 21, 5342 13 0f 13

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
72.

73.

74.

75.

Yip, L.; Zaloumis, S.; Irwin, D.; Severi, G.; Hopper, J.; Giles, G.; Harrap, S.; Sinclair, R.; Ellis, ]. Gene-Wide
association study between the aromatase gene (CYP19A1) and female pattern hair loss. Br. J. Dermatol. 2009,
161, 289-294. [CrossRef] [PubMed]

Ramos, PM.; Brianezi, G.; Martins, A.C.; da Silva, M.G.; Marques, M.E.; Miot, H.A. Apoptosis in follicles
of individuals with female pattern hair loss is associated with perifollicular microinflammation. Int. J.
Cosmet. Sci. 2016, 38, 651-654. [CrossRef]

Pekmezci, E.; Turkoglu, M.; Gokalp, H.; Kutlubay, Z. Minoxidil downregulates Interleukin-1 alpha gene
expression in HaCaT Cells. Int. |. Trichol. 2018, 10, 108-112. [CrossRef]

Futterweit, W.; Dunaif, A.; Yeh, H.C.; Kingsley, P. The prevalence of hyperandrogenism in 109 consecutive
female patients with diffuse alopecia. J. Am. Acad. Dermatol. 1988, 19, 831-836. [CrossRef]

Heymann, W.R. Cutaneous manifestations of thyroid disease. J. Am. Acad. Dermatol. 1992, 26, 885-902.
[CrossRef]

Puri, N. A study on cutaneous manifestations of thyroid disease. Indian |. Dermatol. 2012, 57, 247-248.
[CrossRef]

Nissimov, J.; Elchalal, U. Scalp hair diameter increases during pregnancy. Clin. Exp. Dermatol. 2003, 28,
525-530. [CrossRef] [PubMed]

Mirmirani, P. Hormonal changes in menopause: Do they contribute to a ‘midlife hair crisis” in women?
Br. J. Dermatol. 2011, 165 (Suppl. 3), 7-11. [CrossRef] [PubMed]

Yoon, S.Y.; Yoon, ].S.; Jo, S.J.; Shin, C.Y.; Shin, ].Y.; Kim, J.I.; Kwon, O.; Kim, K.H. A role of placental growth
factor in hair growth. J. Dermatol. Sci. 2014, 74, 125-134. [CrossRef] [PubMed]

Mirallas, O.; Grimalt, R. The postpartum telogen effluvium fallacy. Skin Appendage Disord. 2016, 1, 198-201.
[CrossRef]

Yang, Y.; Han, Y.; Wang, W.; Du, T.; Li, Y.; Zhang, ].; Yang, D.; Zhao, X. Assessing new terminal body and
facial hair growth during pregnancy: Toward developing a simplified visual scoring system for hirsutism.
Fertil. Steril. 2016, 105, 494-500. [CrossRef]

Nassi, R.; Ladu, C.; Vezzosi, C.; Mannelli, M. Cushing’s syndrome in pregnancy. Gynecol. Endocrinol. 2015,
31,102-104. [CrossRef]

Verma, V.; Paul, S.; Chahal, K,; Singh, J. Pregnancy luteoma: A rare case report. Int. J. Appl. Basic Med. Res.
2016, 6, 282-283. [CrossRef]

Papantoniou, N.; Belitsos, P.; Hatzipapas, I.; Rodolakis, A.; Papaspyrou, I.; Antsaklis, A. Excessive hirsutism
in pregnancy because of Krukenberg tumor. J. Matern. Fetal Neonatal Med. 2011, 25, 869-871. [CrossRef]
Piérard-Franchimont, C.; Piérard, G.E. Alterations in hair follicle dynamics in women. BioMed Res. Int. 2013,
2013, 957432. [CrossRef]

Mirmirani, P. Managing hair loss in midlife women. Maturitas 2013, 74, 119-122. [CrossRef]

Dolinko, A.V.; Ginsburg, E.S. Hyperandrogenism in menopause: A case report and literature review. Fertil.
Res. Pract. 2015, 1, 7. [CrossRef] [PubMed]

Ali, I; Wojnarowska, F. Physiological changes in scalp, facial and body hair after the menopause:
A cross-sectional population-based study of subjective changes. Br. ]. Dermatol. 2011, 164, 508-513.
[CrossRef] [PubMed]

Chen, W.C.; Zouboulis, C.C. Hormones and the pilosebaceus unit. Dermatoendocrinology 2009, 1, 81-86.
[CrossRef] [PubMed]

Chen, W.; Tsai, S.-J.; Sheu, H.-M.; Tsai, ].-C.; Zouboulis, C.C. Testosterone synthesized in cultured human SZ95
sebocytes derives mainly from from dehydroepiandrosterone. Exp. Dermatol. 2010, 19, 470-472. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1111/j.1365-2133.2009.09186.x
http://www.ncbi.nlm.nih.gov/pubmed/19438456
http://dx.doi.org/10.1111/ics.12341
http://dx.doi.org/10.4103/ijt.ijt_18_17
http://dx.doi.org/10.1016/S0190-9622(88)70241-8
http://dx.doi.org/10.1016/0190-9622(92)70130-8
http://dx.doi.org/10.4103/0019-5154.96227
http://dx.doi.org/10.1046/j.1365-2230.2003.01331.x
http://www.ncbi.nlm.nih.gov/pubmed/12950345
http://dx.doi.org/10.1111/j.1365-2133.2011.10629.x
http://www.ncbi.nlm.nih.gov/pubmed/22171679
http://dx.doi.org/10.1016/j.jdermsci.2014.01.011
http://www.ncbi.nlm.nih.gov/pubmed/24582062
http://dx.doi.org/10.1159/000445385
http://dx.doi.org/10.1016/j.fertnstert.2015.10.036
http://dx.doi.org/10.3109/09513590.2014.984680
http://dx.doi.org/10.4103/2229-516X.192600
http://dx.doi.org/10.3109/14767058.2011.592879
http://dx.doi.org/10.1155/2013/957432
http://dx.doi.org/10.1016/j.maturitas.2012.10.020
http://dx.doi.org/10.1186/2054-7099-1-7
http://www.ncbi.nlm.nih.gov/pubmed/28620512
http://dx.doi.org/10.1111/j.1365-2133.2010.10156.x
http://www.ncbi.nlm.nih.gov/pubmed/21128905
http://dx.doi.org/10.4161/derm.1.2.8354
http://www.ncbi.nlm.nih.gov/pubmed/20224689
http://dx.doi.org/10.1111/j.1600-0625.2009.00996.x
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Hair Follicle Biology 
	Structure of the Hair Follicle 
	The Hair Follicle Cycle 

	Endocrine Regulations of the Hair Follicle 
	Androgens 
	General Information 
	Androgen Receptor 
	Androgen Action 

	Sex Hormones 
	Estradiol 
	Progesterone 

	Prolactin 
	Thyroid Gland Hormones 
	Melatonin 
	Other Hormones 
	CRH 
	ACTH 
	CORTISOL 
	TRH 
	GALANIN 


	Hormonal Effects on Hair at Different Stages of the Life of Women 
	Reproductive Age 
	Pregnancy 
	Menopause 

	Conclusions 
	References

